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THE PREFACE

OF THE EDITOR.

Tux writings of Mr. Ferguson have been long and
justly distinguished for their perspicuity and plain-
ness. It seems to have been the chief object of his
labours to give a familiar view of the various branches
of physical science, and to render them accessible to
those who are not accustomed to mathematical in-
vestigation ; and the favourable reception which his
works have everywhere experienced is a satisfactory
proof that he did not labour in vain.

The treasures of science had been long concealed
in the recesses of algebraical formule and geometri-
cal discussion, and men of ordinary capacity were de-
terred from exploring them by the repulsive form in
which they were exhibited. There were some works,
indeed, which, from the absence of mathematical rea-
soning, may be regarded as exceptions to this general
observation ; but most of them wanted that perspi-
cuity of style, that method of viewing a difficult sub-

Ject in different aspects, and that happy manner of
VOL I It at



Vi PREFACE.

illustrating the abstrusest facts in mechanical philo-
sophy by new and ingenious experiments, which the
author of these lectures so eminently possessed. IMr.
Ferguson, therefore, may in some degree be regarded
as the first elementary writer on natural philosophy,
and to his labours we must attribute that general
diffusion of scientific knowledge among the practical
mechanics of this country, which has in a great mea-
sure banished those antiquated prejudices, and erro-
neous maxims of construction, that perpetually mis-
lead the unlettered artist.

But it is not merely to the praise of a popular
writer that Mr. Ferguson is entitled. While he is
illustrating the discoveries of others, and accommo-
dating them to the capacities of his readers, we are
frequently introduced to inventions and improvements
of his own. Many of these are well known to the
public; and while some of them have been of great
service to experimental philosophy, they all evince a
considerable share of mechanical genius. To a still
higher commendation, however, our author may justly
lay claim. It has long been fashionable with a cer-
tain class of philosophers to keep the Creator to-
tally out of view, when describing the noblest of his
works. But Mr. Ferguson had not imbibed those
gloomy principles which steel the heart against its
earliest and strongest impressions, and prompt us
to suppress those feelings of devotion and gratitude
which the structure and harmony of the universe are
so fitted to inspire. When benevolence and design
are particularly exhibited in the works or in the phe-
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nomena of nature, he dwells with delight upon the
goodness and wisdom of their Author; and never
fails to impress upon the reader what is too apt to
escape his notice, that the wonders of creation, and
the various changes which the material world dis-
plays, are the result of that unerring wisdom and
boundless goodness which are unceasingly exerted for
the comfort and happiness of man.

For these reasons the present work has gone through
a great number of editions; and no book whatever
upon the same subject has been so generally read, and
so widely circulated, among all ranks of the commu-
nity. We meet with it in the workshop of every me-
chanic. We find it transfused into many of the En-
cyclopadias which this country has produced ; and we
may easily trace it in those popular systems of philo-
sophy which have lately appeared.

Since these Lectures were first published, the boun-
daries of the arts and sciences have been widely
enlarged by many important discoveries and improve-
ments. Sorfie of these discoveries the Editor endea-
voured, in the two first editions of the enlarged work
to communicate in the notes, and in a very ample
Appendix. In this third edition, however, the Appen-
dix has been almost wholly recomposed, and made to
embrace a much wider range of practical information
It occupies the whole of the second volume, and may
be read as a separate work on the practical branches
of natural philosophy, without any reference to the
lectures in the first volume.
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The greatest pains have been taken by the Editor
to render this additional volume popular and wseful.
He has introduced descriptions of most of those va-
luable machines and instruments which have been
recently invented, and he has added two chapters on
the double refraction and the polarisation of light, in
the expectation that these new and interesting sub-

jects may be rendered intelligible to readers who have -

little or no knowledge either of algebra or geometry.

Epixsurcu, Nov. 25, 1822,
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OF THE AUTHOR.

Ever since the days.ﬂf the Lord-chancellor Bacon,
natural philosophy hath been more and more cultivated
‘in England. That great genius first set out with
taking a general survey of all the natural sciences, di-
viding them into distinct branches, which he enume-
rated with great exactness. He inquired scrupulously
into the degree of knowledge already attained to in
each, and drew up a list of what still remained to be
discovered : this was the scope of his first undertaking.
Afterwards he carried his views much farther, and
shewed the necessity of an experimental philosophy,
a thing never before thought of. As he was a pro-
fessed enemy to systems, he considered philosophy no
otherwise than as that part of knowledge which con-
tributes to make men better and happier : he seems to
limit it to the knowledge of things useful, recommend-
ing above all the study of nature, and shewing that no
progress can be made therein, but by collecting facts,
and comparing experiments, of which he points out a
great number proper to be made.
¥OL. 1. a



i1 PREFACE.

But notwithstanding the true path to science was
thus exactly marked out, the old notions of the schools
so strongly possessed people’s minds at that time, as
not to be eradicated by any opinions, how rationally
soever advanced, until the illustrious Mr. Boyle, the
first who pursued Lord Bacon’s plan, began to put ex-
periments in practice, with an assiduity equal to his
great talents. Next, the Royal Society being esta-
blished, the true philosophy began to be the reigning
taste of the age, and continues so to this day.

The immortal Sir Isaac Newton insisted, even in
his early years, that it was high time to banish vague
conjectures and hypotheses from natural philesophy,
and to bring that science under an entire subjection to
experiments and geometry. Ile frequently called it
the experimental philosophy, so as to express significant-
ly the difference between it and the numberless sys-
tems which had arisen merely out of the conceits of
inventive brains : the one subsisting no longer than the
spirit of novelty lasts; the other never failing while
the nature of things remains unchanged.

The method of teaching and laying the foundation
of physics, by public courses of experiments, was first
undertaken in this kingdom, 1 believe, by Dr. John
Keill, and since improved and enlarged by Mr. Hauks-
bee, Dr. Desaguliers, Mr. Whiston, Mr. Cotes, Mr.
Whiteside, Dr. Bradley, our late Regius and Savilian
Professor of Astronomy, and Dr. Bliss his successor.
Nor has the same been neglected by Dr. James, and
Dr. David Gregory, Sir Robert Stewart, and after
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him Mr. Maclaurin.—Dr. Helsham in Ireland, Mes-
sieurs Gravesande and Muschenbroek, and the Abbé
Nollet in France, have also acquired just applause
thereby.

The substance of my own attempts in this way of
instrumental instruction, the following sheets (exclu-
sive of the astronomical part) will shew : the satisfac-
tion they have generally given, read as lectures to
different audiences, affords me some hope that they
may be favourably received in the same form by the
public. ¢

I ought to observe, that though the last five lectures
cannot properly be said to concern experimental phi-
losophy, I considered, however, that they were not of
so different a class, but that they might, without much
impropriety, be subjoined to the preceding ones.

My apparatus (part of which is described here, and
the rest in a former work®) is rather simple than mag-
nificent, which is owing to a particular point I had in
view at first setting out, namely, to avoid all super-
fluity, and fo render every thing as plain and intelli-
gible as I thought the subject would admit of.

» Astronomy explained upon Sir Isaae Newton's Principles, and made casy o
those who have not studicd Mathematics.






A SHORT ACCOUNT or tue LIFE or rue AUTHOR,

WRITTEN BY HIMSELF.

As this is probably the last book I shall ever publish,* I beg
leave to prefix to it a short account of myself, and of the man-
ner T first began, and have since prosecuted, my studies. For,
as my setting out in life from a very low station, and m a re-
mote part of the island, has occasioned some false, and indeed
very improbable, particulars to be related of me, T therefore
think it the better way, instead of contradicting them one by
one, to give a faithful and eircumstantial detail of my whole
proceedings, from my first obscure beginning to the present
time : wherein, if T should insert some particulars of lttle mo-
ment, T hope the good-natured reader will kindly excuse me.

I was born in the year 1710, a few miles from Keith, a little
village in Banffshire, in the north of Scotland ; and can with
pleasure say, that my parents, though poor, were religious and
honest ; lived in good repute with all who knew them, and died
with good characters.

As my father had nothing to support a large family but his
daily labour, and the profits arising from a few acres of land
which he rented, it was not to be expected that he could bestow
much on the education of his children : yet they were not ne-
glected ; for, at his leisure hours, he taught them to read and
write. And it was while he was teaching my elder brother
to read the Scotch Catechism that I acquired my reading.
Ashamed to ask my father to instruct me, T used, when he and
my brother were abroad, to take the catechism and study the
lesson which he had been teaching my brother : and when any
difficulty ocourred, T went to a neighbouring old woman, who

* This account of Mr. Ferguson’s life was originally prefixed to his Select Me-
chanical Fxercises. He lived to publish another work, entitled, * The Art of

Drawing in Perspective made easy to those who bave no knowledge of the Mathe-
maties." —Ed.
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gave me such help as enabled me to read tolerably well before
my father had thought of teaching me.

Some time after, he was agreeably surprised to find me read-
ing by myself: he thereupon gave me further instruction, and
also taught me to write ; which, with about three months I af-
terwards had at the grammar-school at Keith, was all the edu-
cation I ever received.

My taste for mechanics arose from an odd accident.—When
about seven or eight years of age, a part of the roof of the
house being decayed, my father, desirous of mending it, applied
a prop and lever to an upright spar to raise it to its former si-
tuation; and, to my great astonishment, I saw him, without
considering the reason, lift up the ponderous roof, as if it had
been a small weight. I attributed this at first to a degree of
- strength that excited my terror as well as wonder: but think-
ing farther of the matter, I recollected that he had applied his
strength to that end of the lever which was farthest from the
prop ; and finding, on inquiry, that this was the means where-
by the seeming wonder was effected, I began making levers
(which I then called bars) ; and by applying weights to them
different ways, I found the power gained by my bar was just
in proportion to the lengths of the different parts of the bar on
either side of the prop. I then thought it was a great pity
that, by means of this bar, a weight could be raised but a very
little way. On this, I soon imagined, that, by pulling round a
wheel, the weight might be raised to any height, by tying a
rope to the weight, and winding the rope round the axle of the
wheel ; and that the power gained must be just as great as the
wheel was broader than the axle was thick ; and found it to be
exactly so, by hanging one weight to a rope put round the
wheel, and another to the rope that coiled round the axle. So
that, in these two machines, it appeared very plain, that their
advantage was as great as the space gone through by the work-
ing power exceeded the space gone through by the weight :
and this property I also thought must take place in a wedge
for cleaving wood ; but then I happened not to think of the
screw.—By means of a turning lathe which my father had, and
sometimes used, and a little knife, I was enabled to make
wheels and other things necessary for my purpose.

I then wrote a short account of these machines, and sketched
out figures of them with a pen, imagining it to be the first
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treatise of the kind that ever was written : but found my mis.
take when I afterwards shewed it to a gentleman, who told me
that these things were known long before, and shewed me a
printed book in which they were treated of: and T was much
pleased when I found, that my account (so far as I had car-
ried it) agreed with the principles of mechanies in the book he
shewed me. And from that time my mind preserved a con-
stant tendency to improve in that science.

But, as my father could not afford to maintain me while I
was in pursuit only of these matters, and I was rather too
young and weak for hard labour, he put me out to a neighbour
to keep sheep, which I continued to do for some years ;* and
in that time I began to study the stars in the night. In the
day-time I amused myself by making models of mills, spinning-
wheels, and such other things as I happened to see.

I then went to serve a considerable farmer in the neighbour-
hood, whose name was James Glashan. I found him very
kind and indulgent ; but he soon observed that, when my
work was over, I went into a field with a blanket about me :
lay down on my back, and stretched a thread with small beads
upon it, at arms’ length, between my eye and the stars ; sliding
the beads upon it till they hid such and such stars from my
eye, in order to take their apparent distances from one another ;
and then laying the thread down on a paper, I marked the stars
thereon by the beads, according to their respective positions,
having a candle by me. My master at first laughed at me;
but, when I explained my meaning to him, he encouraged me
to go on: and that T might make fair copies in the day-time of
what I had done in the night, he often worked for me himself.
I shall always have a respect for the memory of that man.

One day he happened to send me with a message to the Re-
verend Mr. John Gilchrist, minister at Keith, to whom I had
been known ﬁ-qm my childhood. I carried my star-papers to
shew them to him, and found him looking over a large parcel
of maps, which I surveyed with great pleasure, as they were the
first I had ever seen. He then told me that the earth is round

* From a misconception of this part of Mr. Ferguson’s history, the celebrated
La Lande, in his account of famous astronomers, very ludicronsly observes, + Fer.
gUsON qui nous avons cité, etoit Berger au Roi d' Angleterre en Ecosse.” 4 Fergu.
son whom we have quoted, was Shepherd to the King of England for Scotland.”
Astronomie e La Lande, tom. i, p. 163.—Ed.
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like a ball, and explained the map of it to me. I requested him
to lend me that map, to take a copy of it in the evenings. He
cheerfully consented to this, giving me at the same time a pair
of compasses, a ruler, pens, ink, and paper ; and dismissed me
with an injunction not to neglect my master’s business by copy-
ing the map, which I might keep as long as I pleased.

For this pleasant employment, my master gave me more time
than I could reasonably expect; and often took the threshing-
flail out of my hands, and worked himself, while I sat by him
in the barn, busy with my compasses, ruler, and pen.

When I had finished the copy, I asked leave to carry home
the map : he told me I was at liberty to do so, and might stay
two hours to converse with the minister. In my way thither,
I happened to pass by the school at which I had been before,
and saw a genteel-looking man (whose name I afterwards learnt
was Cantley) painting a sun-dial on the wall. I stopt a while
to observe him, and the schoolmaster came out, and asked me
what parcel it was that I had under my arm. 1 shewed him
the map, and the copy I had made of it, wherewith he appeared
to be very well pleased, and asked me whether I should not like
to learn of Mr. Cantley to make sun-dials. Mr. Cantley looked
at the copy of the map, and commended it much ; telling the
schoolmaster (Mr. John Skinner) that it was a pity I did not
meet with notice and encouragement. I had a good deal of con-
versation with him, and found him to be quite affable and com-
municative, which made me think I should be extremely happy
if T could be further acquainted with him.

I then proceeded with the map to the minister, and shewed
him the copy of it. While we were conversing together, a
neighbouring gentleman, Thomas Grant, ¥sq. of Achoynaney,
happened to come in; and the minister immediately introduced
me to him, shewing him what I had done. He expressed great
satisfaction, asked me some questions about the construction of
maps, and told me, that if’ T would go and live at his house, he
would order his butler, Alexander Cantley, to give me a great
deal of instruction. Finding that this Cantley was the man
whom I had seen painting the sun-dial, and of whom I had al-
ready conceived a very high opinion, I told "Squire Grant that
I should rejoice to be at his house as soon as the time was ex-
pired for which T was engaged with my present master. He
very politely offered to putone in my place, but this T declined.
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When the term of my servitude was out, I left my good mas-
ter, and went to the gentleman’s house (1730), where I quickly
found myself with a most humane good family. Mr. Cantley
the butler soon became my friend, and continued so till his
death. He was the most extraordinary man that I ever was ac-
quainted with, or perhaps ever shall see ; for he was a complete
master of avithmetie, a good mathematician, a master of music
on every known instrument except the harp, understood Latin,
French, and Greek, let blood extremely well, and could even
preseribe as a physician upon any urgent occasion. He was what
1s generally called selfitaught ; but, I think, he might, with much
greater propriety, have been termed Gon Armicury’s scholar.,

He immediately began to teach me decimal arithmetic and
algebra ; for I had already learnt vulgar arithmetic, at my lei-
sure hours, from books. He then proceeded to teach me the
elements of geometry ; but, to my inexpressible grief, just as I
was beginning that branch of science, he left Mr. Grant, and
went to the late Earl of Fife's, at several miles’ distance. The
good family I was then with eould not prevail with me to stay
after he was gone : so I left them, and went to my father’s.

He had made me a present of Gordon’s Geographical Gram-
mar, which, at that time, was to me a great treasure. There is
no figure of a globe in it, although it contains a tolerable de-
seription of the globes, and their use. From this deseription I
made a globe in three weeks at my father’s, having turned the
ball thereof out of a piece of wood; which ball I covered with
paper, and delineated a map of the world upon it: made the
meridian-ring and horizon of wood, covered them with paper,
and graduated them ; and was happy to find, that by my globe
(which was the first I ever saw) I could solve the problems.

But this was not likely to afford me bread, and I could not
think of staying with my father, who I knew full well could not
maintain me in that way, as it would be of no serviee to him; and
he had, without my assistance, hands sufficient for all his work.

I then went to a miller, thinking it would be a very easy
business to attend the mill, and that T should have a great deal
of leisure time to study decimal arithmetic and geometry.  But
my master, being too fond of tippling at an alehouse, left the
\'-F:llU]E care of the mill to me, and almost starved me for want of
victuals; so that I was glad when I could have a little oatmeal
mixed with cold water to eat. I was engaged for a year in this
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man’s service, at the end of which T left him, and returned in a
very weak state to my father’s

Soon after I had recovered my former strength, a neigh-
bouring tarmer, who practised as a physician in that part of the
country, came to my father’s, wanting to have me as a labouring
servant. My father advised me to go to Doctor Young, telling
me that the Doctor would instruet me in that part of his busi-
ness. This he promised to do, which was a temptation to me.
But instead of performing his promise, he kept me constantly
to very hard labour, and never once shewed me one of his books.
All his servants complained that he was the hardest master they
had ever lived with ; and it was my misfortune to be engaged
with him for half' a year. But, at the end of three months, I
was so much overwrought, that I was almost disabled, which
obliged me to leave him : and he was so unjust as to give me
nothing at all for the time I had been with him, because I did
not complete my half-year's service ; though he knew that I was
not able, and had seen me working for the last fortnight, as
much as possiblé, with one hand and arm, when T could not lift
the other from my side. And what I thought was particularly
hard, he never once tried to give me the least relief, further
than once bleeding me, which rather did me hurt than good, as
I was very weak, and much emaciated. T then went to my fa-
ther's, where I was confined for two months on account of my
hurt, and despaired of ever vecovering the use of my left arm.
And during all that time, the doetor never once came to see me,
although the distance was not quite two miles. But my friend
Mr. Cantley, hearing of my misfortune, at twelve miles distance,
sent me proper medicines and applications, by means of which
I recovered the use of my arm ; but found myself too weak to
think of going into service again, and had entirely lost my ap-
petite, so that I could take nothing but a draught of milk once
a-day for many weeks, ‘

In order to amuse myself in this low state, I made a wooden
clock, the frame of which was also of wood ; and it kept time
pretty well.  The bell, on which the hammer struck the hours,
was the neck of a broken bottle.

Having then no idea how any time-keeper could go but by a
weight and a line, I wondered how a watch eould go in all posi-
tions ; and was sorry that I had never thought of asking Mr.
Cantley, who could ver y casily have informed me. But hap-

E
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pening one day to see a gentleman ride by my father’s house
(which was close by a public road), I asked him what o'clock
it then was : he looked at his watch, and told me. As he did
that with so much good-nature, I begged of him to shew me
the inside of his watch: and though he was an entire stranger,
he immediately opened the watch, and put into my hands. 1
saw the spring-box with part of the chain round it, and asked
him what it was that made the box turn round : he told me that
it was turned round by a steel spring withinit. Having then
never seen any other spring than that of my father’s gun lock,
I asked how a spring within a box could turn the box so often
round as to wind all the chain upon it. He answered, that the
spring was long and thin ; that one end of it was fastened to
the axis of the box, and the other end to the inside of the box;
that the axis was fixed, and the box was loose upon it. "I told
him I did not yet thoroughly understand the matter: well, my
lad, says he. take a long thin piece of whalebone, hold one end
of it fast between your finger and thumb, and wind it round
your finger : it will then endeavour to unwind itself'; and if you
fix the other end of it to the inside of a small hoop, and leave
it to itself, it will turn the hoop round and round, and wind up
a thread tied to the outside of the hoop. I thanked the gentle-
man, and told him that T understood the thing very well. T
then tried to make a watch with wooden wheels, and made the
spring of whalebone ; but found that T could not make the
watch go when the balance was put on, because the teeth of the
wheels were rather too weak to bear the force of a spring suffi-
cient to move the balance ; although the wheels would run fast
enough when the balance was taken off. I inclosed the whole
in a wooden case, very little bigger than a breakfast tea-cup :
but a clumsy neighbour one day looking at my watch, happen-
ed to let it fall ; and turning hastily about to pick it up, set his
foot upon it, and crushed it all to pieces; which so provoked
my father, that he was almost ready to beat the man; and dis-
couraged me so much, that I never attempted to make such an-
other machine again, ‘especially as I was thoroughly convinced
I could never make one that would be of any real use.

As soonas I was able to go abroad, I carried my globe, clock,
and copies of some other maps besides that of the world, to the
late Sir James Dunbar of Durn (about seven miles from where
my father lived), as I had heard that Sir James was a very good-
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natured, friendly, inquisitive gentleman. He received me in 2
very kind manner, was pleased with what I shewed him, and
desired that I would clean his clocks. This, for the first time,
I attempted ; and then begun to pick up some money in that
way about the country, making Sir James’s house my home, at
his desire.

Two large globular stones stood on the top of his gate: on
one of them I painted (with oil colours) a map of the terrestrial
globe, and on the other a map of the celestial, from a plani-
sphere of the stars which I eopied on paper from a celestial globe
belonging to a neighbouring gentleman. The poles of the
painted globes stood toward the poles of the heavens; on each,
the twenty-four hours were placed around the equinoctial, so as
to shew the time of the day when the sun shone out, by the
boundary where the half of the globe at any time enlighten-
ed by the sun was parted from the other half in the shade; the
enlightened parts of the terrestrial globe answering to the like
enlightened parts of the earth at all times. So that, whenever
the sun shone on the globe, one might see to what places the sun
was then rising, to what places it was setting, and all the places
where it was then day or night, throughout the earth.

During the time I was at Sir James’s hospitable house, his
sister, the lionourable the Lady Dipple, came there on a visit,
and Sir James introduced me to her. She asked me whether 1
could draw patterns for needle work on aprons and gowns. On
shewing me some, I undertook the work, and drew several for
her ; some of which were copied from her patterns, and the rest
I did according to my own faney. On this, T was sent for by
other ladies in the country, and began to think myself growing
very rich by the money I got for such drawings; out of which
I had the pleasure of occasionally supplying the wants of my
[Hmr father.

Yet all this while I could not leave off star-gazing in the
nights, and taking the places of the planets among the stars by
my above mentmned thread. By this T could observe how the
planets changed their places among the stars, and delineated”
their paths on the celestial map, which I had copied from the
above mentioned celestal globe.

By observing what “constellations the ecliptic passed through
in that map, and comparing these with the starry heaven, I was
so Impressed as sometimes to 1magine that I saw the ecliptic in

W
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the heaven, among the stars, like a broad circular road for the
sun’s apparent course ; and fancied the paths of the planets to
resemble the narrow ruts made by eart wheels, sometimes on one
side of a plain road and sometimes on the other, crossing the
road at small angles, but never going far from either side of it.

Sir James's house was full of pictures and prints, several of
which I copied with pen and ink : this made him think I might
become a painter.

Lady Dipple had been but a few weeks there, when William
Baird, Esq. of Auchmeddan, came on a visit: he was the hus-
band of one of that lady’s daughters, and I found him to he
very ingenious and communicative : he invited me to go to his
house, and stay some time with him, telling me that I should
have free access to his library, which was a very large one;
and that he would furnish me with all sorts of nmplements for
drawing. I went thither, and staid about eight months; but
was much disappointed in finding no books of astronomy n
his library, except what was in the two volumes of Harris’s
Lexicon Technicum, although there were many books on geo-

-graphy and other sciences : several of these indeed were in La-

tin, and more in French ; which being languages that I did
not understand, I had recourse to him for what I wanted to
know of these subjects, which he cheerfully read to me; and
it was as easy for him, at sight, to read English from a Greek,
Latin, or French book, as from an English one. - He furnished
me with pencils and Indian ink, shewing me how to draw with
them : and although he had but an indifferent hand at that
work, yet he was a very acute judge ; and consequently a very
fit person for shewing me how to correct my own work. . Ie
was the first who ever sat to me for a picture; and I found it
was much easier to draw from the life than from any picture
whatever, as nature was more striking than any imitation of’ it.
Lady Dipple came to his house in about half’ a year after I
went thither. And as they thought I had a genius for paint-
ing, they consulted together about what might be the best
way to put me forward. Mr. Baird thought it would be no
difficult matter to make a collection for me among the neigh-
bouring gentlemen, to put me to a painter at Edinburgh ; but
he found, wpon trial, that nothing worth the while could be
done among them. And as to himself, he could not do much
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that way, because he had but a small estate, and a very nume-
rous family.

Lady Dipple then told me that she was to go to Edinburgh
next spring, and that, if T would go thither she would give me
a year's bed and board at her house gratis, and make all the
interest she could for me among her acquaintance there. I
thankfully aceepted of her kind offer ; and, instead of giving
me one year, she gave me two. I carried with me a letter of
recommendation from the Lord Pitsligo (a near neighbour of
'Squire Baird’s) to Mr. John Alexander, a painter in Edin-
burgh ; who allowed me to pass an hour every day at his house,
for a month, to copy from his drawings; and said he would
~ teach me to paint in oil colours, if I would serve him seven
years, and my friends would maintain me all that time : but
this was too much for me to desire them to do:; nor did I choose
to serve so long. I was then recommended to other painters,
but they would do nothing without money. So I was quite at
a loss what to do. :

In a few days after this, I received a letter of recommenda-
tion from my good friend ’Squire Baird to the Reverend Dr.
Robert Keith at Edinburgh, to whom I gave an account of
my bad success among the painters there. He told me, that
if T would copy from nature, I might do without their assist-
ance, as all the rules for drawing signified but very little when
one came to draw from the life ; and, by what he had seen of
my drawings brought from the north, he judged I might suc-
ceed very well in draﬁing pictures from the life, in Indian ink,
on vellum. He then sat to me for his own picture, and sent me
with it and a letter of recommendation to the Right Honour-
able the Lady Jane Douglas, who lived with her mother, the
Marchioness of Douglas, at Merchiston-house, near Edinburgh.
Both the Marchioness and Lady Jane behaved to me in the
most friendly manner, on Dr, Keith’s account, and sat for
their pictures; telling me, at the same time, that I was in the
very room in which Lord Napier invented and computed the
logarithms ; and that, if I thought it would inspire me, I
should always have the same room whenever I came to Mer-
chiston. T staid there several days, and drew several pictures
of Lady Jane; of whom it was hard to say, whether the great-
ness of her beauty, or the goodness of her temper and disposi-
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tions, was the most predominant. She sent these pictures to
ladies of her acquaintance, in order to recommend me to them ;
by which means I soon had as much business as I could pos-
sibly manage, so as not only to put a good deal of money in
my own pocket, but also to spare what was sufficient to help to
supply my father and mother in their old are. Thus a busi-
ness was providentially put into my hands, which I followed
for six-and-twenty years. :

Lady Dipple, being a woman of the strictest piety, kept a
watchful eye over me at first, and made me give her an exact
account at night what families I had been in through the day,
and of the money I had received. She took the money each
night, desiring I would keep an account of what I had put into
her hands; telling me that I should duly have, out of it, what
I wanted for clothes, and to send to my father. Bul, in less
than half a year, she told me that she would trust me with be-
ing my own banker ; for she had made a good deal of private
inquirj how I had behaved when T was out of her sight through
the day ; and was satisfied with my conduet?

During my two years’ stay at Edinburgh, I somehow took a
violent inclination to study anatomy, surgery, and physic, all
from reading of hooks, and conversing with gentlemen on these
subjects ; which, for that time, ‘put all thoughts of astronomy
out of my mind, and I had no inclination to become acquainted
with any ene there who taught either mathematics or astro-
nomy : for nothing would serve me but to be a doctor.

At the end of the second year T left Edinburgh, and went
to see my father, thinking myself tolerably well qualified to be
a physician in that part of the country ; and I carried a good
deal of medicines, plasters, &c. thither. But, to my mortifi-
cation, I soon found that all my medical theories and study
were of little use in practice. And then, finding that very few
paid me for the medicines they had, and that T was far from
being so successful as I could wish, I quite left off that busi-
ness, and began to think af taking to the more sure one of
drawing pictures again. For this purpose T went to Inver-
ness, where I had eight months® business,

When I was there, I began to think of astronomy again ;
and was heartily sorry for having quite neglected it at Edin-
burgh, where I might have improved my knowledge, by con-
versing with those who were very able to assist me. I began
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to compare the echptic with its twelve signs (through which
the sun goes n twelve months) to the circle of twelve hours
on the dial-plate of the watch, the hour-hand to the sun, and
the minute-hand to the moon, moving in the ecliptic ; the one
always overtaking the other, at a place forwarder than it did at
their last conjunction before.  On this, T contrived and fimshed
a scheme on paper for shewing the motions and places of the
sun and moon i the ecliptic on each day of the year, perpe-
tually ; and, consequently, the days of all the new and full
moons, _

To this I wanted to add a method for shewing the eclipses
of the sun and moon ; of which I knew the cause long before,
by having observed that the moon was, for one half of her pe-
riod, on the north side of the ecliptic, and for the other half on
the south. But having not observed her course long enough
among the stars by my above-mentioned thread, so as to deli-
neate hier path upon my celestial map, in order to find the two
opposite points of the ecliptic in which her orbit crosses it, I
was altogether at a loss how and where in the ecliptic (in my
scheme) to place these intersecting points : this was in the year
1739.

At last, T recollected, that when I was with *Squire Grant
of Achoynaney in the year 1730, I had read, that on the 1st
of January 1690, the moon's ascending node was in the 10th
minute of the first degree of Aries; and that her nodes moved
backward through the whole ecliptic in 18 years and 224 days,
which was at the rate of & min. 11 sec. every 24 hours. But,
as I scarce knew in the year 1730 what the moon’s nodes meant,
I took no farther notice of it at that time.

However, in the year 1739, I set to work at Inverness;
and, after a tedious caleulation of the slow motion of the nodes,
from January 1690 to January 1740, it appeared to me, that
(if T was sure I had remembered right) the moon’s ascending
node must be in 23 deg. 25 min. of Cancer at the beginning of
the year 1740. And so I added the eclipse part to my scheme,
and called it T%e Astronomical Rotula. :

When I had finished 1it, I shewed it to the Reverend Mr.
Alexander Macbean, one of the ministers at Inverness, who
told me he had a set of almanacks by him for several years past,
and would examine it by the eclipses mentioned in them. We
examined it together, and found that it agreed throughout with
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the days of all the new and full moons and eclipses mentioned
in these almanacks ; which made me think T had constructed
it upon true astronomical principles. On this, Mr. Macbean
desired me to write to Mr. Maclaurin, professor of the mathe-
matics at Edinburgh, and give kim an account of the methods
by which I had formed my plan, requesting him to correct it
where it was wrong. e returned me a polite and friendly
answer (although I had never seen him during my stay at
Edinburgh), and informed me that T had only mistaken the
mean place of the ascending node by a quarter of a degree;
and that, if T would send the drawing of my rotula to him, he
would examine it, and endeavour to procure me a subseription to
defray the-charges of engraving it on copperplates, if I chose
to publish it. T then made a new and correct drawing of it,
and sent it to him, who soon got me a very handsome subscrip-
tion, by setting the example himself, and sending subscription-
papers to others,

I then returned to Edinburgh, and had the rotula plates en-
graved there by Mr. Cooper.* It has gone through several im-
pressions, and always sold very well till the year 1752, when
the stile was changed, which rendered it quite useless. Mr.
Maclaurin received me with the greatest civility when I first
went to see him at Edinburgh. He then became an exceeding
good friend to me, and continued so till his death.

One day I requested him to shew me his orrery, which he
immediately did. T was greatly delighted with the motions of
the earth and moon in it, and would gladly have seen the wheel-
work, which was concealed in a brass box, and the box and
planets above it were surrounded by an armillary sphere. But
he told me, that he never had opened it; and I could casily
perceive that it could not be opened but by the hand of some
ingenious clockmaker, and not without a great deal of time and
trouble.

After a great deal of thinking and caleulation, T found that
I could contrive the wheel-work for turning the planets in such
a machine, and giving them their progressive motions ; but
should be very well satisfied if T could make an orrery to shew
the motions of the earth and moon, and of the sun round its

* Cooper was master to the justly celebrated Mr. Ttobert Strange, who was at
that time his apprentice, 3
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axis. I then employed a turner to make me a sufficient number
of wheels and axles, according to patterns which I gave him in
drawing : and, after having cut the teeth in the wheels by a
knife, and put the whole together, I found that it answered all
my expectations. It shewed the sun’s motion round his axis,
the diurnal and annual motions of the earth on its inclined axis,
which kept its parallelism in its whole course round the sun ;
the motions and phases of the moon, with the retrograde mo-
tions of the nodes of her orbit; and consequently, all the variety
of seasons, the different lengths of days and nights, the days of
the new and full moons, and eclipses.

When it was all completed, except the box that covers the
wheels, I shewed it to Mr. Maclaurin, who commended it in
presence of a great many young gentlemen who attended his
lectures. He desired me to read them a lecture on it, which I
did without hesitation, seeing I had no reason to be afraid of
speaking before a great and good man who was my friend,
Soon after that I sent it in a present to the reverend and inge-"
nious Mr. Alexander Irvine, one of the ministers at Elgin in
Scotland.

I then made a smaller and neater orrery, of which all the
wheels were of ivory, and I cut the teeth in them with a file.
This was done in the beginning of the year 1743 ; and, in May
that year, I brought it with me to London, where it was soon
after bought by Sir Dudley Rider. T have made six orreries
since that time, and there are not any two of them in which the
wheel-work is alike : for I could never bear to copy one thing
of that kind from another, because I still saw there was great
room for unprovements.

I had a letter of recommendation from Mr. Baron Edlin, at
Edinburgh, to the Right Honourable Stephen Poyntz, Esq. at
St. James’s, who had been preceptor to his Royal Highness the
late Duke of Cumberland, and was well known to be possessed
of all the good qualities that can adorn a human mind. To me
his goodness was really beyond my power of expression ; and I
had not been a month in London till he informed me that he
had wrote to an eminent professor of mathematics to take me
into his house, and give me board and lodging, with all proper
instructions to qualify me for teaching a mathematical school he
(Mr. Poyntz) had in view for me, and would get me settled in
it.  This I should have liked very well, especially as I began
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to be tired of drawing pictures; in which, T confess, T never
strove to excel, because my mind was still pursuing things more
agreeable. He soon after told me he had just received an answer
from the mathematical master, desiring I might be sent imme-
diately to him. On hearing this, I told Mr. Poyntz, that I
did not know how to maintain my wife during the time I must
be under the master’s tuition. What, says he, are you a mar-
ried man ? I told him I had been so, ever since May in the
vear 1739. He said he was sorry for it, because it quite de-
feated his scheme ; as the master of the school he had in view
for me must be a batchelor.

He then asked me, what business I intended to follow? T
answered, that I knew of none besides that of drawing pictures.
On this he desired me to draw the pictures of his lady and
children, that he might shew them in order to recommend me
to others ; and told me, that, when I was out of business I
should come to him, and he would find me as much as he
could : and I soon found as much as I could execute: but he
died in a few years after, to my inexpressible grief.

Soon afterwards, it appeared to me, that although the moon
goes round the earth, and that the sun is far on the outside of
the moon’s orbit, yet the moon’s motion must be in a line that
is always concave toward the sun : and upon making a delinea-
tion, representing her absolute path in the heavens, I found it
to be really so. I then made a simple machine for delineating
both her path and the earth’s, on a long paper laid on the floor
I carried the machine and delineation to the late Martin Folkes,
Esquire, President of the Royal Society, on a Thursday after-
noon. IHe expressed great satisfaction at seeing it, as it was a
new discovery; and took me that evemng with him to the
Royal Society, where I shewed the delineation, and the method
of doing it.

When the business of the society was over, one of the mem-
bers desired me to dine with him next Saturday at Hackney ;
telling me that his name was Ellicott, and that he was a watch-
maker.

I accordingly went to Hackney, and was kindly received by
Mr. John Ellicott, who then shewed me the very same kind of
delineation, and part of the machine by which he had done it ;
telling me that he had thought of it twenty years before. I
could easily see, by the colour of the paper, and of the ink lines



XX AN ACCOUNT OF THE

upon it, that it must have been done many years before I saw
it. He then told me what was very certain, that he had nei-
ther stolen the thought from me, nor had I from him. And
from that time till his death, Mr. Ellicott was one of my best
friends. The figure of this machine and delineation is in the
seventh plate of my book of Astronomy.

Soon after the stile was changed, I had my rotula new en-
graved ; but have neglected it too'much by not fitting it up and
advertising it.  After this, I drew out a scheme, and had it-en-
graved, for shewing all the problems of the rotula except the
eclipses : and, in place of that, it shews the times of rising and
setting of the sun, moon, and stars; and the positions of the
stars for any time of the night.

In the year 1747, I published a Dissertation on the phe-
nomena of the harvest moon, with the description of a mew
orrery, in which there are only four wheels. But having
never had a grammatical education, nor time to study the
rules of just composition, I acknowledge that I was afraid
to put it to the press; and for the same cause, I ought to
have the same fears still. But having the pleasure to find
that this my first work was not ill received, I was emboldened
to go on, in publishing my dsironomy, Mechanical Lectures,
Tables and Tracts relative to scveral Arts and Sciences, The
Young Gentleman and Lady's Astronomy, a small Treatise on
Electricity, and my Select Mechanical Ezercises.

In the year 1748, I ventured to read lectures on the eclipse
of the sun that fell on the 14th of July in that year. After-
wards I began to read astronomical lectures on an orrery which
I made, and of which the figures of all the wheel work are con-
tained in the sixth and seventh plates of my Mechanical Fawer-
cises. I next began to make an apparatus for lectures on me-
chanics, and gradually increased the apparatus for other parts
of experimental philosophy, buying from others what I could
not make for myself, till T brought it to its present state. 1T
then entirely left off’ drawing pictures, and employed myself in
the much pleasanter business of reading lectures on mechanics,
hydrostatics, hydraulies, pnewmatics, electricity, and astronomy :
in all which, my encouragement has been greater than I could
have expected.

The best machine I ever contrived is the Eclipsareon, of
which there is a figure in the thivteenth plate of my Astronomy.
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It shews the time, quantity, duration, and progress, of solar
eclipses at all parts of the earth. My next best contrivance is
the Universal dialling cylinder, of which there is a figure in the
eighth plate of the Supplement to my Mechanical Lectures.

It is now thirty years since I came to London; and during
all that time I have met with the highest instances of friendship
from all ranks of people both in town and country, which I do
here acknowledge with the utmost respect and gratitude ; and
particularly the goodness of our present gracious sovereign, who,
out of his privy purse, allows me fifty pounds a-year, which is
regularly paid, without any deduction,

To the preceding account of Mr. Ferguson’s life, it may be
proper to add that he was elected a member of the Royal So-
ciety of London, on the 24th November 1763, without paying
the usual fees of admission. This honour, which had been con-
ferred on the illustrious Newton, and on that ingenious and self.
taught mathematician Mr. Thomas Simson of Woolwich, was
generally reserved for such foreigners as were distinguished by
their philosophical and literary attainments ; and strongly marks
the estimation in which Mr. Ferguson was held by that learned
body. In 1770, he was chosen a member of the American Phi-
losophical Society ; and by the translation of his A&fmnomy mto
the German and Swedish languages, of his Perspective into
French, and of his Ladies’ and Gentlemen’s Astronomy into
German, his fame as a popular writer was extended beyond his
native country.  His lectures on experimental philosophy were
frequently honoured with the presence of George II1, who took
great pleasure in conversing with Mr. Ferguson upon scientific
subjects, and distinguished him by numerous marks of his royal
favour. While he was thus enjoying, in the evening of his
days, the respect of philosophers, and the general esteem of all
who knew him, he was afflicted with a lingering illness, which
closed his useful life on the 16th of November 1776, in the 66th
year of his age.

Mr;'. Ferguson possessed a clear judgment, and was eapable
of thinking and writing on philosophical subjeets with great ac-
curacy and precision. He had a peculiar talent for simplifying
what was complex, for rendering intelligible what was abstract.
ed, and for bringing down to the lowest capacities what was
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naturally above them. His unwearied assiduity in the acqui-
sition of knowledge, may be inferred from the great variety of
his publications ; and when we reflect upon the very unfavour-
able circumstances in which he was educated, and the little as-
sistance which he received from others, we cannot fail to won-
der at the style in which all his works are composed. On some
occasions it 1s uncommonly correct and anmimated. When ad-
miring the displays of wisdom and beneficence in the economy
of nature, it often rises into a species of eloquence, charac-
terised by the most artless ssmplicity, and infinitely more affect-
g than the laboured and polished periods of the professed
orator. In his manners he was affable and mild ; in his dispo-
sitions ecommunicative and benevolent. He was distinguished by
none of those peculiarities of temper, and eccentricities of con-
duct, which we generally observe in literary men. If Mr. Fer-
guson had any foibles, they ¢ leaned to virtue’s side;” and even
his wonderful simplicity of character, which, in a state of arti-
ficial manners, is too apt to be regarded as a failing, and exposed
to ridicule and scorn, tended only to heighten the respect in
which he was held. The religious character of our author cor-
responded with his general conduct. The anxieties and changes
of his eventful life never effaced the religious impressions of his
youth, but rather strengthened those principles of duty which
the piety of his parents had early implanted ; and confirmed
him in the belief of those peculiar doctrines of our faith, which
are the surest foundation of meral practice, and best fitted to
mspire us with confidence, when the concerns of the present life
must cease to interest us.—Jkd.
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LECTURES
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SELECT SUBJECTS.

LECTURE 1.

OF MATTER AND ITS PROFERTIES

Ass the design of the first part of this course is to explain and
demonstrate those laws by which the material universe is go-
verned, regulated, and continued ; and by which the various
appearances in nature are accounted for, it is requisite to begin
with explaining the I}I'OPEI"ﬂLS of matter.

By the word matter is here meant every thmg Matter,
that has length, breadth, and thickness, and resists what.
the touch.

The inherent properties of matter are solidity, in- 1;_, t proper-
activity, mobility, and dﬁlﬁlblht}r

"The solidity of matter arises from its having length,
breadth, and thickness; and herice it 1s that all bodies
are comprehended under some shape or other, and that each
particular body hinders all others from occupying the same
part of space which it possesses. Thus, if a piece of wood or
metal be squeezed ever so hard between two plates, they can-
not be brought into contact. And even water or air has this
property ; for if a small quantity of either be fixed between
any other bodies, they cannot be brought to touch one another.

A second property of matter is inertia, inactivity,
or passiveness ; by which it always endeavours to

Solidity.

Inactivity.

! Some late writers have increased the general properties of matter to twelve,
namely, extension, divisibility, fizurability, impenctrability, porosity, rarefactibility,
condensibility, compressibility, elasticity, dilatibility, mobility, inactivity. It was
formerly thought that fluids were incompressible, and that many bodies were not
elastic. The compressibility of fluids, however, is now completely ascertained ; and
the softest bodies, even clay itself, have been found elastic.—Ed.
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2 OF THE PROPERTIES OF MATTER. LECT. I.

continue in the state that it is in, whether of rest or motion.
And therefore, if one body contains twice or thrice as much
matter as another body does, it will have twice or thrice as
much inactivity ; that is, it will require twice or thrice as much
force to give it an equal degree of motion, or to stop it after it
hath been put into such a motion.

That matter can never put itself into motion is allowed by
all men. For they see that a stone, lying on the plain surface
of the earth, never removes itself from that place; nor does
any one imagine it ever can. But most people are apt to be-
lieve that all matter has a propensity to fall from a state of
motion into a state of rest ; because they see that if a stone or
a cannon-ball be put into ever so violent a motion, it soon
stops ; not considering that this stoppage 1s caused, 1. By the
gravity or weight of the body, which sinks it to the ground in
spite of the impulse; and 2. By the resistance of the air
through which it moves, and by which its velocity is retarded
every moment till it falls.

A bowl moves but a short way upon a bowling-green ; be-
cause the roughness and unevenness of the grassy surface soon
creates friction enough to stop it. But if the green were per-
fectly level, and covered with polished glass, and the bowl
were perfectly hard, round, and smooth, it would go a great
way farther, as it would have nothing but the air to resist it ;
if then the air were taken away, the bowl would go on without
any friction, and consequently without any diminution of the
velocity it had at setting out : and therefore, if the green were
extended quite around the earth, the bowl would go on, round
and round the earth, for ever.

If the bowl were carried several miles above the earth, and
there projected in a horizontal direction, with such a velocity
as would make it move more than a semidiameter of the earth
in the time it would take to fall to the earth by gravity; in
that case, and if there were no resisting medium in the way,
the bowl would not fall to the earth at all, but would continue
to circulate round it, keeping always in the same track, and
returning to the same point from which it was projected, with
the same velocity as at first. In this manner the moon goes
round the earth, although she be as unactive and dead as any
stone upon it.

The third property of matter is mobility ; for we

Mollize, Signia that all matter is capable of being moved, if a
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sufficient dearee of force be applied to overcome its inactivity
or resistance.

The fourth property of matter is divisidility, of
which there ean be no end, TFor, since matter can
never be annihilated by cutting or breaking, we can never
imagine it to be cut into such small particles, but that if one
of them be laid on a table, the uppermost side of it will be fur-
ther from the table than the undermost side. Moreover, 1t
would be absurd to say that the greatest mountain on earth has
more halves, quarters, or tenth parts, than the smallest particle
of matter has.

We have many surprising instances of the smallness to which
matter can be divided by art, of which the two following are
very remarkable. 4

1. If a pound of silver be melted with a single grain of gold,
the gold will be equally diffused through the whole silver ; so
that taking one grain from any part of the mass (in which there
can be no more than the 5760th part of a gran of gold), and
dissolving it in agua _fortis, the gold will fall to the bottom.

2. The gold-beaters can extend a grain of gold into a leaf
containing 50 square inches ; and this leaf may be divided into
500,000 visible parts. For an inch in length can be divided
into 100 parts, every one of which will be visible to the bare
eye: consequently a square inch can be divided into 10,000
parts, and fifty square inches into 500,000. And if one of
these parts be viewed with a microscope that magnifies the dia-
meter of an object only ten times, it will magnify the area 100
times; and then the 100th part of a 500,000th part of a grain
(that is, the fifty millionth part), will be visible. Such leaves
are commonly used in gilding ; and they are so very thin, that
if 124,500 of them were laid upon one another, and pressed
together, they would not exceed one inch in thickness.*

Yet all this is nothing in comparison of the lengths that na-
ture goes in the division of matter ; for Mr. Leewenhoek tells

L

* Tt would require 300,000 of these leaves to make an inch. The tenuity of
gold leaf is so great, that it is decidedly transparent. When it is interposed between
the eye and external objects, they are distinetly perceived of a greenish colour, Whea
& small quantity of silver is combined with the gold, the colour of external objects
becomes a fine blue, the deepness of the tint increasing with the quantity of silver.
Dr. Wollaston has suceeeded, by an ingenious process, in drawing platinum and
gold wires o small as the eighteen thowsandth part of an inch in diameter. See
Plal. Trans. 1813, and the Edinburgh Encyclopedia, Ast, Micrometer, vol. 1iv,
rp: 201 and 214, - Ed. '

Divisibility.
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us, that there are more animals in the milt of a single cod-fish,
than there are men upon the whole earth ; and that, by com-
paring these animals in a microscope with grains of common
sand, it appeared that one single grain is bigger than four mil-
lions of them.? Now each animal must have heart, arteries, veins,
muscles, and nerves, otherwise they could neither live nor move.
How inconceivably small then must the particles of their blood
be, to circulate through the smallest ramifications and joinings
of their arteries and veins! It has been found by calcula-
tion, that a particle of their blood must be as much smaller
than a globe of the tenth part of an inch in diameter, as
that globe is smaller than the whole earth; and yet, if these
particles be compared with the particles of light, they will be
found to exceed them as much in bulk as mountains do single
grains of sand. For, the force of any body striking against an
obstacle is directly in proportion to its quantity of matter mul-
tiplied into its velocity ; and since the velocity of the particles
of light is demonstrated to be at least a million times greater
than the velocity of a cannon ball, it is plain, that if a million
of these particles were as big as a single grain of sand, we durst
no more open our eyes to the light, than we durst expose them
to sand, shot point-blank from a cannon.
Plate I That matter is infinitely divisible in a mathemati-
Fig. 1. cal sense, is easy to be demonstrated. For, let 4 B
be the length of a particle to be divided ; and let it be touched
at opposite ends by the parallel lines C D and E F, which
The infinite. SUPPOSE to be inﬁnit-.?l‘? extended beyond D and F.
divisivility  Set off the equal divisions B G, G H, H I, &c. on
‘:Eu';i;m the line £ F, toward the right hand from B ; and
take a point, as at R, anywhere toward the left
hand from A, in the line C D ; then, from this point, draw the
right lines B G, R H, R I, &c. each of which will cut off a part
from the particle 4 B. But after any finite number of such
lines are drawn, there will still remain a part, as 4 P, at the
top of the particle, which can never be cut off ; because the lines
D R and E F being parallel, no line can ever be drawn from
the point & to any point of the line £ F that will coincide with
line B D. Therefore the particle 4 B contains more than any
finite number of parts.

* Captain Scoresby has shewn thata drop of green water from the Greenland
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A fifth property of matter 15 attraction, which
seems rather to be infused than inherent. Of this
there are four kinds, viz. cohesion,* gravitation, magnetism,
and electricity.

The attraction of cohesion 1s that by which the
small parts of matter are made to stick and cohere
together. Of this we have several instances, some of which fol-
low.

1. If a small glass tube, open at both ends, be dipt in water,
the water will rise up in the tube to a considerable height above
its level in the bason; which must be owing to the attraction of
a ring of particles of the glass all round in the tube, immedi-
ately above those to which the water at any instant rises. And
when it has risen so high, that the weight of the column ba-
lances the attraction of the tube, it rises no higher. This can
be nowise owing to the pressure of the air upon the water in
the basin ; for, as the tube is open at top, it is full of air above
the water, which will press as much upon the water in the tube
as the neighbouring air does upon any column of an equal dia-
meter in the basin.® Besides, if the same experiment be made
in the exhausted receiver of an air-pump, there will be found no
difference.

Q. A piece of loaf-sugar will draw up a fluid, and a sponge
will draw in water : and on the same principle sap ascends in
trees.

Attraction.

ohesion.

seas contains 26,450 animalcules ; and he caleulates that a gallon would contain &
number of animalcules, excecding by one-half the population of the whole globe.
See Edinburgh Philosophical Journal, vol. iv, p. 113.—E4d.

* The attraction of cohesion is divided into two kinds, namely, the attraction of
aggregation, and the attraction of eomposition or affinity. The tendency of the
homogeneous parts of matter to each other, or the force by which they adhere, is
called the attraction of aggregation ; and the force which is exerted between the par-
ticles of heterogeneous bodies, and by which they unite and form a body differing
more or less from its component parts, is called the attraction of composition or af-
Sfinity.—Ed.

# An experiment more curious, and better fitted for illustrating this subject, may
be made in the following manner.—Having procured two pieces of glass, about six
inches square, join any two of their sides, and separate the opposite sides with a
piece of wax, so that their surfaces may form an angle of about two or three degrees.
Immerse this apparatus about an inch deep in a bason of water, and the water will
rise between the plates of glass, and form a beautiful hyperbola, having for its
asymptotes a line parallel to the surface of the water, and the common section of the
two planes.~—=fBd,
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8. If two drops of quicksilver be placed near each other,
they will run together, and become one large drop.

4. If two pieces of lead be scraped clean, and pressed toge-
ther with a twist, they will attract each other so strongly, as to
require a force much greater than their own weight to separate
them, And this cannot be owing to the pressure of the air,
© for the same thing will hold in an exhausted receiver.

5. If two polished plates of marble or brass be put together,
with a little oil between them, to fill up the pores in their sur-
faces, and prevent the lodgment of any air, they will cohere so
strongly, even if suspended in an exhausted receiver, that the
weight of the lower plate will not be able to separate it from
the upper one. In putting these plates together, the one should
be rubbed upon the other, as a joiner does two pieces of wood
when he glues them.®

6. If two pieces of cork, equal in weight, be put near each
other in a bason of water, they will move equally fast toward
each other with an accelerated motion, until they meet ; and
then, if either of them be moved, it will draw the other after it.
If two corks of unequal weights be placed near each other,
they will approach with accelerated velocities inversely propor-
tional” to their weights ; that is, the lighter cork will move as

¢ The experiment thus stated does not properly exemplify the attraction of co-
hesion ; for when oil, or any other fluid, is interpesed between the plates of marble,
it may reasonably be conjectured that the cohesion of the surfaces arises from the
viscidity of the intermediate substance. - Those who have been in the habit of con-
structing metals for reflecting telescopes, may probably have seen a striking exem-
plification of this species of attraction, We have repeatedly ground together a con-
vex and a concave brass tool, with such accuracy, that the one would raise the other
from the ground without the interposition of any liquid, though its weight was about
two pounds, and the contiguous surfaces completely polished. When the tools of
brass are small, the onewill raise the other, even whan.n. fibre of silk is placed be-
tween their surfaces.— Fd.

7 When two variable or changeable quantities, 4 and B, are so related to
each other, that when the one increascs or diminishes, the other increases or
diminishes in the same proportion, A is said to be directly proportional o B.
Thus, if 4 represents the attraction of any planet, and B its quantity of mat-
ter, A is directly proportional to B ; because if the quantity of matter is doubled,
the force of attraction is also doubled, and wice verss. If when B increases,
A diminishes, or when & diminishes A incresses, . is then said to be in~
versely proportional to B. If A increases as the square of B increases, A is
said to be directly proportional to the square of B. If A increases as the square
of B diminishes, 4 1 said to be tnversely proportional to the square of B, or inverse-
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much faster than the heavier, as the heavier exceeds the lighter
in weight. This shews that the attraction of each cork is in
direct proportion to its weight or quantity of matter.®

This kind of attraction reaches but to a very small distance ;
for, if two dr;::ps of quicksilver be rolled in dust, they will not
run together, because the particles of dust keep them out of
ench other’s attraction.

Where the sphere of attraction ends, a repulsive

Jorce begins : thus, water repels most bodies till they
are wet 3 and hence it is, that a small needle, if dry, swims upon
water; and flies walk upon it without wetting their feet.?

The repelling force of the particles of a fluid is but small ;
and therefore, if a fluid be divided, it easily unites again. But if
a glass, or any other hard substance, be broke into small parts,
they cannot be made to stick together again without being first
wetted ; the repulsion being too great to admit of a reunion.

The repelling force between water and oil is so great, that
we find it almost impossible to mix them so as not to separate
again. If a ball of light wood be dipt in oil, and then put into
water, the water will recede so as to form a channel of some
depth all around the ball.

The repulsive force of the particles of air is so great, that
they can never be brought so near together by condensation as
to make them stick or cohere. Hence it is, that when the weight
of the incumbent atmosphere is taken off from any small quan-

Repulsion,

Iy as the square of B. In this case, if 4 be the force of gravity, and B the dis-
tance, then, because it is found by cbservation, that when the distance is doubled,
gravity is four times weaker ; and when tripled, nine times weaker, and so on, the
force of gravity is said to be inversely as the square of the distance. It is well
known, that the force of gravity depends upon two causes, upon the quantity of mat-
- ter in the body which exerts, the force, and on the distance of the body upon which
that force is exerted. The force of gravity, therefore, is said to be diréctly as the
quantity of matter, and inversely as the sguare of the distance. As these expressions
oceur frequently in the course of this work, it will be useful to the reader to make
them familiar to his mind.——FEd.

% The approach of the corks, in this experiment, is not produced by their mutual
attraction. Tach piece of cork is encompassed with a ring of water, clevated above
the level of the fluid in the bason by the attraction of cohesion ; and it is in conse-
quence of the mutual action of these fluid rings, that the floating corks rush inte
contact. See Edinburgh Encyelopedia, Art. Hydrodynamics, vol. xi, p. 478.—Ed.

# These phenomena do not arise from any repulsive force in the needle, or in the
feet of flies, but from the cohesive force of the water.—FEd.
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tity of air, that quantity will diffuse itself so as to occupy (in com-
parison) an infinitely greater portion of space than it did before,

Altraction of gravitation is that power by which
distant bodies tend toward one another. Of this we
have daily instances in the falling of bodies to the earth. By
this power in the earth it is, that bodies, on whatever side, fall
in lines perpendicular to its surface ; and consequently, on op-
posite sides, they fall in opposite directions; all toward the
centre, where the force of gravity is as it were accumulated :
and by this power it is, that bodies on the earth’s surface are
kept to it on all sides, so that they cannot fall fromit. And as
it acts upon all bodies in proportion to their respective quan-
tities of matter, without any regard to their bulks or figures,
it accordingly constitutes their weight. Hence,

If two bodies which contain equal quantities of matter, were
placed at ever so great a distance from one another, and then
left at liberty in free space; if there were no other bodies in
the universe to affect them, they would fall equally swift to-
ward one another by the power of gravity, with velocities ac-
celerated as they approached each other ; and would meet in a
point which was half way between them at first.  Or, if two bo-
dies, containing unequal q uantities of matter, were placed at any
distance, and left in the same manner at liberty, they would fall
toward one another with velocities which would be in an inverse
proportion to their respective quantities of matter ; and movin
faster and faster in their mutual approach, would at last meet
in a point as much nearer to the place from which the heavier
body began to fall, than to the place from which the lighter
body began to fall, as the quantity of matter in the former ex-
ceeded that in the latter.

All bodies that we know of have gravity or weight. For,
that there is no such thing as positive levity, even in smoke,
vapours, and fumes, is demonstrable by experiments on the air
- pump ; which shews, that although the smoke of a candle as-
cends to the top of a tall receiver when full of air, yet, upon the
air being exhausted out of the receiver, the smoke falls down
-to the bottom of it. So, if a piece of wood be immersed in a
jar of water, the wood will rise to the top of the water, because
it has a less degree of weight than its bulk of water has; but
if the jar be emptied of water, the wood falls to the bottom.

Gravitation.

3
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As every particle of matter hz{s 1ts proper oravity, a, iy i

the effect of the whele must be in proportion to the mmstmte]d
. = . t 4 L

number of the attracting particles ; that 15, as the q':]::“;i, o
quantity of matter the whole body. This is de- i{]attﬂ' in bo-
monstrable by experiments on pendulums; for, if v
they are of equal lengths, whatever their weights be, they vi-
brate in equal times. Now it is plain, that if one be duu!:h or
triple the weight of another, it must require a double or triple
power of gravity to make it move with the same celerity ; just
as it would require a double or triple force to project a bullet
of twenty or thirty pounds weight, with the same degree of
swiftness that a bullet of ten pounds would require. Hence
it is evident, that the power or force of gravity is always pro-
portional to the quantity of matter in bodies, whatever their
bulks or figures are.

Gravity also, like all other virtues or emanations

: It decreases
which proceed or issue from a centre, decreases as ge the square
the distance multiplied by itself increases : that is, ?nf::m'ilm"m
a body at twiee the distance of another, attracts with
only a fourth part of the force; at thrice the distance, with a
ninth part ; at four times the distance, with a sixteenth parvt ;
and so on. This, too, is confirmed by comparing the distance
which the moon falls in a minute, from a right line touching
her orbit, with the distance through which hcm}r bodies near
the earth fall in that time ; and also, by comparing the forces
which retain Jupiter’s moons in their orbits, with their repec-
tive distances from Jupiter. These forces will be explained in

- the next lecture.

The velocity which bodies near the earth acquire in descend-
ing freely by the force of gravity, is proportional to the times
of their descent. For, as the power of gravity does not con-
sist in a single impulse, but is always operating in a constaut
and uniform manner, it must produce equal effects in equal
times ; and consequently in a double or triple time, a double or
triple effect : and so, by acting uniformly on the body, must
accelerate its motion proportionably to the time of its descent.’

To be a little more particular on this subject, let us suppose
that a body begins to move with a celerity constantly and gra-

1 1t appears from the recent experiments of Captain Kater, on pendulums, that
the space passed over by descending bodies, in the first second of time, in the lati-
tude of London is 16.095 feet.—Ed.
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dually increasing, in such a manner as would carry it through
a mile in a minute; at the end ol this space it will have ac-
quired such a degree of celerity, as is sufficient to carry it two
miles the next minute, though it snould then receive no new
impulse from the cause by which its motion had been accele-
rated ; but if the same acceler&tmg cause continues, it will carry
the body a mile farther; on which account it will have run
through four miles at_the end of two minutes ; and then it will
have acquired such a degree of celerity as is sufficient to carry
it through a double space in as much more time, or eight miles
m two minutes, even though the accelerating force should act
upon it no more. But this force still continuing to operate in
an uniform manner, will again, in an equal time, produce an
equal effect; and so, by carrying it a mile farther, cause it to
move through five miles the third minute ; for the celerity al-
ready acquired, and the celerity still acquiring, will have each
its complete effect. Hence we learn, that if the body should
move one mile the first minute, it would move three miles the
second, five the third, seven the fourth, nine the fifth, and so
on in proportion.

And thus it appears, that the spaces deseribed in successive
equal parts of time, by an uniformly accelerated motion, are
always as the odd numbers 1, 3, 5, 7, 9, &e. and consequently,
the whole spaces are as the squares of the times, or of the last
acquired velocities ; for, the continued addition of the odd num-
bers }ields the squares of all numbers from unity upward.
Thus, 1 is the first odd number, and the square oflis1l; 3is
the second udd number, and this addeéd to 1 makes 4, the
square of 2; 5is the third odd number, which added to 4
makes 9, the square of 3; and so on for ever. Since, there-
fore, the times and velocities proceed evenly and constantly, as
1, 2, 3, 4, &ec. but the spaces described in equal times are as 1,
3, 5, 7, &c. it is evident that the space deseribed

In 1 minute will be - - 1 = square of 1
In 2 minutes -~ - 143 = 4 = square of 2
In 3 minutes - 14845 = 9 =square of 3
In 4 minutes - 1434547 = 16 = square of 4, &c.

N. B. The character + signifies more, and = equal.

As heavy bodies are uniformly accelerated by the power of
gravity in their descent, it is plain that they must be uniform-
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ly retarded by the same power in their ascent. There- The descend.
fore, the velocity which a body acquires by falling, i;r*ﬁl"UPhﬁ*?

. 2 . = - Ve &
is sufficient to carry it up again to the same height p,;.“f of
from whence it fell: allowance being made for the equal ascent.
resistance of the air, or other medium in which the body is
moved. Thus, the body D (Plate I, Fig. 2) in rolling down the
inclined plane 4 B, will acquire such a velocity by the time it
arrives at B, as will carry it up the inclined plane B €, almost
to C; and would carry it quite up to C, if the body and
plane were perfectly smooth, and the air gave no resistance.
So, if a pendulum were put into motion, in a space quite free
of air, and all other resistance, and had no friction on the point
of suspension, it would move for ever: for the velocity it had
acquired in falling through the descending part of the are,
would be still sufficient to carry it equally high in the ascend-
ing part thereof.

The centre of gravity is that point of a body in 7y, cenre
which the whole forece of its gravity or weight is of gravity.
united. Therefore, whatever supports that point, bears the
weight of the whole body ; and while it is supported, the body
cannot fall ; because all its parts are in a perfect equilibrium
about that peint.? '

An imaginary line drawn from the centre of gravity of any

¥

2 The following is a mechanical method of finding the centre of gravity :—1. IT
the body can be easily suspended by a thread or cord, then the centre of gravity will
be situated in some point in the direction of the cord prolonged. Suspend the body
at another patt, so that the mew direction of the cord may be nearly at right angles
with its former direction ; then, as the centre of gravity must lie somewhere in the
new direction of the cord prelenged, the point where these two lines (formed by pro-
longing the cord) intersect each other, will determine the centre of gravity. 2. If
the body is of such a size or quality that it cannot be conveniently suspended, place
it upon an horizontal edge so that it may be in equilibrio ; and the horizontal edge
will make a line or mark on the body in the same direction with itself, and the eentre
of grayity will be in some point in this line. Balance the body a second time, so that
the line upon the body may be nearly at right angles to the horizontal edge, which
will make a new line or mark upon the body ; the centre of gravity therefore will be
somewhere in this new line, and consequently in the point where it intersects the
former line. 3. If the body is so flexible that it can neither be suspended nor balanced,
then let a board be balanced, as in case 2d, and upon it, when balanced, lay the body
whose centre of gravityis to be found, in such a manner that the board may still be in
equilibrio ; then the centre of gravity will be in a line oppesite to that which is made
on the board by the horizontal edge ; and by shifting the position of the board,

and again balancing it, a new line will be found, the intersection of which, with e
former line, will determine the centre of gravity.— Ed.
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and line of  POdy toward the centre of the earth, is called the
direction.  Jine gf direction. In this line all heavy bodies de-
scend, 1f not obstructed.

Since the whole weight of a body 1s united in its centre of
gravity, as that centre ascends or descends, we must look upon
the whole body to do so too. But as it is contrary to the na-
ture of heavy bodies to ascend of their own accord, or not to de-
scend when they are permitted, we may be sure, that unless the
centre of gravity be supported, the whole body will tumble or
fall. Hence it is, that bodies stand upon their bases when the
line of direction falls within the base; for in this case the body
cannot be made to fall, without first raising the centre of gra-
vity higher than it was before. Thus, the inclining body 4 B
C D (Fig. 3) whose centre of gravity is E, stands firmly on its
base €' D I K, because the line of direction £ F falls within the
base. But if a weight, as 4 B G H, be laid upon the top of
the body, the centre of gravity of the whole body and weight
together is raised up to 7; and then, as the line of direction
I D falls without the base at Dy the centre of gravity 1 is not
supported ; and the whole body and weight tumble down to-
gether.

Hence appears the absurdity of people’s rising hastily in a
coach or boat when it is likely to overset; for, by that means
they raise the centre of gravity so far as to endanger throwing
it quite out of the base ; and if they do, they overset the vehicle
effectually. Whereas, had they clapt down to the bottom, they
would have brought the line of direction, and consequently the
centre of gravity, farther within the base, and by that means
might have saved themselves.

The broader the base 1s, and the nearer the line of direc-
tion is to the middle or centre of it, the more firmly does the
body stand. On the contrary, the narrower the base, and the
nearer the line of direction is to the side of it, the more easily
may the body be overthrown, a less change of position being
sufficient to remove the line of direction out of the base in the
latter case than in the former. And hence it is, that a sphere
is so easily rolled upon a horizontal plane ; and that it is so
difficult, if not impossible, to make things which are sharp-
pointed to stand upright on the point. From what hath been
said, it plainly appears, that if the plane be inclined on which
the heavy body is placed, the body will slide down upon the
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Plﬂ[]u w hile the line of direction falls within the base ; but it
will tumble or roll down when that line falls without the base.
Thus, the body 4 (Iig. 4) will only slide down the inclined
plane € D, while the body B will roll down upon it.

When the line of direction falls within the base of our feet,
we stand ; and most firmly when it is in the middle : but when
it is out of that base, we immediately fall. And it is not only
pleasing, but even surprising, to reflect upon the various and
unthought-of methods and postures which we use to retain this
position, or to recover it when it is lost. For this purpose we
bend our body forward when we rise from a chair, or when we
go up stairs : and for this purpose a man leans forward when
he carries a burthen on his back, and backward when he carries
it on his breast ; and to the right or left side as he carries it on
the opposite side. A thousand more instances might be added.

The quantity of matter in all bodies is in exact proportion to
their weights, bulk for bulk. Therefore, heavy bodies are as
much more dense or compact than light bodies of the same
bulk, as they exceed them in weight.

All bodies are full of pores, or spaces void of mat- Ap podies
ter: and in gold, which is the heaviest of all known porous.
bodies, there is perhaps a greater quantity of space than of mat-
ter. For the particles of heat and magnetism find an easy
sage through the pores of gold ; and even water itself has been
forced through them. Besides, it we consider how easily the
rays of light pass through so solid a body as glass, in all manner
of directions, we shall find reason to believe that bodies are much
more porous than is generally imagined.?

All bodies are some way or other aﬂ"ccte_d by heat: ., ok
and all metallic bodies are expanded in length, sion of
breadth, and thickness, thereby, The proportion of ™***
the expansion of several metals, according to the best experi-

3 The word porous when employed to express a property of bodies, does not con-
vey an accurate idea of their internal structure. Aeccording to Boscovich's beautiful
theory of natural philosophy, which is now generally adopted, matter consists of pliy-
sical points endued with certain powers of attraction and repulsion, varying both in
kind and degree, with their respective distances. At a certain distance, one particle
is attracted by another, at a different distance it is repelled, and there/are certain posi-
tions, in which the particle is in a quiescent state, and affected neither by an attrac-
tive nor & repulsive force. By this means, a collection of these physical points may
assume the various forms of solidity, fluidity, and elastic and non-elastic vapours, and

may possess all those properties which regulate the phenomena of collision, and the
diversified effects of chemical agency,—Ed.
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ments I have been able to make with my pyrometer, is near-
ly thus:—Iron and steel, as 3, copper 4}, brass 5, tin 6, lead
7. An ironrod 3 feet long is about a 70th part of an inch long-
er in summer than in winter.

The pyro- The pyrometer here mentioned being (as far as I
Tostem, know) of a new construction, a description of it may
perhaps be agreeable to the reader.

A 4 (Fig. 5) is a flat piece of mahogany, in which are fixed
four brass studs, B, C, D, L, and two pins, one at F and the
other at £. On the pin I turns the crooked index E I, and
upon the pin # the straight index G K, against which a piece of
watch-spring R bears gently, and so presses it toward the be-
gining of the scale M N, over which the point of that index
moves. This seale is divided into inches and tenth parts of an
inch : the first inch 15 marked 1000, the second 2000, and so
on. A bar of metal O islaid into notches in the top of the studs
Cand D ; one end of the bar bearing against the adjusting screw
P, and the other end against the erooked index E I, at a 20th
part of its length from its centre of motion #. Now it is plain,
that however much the bar O lengthens, it will move that part
of the index E I, against which it bears, just as far: but the
crooked end of the same index, near ff, being 20 times as far
from the centre of motion J' as the point is against which the
bar bears, it will move 20 times as far as the bar lengthens.
And as this crooked end bears against the index G K at only a
20th part of the whole length G & from its centre of motion I,
the point & will move through twenty times the space that the
point of bearing near H does. Hence, as 20 multiplied by 20
produces 400, it is evident, that if the bar lengthens but a 400th
part of an inch, the point § will move a whole inch on the scale ;

# The following table containg the prineipal results respecting the expansion of
bodies in length, fora change of temperature of 180° of Fahrenheit's thermometer :—
(ilass Kod, 00080787 General Roy Copperham-

Platina,  .0008918 Troughton noeally (1L VT
Palladivm, .0010 Wellaston Birass, L001088  Troughton
Cast Iron, 0011094 Roy Silver, 0020286 Troughton
Steel, 0011898 Troughton Speculum
Hard Steel, 001225  Smeaton Metal, }'““1933 Bkeaton
Iron Wire, . Grain Tin, .002483  Smeaton
hard drawn, § ‘00144 Troughton y g 002067  Smeaton
Hismuth, 001392 Smeaton Zing, . 002042  Smeaton
L3old, R B Ellicot

A more copious table of expansions, with an account of Mr. Troughton’s interest-
ing experiments, will be found in the Edinburgh Encyclopedia, Art. Expansion, vol.

iz, - Sh s
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and as every inch is divided into 10 equal parts, if the bar
lengthens but the 10th part of the 400th part of an inch, which
is only the 4000th part of an inch, the point § will move the
10th part of an mch, which is very perceptible.

To find how much a bar lengthens by heat, first lay it cold
into the notches of the studs, and turn the adjusting screw P
until the spring R brings the pomnt § of the index G K to the
beginning of the divisions of the scale at M : then, without al-
tering the serew any farther, take off the bar, and rub it with a
dry woollen cloth till it feels warm ; and then, laying it on where
it was, observe how far it pushes the point .§ upon the scale by
means of the crooked index £ I; and the point .§' will shew
exactly how much the bar has lengthened by the heat of rub-
bing. As the bar cools, the spring R bearing against the index
K G, will cause its point .§ to move gradually back toward M
in the scale: and when the bar is quite cold the index will rest
at M, where it was before the bar was made warm by rubbing.
The indexes have small rollers under them at 7 and X, which,
by turning round on the smooth wood as the indexes move,
make their motions the easier, by taking off’ a great part of the
friction, which would otherwise be on the pins #" and H, and of
the points of the indexes themselves on the wood.”

Beside the universal properties above mentioned, AL
there are bodies which have properties peculiar to = G

% There is an obvious defect in the principle of this pyrometer.  If we suppose,
as in the text, that the distance of the point n (where the bar O bears against the
crooked lever), from the centre of motion F, is a 20th part of the length of the lever,
before the bar O begins to expand ; it is evident that the quantity » F will increase
as soon as the expansion begins, and that its length, when the expansion ends, will
be in proportion to the increase of the bar by heat. But as n F is nearly a 20th
part of the length of the crooked lever, the increase of JF m, which is at first a 20th
part of H §, will be 20 times greater than the increase of F n.  As the arms of the
two levers therefore are continually changing their proportion, every pyrometer, con-
structed upon the principle of the lever, must give a very iuaceurate result, the crror
being always in excess. Brisson, in his Traité Elementaire de Physigue, Paris,
tom. i, p. 213, has described a pyrometer upon the same principle ; but as the
number of levers is increased, the inaccuracy is much greater. For an account of
Mushenbroeck's pyrometer, which seems to have been the earliest, see Desagulier's
Exper. Philos. vol. i, p. 421. For an account of Ellicot’s, see Plil. Trans. No.
443. An account of Smeaton’s may be seen in the Phil. Trans. vol. xlviii ; of De
Lue’s in vol. Ixyiii ; and of Ramsden’s in vol. Ixxv. Of all these Mr. Ramsden's
is by far the most accurate. The bar is placed in a trough of water, which is heated
by twelve spirit lamps ; and the expansion is measured by a microscope, furnished
with a micrometer.—Ed.
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themselves ; such as the loadstone, in which the most remark-
able are these :—1, Tt attracts iron and steel only. 2, It con-
stantly turns one of its sides to the north and another to the
south, when suspended by a thread that does not twist. 3, It
communicates all its properties to a piece of steel when rubbed
upon it, without losing any itself.

According to Dr. Helsham’s experiments, the attraction of
the loadstone decreases as the square of the distance increases.
Thus, if a loadstone be suspended at one end of a balance, and
counterpoised by weights at the other end, and a flat piece of
iron be placed beneath it, at the distance of four tenths of an
inch, the stone will immediately descend and adhere to the iron.
But if the stone be a.ga.in removed to the same distance, and as
many grains be put into the scale at the other end as will ex-
actly counterbalance the attraction, then, if the iron be brought
twice as near the stone as before, that is, only two tenth parts
of an inch from it, there must be four times as many grains put
into the scale as before, in order to be a just counterbalance to
the attractive force, or to hinder the stone from desecending and
adhering to the iron.  So, if four grains will do in the former
case, there must be sixteen in the latter. But from some later
experiments, made with the greatest accuracy, it is found that
the foree of magnetism decreases in a ratio between the reci-
procal of the square, and the reciprocal of the cube of the-dis-
tance ; approaching to the one or the other, as the magnitudes
of the attracting bodies are varied.*

Several bodies, particularly amber, glass, jet, seal-
ing-wax, agate, topaz, and almost all precious stones,
have a peculiar property of attracting and repelling light bodies
when heated by rubbing. This is called electrical atéraction, in |
which the LI!]E’] things to be observed are—1, If a glass tube
about an inch and a half diameter, and two or three feet long, be
heated by rubbing, it will alternately attract and repel all light
bodies when held near them; 2, It does not attract by being
heated without rubbing ; 8, Any light body, being once repel-
led by the tube, will never be attracted again till it has touched
«ome other body ; 4, If the tube be rubbed by a moist hand,
or any thing that is wet, it totally destroys the electricity ;
3, Any body, except air, being interposed, stops the electri-

-

Electricity.
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city ; 6, The tube attracts stronger when rubbed over with
bee’s-wax, and then with a dry woollen cloth ; 7, When it is
well rubbed, if a finger be brought near it, at about the dis-
tance of half an inch, the effluvia will snap against the finger,
and make a little crackling noise ; and if this be performed in
a dark place, there will appear a little flash of hight.®

LECTURE II.

OF CENTRAL FORCES.

WE have already mentioned it as a necessary conse- , hadis
quence arising from the deadness or inactivity of mat- equally indif-
ter, that all bodies endeavour to continue in the state :f::";r‘:ﬁt“'
they are in, whether of rest or motion. If thebody 4 3.1
were placed in any part of free space, and nothing Fig. 6.
either drew or impelled it any way, it would for ever remain in
that part of space, because it could have no tendency of iiself
to remove any way from thence. If it receives a single impulse
any way, as suppose from 4 toward B, it will go on in that
direction ; for, of itself, it could never swerve from a right line,
nor stop its course. When it has gone through the space 4 B,
and met with no resistance, its velocity will be the same at B

~as it was at 4; and this velocity, in as much more time, will

carry it through as much wmore space, from B to C; and so
on for ever. Therefore, when we see a body in motion, we
conclude that some other substance must have given it that
motion ; and when we see a body fall from motion to rest, we
conclude that some other body or cause must have stopt it.

As all motion is naturally rectilineal, it appears, ,, .
that a bullet projected by the hand, or shot from a naturally
cannon, would for ever continue to move in the same ¢ed
direction it received at first, if no other power diverted its
course. Therefore, when we see a body move in a curve of
any kind whatever, we conclude it must be acted upon by two
powers at least ; one putting it in motion, and another drawing

6 See Ferguson's Introduction to Eleciricity for a popular account of the principsl
experiments in that interesting branch of natural philosophy.-—Ed.
YOoL. 1. C
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it ofi' from the rectilineal course it would otherwise have con-
tinued to move in: and whenever that power, which bent the
motion of the body from a straight line into a curve, ceases to
act, the body will again move onin a straight line touching
that point of the curve in which it was when the action of that
power ceased. For example, a pebble moved round in a sling
ever so long a time, will fly off the moment it is set at liberty,
by slipping one end of the sling cord, and will go on in a line
touching the circle it described before ; which line would ac-
tually be a straight one, if the earth’s attraction did not affect
the pebble, and bring 3t down to the ground. This shews,
that the natural tendency of the pebble, when put into mo-
tion, is to continue moving in a straight line, although by the
force that moves the sling it be made to revolve in a circle.

o elficls The cha.ngt% of motion produced is in proportion
of combined to the force impressed; for the effects of natural
foupes. causes are always proportionate to the force or power
of those causes.

By these laws it is easy to prove, that a body will describe
the diagonal of a square or parallelogram, by two forces con-
joined, in the same time that it would describe either of the
sides, by one force singly. Thus suppose the body 4 (Fig. 7)
to represent a ship at sea, and that it is driven by the wind, in
the right line 4 B, with such a force as would carry it uni-
formly from 4 to B in a minute: then suppose a stream or
current of water running in the direction 4 D, with such a force
as would carry the ship through an equal space from A to D in
a minute. By these two forces, acting together at right angles
to each other, the ship will deseribe the line 4 C'in a mi-
nute : which line (because the forces are equal and perpendi-
cular to each other) will be the diagonal of an exact square.
To confirm this law by an experiment, let there be a wooden
square 4 B C D (Fig. 8) so contrived, as to have the part
B E F C made to draw out or push into the square at pleasure.
To this part let the pulley H be joined, so as to turn freely on
an axis, which will be at T when the piece is pushed in, and
at k when it is drawn out. To this part let the endsof a
straight wire & be fixed, so as to move along with it under the
pulley ; and let the ball G be made to slide easily on the wire.
A thread m is fixed to this ball, and goes over the pulley to 7;
by this thread the ball may be drawn up on the wire, parallel
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to the side 4 D, when the part B E I' C is pushed as far as
it will go into the square. But, if' this part be drawn out, it
will carry the ball along with it, parallel to the bottom of the
square D €. By this means, the ball G may either be drawn
perpendicularly upward by pulling the thread m, or moved
horizontally along by pulling out the part B E F C in equal
times, and through equal spaces; each power acting equally
and separately upon it. But if, when the ball is at G, the up-
per end of the thread be tied to the pin 7, in the corner 4
of the fixed square, and the moveable part B E F C be drawn
out, the ball will then be acted upon by both the powers toge-
ther ; for it will be drawn up by the thread toward the top of the
square, and at the same time be carried with its wire % to-
ward the right hand B €, moving all the while in the diagonal
line L ; and will be found at g when the sliding part is drawn
out as far as it was before; which then will have caused the
thread to draw up the ball to the top of the inside of the square,
just as high as it was before, when drawn up singly by the
thread without moving the sliding part.

If the acting forces are equal, but at oblique angles to cach
other, so will the sides of the parallelogram be; and the dia-
gonal run through by the moving body will be longer or shorter,
according as the obliquity is greater or smaller. Thus, if two
equal forces act conjunctly upon the body 4 (Fig: 9), one
having a tendency to move it through the space 4 B in the
same time that the other has a tendency to move it through an
equal space 4 D; it will describe the diagonal 4 G C' in the
same time that either of the single forces would have caused it

~ to describe either of the sides. If one of the forees be greater

than the other, then one side of the parallelogram will be so
much longer than the other. For, if one force singly would
carry the body through the space 4 E, in the same time that
the other would have carried it through the space 4 D, the
joint action of both will carry it in the same time through the
space 4 H F, which is the diagonal of the oblique parallelo-
gram 4 D E F.

If both forces act upon the body in such a manner as to
move it uniformly, the diagonal described will be a straight
line ; but if one of the forces acts in such a manner as to make
the body move faster and faster, then the line deseribed will be
a curve. And this is the case of all bodies which are projected
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in rectilineal directions, and at the same time acted upon by the
power of gravity, which has a constant tendency to accelerate
their motions in the direction wherein it acts.

The laws of X rom the uniform projectile motion of bodies in
the planetary  straight lines, and the universal power of gravity or
DIpHE attraction, arises the curvilineal motion of all the
heavenly bodies. If the body 4 (Fig. 10) be projected along
the straight line 4 F' H in open space, where it meets with no
resistance, and is not drawn aside by any power, it will go on
for ever with the same velocity, and in the same direction. But
if, at the same moment, when the projectile force 1s given it at
A, the body .§ begins to attract it with a force duly adjusted,’
and perpendicular to its motion at A4, it will then be drawn
from the straight line 4 #' H, and forced to revolve about .
in the circle 4 7" W; in the same manner, and by the same
law, that a pebble is moved round in a sling. And if, when
the body is in any part of its orbit (as suppose at K ) a smaller
body, as L, within the sphere of attraction of the body K, be
projected in the right line L M, with a force duly adjusted,
and perpendicular to the line of attraction L K'; then, the small
body L will revolve about the large body K in the orbit N O,
and accompany it in its whole course round the yet larger
body §. But then, the body A will no longer move in the
circle A T'W; for that circle will now be described by the
common centre of gravity between K and L. Nay, even the
great body § will not keep in the centre; for it will be the
common centre of gravity between all the three bodies §, K,
and L, that will remain immoveable there. So, if we suppose
S and K connected by a wire P that has no weight, and K
and L connected by a wire ¢ that has no weight, the common
centre of gravity of all these three bodies will be a point in the
wire P near §'; which point being supported, the bodies will
be all in equilibrio as they move round it. 'Though, indeed,
strictly speaking, the common eentre of gravity of all the three
bodies will not be in the wire P, but when these bodies are all
in a right line. Here & may represent the sun, K the earth,
and L the moon.

In order to form an idea of the curves described by two bodies

! To make the projectile force a just balance to the gravitating power, 50 as to
keep the planet moving in a eirele, it must give such a velocity as the planet would
require by gravity, when it had fallen through half the semi-diameter of that circle.
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revolving about their common centre of gravity, while they them-
selves with a third body are in motion round the common cen-
tre of gravity of all the three; let us first suppose E (Fig. 11)
to be the sun, and ¢ the earth going round him without any
moon ; and their moving forces regulated as above. In this
case, while the earth goes round the sun in the dot- ., o

ted circle R T UV WX, &c. the sun will go round described by

i s : - . bodies re-
the circle 4 B D, whose centre C' is the common fokyit about

centre of gravity between the sun and earth: the theircommon
right line 8 3 representing the mutual attraction be- frf:”fgm'
tween them, by which they are as firmly connected — Plate I.
as if they were fixed at the two ends of an iron bar Tigate
strong enough to hold them. So, when the earth is at ¢, the
sun will be at £ ; when the earth 1s at 77, the sun will be at
F; and when the earth is at g, the sun will be at G, &c.

Now, let us take in the moon ¢, (at the top of the figure),
and suppose the earth to have no progressive motion about the

~ sun; in which case, while the moon revolves about the earth in

her orbit @ & D, the earth will revolve in the circle § 13,
whose centre I is the common centre of gravity of the earth
and moon ; they being connected by the mutual attraction be-
tween them in the same manner as the earth and sun are.

But the truth is, that while the moon revolves about the
earth, the earth is in motion about the sun; and now, the moon
will cause the earth to describe an irregular curve, and not a
true circle, round the sun ; it being the common centre of gra-
vity of the earth and moon that will then describe the same
eircle which the earth would have moved in, if it had not been
attended by a moon. For, supposing the moon to describe a
quarter of her progressive orbit about the earth in the time
that the earth moves from ¢ to f; it is plain, that when the
earth comes to f; the moon will be found at » ; in which time,
their common centre of gravity will have described the are
R 1T, the earth the curve R 5 f, and the moon the curve
g 14 7, In the time that the moon describes another quarter
of her orbit, the centre of gravity of the earth and moon will
describe the are 7" 2 U, the earth the curve £ 6 g, the moon
the curve r 15 s, and so on: and thus, while the moon goes
once round the earth in her progressive orbit, their common
centre of gravity describes the regular portion of a circle & 1 7’
2U 3V 4 W, the earth the irregular curve R 5 f6 g7/ 8 4,
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and the moon the yet more wrregular curve g 14 15 516 ¢
17 w ; and then the same kind of tracks over again.

The centre of gravity of the earth and moon is 6000 miles
from the earth’s centre toward the moon : therefore the cirele
S 13 which the earth describes round that centre of gravity (in
every course of the moon round her orbit) is 12,000 miles in
diameter. Consequently the earth is 12,000 miles nearer the
sun at the time of full moon, than at the time of new. [See the
earth at £ and at /.]

To avord confusion in so r.ma]l a figure, we have suppm',ed '

the moon to go only twice and a half round the earth, in the
time that the earth goes once round the sun; it being impos-
sible to take in all the revolistions which she makes in a year,
and to give a true figure of her path, unless we should make
the semidiameter of the earth’s orbit at least 95 inches; and
then, the proportional semidiameter of the moon’s orbit would
be only a quarter of an inch. For a true figure of the moon’s

path, I refer the reader to my Treatise of Astrmnmy. (See

Vol. I, p. 163, and Plate VII, Fig. 3.)

If the moon made any complete number a? revulutmns about |

the earth, in the time that the earth makes one revolution about

the sun, the paths of the sun and moon would return into them-

selves at the end of every year; and so be the same over again ;

but they return not into themselves in less than 19 years nearly ;
in which time the earth makes nearly 19 revolutions about the

sun, and the moon 235 about the earth,

If the planet 4 be attracted toward the sun, with such a
force as would make it fall from 4 to B (Fig. 10) in the
time that the projectile impulse would have carried it from
A to F, it will describe the arc 4 G by the combined action of
these forces, in the same time that the former would have caused
it to fall from 4 to B, or the latter have carried it from 4 to
% andble F. But if the projectile force had been twice as

projectile  great, that is, such as would have carried the planet ;

force ba-
l::l::!‘ﬁ a qua- from Ato H, in the same time that now, by the gup_,

draple power pcmtmn, it carries it unlﬁr from A to # ; the sun’s
of gavity-  attraction must then have been four times as strong
as Furmeﬂy, to have kept the planet in the circle 4 7" W; that
is, it must have been such as would have caused the planet to
fall from 4 to F, which is four times the distance of 4 from

B, in the time that the projectile force smgly would htwe cars

“-r-
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" ried it from 4 to H, which isonly twice the distance of 4 from

F2 Thus, a double projectile foree will balance a quadruple
power of gravity in the same ecircle, as appears plain by the
figure, and shall soon be confirmed by an experiment,

Thewhirling-table is a machine contrived for shew- plm L
ing experiments of this nature® 4 .4is a strong s whl:[*'
frame of wood, B a winch or handle fixed on the ingiable de-
axis C of the wheel D, round which is the catgut seribed:
string #, which also goes round the small wheels G and K,
crossing between them and the great wheel 2. On the upper
end of the axis of the wheel G, above the frame, is fixed the
round board d, to which the bearer M § X may be fastened
occasionally, and removed when it is not wanted. On the axis
of the wheel H is fixed the bearer N 7" Z ; and it is easy to see
that when the winch B is turned, the wheels and bearers are
put into a whirling motion.

Fg:hbearerhas two wires, W, X, and ¥, Z, fixed and

tight into them at the ends by nuts on the outside:
en these nuts are unscrewed, the wires may be drawn

“out in order to change the balls U7 and V, which slide upon the
~wires by means of brass loops fixed into t]m balls, which keep
 the balls from touching the wood below them. A strong silk
~ line goes through each ball, and is fixed to it a¢ any length
{rom the centre of the bearer to its end as occasion requires,
l‘.ty a nut serew at the top of the ball ; r.he shank of the screw
goes into the centre of the ball, and presses the line against the
under side of the hole thatit goes through. The line goes
through the ball, and under a small pulley fixed in the middle
of the bearer; then up ﬂlmugfl a soeket i the round plate

'-'(nee Sand 7') in the middle of each bearer; then through a

sl,g in_the middle of the square top (O and? P) of each tower,

~ and gﬂmg over gfmga]l pulley on the top, comes down again
: 1:11& same way, an.d, is at last fastened to the upper end of lhl'-..

mrj-;et fixed in the middle of the above-mentioned round plate.
m pla.tes S and T lmve- ﬂ::il f’mrr round holes near their.
Eﬂﬂeﬁ for l&m’% lshem E].lde g a,nd down upon the w ires which

24 Hllt ﬂmm ..!‘G'a, ".-! ]’,-ml:i‘st be mppml{ﬂ to-be very small ; otherwise 4 £,

2 whiich is equal to H I, will be more than quadruple of 4 #, which is equal to F 6.

+ This machine was invented and constructed by Mr. J. B. Haas, and has been

4y, vyvicd, both in I'lﬁﬁ'&nﬂ ﬂse,, acecording to the peculiar taste of the instrament-
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make the corners of each tower. The balls and plates being
thus connected, each by its particular line, it 1s plain, that if
the balls be drawn outward, or toward the ends M and N of
their respective bearers, the round plates § and 7" will be
drawn up to the top of their respective towers O and P.

There are several brass weights, some of two ounces, some
of three, and some of four, to be occasionally put within the
towers O and P, upon the round plates 5 and T'; each weight
having a round hole in the middle of it, for going upon the
sockets or axes of the plates, and is slit from the edge to the
hole, for allowing it to be slipt over the aforesaid line which
comes from each ball to its respective place.* (See Iig. 13.)

The experiments to be made by this machine are as follows.

1. Take away the bearer M X (Fig. 12), and take the ivory
ball @, to which the line or silk cord & is fastened at one end ; and
having made a loop on the other end of the cord, put the loop
over.a pin fixed in the centre of the board d. ‘I'hen, turning the
Tk e winch B to give the board a whirling motion, you will
sity of matter see that the hﬂl]. does not mmedlaml heﬁ‘tﬂ*mwe
gﬂ;ﬁﬂ:‘fh with the board, but, on account nf"’“ its inactivity, it

endeavours to continue in the state of rest which it
was in before. Continue turning, until the board communicates
an equal degree of motion with its own to the ball, and then

turning on, you will perceive that the ball will remain upon one

part of the board, keeping the same velocity with it, and having
no relative motion upon it, as is the case with every thing that
lies loose upon the plain surface of the earth, which, having the
motion of the earth commumnicated to it, never endeavours to
remove from that place. But stop the board suddenly by
hand, and the ball will go on, and continue to revolve upon
the board, until the frietion thereof stops its motion ; which
shews, that matter ‘being once put into motion would continue

* A curious machine has been invented by Mr. Atwood, which exhibits the phe-
nomena of accelerated and retarded motion, in a very simple and satisfactory manner.
By means of it, the quantity of matter moved, the moving f{m:la, the space described,
the time of deseription, and the velocity acquired, can be easily and aceurately ascer-
tained. It may be used also for estimating the velocities communicated by the per-
cussion of elastic and non-elastic bodies, for determining the qﬁunlj!}r of resistance
oceasioned by fluids, and for practically verifying the properties of rotatory motion.
T'his useful machine iz deseribed in Adtwood's Treatise on Rectilineal and Hotatory
Motion, and with the recent improvements of Fortin in the Edinburgh Encyclo-
peedia, Art. Mechanies, vol. xili, po 604.—=Ed, :
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to move for ever, if it met with no resistance. In like manner,
if a person stands upright in a boat before it begins to move, he
can stand firm; but the moment the boat sets off, he is in dan-
ger of falling toward that place which the boat departs from ;
because, as matter, he has no natural propensity to move. But
when he acquires the motion of the boat, let it be ever so swift,
if it be smooth and uniform, he will stand as upright and firm
as if he was on the plain shore ; and if the boat strikes against
any obstacle, he will fall toward that obstacle, on account of the
propensity he has, as matter, to keep the motion which the boat
has put him into. -

2. Take away this ball, and put a longer cord to it, which
may be put down through the hollow axis of the bearer M X,
and wheel G, and fix a weight to the end of the cord below the
machine ; which weight, if left at liberty, will draw the ball
from the edge of the whirling-board to its centre.

Draw off the ball a little from the centre, and Bodies mov-
turn the winch; then the ball will go round and L‘Em in t‘;:’i“&
round with the board, and will gradualljr fly off dency to iy

farther and farther from the centre, and raise up the o8t o these

{3F]
we]ght below the machine ; which shews, that all bo- e

ﬂrcles, and must have some power acting upon them from the
* centre of motion, to keep them from flying off. Stop the ma-
chine, and the ball will continue to revolve for some time upon

: “the board ; but as the friction gradually stops its motion, the

weight acting upon it will bring it nearer and nearer to the
centre in every revolution, until it brings it quite thither.
This shews, that if the planets met with any resistance in going
round the sun, its attractive power would bring them nearer
and nearer to it in every revolution, until they fell upon it.

8. Take hold of the cord below the machine with , . - s

- ;JIIE hand, and with the other throw the ball upon faster insmall

the orhbits than in

the round board as it were at right angles to I

cord, 'o_',r which ‘means it will go round and round

upon the board. Then observing with what velocity it moves,
pull the cord below the machine, which will bring the ball
nearer to ﬂ&le centre of the board, and you will see that the
nearer the ball is drawn to the centre, the faster it will revolve ;

as those planets which are nearest the sun revolve faster than
those which are more remote ; and not only go round seoncr,
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because they deseribe smaller circles, but even move faster in
every part of their respective cireles.
Their centri. 3+ Take away this ball, and apply the bearer
fugal forces M X, whose centre of motion is in its middle at e,
e, directly over the centre of the whirling-board d.
Then put two balls (V and U) of equal weights upon their
bearing wires, and having fixed them at equal distances from
their respective centres of motion w and 2 upon their silk
cords, by the screw nuts, put equal weights in the towers O
and P. Lastly, put the catgut strings E and F upon the
grooves G and H of the small wheels, which being of equal
diameters, will give equal velocities to the bearers above, when
the winch B is turned ; and the balls {J and ¥ will fly off to-
wards M and N, and will raise the weights in the towers at the
same instant. This shews, that when bodies of equal guanti-
ties of matter revolve in equal eircles with equal velocities, ﬂ:ﬂr '
ﬂ.ntnf'uga] forces are equal. '
5. Take away these equal balls, stead ﬂf thﬂm put aﬁm
ba]l of six ounces into the bearer M .g.i "'**_..-.-- of the
distance w = from the centre, and putm ‘of one ounce into
the opposite bearer, at the whole distance & g, which is equal to |
20 % from the centre of the bearer ; and fix the balls at these
distances on their cords, by the serew nuts at tc;p..,‘ and then e
the ball U, which is six times as heavjr as tl’n?.%ba]l "F,,m]l be atvj
only a sixth part of the distance from its eenhzebﬁ‘mnﬂon, and ‘.ﬁ!
consequently will revolve in a circle of only a sixth pa.rt of *f‘
the circumference of the circle in which V revolves. Now, let | "
any equal weights be put into the towers, and the machine be
turned by the winch ; which (as the catgut string is on equal
wheels below) will cause the balls to revolve in equal times ;
but ¥ will move six times as fast as U, because it revolves in
a circle of six times its radius; and boeth the weights in the
towers will rise at once.  This shews, that the centrifugal forces
of revolving bodies (or their tendencies to fly off from the
circles they describe) are in i!it‘-ECt proportion to their quan- |
tties of matter multiplied into their respective velocities, or into
their distances from the centres of their respecﬁfe circles. For,
supposing {7, which weighs six ounces, to be two inches from
its eentre of motion w, the weight multiplied by the distance
15 12; and supposing ¥V, which weighs only one eunce, to be
12 inches distant [rom the centre of the motion x, the weight

&
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one ounce, multiplied by the distance 12 inches, is 12. And as
they revolve in equal times, their velocities are as their dis-
tances from the centre, namely, as 1 to 6.

If these two balls be fixed at equal distances from their re-
spective centres of motion, they will move with equal velocities ;
and if the tower O has six times as much weight put into it as
the tower P has, the balls will raise their weights exactly at the
same moment. This shews, that the ball U/ being six times as
heavy as the ball ¥, has six times as much centrifugal force, in
describing an equal circle with an equal velocity.

6. If bodies of equal weights revolve in equal A gouble
s circles with unequal velocities, their centrifugal velocity in

'ﬁ- forces are as the squares of the velocities. To prove m =

this law by an experiment, let two balls, U and V, Eﬁ? e
of equal weights, be fixed on their cords at equal PHL?r of
distantes from their respective centres of motion v vty

ﬂ‘ima:.!nﬂ then let the mtgut string E be put round ihs.*

rence #}-ﬂ]e wheel Z or G ), and over the pully s to
_tlght : a.nd let four times as much weight be put into

il dlr.hmetet because they are equidistant from Ll'u,
of a'he &t‘lea in which they revolve ; and the weight in
" the towers will both rise at the same instant, which shews that
: 4 ﬂmb]ﬂ#doﬂfy in the same circle will exactly balance a qua-
- druple power of attraction in the centre of the circle. For
b o tlie WElghES in the towers may be considered as the attractive
- forcesin the centres, acting upon the revolving balls; which
. moving in equal circles, is the same thing as if they huth moved
I’ ~ in one and the same cirele. '
7. If bodies of equal weights revolve in unequal Kepler's
;i ~ cireles, in such a manner that the squares of the times problem.
~of their going round are as the cubes of their distances from the
- centres of the circles they deseribe, their centrifugal forces are
inversely as the squares of their distances from those centres.
- For, the catgut string remaining as in the last experiment, let
: the distance of the ball ¥ from the centre @ be made equdl to
' two of the eross divisions on its bearer ; and the distanee of the
| % ball U from the centre w be three and a sixth part; the balls
themselves being of equal weiglits,- and V making two revolu-

e
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tions by turning the winch, in the time that {7 makes one: so
that if we suppose the ball ¥ to revolve in one second, the ball
{7 will revolve in two seconds, the squares of which are one and
four ; for the square of 1 is only 1, and the square of 2 1is 4;
therefore the square of the period or revolution of the ball ¥ is
contained four times in the square of the period of the ball U.
But the distance of Vis 2, the cube of which is 8, and the
distance of {7 is 8}, the cube of which is 32 very nearly, in
which 8 is contained four times ; and therefore, the squares of
the periods of Vand U are to one another as the cubes of
their distances from & and w, which are the centres of their
respective circles. And if the weight in the tower O be four
ounces, equal to the square of 2, the distance of V from the
centre # ; and the weight in the tower P be ten ounces, nearly
equal to the square of 8}, the distance of U from w ; it will be
found upon turning the machine by the winch, that the balls U
and V will raise their respective weights at the same instant of
time; which confirms that famous observation of Kepler, viz
that the squares of the times in which the planets go round the
sun are in the same prupnrtmn as the cubes of their distances
from him ; and that the sun’s attraction is inversely as the square
of the distance from his centre: that is, at twice the distance,

his attraction is four times less; at thrice the distance, nine times
less ; at four times the distance, sixteen times less ; and so on

to the remotest part of the system.® .

* The whole doctrine of centrifugal forces may be summed up in the following
cight propositions, some of which are mentioned in the text :—

I. The centrifugal forces of two unequal bodies, moving with the same velocity,
and at the same distance from the central body, are to one another as the respective
quanuues of matter in the two bodies.

2, The centrifugal forces of two equal bodies wl:uuh perforn their revolution round
the eentral body in the same time, but at different distances from it, are to one another
as their respective distances from the central body.

3. The eentrifugal forces of two bodies which perform their 'tcvaluuon in the same
time, and whose quantities of matter are inversely as their distances from the centre,
are equal to one another.

4. 'T'he centrifugal forces of two equal bodies, moving at equal distances from the
central body, but with different velocities, are to one another as the squares of their
velocities. :

H. The centrifugal forces of two unequal bodies, moving at equal distances from the
centre, with different velocities, are to one another in the compound ratio of their quan-
tities of matter, and the squares of their velocities. »

6. The centrifugal forces of two equal bodies, moving with equal velocities at dif-
ferent distances from the centre, afe inversely as their distances from the centre.

g
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8. Take off the catgut string £ (Fig. 12) from the great wheel
D and the small wheel £, and let the string # remain upon the
wheels D and G. Take away also the bearer M X from the
whirling-board d, and instead thereof put the machine 4 B
(Fig. 14) upon it, fixing this machine to the centre of the board,
by the pins ¢ and d, in such a manner, that the end ¢ /" iay rise
above the board to an angle of 30 or 40 degrees. In

= ; i ¢ absur-
the upper side of this machine are two glass tubes @ gty of the
and b, close stopt at both ends; and cach tube isabout Cartesian
three quarters full of water. In the tube a is a little '
quicksilver, which naturally falls down to the end @ in the water,
because it is heavier than its bulk of water ; and in the tube &
is a small cork which floats on the top of the water at e, because
it is lighter ; and it is small enough to have liberty to rise or
fall in the tube. While the board & with this machine upon it
continues at rest, the quicksilver lies at the bottom of the tube
and the cork floats on the water near the top of the tube 4. But,
apon turning the winch, and putting the machine in motion, the

|  contents of each tube will fly off toward the uppermost ends,

ich are farthest from the centre of motion), the heaviest with

_the greatest force. Therefore the quicksilver in the tube a will
~ fly off quite to the end £, and occupy its bulk of space there,
*  excluding the water from that place, because it is lighter than
i .quicks':lvm:; but the water in the tube b flying off to its higher
~ end ¢ will exclude the cork from that place, and cause the
~ cork to descend toward the lowermost end of the tube, where

it will remain upon the lowest end of the water near & ; for the
heavier body having the greater centrifugal force, will therefore
possess the uppermost part of the tube ; and the lighter body
will keep between the heavier and the lowermost part.

This demonstrates the absurdity of the Cartesian doctrine of
the planets mcr‘ring round the sun in vortices ; for, if the planet
be more dense or heavy than its bulk of the vortex, it will fly
off therein, farther and farther from the sun; if less dense, it
will come down to the lowest part of the vortex at the sun; and

7. The centrifugal forces of two unequal bodies, moving with equal velocities at
different distances fram the centre, are to one another as their quantities of matter
mu]ﬁpli&ibgighair respective distances from the centre.

8. The centrifugal forces of two unequal bodies, moving with unequal velocities at
different distances from the central body, are in the corapound ratio of their quantities
of matter, the squares of their velocities, and their distances from the cetitre.— Ed.
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the whole vortex itself must be surrounded with something

like a great wall, otherwise it would ﬂ_',r quile off, planets end

all together. But while gravity exists, there is no occasion for

such vortices : and when it ceases to exist, a stone thrown up-

ward will never return to the earth again.

Tronebody 9 If a body be so placed on the whirling-board

moves "-""ni of the machine (Fig. 12), that the centre of gravity

ﬂmﬁm of the body be directly over the centre of the

:E;?‘-mfz_j“ﬂmg“ board, and the board be put into ever so rapid

centre of gra- @ Motion by the winch B, the body will turn round

vity. with the board, but will not move from the mid-

dle of it; for, as all parts of the body are in equilibrio round

its centre of gravity, and the centre of gravity is at rest in

the centre of motion, the centrifrugal force of all parts of the
body will be equal at equal distances from its centre of mo-
tion, and therefore the body will remain in its place. But if
the centre of gravity be placed ever so little out of the centre of
motion, and the machine be turned swiftly round, the body
will fly off toward that side of the board on which its centre of
gravity lies. Thus, if the wire C' (Fig, 15), with its little ball

B be taken away from the demi-globe 4, and the flat side ¢/
of this demi-globe be laid upon the whirling-board of the ma-
chine, so that their centres may coincide ; if then the board be
turned ever so quick by the winch, the demi-globe will remain
where it was placed. But if the wire C' be screwed into the
demi-globe at d, the whole becomes one body, whose centre of
gravity 15 now at or near d. Let the pin ¢ be fixed in the
centre of the whirling-board, and the deep groove & cut in the
flat side of the demi-globe be put upon the pin, sothat the pin
may be in the centre of 4 (See Fig. 16, where this groove is re-
presented at b), and let the whirling-board be turned by the
winch, which will carry the little ball B (Fig 15), with its wire
C, and the demi-globe 4, all round the centre pin ¢4 ; and then
the centrifugal force of the little ball B, which weighs only one
ounce, will be so great as to draw off the demi-globe 4, which
weighs two poundq until the end of the groove at e strikes
against the pin ¢, and thus prevents the demi-globe 4 from going
any farther ; otherwise, the centrifugal force of B would have
been great enough to have carried 4 quite off the whirling-
board : which shews, that if' the sun were placed in the very
centre of the orbits of the planets, it could not possibly remain
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there ; for the centrifugal forces of the planets would carry
them quite off, and the sun with them, especially when several
of them happened to be in any one quarter of the heavens : for
the sun and planets are as much connected by the mutual at-
traction that subsists between them, as the bodies 4 and B are
by the wire C which 1s fixed into them both. And even if
there were but one single planet in the whole heavens to
round ever so large a sun in the centre of its orbit, its centri-
fugal force would soon carry off both itself and the sun. For
the greatest body placed in any part of free space might be
easily moved ; because if there were no other body to attract
it, it could have no weight or gravity of itself; and conse-
quently, though it could have no tendency of itself to remove
from that part of space, yet it might be very easily moved by
any other substance.

10. As the centrifugal force of the light body B will not al-
low the heav}r body A to remain in the centre of motion, even
though it be 24 times as heav}f as B ; let us now take the ball

{':E‘:g 1%), which weighs six ounces, and connect it by the wire

the ball B, which weighs only one ounce; and let the
fork E be fixed into the centre of the whirling-board : then
hang the balls upon the fork by the wire € in such a manner

* that they may exactly balance each other, which will be when
‘the centre of gravity between them, in the wire at d, is sup-

ported by the fork., And this centre of gravity is as much

nearer to the eentre of the ball 4, than to the centre of the

ball B, as 4 is heavier than B, allowing for the weight of the
wire on each side of the fork. This done, let the machine
be put into motion by the winch; and the balls 4 and B
will go round their common centre of gravity d, keeping their
balance, because either will not allow the other to fly off with

it.  For, supposing the ball B to be only one ounce in

weight, and the ball 4 to be six ounces, then, if the wire
C were equally heavy on each side of the fork, the centre
of gravity d would be six times as far from the centre of
the ball B as from that of the ball 4, and consequently B will
revolve with a velocity six times as great as A does, which will
give B six times as much centrifugal force as any single ounce
of 4 has; but then, as B is only one ounce, and 4 six ounces,
the whole centrifugal force of 4 will exactly balance the whole
centrifugal force of B : and, therefore, each body will detain
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the other so as to make it keep in its circle. This shews that
the sun and planets must all move round the common centre of
gravity of the whole system, in order to preserve that just ba-
lance which takes place among them. For the planets being
as inactive and dead as the above balls, they could no more
have put themselves into motion than these balls can ; nor have
kept their orbits without being balanced at first with the
greatest degre¢ of exactness upon their common centre of gra-
vity, by the Almighty hand that made them, and put them
in motion.

Perhaps it may be here asked, that since the centre of gra-
vity between these balls must be supported by the fork E in
this experiment, what prop it is that supports the centre of
gravity of the solar system, and consequently bears the weight
of all the bodies init; and by what is the prop itself supported ?
The answer is easy and plain; for the centre of gravity of our
balls must be supported, because they gravitate toward the
earth, and would therefore fall to it : but as the sun and pla-
nets gravitate only toward one another, they have nothing else
to fall to, and therefore have no occasion for any thing to sup-
port their common centre of gravity ; and if they did not move
round that centre, and consequently acquire a tendency to fly
off from it by their motions, their mutual attractions would
soon bring them together ; and so the whole would become one
mass in the sun: which would also be the case if their veloci-
ties round the sun were not quick enough to create a centrifu-
gal force equal to the sun’s attraction.

But after all this nice adjustment, it appears evident that the
Deity cannot withdraw his regulating hand from his works,
and leave them to be solely governed by the laws which he has
impressed upon them at first. For if He should once leave
them so, their order would in time come to an end ; because
the planets must necessarily disturb one another’s motions by
their mutual attractions, when several of them are in the same
quarter of the heavens, as is often the case: and then, as they
attract the sun more toward that quarter than when they are in
a manner dispersed equably around him, if he was not at that
time made to deseribe a portion of a larger circle round the com-
mon centre of gravity, the balance would then be immediately
destroyed ; and as it could never restore itself again, the whole
system would begin to fall together, and would in time unite
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in a mass at the sun.® Of this disturbance we have a very re-
markable instance in the comet which appeared lately, and
which in going last up from the sun, went so near Jupiter, and
was so affected by his attraction, as to have the figure of its
orbit much changed ; and not only so, but to have its period
altered, and its course different in the heavens from what it was
before.

11. Take away the fork and balls from the whirling-board,
and place the trough 4 B (Iig.-18) thereon, fixing its centre to
the centre of the whirling-board by the pin H. 1In this trough
are two balls D and E, of unequal weights, connected by a
wire f, and made to slide easily upon the wire C stretched from
end to end of the trough, and made fast by nut screws on the
outside of the ends. Let these balls be so placed upon the
wire (!, that their common centre of gravity g may be directly
over the centre of the whirling-board. Then, turn the machine
by the winch, ever so swiftly, and the trough and balls will go
round their centre of gravity, so that neither of the balls will fly
off; because, on account of the equilibrium, each ball detains
the other with an equal force acting against it. But if the ball
E be drawn a little more toward the end of the trough at 4, it
will remove the centre of gravity toward that end from the
centre of motion ; and then, upon turning the machine, the

ittle ball E will fly off, and strike with a considerable force

against the end 4, and draw the great ball B into the middle
of the trough. Or, if the great ball D be drawn toward the end
B of the trough, so that the centre of gravity may be a little
toward that end from the centre of motion, and the machine be
turned by the winch, the great ball D will fly off, and strike
violently against the end B of the trough, and will bring the
little ball £ into the middle of it. If the trough be not made
very strong, the ball D will break through it.

12. The reason why the tides rise at the same ab- b5 Nl
solute time on opposite sides of the earth, and con-

® The opinion here stated by our author is now completely exploded, by the recent
discoveries in physical astronomy. All the inequalities in our system, arising from
the mutual action of the planets, are periodical and compensatory. Iivery derange-
ment rises to a maximum in the course of many centuries, and then diminishes; and
this is balanced by derangements of an equal and oppesite kind, so that the systemn
resumes the same relative situation which it had in former ages.— £d.

YOL. I. i 4]
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sequently in opposite directions, is made abundantly plain by a
new experiment on the whirling-table. The cause of their ris-
ing on the side next the moon every one understands to be
owing to the moon’s attraction: but why they should rise on
the opposite side at the same time, where there is no moon to
attract them, 1s perhaps not so generally understood. For it
would seem that the moon should rather draw the waters, as
it were, closer to that side, than raise them upon it, directly
contrary to her attractive force. Let the circle @ b ¢ d (I'ig. 19)
represent the earth, with its side ¢ turned toward the moon,
which will then attract the waters so as to raise them from ¢ to
&+ But the question is, why should they rise as high at that
very time on the opposite side, fromatoe? In order to explain
this, let there be a plate 4 B (Fig. 20), fixed upon one end of
the flat bar D €, with such a circle drawn upon itasa bed
(in Fig. 19), to represent the round figure of the earth and sea;
and such an ellipsis as ¢ o h to represent the swelling of the
tide at ¢ and g, occasioned by the influence of the moon. Qver
this plate 4 B let the three ivory balls e, £ g, be hlmg by the
silk lines F&, i, k, fastened to the tops of the crooked wires
H, I, K, in such a manner, that the ball at ¢ may hang freely
over the side of the circle e, which is farthest from the moon M
at the other end of the bar ; the ball at fmay hang freely over
the centre, and the ball at g hang over the side of the circle g
which 1s nearest the moon. The ball #'may represent the centre
of the earth, the ball g some water on the side next the moon,
and the ball ¢ some water on the opposite side. On the back
of the moon M 1s fixed the short bar IV parallel to the horizon,
and there are three holes 1n it above the little weights p, ¢, 7.
A silk thread o is tied to the line & close above the ball g, and
passing by one side of the moon M, goes through a hole in the '
bar N, and has the weight p hung to it. Such another thread
n 1s tied to the line 4, close above the ball £, and passing through
the centre of the moon M and middle of the N, has the
weight g hung to it, which is lighter than the weight p. A
third thread m is tied to the line A, close above the ball e, and
passing by the other side of the moon 3, through the bar N,
has the weight » hung to it, which is ﬁghtﬂr than the weight g.

The use of these three unequal weights is to represent the
moon’s unequal attraction at different distances from her. With
whatever force she attracts the centre of the earth, she attracts
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the side next her with a greater degree of force, and the side
farthest from her with a less. So, if the weights are left at
liberty, they will draw all the three balls toward the mooi with
different degrees of force, and cause them to make the appear-
ance shewn in Fig. 21 ; by which means they are evidently far-
ther from each other than they would be if they hung at liberty
by the lines b, 4, k; because the lines would then hang per-
pendicularly. This shews, that as the moon attracts the side
of the earth which is nearest her with a greater degree of force
than she does the centre of  the earth, she will draw the water
on that side more than she draws the centre, and so cause it to
rise on that side; and as she draws the centre more than she
draws the opposite side, the centre will recede farther from the
surface of the water on that opposite side, and so leave it as
high there as she raised it on the side next to her. For, as the
centre will be in the middle between the tops of the opposite
elevations, they must of course be equally high on both sides
at the same time.

But upon this supposition the earth and moon would soon
come together: and to be sure they would, if they had not a
motion round their common centre of gravity, to create a de-
gree of centrifugal force sufficient to balance their mutual at-
traction, This motion they have; for as the moon goes round
her orbit every month, at the distance of 240,000 miles from
* the earth’s centre, and of 234,000 miles from the centre of gra-
vity of the earth and moon, so does the earth go round the
same centre of gravity every month at the distance of 6,000
miles from it ; that is, from it to the centre of the earth. Now
as the earth is (in round numbers) 8,000 miles in diameter, it
i1s plain that its side next the moon is only 2,000 miles from the
common centre of gravity of the earth and moon ; its centre
6,000 miles distant therefrom; and its farther side from the
moon 10,000: therefore the centrifugal forces of these parts
are as 2,000, 6,000, and 10,000 ; that is, the centrifugal force
of any side of the earth, when it is turned from the moon, is
five times as great as when it is turned toward the moon: and
as the moon’s attraction (expressed by the numbers 6,000), &e.
at the earth’s centre keeps the earth from flying out of this
monthly circle, it must be greater than the centrifugal force of
the waters on the side next her ; and consequently, her greater
degree of attraction on that side is sufficient to raise them; but

4
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as her attraction on the opposite side is less than the centrifugal
force of the water there, the exeess of this force is sufficient to
raise the water just as high on the opposite side.” To prove
this experimentally, let the bar D €' (I'ig. 20), with its furni-
ture, be fixed upon the whirling-board of the machine (Fig. 12),
by pushing the pin P into the centre of the board ; which pin
is in the centre of gravity of the whole bar with its three balls
e fo &, and moon M. Now if the whirling-board and bar be
turned slowly round by the winch until the ball #* hangs over
the centre of the eircle, as in Fig. 22, the ball & will be kept
toward the moon by the heaviest weight p (Fig. 20), and the
ball e, on account of its greater centrifugal force, and the
lesser weight », will fly off as far to the other side, as in
Fig. 22. And thus, while the machine is kept turning, the
balls ¢ and g will hang over the end of the ellipsis I £ k; so
that the centrifugal force of the ball ¢ will exceed the moon’s
attraction just as much as her attraction exceeds the centrifugal
force of the ball g, while her attraction just balances the cen-
trifugal force of the ball £ and makes it keep in itscirele.  And
hence it is evident, that the tides must rise to equal heights at
the same time on opposite sides of the earth. This experiment,
to the best of my knowledge, is entirely new.

The carth’s From the principles thus established, it is evi-
motion de-  dent that the earth moves round the sun, and not
monstrated- 41 sun round the earth; for the centrifugal law
will never allow a great body to move round a small one in any
orbit whatever ; especially when we find that if a small body
moves round a great one, the great one must also move round
the common centre of gravity between them two ; and it is well
known that the quantity of matter in the sun is 227,000 times
as great as the quantity of matter in the earth. Now, as the
sun’s distance from the earth is at least 81,000,000 of miles,
if we divide that distance by 227,000, we shall have only 357
for the number of miles that the centre of gravity between the
sun and earth is distant from the sun’s centre. And as the
sun’s semidiameter 1s ! of a degree, which at so great a dis-

7 Mr. Ferguson is here mistaken in referring the rise of the waters, on the side
of the earth opposite the moon, to the excess of the centrifugal force above the earth’s
attraction. The reader will searcely be surprised at this, when he is informed, that
the celebrated mathematician Mr. Wallis committed the same oversight. The true
wause of the rise of the sea is explained in the A ppendix, vol: ilemEd.
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tance as that of the sun, must be no less than 381,500 miles ; if
this be divided by 357, the quotient will be nearly 1,069, which
shews that the common centre of gravity between the sun and
the earth is within the body of the sun; and is only the 1,069th
part of his semi-diameter from the centre toward his surface.
All globular bodies, whose parts can yield, and which do not
turn on their axes, must be perfect spheres, because all parts
of their surfaces are equally attracted toward their centres. But
all such globes which do turn on their axes will be oblate sphe-
roids ; that is, their surfaces will be higher, or farther from the
centre, in the equatorial than in the polar regions. For, as the
equatorial parts move quickest, they must have the greatest cen-
trifugal force ; and will therefore recede farthest from the axis
of motion. Thus if two circular hoops 4 Band C D (Fig. 23),
made thin and flexible, and crossing one another at right angles,
be turned round their axis E F by means of the winch m, the
wheel #, and pinion o, and the axis be loose in the pole or
intersection ¢, the middle parts 4, B, C, D, will swell out so
as fg;atﬁke against the sides of the frame at F and G, if the
pole ¢, in sinking to the pin F, be not stopt by it from sinking
farther : so that the whole will appear of an oval figure, the
equatorial diameter being considerably longer than the polar.
That our earth is of this figure, is demonstrable from the ac-
tual measurement of some degrees on its surface, which are
found to be longer in the frigid than in the torrid zones:* and
the difference is found to be such as proves the earth’s equato-
rial diameter to be 36 miles longer thar its axis.” Seceing, then,
the earth is higher at the equator than at the poles, the sea,

§ St. Pierre (Studies of Nature, vol. i.) has attempted to demonstrate, that if a
degree of the meridian is longer at the pole than at the equator, the earth must be
a prolate spheroid, 4. e. lengthened out at the poles. Upon this principle he attempts
‘to explain the tides and the currents in the ocean, which he supposes to be occasion-
ed by the periodical melting of the polar glaciers. It is remarkable that this authox,
who. certainly deserves praise as a naturalist, should have committed such a mistake.
At the beginning of his demonstration, he supposes, that the figure of the earth is
cireular, or, in other words, he supposes that it is not an oblate spheroid, before he
begins to demonstrate that it is a prolate one. His theory of the tides, therefore,
must be false, as it is built upon a false principle.—FEd.

¥ From a comparison of the lengths of different degrees of the meridian, obtained
by actual mensuration, it appears that the compression at the earth’s poles is 415
and since the diameter of the earth at the equator is 7934.9 English miles nearly, its
diameter at the poles will be 7908.5 miles ; less than the former by 41, of the
whole ; or its equatorial axis will be lenger than its polar axis by 26,4 miles.—Ed.
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which like all other fluids naturally runs downwards (or toward
the places which are nearest the earth’s centre), would run to-
ward the polar regions, and leave the equatorial parts dry, if
the centrifugal force of the water, which earried it to these parts,
and so raised them, did not detain and keep it from running
back again toward the poles of the earth.

LECTURE III.
OF THE MECHANICAL POWERS.

The founda. Ir we consider bodies in motion, and compare them
tion of all  together, we may do this either with respect to the
o quantities of matter they contain, or the velocities
with which they are moved. The heavier any body is, the
greater is the power required either to move it or to stop its
motion ; and again, the swifter it moves, the greater is its force.
So that the whole momentum or quantity of force of a moving
body is the result of its quantity of matter multiplied by the
velocity with which it is moved ; and when the products aris-
ing from the multiplication of the particular quantities of mat-
ter in any two bodies by their respective velocities are equal,
the momenta or entire forces are so too. Thus, suppose a body,
which we shall call 4, to weigh 40 pounds, and to move at the
rate of two miles in a minute; and another body, which we
shall call B, to weigh only four pounds, and to move 20 miles
in a minute; the entire forces with which these two bodies
would strike against any obstacle would be equal to each other,
and therefore it would require equal powers to stop them : for
40 multiplied by 2 gives 80, the force of the body 4 ; and 20
multiplied by 4 gives 80, the force of the body B.

Upon this easy principle depends the whole of mechanics :
and it holds universally true, that when two bodies are sus-
pended on any machine, so as to act contrary to each other, if
the machine be put into motion, and the perpendicular ascent
of one body multiplied into its weight, be equal to the perpendi-
cular descent of the other body multiplied into its weight, those
bodies, how unequal soever in their weights, will balance one an-
other in all situations: for, as thewhole ascent of one is performed
in the same time with the whole descent of the other, their respec-
tive velocities must be directly as the spaces they move through 3
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and the excess of weight in one body is compensated by the excess

of velocity in the other. Upon this principle, it I8 Howto com-

te the power of any mechanical en- pute the pow.
EH‘*!}’ - | er of any me-

gine, whether simple or ::-:nnpﬂund for 1t 15 but daniesl en-
only finding how much swifter the power moves than gine

the weight does (i. e. how much farther in the same time), and
just so much 1s the power increased by the help of the engine.

In the theory of this science, we suppose all planes perfectly
even, all bodies perfectly smooth, levers to have no weight, cords
to be extremely pliable, machines to have no friction; and, in
short, all imperfections must be set aside until the theory he
established ; and then proper allowances are to be made.

The B"lm[’llﬂ machines, usuall'y called mechanical qy, . oa .
powers, are six in number,’ viz. the lever, the wheel nic powers,
and axle, the pulley, the inclined plane, the wedge, e,
and the serew. 'They are called mechanical powers, because
they help us mer:hamcalljr to raise weights, move heavy bodies,
and overcome resistances, which we could not effect without
them. '

1. A Zever is a bar of iron or wood, one part of
which being supported by a prop, all the other parts
turn upon that prop as their centre of motion; and the velo-
city of every part or point is directly as its distance from the
prop. Therefore, when the weight to be raised at one end is
to the power applied to the other to raise it, as the distance of
the power from the prop is to the distance of the weight from
the prop, the power and weight will exactly balance or coun-
terpoise each other; and as a common lever has next to no
friction on its prop, a very little w.ld;tiun.zl power will be suffi-
clent to raise the weight,

The lever.

1 Some writers on mechanics exclude the fnelined plane from the number of the -
mechanical powers, while others add the balance to the number. All the mecha-
nical powers may, with great propriety, be reduced to two, the LEVER and the 1x-
CLINED PLANE. The pulley, and the wheel and axle, are merely an assemblage
of levers. The wedge is evidently composed of two inclined planes ; and the screw
is only a wedge wrapped round a cplinder. Some foreign mechanicians add the rope
or rope machine, to the number of mechanical powers. The weight is suspended
anywhere between the extremitics of the rope, to each of which a power is applied
after they have passed over a pulley. In this machine, the powers and weight will
be in W“Wﬂg_ﬂr will balance each other, when the powers are inversely as the
sinies of the angles which they make with the direction of the weight, or as the se-
cants of the angles which the direction of the powers makes with the horizon,—Fd.
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There are four kindsof levers. 1. The common sort, where
the prop is placed between the weight and the power, but much
nearer to the weight than to the power; 2. When the prop is
at one end of the lever, the power at the other, and the weight
between them ; 3. When the prop is at one end, the weight
at the other, and the power applied between them; 4. The
bended lever, which differs only in form from the first sort, but
not in property. Those of the first and second kind are often
used in mechanieal engines; but there are few instances in
which the third sort is used.?

A common balance is by some reckoned a lever of
the first kind ; but as both its ends are at equal dis-
tances from its centre of motion, they move with equal velo-
cities ; and therefore, as it gives no mechanical advantage, it
cannot properly be reckoned among the mechanical powers.?

Plate IT. A lever of the first kind is represented by the

Fig.1.  bar 4 B C, supported by the prop D. Its prin-

;I‘fh]if::-tkind cipal use is to loosen large stones in the ground, or

* raise great weights to small heights, inorder to have
ropes put under them for raising them higher by other ma-
chines. The parts 4 B and B C, on different sides of the prop
D, are called the arms of the lever ; the end A of the shorter
arm A B being applied to the weight intended to be raised, or
to the resistance to be overcome; and the power applied to the
end C of the longer arm B C.

In making experiments with this machine, the shorter arm
A B must be as much thicker than the longer arm B C, as will
be sufficient to balance it .on the prop.  This supposed, let P
represent a power, whose gravity is equal to 1 ounce; and W
a weight, whose gravity is equal to 12 ounces. Then, if the
power be 12 times as far from the prop as the weight is, they
- will exactly counterpoise ; and a small addition to the power P
will cause it to descend, and raise the weight IV ; and the velo-
city with which the power descends will be to the velocity with

The balance.

? For an account of what is called Meckanical Arithmetie, which is performed by
moving weights on the arm of a lever, see Adam’s Natural Philosophy, vol. iii, p. 276.
The arithmetical balance was invented by Cassini, and is described in the Journal
des Scavans, 1676, p. 303, 12mo. By means of it, all the principal rules of arith-
metic may be easily solved.—Ed.

3 The following curious property of the balance is mentioned Ly Helsham. If
a man placed in one seale, and counterpoized by a weightin the other, press the beam
upwards, he will thus cauze the scale in which he stands to preponderate.—Eid,
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which the weight rises, as 12 to 15 that is, directly as their
distances from the prop, and consequently as the spaces through
which they move. Hence it is plain, that a man, who by his
natural strength, without the help of any machine, could support
a hundred-weight, will by the help of this lever be enabled to
support twelve hundred. If the weight be less, or the power
greater, the prop may be placed so much farther from the weight,
and then it can be raised to a proportionably greater height.
For, universally, if the intensity of the weight multiplied into
its distance from the prop, be equal to the intensity of the power
multiplied into its distance from the prop, the power and weight
will exactly balance each other ; and a little addition to the power
will raise the weight. Thus, in the present instance, the weight
IV is 12 ounces, and its distance from the prop is 1 inch; and
12 multiplied by 1 is 12; the power P is equal to 1 ounce, and
its distance from the prop is 12 inches, which multiplied by 1
is 12 again; and therefore there is an equilibrium between them,
So, if a power equal to 2 ounces be applied at the distance of
six inches from the prop, it will just balance the weight W ; for
6 mulgiphed by 2 is 12, as before. And a power equal to 3
ounces, placed at 4inches distant from the prop would be the
same; for 3 times 4 15 12; and so on in proportion.
The statera, or Roman steelyard, is a lever of this ppe seer.

kind, and is used for finding the weights of different yard-

~ bodies by one single weight placed at different distances from the

prop or centre of motion D).  For, if a scale hangs at 4, the ex-
tremity of the shorter arm 4 B is of such a weight as will ex-
actly counterpoise the longer arm B C'; if this arm be divided
into as many equal parts as it will contain, each equal to 4 B,
the single weight 2 (which we may suppese to be 1 pound) will

serve for weighing any thing as heavy as itself, or as many times

heavier as there are divisions in the arm B C, or any quantity
between its own weight and that quantity. As, for example,
if P be 1 pound, and placed at the first division 1 in the arm
B C, it will balance 1 pound in the scale at 4 ; if it be removed
to the second division at 2, it will balance 2 pounds in the
scale; if' to the third, 3 pounds; and so on to the end of the
arm B . If each of these integral divisions be subdivided into
as many equal parts as a pound contains ounces, and the weight
£ be placed at any of these subdivisions, so as to counterpoise
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what is in the scale, the pounds and odd ounces therein will by
that means be ascertained.

To this kind of lever may be reduced several sorts of instru-
ments, such as scissars, pincers, snuffers, which are made of two
levers, acting contrary to one another ; their prop or centre of
motion being the pin which keeps them together.

In common practice, the longer arm of this lever greatly ex-

ceeds the weight of the shorter, which gains great advantage,
because it adds so much to the power.
The second A lever of the second kind has the weight between
kind of lever. the prop and the power. In this, as well as the
former, the advantage gained is as the distance of the power
from the prop to the distance of the weight from the prop: for
the respective velocities of the power and weight are in that
proportion ; and they will balance each other when the inten-
sity of the power multiplied by its distance from the prop is
equal to the intensity of the weight multiplied by its distance
from the prop. Thus, if 4 B (Fig. 2) be a lever on which the
weight W of 6 ounces hangs at the distance of 1 inch from the
prop G, and a power P equal to the weight of 1 ounce hangs
at the end B, 6 inches from the prop, by the cord C D going
over the fixed pulley £, the power will just support the weight:
and a small addition to the power will raise the weight 1 inch
for every 6 inches that the power descends.

T'his lever shews the reason why two men carrying a burthen
upon a stick between them bear unequal shares of the burthen
in the inverse proportion of their distanices from it. For it is
well known, that the nearer any of them is to the burthen, the
greater share he bears of it ; and if he goes directly under it he
bears the whole. So, if one man be at &, and the other at P,
having the pole or stick 4 B resting on their shoulders ; if the
burthen or weight W be placed five times as near the man at
(7, as it 15 to the man at P, the former will bear five times as
much weight as the latter. This is likewise applicable to the
case of two horses of unequal strength to be so yoked as that
each horse may draw a part proportional to his strength ; which
1s done by so dividing the beam they pull, that the point of
traction may be as much nearer to the stronger horse than to the
weaker, as the strength of the former exceeds that of the latter.

To this kind of lever may be reduced oars, rudders of ships,
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doors turning upon hinges, cutting-knives which are fixed at the
point of the blade, and the like.

If in this lever we suppose the power and weight The third
to change places, so that the power may be between kind of lever.
the weight and the prop, it will become a lever of the third
kind ; in which, that there may be a balance between the power
and the weight, the intensity of the power must exceed the in-
tensity of the weight, just as much as the distance of the weight
from the prop exceeds the distances of the power from it. Thus,
let £ (Fig. 3) be the prop of the lever 4 B, and W a weight of
1 pound, placed 3 times as far from the prop as the power P
acts at F, by the cord C going over the fixed pulley D ; in this
case, the power must be equal to 3 pounds, in order to support
the weight.

To this sort of lever are generally referred the bones of a
man’s arm, and almost all the moveable bones of animals; for
when we lift a weight by the hand, the muscle that exerts its
force to raise that weight, is fixed to the bone about one tenth
part as far below the elbow as the hand is: and the elbow being
the centre round which the lower part of the arm turns, the
muscle must therefore exert a force ten times as great as the
weight that is raised.

As this kind of lever is a disadvantage to the moving power,
it is never used but in cases of necessity, such as that of a ladder,
which being fixed at one end, is by the strength of a man’s arms
reared against a wall ; and in clock-work, where all the wheels
may be reckoned levers of this kind, because the power that
moves every wheel, except the first, acts upon it near the cen-
tre of motion, by means of a small pinion, and the resistance it
bas to overcome, acts against the tecth round its circumference.

The fourth kind of lever differs nothing from The fourth
the first, but in being bent, for the sake of con- kind of lever,
venience. 4 CB (Fig. 4) is a lever of this sort, bent at C,
which is its prop, or centre of motion. P is a power acting
- upon the longer arm A4 C at F,, by means of the cord D E
going over the pulley G ; and W is a weight or resistance act-
g upon the end B of the shorter arm B C. If the power is
to the weight, as C B is to C' F, they are in equilibrio, 'Thus,
suppose W to be 5 pounds acting at the distance of one foot
from the centre of motion €, and P to be 1 pound acting at
F, five feet from the centre C, the power and weight will just
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balanee each other. A hammer when used in drawing a nail
is a lever of this sort.!

The wheel 2. The second mechanical power is the wheel and
and axle. — gple in which the power is applied to the circum-
ference of the wheel, and the weight is raised by a rope, which
coils about the axle as the wheel is turned round. Here it is
plain that the velocity of the power must be to the velocity of
the weight, as the circumference of the wheel is to the circum-
ference of the axle : and, consequently, the power and weight will
balance each other, when the intensity of the power is to the in-
tensity of the weight, as the circumference of the axle is to the
circumference of the wheel. Let 4 B (Fig. 5) be a wheel, C D
its axle, and suppese the circumference of the wheel to be eight
times as great as the circumference of the axle; then a power P
equal to one pound hanging by the cord 7, which goes round
the wheel, will balance a weight W of eight pounds hanging by
the rope X, which goes round the axle. And as the friction
on the pivots or gudgeons of the axle is but small, a small ad-
dition to the power will cause it to descend, and raise the
weight ; but the weight will rise with only an eighth part of
the velocity wherewith the power descends, and, consequently,
through no more than an eighth part of an equal space, in the
same time. If the wheel be pulled round by the handles .S, S,
the power will be increased in proportion to their length ; and,
by this means, any weight may be raised as high as the opera-
tor pleases. '

To this sort of engine belong all cranes for raising great
weights ;% and in this case, the wheel may have cogs all round
it instead of handles, and a small lantern or trundle may be
made to work in the cogs, and be turned by a winch ; which

% Whatever be the form of the lever, or the direction of the power and the weight,
the mechanical energy of the power or the weight is always represented by a line
drawn from the fulcrum, at right angles, to the direetion in which the forces are ex-
erted. A new and beautiful property of the rectilineal lever is mentioned by Epi-
nus, in the Now. Comment. Petropol. tom. viil, p. 271 ; but, as it cannot be illus-
trated without the aid of geometry, we must rest satisfied with referring the reader
to the place where it is to be found. Van Swinden, Positiones Physice, p. 18],
has extended this property to levers of all kinds.—FEd.

® Sometimes called the axis in Peritrochio, 'To this may be reduced all cranes
for raiding weights, the capstane, the windlass, and the crank.— FEd.

& "T'he description of a simple and powerful capstane, which can be converted into
a crane, will be found in the Appendix, vol. ii.—Ed.
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will make the power of the engine to exceed the power ot the
man who works it, as much as the number of revolutions of the
winch exeeed those of the axle D), when multiplied by the excess
of the length of the winch above the length of the semi-diameter
of the axle, added to the semi-diameter or half thickness of the
rope K, by which the weight is drawn up. "Thus, suppose the
diameter of the rope and axle taken together, to be 13 inches,
and, consequently, half their diameters to be 6} inches ; so that
the weight W will hang at 6} inches perpendicular distance
from below the centre of the axle. Now, let us suppose the
wheel 4 B, which is fixed on the axle, to have 80 cogs, and to
be turned by means of a winch 6} inches long, fixed on the
axis of a trundle of 8 staves or rounds, working in the cogs of
the wheel : here it is plain, that the winch and trundle wonld
make 10 revolutions for one of the wheel 4 B, and its axis D,
on which the rope & winds in raising the weight I ; and the
winch being no longer than the sum of the semi-diameters of the
great axle and rope, the trundle could have no more power on
the wheel than a man could have by pulling it round by the
edge, because the winch would have no greater velocity than
the edge of the wheel has, which we here suppose to be ten
times as great as the velocity of the rising weight ; so that, in

this case, the power gained would be as 10 to 1. But if the

length of the winch be 13 inches, the power gained will be as
20 to 1 if 19% inches (which is long enough for any man to

. work by), the power gained would be as 30 to 1: that is, a

man could raise 30 times as much by such an engine, as he
“could do by his natural strength without it; because the velo-
city of the handle of the winch would be 30 times as great as
the velocity of the rising weight ; the absolute force of any en-
gine being in proportion of the velocity of the power to the
velocity of the weight raised by it. But then, just as much
power or advantage as is gained by the engine, so much time is
lost in working it.7 In this sort of machines it is requisite to

¥ This maxim, which has found its way into many treatises on mechanies, is cer-
tainly erronecus.  If the impelling force of any machine is properly proportioned to
the resistance to be overcome, the work performed increases nearly in the proportion
of the power employed, when the resistance arises merely from the inertia of the

- work; but when the resistance is chiefly occasioned by other causes, the work per-

formed increases nearly in the duplicate ratio (or as the square) of the power em-
ployed.—Ed, ;
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have a ratchet-wheel 7 on one end of the axle, with a catch i
to fall into its teeth, which will at any time support the weight,
and keep it from descending, if the person who turns the handle
should, through inadvertency or carelessness, quit his hold while
the weight is raising ; and, by this means, the danger is pre-
vented which might otherwise happen by the running down of
the weight when left at liberty.
o 3. The third mechanical power or engine consists
either of one moveable pulley, or a system of pulleys,
some in a block or case which is fixed, and others in a block
which is moveable, and rises with the weight. For though a
single pulley that only turns on its axis, and moves not out of
its place, may serve to change the direction of the power, yet it
can give no mechanical advantage thereto; but is only as the
beam of a balance, whose arms are of equal length and weight.
Thus, if the equal weights W and P (I'ig 6) hang by the cord
B B upon the pulley 4, whose frame & is fixed to the beam
H I, they will cﬂuntﬂrpome each other, just in the same man-
ner as if the cord were cut in the middle, and 1ts two ends hung
upon the hooks fixed in the pulley at 4 and 4, equally distant
from its centre.

But if a weight I hangs at the lower end of the moveable
block p of the pulley D, and the cord G F goes under that
pulley, it is plain that the half G of the cord bears one half of
the weight W, and the half F'the other; for they bear the
whole between them. Therefore, whatever holds the upper
end of either rope, sustains one half of the weight ; and if the
cord at F be drawn up so as to raise the pulley D to C, the
cord will then be extended to its whole length, all but that part
which goes under the pulley: and consequently the power that
draws the cord will have moved twice as far as the pulley D
with its weight 7 rises; on which account, a power whose in-
tensity is equal to one half of the weight will be able to sup-
port it, because if the power moves (by means of a small addi-
tion), its veloeity will be double the veloeity of the weight; as
may be seen by putting the cord over the fixed pulley C' (which
only changes the direction of the power, without giving any
advantage to it), and hanging on the weight P, which is equal
only to one half the weight W ; in which case there will be an
equilibrium, and a little addition to P will cause it to descend,
and raise W through a space equal to one half of that through
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which P descends. Hence, the advantage gained will be always

equal to twice the number of pulleys in the moveable or under-

most block. So that when the upper or fixed block % contains

two pulleys, which only turn on their axes, and the lower or

moveable block U contains two pulleys, which not only turn

upon their axes, but also rise with the block and weight ; the

advantage gained by this is as 4 to the working power. Thus,

if one end of the rope K’ M O @Q be fixed to a hook at 7, and

the rope passes over the pulleys N and R, and under the pul-

leys L and P, and has a weight 7', of one pound, hung to its

other end at 7, this weight will balance and support a weight

W of four pounds, hanging by a hook at the moveable block

U, allowing the said block as a part of the weight: and if as

much more power be added, as is sufficient to overcome the

~ friction of the pulleys, the power will descend with four times

~as much velocity as the weight rises, and consequently through
four times as much space

The two pnlleys in the fixed block X, and the two in the

moveable block ¥, are in the same case with those last men-

- tioned ; and those in the lower block give the same advantage

. to the power.”

f; As a system of pulleys has,no great weight, and lies in a
& * small compass, it is easily carr led ahmlt,,and can be appln:.-d in
j; a great many cases, for raising weights, where other engines
= tﬂammt But they have a' great deal of fiiction on Lhm: ac-

counts: 1. Because the diameters of their axes bear a very
 considerable proportion to their own diameters ;? 2. Because in
working they are apt to rub against one another,! or against

® A very curious and useful combination of pulleys is described by Mr. Smeaton,
in the xlviith volume of the Philosophical Transoctions. The model which he
shewed to'the society consisted of twenty shieves, five on each pin. With this model,
which cuula be carried in the pocket, he raised six hundred weight ; and if a larger
© tackle of the same kind was properly executed, a ton might easily be raised by oae
man.—Fd.
% An ingenious method of removing the friction of the pulley upon its axis, was
lately invented by Mr. John Gamett. This method consists in interposing siz or
maore eylindrical rollers between the axis and the internal cavity of the pulley. The
extremities. of the pulley’s axis are fixed as usual in a block, and the ends of the
axes of the rollers turn in large holes, made in flat rings of brass or iron.  This me-
thod has been adopted on board of ships ; and it has been found that threc men are
able to draw as much weight by a set of pulleys of that construction as five men are
able to raise by a similar set of common pulleys.— Ed.

! A considerable improvement in the construction of the pulley has been made by
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the sides of the block ; 3. Because of the stiffness of the rope
that goes over and under them.
Theinctined ¥+ The fourth mechanical power is the inclined
plane. plane, and the advantage gained by it is as great
I?,m %I* as its length exceeds its perpendicnlar height. Let
- A B be a plane parallel to the horizon, and C' D a
plane inclined to it; and suppose the whole length €' D to be
three times as great as the perpendicular height G £ F : in this
case, the cylinder E will be supported upon the plane € D,
and kept from rolling down upon it, by a power equal to a
third part of the weight of the cylinder. Therefore, a weight
may be rolled up this inclined plane with a third part of the
power which would be sufficient to draw it up by the side of
an upright wall. If the plane was four times as long as high,
a fourth part of the power would be sufficient ; and so on, in
proportion. Or, if a weight was to be raised from a floor to
the height G F, by means of the machine 4 8 C D (which
would then act as a half wedge, where the resistance gives way
only on one side), the machine and weight would be in equili-
fibrio when the power applied at G F was to the weight to be
raised, as G F'to G B ; and if the power be increased, so as
to overcome the friction of the machine against the floor and
weight, the machine will be driven, and the weight raised ; and
when the machine has moved its whole length upon the floor,
the weight will be raised to the whole height from G to F
The foree wherewith a rolling body descends upon an in-
clined plane, is to the force of its absolute gravity, by which it
would descend perpendicularly in a free space, as the height of
the plane is to its length : for, suppose the plane 4 B (Fig. 8)
to be parallel to the horizon, the cylinder C' will keep at rest
upon any part of the plane where it is laid. TIf the plane be
so elevated, that its perpendicular height D (Fig. 9) is equal
to half its length 4 B, the cylinder 1!.111 roll down upon the
plﬂnr: with a force cquui to half its weight ; for it would re-
quire a power (acting in the direction of 4 B), equal to half
its weight, to keep it from rolling. If the plane 4 B (Fig. 10)

Mr. J. White, for which he has received a patent. The apparatus consists of two
pulleys, one fixed, and the other moveable, each of which has six concentric grooves,
of different diameters, eapable of receiving a rope round them, that they may act in
the same manner as separate Puﬂeys, whose diameters are equal to those of the
grooves. By this construction, latersl friction is destroyed, and that species of
shaking motion ranoved with which the common pulley is attended.——Ed.

i



LECT. TIL OF THE TNCLINED PLANE. o 4

be elevated, so as to be perpendicular to the horizon, the eylin-
der € will descend with its whole force of gravity, because the
plane contributes nothing to its support or hindrance ; and
therefore, it would require a power equal to its whole weight
to keep it from descending.

Let the cylinder €' (Fig. 11) be made to turn upon slen-
der pivots in thé frame D, in which there is a hook e, with
a line G tied to it: let this line go over the fixed pulley H,
and have its other end tied to the hook in the weight 1.  If the
weight of the body 7, be to the weight of the eylinder C, added
to that of its frame I3, as the perpendicular height of the plane
L M is to its length 4 B, the weight will just support the cy-
linder upon the plane, and a small touch of a finger will cither
cause it to ascend or descend with equal ease: then, if a little
addition be made to the weight 7, it will descend, and draw the
cylinder up the plane. In the time that the cylinder moves
from 4 to B, it will rise through the whole height of the plane
ML; and the weight will descend from I to K, through a
 space equal to the whole length of the plane 4 B.

If the machine be made to move upon rollers or friction-
~ wheels, and the cylinder be supported upon the plane C' B by
a line G parallel to the plane, a power somewhat less than that
which drew the cylinder up the plane will draw the plane un-
der the cylinder, provided the pivots of the axes of the friction-
wheels be small, and the wheels themselves be pretty large.
For, let the machine 4 B C, I'ig. 12 (equal in length and
height to 4 B M, Fig. 11), move upon four wheels, two where-
of appear at Dand E ; and the third under C, while the fourth
is hid from sight by the horizontal board a. Let the eylinder
F be laid upon the lower end of the inclined plane C B, and
the line G be extended from the frame of the cylinder about
six feet, parallel to the plane € B ; and, in that direction, fixed
~to a hook in the wall; which will support the cylinder, and
keep it from rolling off the plane. Let one end of the line H
be tied to a hook at €' in the machine, and the other end to a
weight K, somewhat less than that which drew the cylinder up
the plane before. If this line be put over the fixed pulley Z,
the weight K will draw the machine along the horizontal plane
L, and under the cylinder F; and when the machine has been

drawn a little more than the whole length C' 4, the eyvlinder
VOL. 1. F.
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will be raised to d, equal to the perpendicular height 4 B
above the horizontal part at 4. The reason why the machine
must be drawn further than the whole length C 4 is, because
the weight F rises perpendicular to C' B.

To the inclined plane may be reduced all hatchets, chisels,
and other edge-tools which are chamfered only on one side.

The wedge. 5. The f':ﬁh mechanical power or machine is t.he
wedge, which may be considered as two equally n-
clined planes D E F and C E F (Fig. 14), joined together at
their bases ¢ E F'O : then D C is the whole thickness of the
wedge at its back 4 B C D, where the power is applied ; E F
is the depth or height of the wedge; D F the length of one of
its sides, equal to C'F the length of the other side; and O F
1s its sharp edge, which is entered into the wood intended to be
split by the force of a hammer or mallet striking perpendicular-
ly on its back. Thus 4 B (Fig. 15) is a wedge driven into
the cleft C' D E of the wood ¥ G.

When the wood does not cleave at any distance before the
wedge, there will be an equilibrium between the power impel-
ling the wedge downward, and the resistance of the wood act-
ing against the two sides of the wedge when the power is to the
resistance as half the thickness of the wedge at its back is to
the length of either of its sides; because the resistance then
acts perpendicular to the sides of the wedge. But, when the
resistance on each side acts parallel to the back, the power that
balances the resistances on both sides will be as the length of
the whole back of the wedge is to double its perpendicular
height.

‘When the wood cleaves at any distance before the wedge (as
it generally does), the power impelling the wedge will not be
to the resistance of the wood, as the length of the back of the
wedge is to the length of both its sides ; but as half the length
of the back is to the length of either side of the cleft, estimated
from the top or acting part of the wedge. For, if we suppose
the wedge to be lengthened down from & to the bottom of the
cleft at E, the same proportion will hold, namely, that the
power will be to the resistance as half the length of the back of
the wedge is to the length of either of its sides; or, which
amounts to the same thing, as the whole length of the back is
to the length of both the sides.

In order to prove what is here advanced concerning the
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wedge, let us suppose the wedge to be divided lengthwise into
two equal parts ; and then it will become two equal mclined
planes ; one of which, asa b ¢ ( Fig. 13), may be made use of
as a half wedge for separating the moulding ¢ d from the wain-
scot A B. Itis evident, that when this half wedge has been
driven its whole length @ ¢ between the wainscot and moulding,
its side @ ¢ will be at ed, and the moulding will be separated to

w from the wainscot. Now, from what has been already
proved of the inclined plane, it appears, that to have an equi-
librium between the power impelling the half wedge, and the
resistance of the moulding, the former must be to the latter, as
al to ac; that is, as the thickness of the back which receives
the stroke 1s to the length of the side against' which the mould-
ing acts. Therefore, since the power upon the half wedge is
to the resistance against its side, as the half back @ & is to the
whole side ae, it is plain, that the power upon which the whole
wedge (where the whole back is double the half back), must be
to the resistance against both its sides, as the thickness of the
whole back is to the length of both the sides, supposing the
wedge at the bottom of the cleft; or as the thickness of the
whole back to the length of both sides of the cleft, when the
wood splits at any distance before the wedge. For, when the
wedge is driven quite into the wood, and the wood splits at
ever so small a distance before its edge, the top of the wedge
then becomes the acting part, because the wood does not touch
it anywhere else : and since the bottom of the cleft must be
considered as that part where the whole stickage or resistance
is accumulated, it is plain, from the nature of the lever, that
the farther the power acts from the resistance, the greater is the
advantage.

Some writers have advanced, that the power of the wedge is
to the resistance to be overcome, as the thickness of the back
of the wedge is to the length only of one of its sides, which
seems very strange ;* for, if we suppose 4 B (Fig. 16) to be a

* If two bodies are forced from one another by means of a wedge, and ina direc-
tion parallel to its back, the power will be to the resistance as half the back or head
of the wedge is to its length. But if one of the bodies only is moveable, while the
other from which it is separated retains its place, the pﬁwer will be to the resistance
as the back iz to the length of the wedge. The controversies about the power of the
wedge would never have been agitated, had thiz simple distinction been attended
to.— Eif.



52 OF THE MECHANICAL FPOWERS. LECT. II1.

strong inflexible bar of wood or iron fixed into the ground at
C'B, and D and £ to be two blocks of marble lying on the
ground on opposite sides of the bar; it is evident that the
block 1) may be separated from the bar to the distance d, equal
to a b, by driving the inclined plane or half wedge a b o down
between them ; and the block £ may be separated to an equal
distance on the other side, in like manner, by the half wedge
cdo. But the power impelling each half wedge will be to the
resistance of the block against its side, as the thickness of that
half 'wudge is to its perpendicular height, because the block
will be driven off perpendicularly to the side of the bar 4 B,
Therefore the power to drive both the half wedges is to both
the resistances, as both the half backs is to the perpendicular
height of each half wedge. And if the bar be taken away,
the blocks put close together, and the two half’ wedges joined
to make one; it will require as much force to drive it down
between the blocks, as is equal to the sum of the separate powers
acting upon the half wedges when the bar was between them.
To confirm this by an experiment, let two cylinders, as 4 B
and C' D (Fig. 17), be drawn towards one another by lines run-
ning over fixed pulleys, and a weight of 40 ounces hanging at
the lines belonging to each cylinder; and let a wedge of 40
ounces weight, having its back just as thick as either of its
sides is long, be put between the eylinders, which will then act
against each side with a resistance equal to 40 ounces, while its
own weight endeavours to bring it down and separate them.
And here, the power of the wedge’s gravity impelling it down-
ward, will be to the resistance of both the eylinders against the
wedge, as the thickness of the wedge is to double its perpen-
dicular height ; for there will then be an equilibrium between
the weight of the wedge and the resistance of the cylinders
against it, and it will remain at any height between them ; re-
quiring just as much power to push it upward as to pull it
downward. If another wedge of equal weight and depth with
this, and only half as thick, be put between the cylinders, it
will require twice as much weight to be hung at the ends of
the lines which draw them together, to keep the wedge from
going down between them: that is, a wedge of 40 ounces,
whose back is only equal to half its perpendicular height, will
require 80 ounces to each cylinder, to keep it in an equilibrium
between them ; and twice 80 i1s 160, equal to four times 40.
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So that the power will be always to the resistance, as the thick-
ness of the back of the wedge is to twice its perpendicular height,
when the cylinders move off' in a line at right angles to that per-
pendicular.

The best way, though perhaps not the nmmql, that I know
of, for making a wedge with its appurtenances for such experi-
ments, is as follows: Let K7L M and L M N O (Fig. 17), be
two flat pieces of wood, each about fifteen inches long, and three
or four in breadth, joined together by a hinge at L M ; and let
P be agraduated arch of brass, on which the said pieces of wood
may be opened to any angle, not more than G0 degrees, and
then fixed at the given angle by means of the two screws a and
6. Then, I K N O will represent the back of the wedge, L M
its sharp edge which enters the wood, and the outsides of the
pieces K I L. M and L M N O the two sides of the wedge against
which the wood acts in cleaving. By means of the said arch,
the wedge may be opened so as to adjust the thickness of its
back in any proportion to the length of either of its sides, but
not to exceed that length ; and any weight as p may be hung
to the wedge upon the hook M, which weight, together with
the weight of the wedge itself, may be considered as the im-
pelling power ; which is all the same in the experiment, whe-
ther it be laid upon the back of the wedge to push it down, or
hung to its edge to pull it down. Let 4 8 and C 1) be two
wooden cylinders, each about two inches thick, where they touch
the outsides of the wedge ; and let their ends be made like two
round flat plates, to keep the wedge from slipping off edgewise
from between them. Let a small cord, with a loop on one end
of it, go over a pivot in the end of each cylinder, and the cords
& and 7" belonging to the cylinder 4 B go over the fixed pulleys
W and X, and be fastened at their other ends to the bar w a,
on which any weight as Z may be hung at pleasure. 1In like
manner, let the mr{l:} Q and R belonging to the cylinder C' D
go over the fixed pulleys V and {7 to the bar v %, on which a
weight ¥ equal to Z may be hung. These weights, by drawing
the eylinders toward one amuhcr, may be u:mulLrul as the re-
sistance of the wood acting uqualh against opposite sides of the
wedge ; the cylinders themselves being suspended near, and pa-
rallel to each other, by their pivots and loops on the lines £, F,
G, H : which lines may be fixed tc hooks in the eeiling of the
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room. The longer these lines are, the better ; and they should
never be less than four feet each. The farther also the pulleys
V, U, and X, W, are from the cylinders, the truer will the
experiments be ; .and they may turn upon pins fixed into the
“'-'c].JL

In this machine, the weights ¥ and Z, and the weight g,
may be varied at pleasure, so as to be adjusted in proportion
of double the wedge's perpendicular height to the thickness of
its back ; and when they are so adjusted, the wedge will be in
equilibrio with the resistance of the cylinders.

The wedge 15 a very great mechanieal power, since not only
wood but even rocks can be split by it; which would be impos-
sible to effect by the lever, wheel and axle, or pulley ; for the
foree of the blow, or stroke, shakes the cohering parts, and there-
by makes them separate more easily.

G. The sixth and last mechanical power is the
serew, which cannot properly be called a simple ma-
chine, because it is never used without the application of a lever
or winch to assist in turning it; and then it becomes a com-
pound engine of a very great force either in pressing the parts
of bodies closer together, or in raising great weights. It may
be conceived to be made by cutting a piece of paper 4 B C
(Fig. 18) into the form of an inclined plane or half wedge, and
then wrapping it round a cylinder 4 B (Fig. 19). And here
it is evident, that the winch £ must turn the cylinder once
round before the weight of resistance D can be moved from one
spiral winding to another, as from d to ¢; therefore, as much
as the circumference of a circle described by the handle of the
winch, is greater than the interval or distance between the spirals,
so much is the force of the serew. Thus, supposing the dis-
tance between the spirals to be half an inch, and the length of
the winch to be twelve inches, the circle described by the handle
of the winch where the power acts will be 76 inches nearly, or
about 152 half inches, and consequently 152 times as great as
the distance between the spirals ; and therefore a power at the
handle, whose intensity is equal to no more than a single pound,
will balance 152 pounds acting against the screw ; and as much
additional force, asis suflicient to overcome the friction, will
raise the 152 pounds; and the velocity of the power will be to
the velocity of the weight, as 152 to 1. Hence it appears, that

The seres.
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the longer the winch is, and the nearer the spirals are to one
another, so much the greater is the force of the serew.’”

A machine for shewing the force or power of the serew may
be contrived in the following manner :—Let the wheel C (Fig.
20) have a screw a b on its axle, working in the teeth of the
wheel D, which suppose to be 48 in number. It is plain, that
for every time the wheel €' and screw a & are turned round by
the winch 4, the wheel D will be moved one tooth by the screw;
and therefore, in 48 revolutions ef the winch, the wheel D will
be turned once round. Then, if the circumference of a circle
described by the handle of the winch 4 be equal to the circum-
ference of a groove e round the wheel 1), the velocity of the
handle will be 48 times as great as the velocity of any given
point in the groove. Consequently if a line G goes round the
groove ¢, and has a weight of 48 pounds hung to it below the
pedestal £ F, a power equal to one pound at the handle will
balance and support the weight. To prove this by experiment,
let the circumferences of the grooves of the wheels €' and D be
equal to one another ; and then if a weight H of one pound be
suspended by a line going round the groove of the wheel C, it
will balance a weight of 48 pounds hanging by the line G; and
a small addition to the weight £ will cause it to descend, and
so raise up the other weight.

If the line G, instead of going round the groove ¢ of the
wheel D, goes round its axle 7, the power of the machine will
be as much increased as the circumference of the groove e ex-
ceeds the circumference of the axle ; which, supposing it to be
six times, then one pound at I will balance 6 times 48, or 288
pounds hung to the line on the axle: and hence the power or

5 A new and very ingenious method of applying the screw, so as to make it act
with the greatest accuracy, has been invented by Mr. Hunter, surgeon. The appara-
tus consists of two screws, one of which moves in the other, and has a thread fewer in
an inch than the male screw of the one in which it moves. If we suppose the one

screw A to have 20 threads in an inch, and the other B to have 21 ; and if the screw
B 18 5o fixed that it can move forwards without moving round ; then one turn of A
will make the screw # advance J; X o5 or ;lg of an inch. Thus the compound
screw produces an effect much superior to the common one ; for the latter must have
420 threads in an inch before it could produce an effect equal to the former, which
would weaken it to such a degree, that it would be unable to resist any consider.i le
force.  As it is impossible in the short compass of a note to convey an accurate ac-
count of this excellent improve ent, we must refer the reader to the 71st vol. of the

FPhilozophical Transactions, or the Edinburgh Encyclopadia, Art. Mechanics, vol.
xiiil; 1. 531,
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advantage of this machine will be as 288 to 1; that is to say, a
man, who by lus natural strength could lift a hundred weight,
will be able to raise 288 hundred, or 14.% ton weight by this
engine.

But the following engine is still more powerful, on account
of its having the addition of four pulleys: and in it we may
look upon all the mechanical powers as combined together, even

Plate I11. 'f we take in the balance. For, as the axle D of the

Fig. 1. bar 4 B enters its middle at C, it is plain that if
equal weights are suspended upon any two pins equidistant from
L. the axis C, they will counterpoise each other. It be-

tion of all the comes a lever by hanging a small weight P upon the
mechanical

poetl] pn #, and a weight as much heavier upon either of

the pins b, ¢, d, e, or f; asis in proportion to the pins
being so much nearer the axis. The wheel and axle F G is
evident ; so is the screw E, which takes in the inclined plane,
and with it the half wedge, Part of a cord goes round the axle,
the rest under the lower pulleys K, m, over the upper pulleys
L, n, and then it is tied to a hook at m in the lower or move-
able block on which the weight W hangs.

In this machine, if the wheel &' has 30 teeth, it will be turn-
ed once round in thirty revolutions of the bar 4 B, which is fix-
ed on the axis D of the screw E: if the length of the bar is
equal to twice the diameter of the wheel, the pins @ and n at the
ends of the bar will move 60 times as fast as the teeth of the
wheel do ; and, consequently, one ounce at P will balance 60
ounces hung upon a tooth at ¢ in the horizontal diameter of
the wheel. Then, if the diameter of the wheel F' is ten times
as great as the diameter of the axle G, the wheel will have 10
times the velocity of the axle ; and therefore one ounce P at
the end of the lever 4 € will balance 10 times 60 or 600 ounces
hung to the rope #{ which goes round the axle. Lastly, if four
pulleys be added, they will make the velocity of the lower block
K, and weight IV, four times less than the velocity of the axle :
and this being the last power in the machine, which is four times
as great as that gained by the axle, it makes the whole power of
the machine 4 times 600, or 2,400. So that a man who could
lift ' one hundred weight in his arms by his natural strength,
would be able to raise 2,400 times as much by this eng'-inr.-,
But it is hereas in all other mechanical cases ; for the time lost
is always as much as the power gained, because the velocity
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with which the power moves will ever exceed the velocity with
which the weight rises, as much as the intensity of the weight
exceeds the intensity of the power.

The friction of the screw itself is very considerable ; and
there are few compound engines but what, upon account of the
friction of the parts against one another, will require a third
part more of power to work them when loaded, than what is
sufficient to constitute a balance between the weight and the

power.*‘

4 The following valuable Tables on the strength of different materials are taken
from Mr. Thomas T'redgold’s excellent work on Carpentry, recently published.

Cokesive Force of @ Square Inch of different Woods, pulled in the Direction of
their Lengths.

(!Ehmbmlﬂt’ L
it Square In. Experimentalists.
in ltimlnd:»-

Oak, £ 17.300 Muschenbroek.
Do, ‘ 13.950 Rondelet.

1. rom 12.004)

:Elngiigll,{m 8,889 § Darlow-

Do, 5 7000 Anderson.
T - - 6.114 Emerson.
Beech, - 17.708 Muschenbrock.
BPo. - - 11500 Barlow.

Do. = 6.300 Anderson.
T i = i 6.070 Emerson.
Alder, - 14.186 Muschenbroek.
Do. - - 5.0894 Anderson.
Do - 4.290 Emerson.
Sycamore, - H5.000 Fmerson.

Chesnut, Spanish, 13.300 Rondelet.
from 17.85{0 Blaslyw:

Ash,

Elm, .
Do. L X
L. -
ﬁ.ml:iﬂ.-. -

M ahﬂgnTm

I"i.l-'g

Dﬂl

Do. -
Pitch pine,
Norway pine,
Larch,

Ash, 1 15584
Do - = 12000 Muschenbroek.
Do. - 6.300 Anderson.

Cedar,

Walnut,

Do -
Teak, -
from
to
from
to

Pﬂplﬂ-ﬁ

Cohesion of

i Hdll:l:lnl In. Exporimenialisis.
ink

ks,
G.070 INmerson.
13,489 Muschenbrock.

6,070 Emerson,

4.455 Anderson.
20,582 Muschenbrock.

8.000 Barlow.

#.130 Muschenbroek.

Sl merson,
15.000 Barlow.

:.g;é Muschenbr.
13.448
11.000 § Barlow.

3.006 Muschenbroek,

5000 Emerson.

7.818 Muschenbroek.

7.287 Rondelet.
10.220 Rondelet.
4.973 Muschenbrock.

Cohestve Force of o Square Inch, pulled asunder in a Dircction perpendicular to
the Length of the Fibres.

Ok, Sai6
Iﬂl‘l‘.ll, {l'h:bm -"JTU I ot
z g to 1.700

Cohesive Force of a Square fnck of Iron.

Poumls. Experimentalists,

Tron wire, 113.077 Sickingen.
Do : - = 93.90G4 1'elford.
Swelish iron, 78850 Muschenbroek.
o - 72.064 Ilennie.

Do. - - 64.960 Telford.

a, - 33.244 DBrown.

(reman iron, 69.133 Muscheubrock.

English  f from 66.000
iron, {tu 55.1]0&}1{““"'“*‘1-

English iron,

o, i
Welsh iron,
Dio. a
French iron,

Russian iron,

Cust iron,
Do -
Do, Welsh,

Pounds. Experimentalists
G1.600 Telford,
55.772 Rennie,
G060 'Telford,
55.776 DBrown.
G1.041 Terranet,
30472 Lrown.
68.2095 Muschenlivock.
12,488 Rennie.
16,255 Brown.
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LECTURE 1IV.

OF MILLS, CRANES, WHEEL-CARRIAGES, AND THE ENGINE
FOR DRIVING PILES.

As these engines are so umversally useful, it would be need-
less to make any apology for deseribing them.
s In a common breast TI'I?.H,,-I where the fall of wa_ter
Fig. 2. may be about ten feet, 4 4 is the great wheel, which
A common i3 generally about 17 or 18 feet in diameter, reckon-
mill
ed from the outermost edge of any float-board at «
to that of its opposite float at . To this wheel the water 1s
conveyed through a channel, and, by falling upon the float-
boards, turns it round.
On the axis B B of this wheel, and within the mill-house, is
a wheel D), about 8 or 9 feet diameter, having 61 cogs,” which
turn a trundle %, containing ten upright staves or rounds ;?
and when these are the number of cogs and rounds, the trundle
will make 6% revolutions for one revolution of the wheel.
The trundle is fixed upon a strong iron axis called the

Cohesive Force of different Metals compared with Iron, according to Muschenbroek.

Pounids, Poumds.
Iron bar, Swedish, = 97.7 | Tin, grain, - - - i
Copper, Swedish, - - 43.0 | —— block, = - - 4.4
Anglesea, - - 39,5 | —— FEnglish block, - 6.0

Japan, - - 22 | Zine, - - - - 3

Silver, cast, - - - 48.3 I.E-ﬂ.ﬂ-. - - - 1

Gold, cast, - - 25.6

Emerson makes the relative strengths of iron, brass, and lead, as 107, 50, and

Gl.—Ed.
= Water mills are divided into breast mills, undershot mills, and overshot mills,
a particular account of which will be found in the Appendix, Vol. I1.

2 The wooden teeth of a large wheel are denominated cogs.—Ed.

3 When a large wheel gives motion to a smaller one, the name of the small wheel
varies with its shape. When the small wheel is solid and oblong, and its teeth
longer than their distance from the axis, it is called a pinton, and its teeth are named
leaves. When the small wheel is shaped like E (Fig. 2, Plate 11I), it is called
a trundle, sometimes a lantern, and sometimes a drum ; and the cylindrical bars
of trundles similar to those at F are called staves or rounds. In a combination
of wheels, that which is acted upon by the power, or by some other wheel, is called
aleader ; and the other wheel on the same axis is called a follower.  When there is
only one wheel on the axis, and when this wheel drives another, it acts both as a leader

and a follower.—I4d.
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spindle, the lower end of which turns in a brass foot, fixed at
F,* in the horizontal beam § 7" called the bridge-tree ; and
the upper part of the spindle turns in a wooden bush fixed into
the nether millstone, which lies upon beams in the floor ¥ Y.
The top part of the spindle above the bush is square, and goes
into a square hole in a strong iron cross a b ¢ d (see Fig. 3),
called the rynd; under which, and close to the bush, is a
round -piece of thick leather upon the spindle, which it turns
round at the same time as it does the rynd.

The rynd is let into grooves in the under surface of the
running millstone & (Fig. 2), and so turns it round in the same
time that the trundle & is turned round by the cog-wheel D.
This millstone has a large hole quite through its middle, called
the eye of the stone, through which the middle part of the
rynd and upper end of the spindle may be seen, while the four
ends of the rynd lie hid below the stone in their grooves.

The end 7' of the bridge-tree 7' 8 (which supports the up-
per millstone G upon the spindle) is fixed into a hole in the
wall ; and the end § is let into a beam Q R called the brayer,
whose end R remains fixed in a mortise; and its other end @
hangs by a strong iron rod P which goes through the floor
VY, and has a screw-nut on its top at O ; by the turning of

- which nut, the end Q of the brayer is raised or depressed at

pleasure; and, consequently, the bridge-tree 7.8 and upper
millstone. By this means, the upper millstone may be set as
close to the under one, or raised as high from it, as the miller
pleases. The nearer the millstones are to one another, the finer
they grind the corn, and the more remote from one another,
the coarser.”

The upper millstone & is inclosed in a round box H, which
does not touch it anywhere ; and is distant about an inch from
its edge all around. On the top of this box stands a frame for
holding the hopper & %, to which is hung the shoe I by two lines

* The extremities of an axle or spindle, such as F and € (Fiz. 2, Plate I1I),
are called gudgeons when the wheels are large, and pivots in small pieces of ma-
chinery.— Ed.

* Asa good quality of flour cannot be obtained unless the under millstone is
kept perfectly level and firm on its bearings, Mr. T. Austin has contrived the fol-
lowing method of effecting this. ‘The millstone is fixed in a strong cast-iron frame,
bedded in plaster of Paris, and this frame is adjusted by three vertical serew's, on

the pu'inhl.s :.lt‘ which it rests, and by four horizontal screws.  Sec the Transactions
of the Society of Arts, vol. xxxviii, . 68.
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fastened to the hind part of it, fixed upon hooks in the hopper,
and by one end of the crook-string K fastened to the fore part
of it at i; the other end being twisted round the pin L. As
the pin is turned one way, the string draws up the shoe closer
to the hopper, and so lessens the aperture between them ; and,
as the pin is turned the other way, it lets down the shoe, and
enlarges the aperture.

If the shoe be drawn up quite to the hopper, no corn can
fall from the hopper into the mill ; if it be let a little down,
some will fall; and the quantity will be more or less, according
as the shoe is more or less let down. For the hopper is open
at bottom, and there is a hole in the bottom of the shoe, not
directly under the bottom of the hopper, but forwarder toward
the end i, over the middle of the eye of the millstone.

There is a square hole in the top of the spindle, in which
is put the feeder ¢ (Fig 3) : this feeder (as the spindle turns
round) jogs the shoe three times in each revolution, and so
causes the corn to run constantly down from the hopper through
the shoe, into the eye of the millstone, where it falls upon the
top of the rynd, and is, by the motion of the rynd, and the lea-
ther under it, thrown below the upper stone, and ground be-
tween it and the lower one.  The violent motion of the stone
creates a centrifugal force in the corn going round with it, by
which means it gets farther and farther from the centre, as in
a spiral, in every revolution, until it be thrown quite out ; and,
being then ground, it falls through a spout M, called the mill-
cye, into the trough N,

When the mill is fed too fast, the corn bears up the stone,
and 1s ground too coarse ; and, besides, 1t clngs the mill, so as
to make it go too slow. When the mill is too slﬂwly fed, it
zoes too fast, and the stones, by their attrition, are apt to strike
|'|1L against one another. Both which inconveniencies are avoid-
ed by turning the pin L backward or forward, which drawspup
or lets down the shoe; and so regulates the feeding as the
miller sees convenient. :

The heavier the running millstone is, and the greater the
quantity 'of water that falls upon the wheel, so much the faster
will the mill bear to be fed ; and, consequently, so much the
more it will grind: and, on the contrary, the lighter the stone,
and the less the quantity of water, so much slower must the
feeding be. But when the stone is considerably worn, and
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become light, the mill must be fed slowly at any rate ; other-
wise the stone will be too much borne up by the corn under it,
which will make the meal coarse.

The quantity of power required to turn a heavy millstone is
but very little more than what is sufficient to turn a light one
for as it is supported upon the spindle by the bridge-tree §' T,
and the end of the spindle that turns in the brass foot therein
being but small, the odds arising from the weight is but very
inconsiderable in its aection against the power or force of the
water : and, besides, a heavy stone has the same advantage
as a heavy fly ; namely, that it regulates the motion much
better than a light one.

In order to cut and grind the corn, both the upper and un-
der millstones have channels or furrows cut into them, pro-
ceeding obliquely from the centre towards the circumference :

and these furrows are cut perpendicularly on one side, and -

obliquely on the other, into the stone, which gives each furrow
a sharp edge, and in the two stones they come, as it were, against
one another like the edges of a pair of seissars; and so cut the
corn, to make it grmd the easier when it falls upon the places
between the furrows. These are cut the same way in both
stones when they lie upon their backs, which makes them run
cross ways to each other when the upper stone is inverted by

turning its furrowed surface toward that of the lower. For, if

the furrows of both stones lay the same way, a great deal of the
corn would be driven onward in the lower furrows, and so come
out from between the stones without being either eut or bruised.*

When the furrows become blunt and shallow by wearing, the
running stone must be taken up, and both stones new dressed
with a chisel ‘and hammer ; and every time the stone is taken
up, there must be some tallow put round the spindle upon the
bush, which will soon be melted by the heat that the spindle
acquires from its turning and rubbing against the bush, and so
willyget in between them, crthermse the bush would takL fire in
a very little time.

The bush must embrace the spindle quite close, to prevent
any shake in the motion, which would make some parts of the
stones grate and fire against each other, while other parts of
them would be too far asunder, and by that means spoil the
meal in grinding.

= See the Appendiz, Vol 11.

.
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Whenever the spindle wears the bush so as to begin to sheke
in it, the stone must be taken up, and a chisel driven into seve-
ral parts of the bush ; and when it is taken out, wooden wedges
must be driven into the holes ; by which means the bush will
be made to embrace the spindle close all around it again. In
doing this, great care must be taken to drive equal wedges into
the bush on opposite sides of the spindle, otherwise it will be
thrown out of the perpendicular, and so hinder the upper stone
from being set parallel to the under one, which is absolutely
necessary for making good work. When any accident of this
kind happens, the perpendicular position of the spindle must
be restored by adjusting the bridge-tree §' 7" by proper wedges
put between it and the brayer Q R.

It often happens that the rynd is a little wrenched in laying
down the upper stone upon it, or is made to sink a little lower
upon one side of the spindle than on the other ; and this will
cause one edge of the upper stone to drag all around upon the
other, while the opposite edge will not touch. But this is
easily set to rights, by raising the stone a little with a lever,
and putting bits of paper, cards, or thin chips, between the
rynd and the stone.

The diameter of the upper stone is generally about six feet,
the lower stone about an inch more; and the upper stone,
when new, contains about 22} cubic feet, which weighs some-
what more than 19,000 pounds. A stone of this diameter
ought never to go more than 60 times round in a minute ; for,
if it turns faster, it will heat the meal.

The grinding surface of the under stone is a little convex
from the edge to the centre, and that of the upper stone a little
more concave : so that they are farthest from one another in the
middle, and come gradually nearer toward the edges. By this
means, the corn at its first entrance between the stones is only
bruised ; but as it goes farther on towards the circumference or
edge, it is cut smaller and smaller; but at last finely ground
just before it comes out from between them.

The water wheel must not be too large, for, if it be, its
motion will be too slow:; nor too little, for then it will want
power. And for a mill to be in perfection, the floats of
the wheel ought to move with a third part of the velocity
of the water, and the stone to turn round once in a second of
fime.
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In order to construct a mill in this perfect manner, observe
the following rules :—

1. Measure the perpendicular height of the fall of water, in
feet, above that part of the wheel on which the water begins to
act ; and call that the height of the fall.

2. Multiply this constant number 64,2882 by the height of
the fall in feet, and the square root of the product shall be the
velocity of the water at the bottom of the fall, or the number
of feet that the water there moves per second.

3. Divide the velocity of the water by 3, and the quotient
shall be the velocity of the float-boards of the wheel, or the
number of feet they must each go through in a second, when
the water acts upon them, so as to have the greatest power to
turn the mll.

4. Divide the circumference of the wheel in feet, by the ve-
locity of its floats in feet per second, and the quotient shall be
the number of seconds 1n which the wheel turns round.

5. By this last number of seconds divide 60 ; and the quo-
tient shall be the number of turns of the wheel in a minute.

6. Divide 60 (the number of revolutions the millstone ought
to have in a minute) by the number of turns of the wheel in a
minute, and the quotient shall be the number of turns the mill-
stone ought to have for one turn of the wheel.

7. Then, as the number of turns of the wheel in a minute
is to the number of turns of the millstone in a minute, so wust
the number of staves in the trundle be to the number of cogs
n the wheel, in the nearest whole numbers that can be found.

By these rules I have caleulated the following Table to a
water-wheel, 18 feet diameter, which I apprehend may be a
good size in general.

To construct a mill by this table, find the height of the fall
of water in the first column, and against that height, in the sixth
column, you have the number of cogs in the wheel, and staves
in the trundle, for causing the millstone to make about 60 re-
volutions in a minute, as near as possible, when the wheel goes
with a third part of the velocity of the water ; and it appears by
the seventh column, that the number of cogs in the wheel, and
staves in the trundle, are so near the truth for the required
purpose, that the least number of revolutions of the millstone
in a minute is between 59 and 60, and the greatest number
never amounts to 61,
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The Mill-Wright's Table.

Volacity of | Revalud Revolutions | Cogs in the lh-'.-ulu:muf

i Yeay of | vloty o | Besoluions| oFSSSHE | S [of thomil,

walor. secoml. sl . per minute. of fhe whatl, i ::ELH :'_.t“?ﬁ
— - = - =
= = 53 = E'S' = E“E - E‘S E :E i
F|Rgn | Rgg|29F |7dg (7 7|38
fa =g B 3 g
1 4.02 2.67 2.83 2120 127 @6 59.92
2 11.:34 3.78 4.00 15.00 10 7 G0.00
3 13,89 4.63 4.91 12.22 9% 8 G0.14
4 16.0:4 s 5.67 10.68 9% 9 59.87
b 17.93 5.08 G 046 845 9 THEIL
6 | 19.64 6.55 .04 864 | 78 9o | 60.10
1 21.21 7.07 4-50 #.00 2 9 .00
8 | 22.68 7.56 8.02 7.48 67 9 | 59.67
0 24.05 §.02 .51 7.05 0 10 69.57
10 | 25.35 8.45 8.97 6.6 67 10 | 60.09
11 26.59 8.86 .40 6.38 64 10 | 60.16
12 27.71 09.26 n.02 611 61 10 59.90
13 28.91 H.64 10.22 5.87 59 10 G0.18
14 30.00 10,00 10.G0 H.66 56 10 59.36
15 | 81.06 10.35 10.99 5.46 55 10 | 60.48
16 | 32.07 10.69 11.34 5.29 53 10 60.10
17 33,00 11.02 11:50 5.13 51 10 LT
18 3402 11.34 12.02 4.090 6o - 10 60.10
149 34.95 11.65 12.87 4.65 49 10 G061
20 | 95.06 11.95 12.68 4.73 47 10 59.59

1 & ol as 1ok 5 P -

Such a mill as this, with a fall of water about 71 feet, will
require about 32 hogsheads every minute to turn the wheel
with a third part of the velocity with which the water falls;
and to overcome the resistance arising from the friction of the
geers, and attrition of the stones in grinding the corn.

The greater fall the water has, the less quantity of it will
serve to turn the mill.  The water is kept up in the mill-dam,
and let out by a sluice called the penstock, when the mill is to
go. When the penstock is drawn up by means of a lever, it
opens a passage through which the water flows to the wheel ;
and when the mill is to be stopt, the penstock is let down, which
stops the water from falling upon the wheel.

A less quantity of water will turn an over-shot mill (where
the wheel has buckets instead of float-boards) than a breast-
mill, where the fall of the water seldom exceeds half the height
4 b of the wheel: so that, where there 1s but a small quantity of
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water, and a fall great enough for the wheel to lie under it, the
bucket or overshot wheel 1s always used. But where there is
a large body of water, with a little fall, the breast or float-
board wheel must take place. Where the water runs only upon
a litle declivity, it can act but slowly upon the under part of
the wheel at & : in which case, the motion of the wheel will be
very slow : and therefore, the floats ought to be very long,
though not high, that a large body of water may act upon
them, so that what is wanting in velocity may be made up in
power ; and then the cog-wheel may have a greater number of
cogs in proportion to the rounds in the trundle, in order to give
the mill-stone a sufficient degree of velocity.

They who have read what is said in the first lecture, con-
cerning the acceleration of bodies falling freely by the power of
gravity acting constantly and uniformly upon them, may per-
haps ask, why should the motion of the wheel be equable, and
not accelerated, seeing the water acts constantly and uniformly
upon it 7 The plain answer is, that the velocity of the wheel
ean never be so great as the velocity of the water that turns it ;
for if 1t should become so great, the power of the water would
be quite lost upon the wheel, and then there would be no
proper force to overcome the friction of the geers and attrition
of the stones. Therefore, the velocity with which the wheel
begins to move, will increase no longer than till its momentum
or force is balanced by the resistance of the working parts of
the mill : and then the wheel will go on with an equable motion.®

If the cog-wheel D be made about 18 inches
diameter, with 30 cogs, the trundle as small in pro-
portion, with 10 staves, and the millstones be each about two
feet in diameter, and the whole work be put into a strong frame
of wood, as represented in the figure, the engme will be a hand-.

A hand-mill.

& Our author’s explanation of this remarkable fact, viz. that the best constracted
machines acquire in a short time an uniform motion, is far from being satisfactory.
‘T'he question, indeed, is extremely difficult ; and from our imperfeet knowledge of
the nature of friction, it does not admit of a scientific explanation. 'When a pendu-
lum clock is stripped of its paliets, and allowed to run down, it sequires an uniform
motion in a very short time, though there is little friction, and though the moving
power acts with the greatest uniformity. Idr. Hobison observes, that the * uniform
** motion of machines arises from a diminution of the impelling power by an in-
*¢ crease of velocity ; but that there is something yet unexplained in the nature of
* friction, which takes away some of the acceleration.” =—Ed.

VOL. I. ¥
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mill for grinding corn or malt in private families: and then, it
may be turned by a winch instead of the wheel 4 4 ; the mill-
stone making three revolutions for every one of the winch. If
a heavy fly be put upon the axle B, near the winch, it will help
to regulate the motion.”

If the cogs of the wheel and rounds of the trundle could be
put in as exactly as the teeth are cut in the wheels and pinions
of a clock, then the trundle might divide the wheel exactly ;
that is to say, the trundle might make a given number of re-
volutions for one of the wheel, without a friction. But as any
exact number is not necessary in mill-work, and the cogs and
rounds cannot be set in so truly as to make all the intervals be-
tween them equal, a skilful mill-wright will always give the
wheel what he calls a Aunting cog; that is, one more than what
will answer to an exact division of the wheel by the trundle.
And then, as every cog comes to the trundle, it will take the
next staff’ or round, behind the one which it took in the former
revolution ; and by that means will wear all the parts of the
cogs and rounds which work upon one another equally, and to
equal distances from one another in a little time ; and so make
a true uniform motion throughout the whole work. Thus, in
the above water-mill (Fig. 4), the trundle has 10 staves, and
the wheel 61 cogs.

Sometimes, where there is a sufficient quantity of water, the

Plate 11T. cog-wheel A4 4 turns a large trundle B B, on whose

Fig- 4. axis C is fixed the horizontal wheel D, with cogs all
around its edge, turning two trundles £ and F at the same time ;
whose axes or spindles G and A turn two millstones 7 and &,
upon the fixed stones L and M. And when there is not work for
them both, either may be made to lie quiet, by taking out one of
the staves of its trundle, and turning the vacant place toward the
cog-wheel D : and there may be a wheel fixed on the upper end
of the great upright axle € for turning a couple of boulting-

7 If the fiy be put upon the axle B, its velocity will not be sufficient to make it of
any usc a5 a regulator. In an ingenious hand-mill, invented by Mr. Lloyd, this de-
fect is remedied by fixing a hollow circular fiy upon the upper millstone, with iron
straps.  Its diameter is two feet, the breadth of its rim three inches and a half, and
is depth five inches. It is divided into six cavities, into which a quantity of lead shot
is put to bring it to a proper weight. See Bailey’s Designs of Mackines. approved
by the Saciety of Arts, vol. i, p. 176 ; and vol. ii, p. 44. In some hand-mills, the
millstone moves in a vertical direction, like a common grindstone, without either =
cag-wheel or trundle,.—Ed.
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mills, and other work for drawing up the sacks, fanning and
cleaning the eorn, sharpening of umh &e.

If, instead of the cog-wheel 4 4 and trundle B B, i
horizontal levers be fixed into the axle C, below the
wheel I, then horses may be put to these levers for turning
the mill ; which is often done where water cannot be had for
that purpose.

"The working parts of a wind-mill differ very little
from those of a water-mill ; only the former is turn-
ed by the action of the wind upon four sails, every one of which
ought (as is generally believed) to make an angle of 54% de-
grees, with a plane perpendicular to the axis on which the arms
are fixed for carrying of them. It being demonstrable, that
when the sails are set to such an angle, and the axis turned
endwise toward the wind, the wind has the greatest power upon
the sails. But this angle answers only to the case of a vane or
sail just beginning to move :* for, when the vane has a certain
degree of motion, it yields to the wind ; and then that angle
must be increased to give the wind its full effect.

Again, the increase of this angle should be different, accord-
ing to the different velocities from the axis to the extremity of
the vane. At the axis it should be 54% degrees, and thence
continually decreasing, giving the vane a twist, and so causing
all the ribs of the vane to lie in different planes.

Lastly, these ribs ought to decrease in length from the axis
to the extremity, giving the vane a curvilineal form ; so that
no part of the force of any one rib be spent upon the rest, but
all move on independent of each other. All this is required to
give the sails of a wind-mill their true form ; and we see both
the twist and the diminution of the ribs exemplified in the wings
of birds.

It is almost ineredible to think with what velocity the tips
of the sails move when acted upon by a moderate gale of wind.
I have several times eounted the number of revolutions made
by the sails in ten or fifteen minutes; and from the length of
the arms from tip to tip, have computed that if a hoop of that
diameter was to run upon the ground with the same velocity
that it would move with if put upon the sail-arms, it would go
upwards of 30 miles in an hour.

As the ends of the sails nearest the axis cannot move with the

A wind-mill,

¥ See Maclaurin’s Fluxions, near the end.
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same velocity that the tips or farthest ends do, although the
wind acts equally strang upen them, perhaps a better position
than that of stretching them along the arms directly from the
centre of motion, might be to have them set perpendicularly
across the farther ends of the arms, and there adjusted length-
wise to the proper angle. For, in that case, both ends of the
sails would move with the same velocity ; and being farther
from the centre of motion, they would have so much the more
power : and then there would be no occasion for having them
so large as they are generally made ; which would render them
lighter, and consequently there would be so much the less frie-
tion on the thick neck of the axle where it turns in the wall.*
A crane is an engine by which great weights are
raised to.certain heights, or let down to certain depths.
It consists of wheels, axles, pulleys, ropes, and a gib or gibbet.
Plue 111, When the rope M is hooked to the weight &, a man
Fig. 5. turns the winch A, on the axis whereof is the trundle
B, which turns the wheel C, on whose axis I is the trundle 7,
which turns the wheel ' with its upright axis &, on which the
great rope K H winds as the wheel turns; and going over a
pulley 1 at the end of the arm d of the gib ¢ ¢ d ¢, it draws up
the heavy weight K ; which, being raised to a proper height, as
from a ship to the quay, is then brought over the quay by pull-
ing the wheel Z round by the handles z, z, which turns the gib
by means of the half wheel & fixed to the gib-post ¢ ¢, and the
strong pinion & fixed on the axis of the wheel Z. This wheel
gives the man that turns it an absolute command over the gib, so
as to prevent it from taking any unluckyswing, such.as often hap-
pens when it is'only guided by a rope tied to itsarm d ; and people
are frequently hurt, and sometimes killed by such accidents,
The great rope goes between two upright rollers ¢ and &,
which turn upon gudgeons in the fixed beams fand g ; and as
the gib is turned toward either side, the rope bends upon the roll-
er next that side.  Were it not for these rollers, the gib would
be quite unmanageable ; for the moment it were turned ever so
hitile toward any side, the weight & would begin to descend,
because the rope would be shortened between the pulley 7 and
axis (7 ; and so the gib would be pulled violently to that side;
and either be broke to pieces, or break every thing that came
in its way.  These rollers must be placed so that the sides of
them, round which the rope bends, may keep the middle of the

*® Sec the Appendip, Val- TI.

A crane.



LECT. IV. OF CRANES. 69
bended part directly even with the centre of the hole in which
the upper gudgeon of the gib turns in the heam £ The truer
these rollers are placed, the easier the gib is managed, and the
less apt to swing either way by the force of the weight K.

A ratchet-w heel Q is fixed upon the axis ), near the trundle
2 : and into this wheel the eatch or click R falls. This hinders
the machinery from running back by the weight of the burthen
K, it the man who raises it should happen to be careless, and so
leave off working at the winch A sooner than he ought to do.

When the weight K is raised to its proper height from the
ship, and brought over the quay by turning the gib about, it is
let down gently upon the quay, or into a cart standing thereon,
in the following manner :—A man takes hold of the rope ¢ ¢
(which goes over the pulley v, and is tied to a hook at .5 in the
catch R), and so disengages the catch from the ratchet-wheel
@} ; and then the man at the winch 4 turns it backward, and
lets down the weight &. But 1if the weight pulls too hard
against this man, another lays hold of the stick ¥, and by pull-
tng it downward, draws the gripe U close to the wheel V. ;
which, by rubbing hard against the gripe, hinders the teo quick
descent of the weight ; and not only so, but even stops it at any
time, if required. By this means, hmw goods may be ecither
raised or let down at pleasure, without any danger of hurting
the men who work the engine.

When part of the goeds are cranetl up, and ‘the rope is to be
let down for more, the catch R is first disengaged from the rat-
chet-wheel Q, by pulling the cord ¢; then the handle g is turn-
ed half round backward, which by the erank # n in the picce o
pulls down the frame % between the guides m and m (in which
it slides in a groove), and so disengages the trundle B from
the wheel C: and then, the heavy hook # at the end of the rope
H descends by its own weight, and turns back the great wheel
4" with its trundle £, and the wheel C; and this last wheel acts
like a fly against the wheel ' and hook g, and so hinders it
from going down too quick ; while the weight X keeps up the
gripe U from rubbing against the wheel ¥, by means of a cord
going from the weight, over the pulley w to'the hook W in the
gripe ; so that the gripe never touches the wheel, unless it be
pulled down by the handle V-

When the crane is ‘to be set ‘at work again, for drawing up
another burthen, the handle ¢ is turned half round forward ;
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which by the crank n s, raises up the [rame &, and causes the
trundle 2 to lay hold of the wheel C; and then, by turning
the winch A, the burthen of goods K is drawn up as before.

The crank » » turns pretty stiff in the mortise near o, and
stops against the farther end of it when it has got just a little
beyond the perpendicular ; so that it can never come back of
itself: and therefore the trundle B can never come away from
the wheel C, until the handle ¢ be turned half round backward.

The great rope runs upon rollers in the lever L M, which
keeps it from bending between the axle at & and the pulley 7.
This lever turns upon the axis N, by means of the weight O,
which is just sufficient to keep its end L up to the rope; so
that, as the great axle turns, and the rope coils round it, the
lever rises with the rope, and prevents the coilings from going
over one another.

The power of this crane may be estimated thus:—Suppose
the trundle B to have 13 staves or rounds, and the wheel C to
have 78 spur cogs ; the trundle £ to have 14 staves, and the
wheel F' 56 cogs. Then, by multiplying the staves of the
trundles, 13 and 14, into one another, their product will be
182; and by multiplying the cogs of the wheels, 78 and 56,
into one another, their product will be 4,368; and dividing
4,368 by 182, the quotient will be 24; which shews that the
winch 4 makes 24 turns for one turn of the wheel F and its
axle G, on which the great rope or chain H I H winds. So
that, if the length or radius of the winch 4 were only equal to
half the diameter of the great axle &, added to half the thick-
ness of the rope H, the power of the crane would be as 24 to
1; but the radius of the winch being double the above length,
it doubles the said power, and so makes it as 48 to 1; in which
case, a man may raise 48 times as much weight by this engine
as he could do by his natural strength without it, making
proper allowance for the friction of the working parts. Two
men may work at once, by having another winch on the op
site end of the axis of the trundle under B ; and this will make
the power double.

If' this power be thought greater than what may be gene-
rally wanted, the wheels may be made with fewer cogs in pro-
portion to the staves in the trundles; and so the power may be
of whatever degree is judged to be requisite.  But if the weight
be so great as will require yet more power to raise it, suppose a
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double uantity, then the rope M may be put under a move-
able pulley, as 2, and the end of it tied to a hook in the gib at
¢ 3 which will give a double power to the machine, and so raise
a double weight hooked to the block of' the moveable pulley.

When only small burthens are to be raised, this may be
quickly done by men pushing the saxle ¢ round by the long
spokes #, ¥, #, 7 ; having first disengaged the trundle B from
the wheel €' ; and then, this wheel will only act as a fly upon
the wheel F'; and the catch R will prevent its running back,
if the men should inadvertently leave off' pushing, before the
burthen be unhooked from 2.

Lastly, when very heavy burthens are to be raised, which

might endanger the breaking of the cogs in the wheel F, their
force against these cogs may be much abated by men pushing
round the long spokes ¥, 9, 9, ¥, while the man at 4 turns the
winch, :
I have only shewn the working parts of this crane, without
the whole of the beams which support them; knowing that
these are casily supposed, and that if they had been drawn,
they would have hid a great deal of the working parts from
sight, and alse confused the figure.

Another very good crane is made in the following A pomer
manner.—d4 4 (Fig. 6) is a great wheel, turned erane.
by men walking within it at . On the part C, of its axle
B C, the great rope D is wound as the wheel turns; and this
rope draws up goods in the same way as the rope fI JI does in
the above-mentioned crane, the gib-work here being supposed
to be of the same sort. But these cranes are very dangerous
to the men in the wheel ; for, if any of the men should chance
to fall, the burthen will make the wheel run back, and throw
them all about within it; which often breaks thewr limbs,
and sometimes kills them.  The late ingenious Mr. Padmore
of Bristol (whose contrivance the fore-mentioned crane is, so
far as I can remember its construction, after sceing it once
about twelve years ago),’ observing this dangerous construc-
tion, contrived a method of remedying it, by putting cogs all
around the outside of the wheel, and applying a trundle £ to
turn it; which increases the power as much as the number of

T Bince the first edition of thiz book was printed, I have seen the same crane
again ; and find, that though the working parts are much the same as above de-
scribed, yet the method of raising or lowering the trundle B, and the catch A, are
better contrived than I have described them.
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“cogs n the wheel 1s greater than the number of staves in the

trundle ; and by putting a ratchet-wheel /" on the axis of the
trundle (as in the above-mentioned crane), with a catch to fall
into it, the great wheel is stopt from running back by the force
of the weight, even if all the men in it should leave off working :
and by one man working at the winch 7, or two men at the
opposite winches when needful, the men in the wheel are much
assisted, and much greater weights are raised, than could be by
men only within the wheel. Mr. Padmore put also a gripe-
wheel & upon the axis of the trundle, which being pinched in
the same manner as deseribed in the former crane, heavy bur-
thens may be let down without the least danger. And before
this contrivance, the lowering of goods was always attended
with the utmost danger to the men in the wheel ; as every one
must be sensible of, who has seen such engines at work. -

And it is surprising that the masters of wharfs and eranes

should be so regardless of the limbs, or even lives, of their
workmen, that, excepting the late Sir James Creed of Green-
wich, and some gentiemen at Bristol, there is scarce an instance
of any who has used this safe contrivance.
IV heel-care The structure of wheel-carriages is generally so
riages. well known, that it would be needless to deseribe
them ; and, therefore, we shall enly point out some inconve-
niences attending the common method of placing the wheels,
and loading the waggons.

In coaches, and all other four-wheeled carriages, the fore-
wheels are made of a less size than the hind ones, both on ac-
count of turning short, and to avoid cutting the braces; other-
wise, the carriage would go much easier, if the fore-wheels were
as high as the hind ones, and the higher the better, because
they would sink to less depths in little hollowings in the roads,
and be the more easily drawn out of them. But carriers and
coachmen give another reason for making the fore-wheels much
lower than the hind-wheels; merely, that when they are so,
the hind-wheels help to push on the fore ones, which is too
unphilosophical and absurd to deserve to deserve a refutation ;
and yet, for their satisfaction, we shall shew, by experiment,
that it has no existence but in their own imaginations.

It is plain that the small wheels must turn as much oftener
round than the great ones, as their circumferences are less:
and, therefore, when the carriage is loaded equally heavy on
both axles, the fore-axle must sustain as much more {riction,
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and consequently wear out as much sooner, than the hind-axle,
as the fore-wheels are less than the hind ones.  But the great
misfortune is, that all the carriers, to a man, do obstinately per-
sist, against the clearest reason and demonstration, in putting
the heavier part of the load upon the fore-axle of the waggon ;
which not only makes the friction greatest where it ought to
be least, but also presses the fore-wheels deeper into the ground
than the hind-wheels, notwithstanding the fore-wheels, being
less than the hind ones, are with so much the greater difficulty
drawn out of a hole or over an obstacle, even supposing the
weights on their axles were equal. For the difficulty, with
equal weights, will be as the depth of the hole or height of the
obstacle 1s to the semidiameter of the wheel. Thus, if we sup-

“mase the small wheel D (Fig. 7) of the waggon 4 B to fall

into a hole: of the depth E F, wheh is equal to the semidia-
meter of the wheel, and the waggon to be drawn horizontally
along, it is evident, that the point % of the small wheel will be
drawn directly against the top of the hole; and, therefore, all
the power of horses and men will not be able to draw it out,
unless the ground gives way before it.  Whereas, if the hind-
wheel G falls into such a hole, it sinks not near so deep in pro-
portion to its semidiameter ; and, therefore, the point & of the
large wheel will not be drawn directly, but obliquely, against
the top of the hole ; and so will be easily got out of it. Add
to this, that as a small wheel will often sink to the bottom of a
hole, in which a great wheel will go but a very little way, the
small wheels ought in all reafon to be loaded with less weight
than the great ones ; and then the heavier part of the load wuuhl
be less jolted upward and downward, and the horses tired so
much the less, as their draught raised the load to less heights.
It is true, that when the waggon-road is much up hill, there
may be danger in loading the hind-part much heavier than the
fore-part ; for then the fore-part would overhang the hind-
axle, especially if the load be high, and endanger tilting up
the fore-wheels from the ground. In this case, the safest way
would be to load it equally heavy on both axles; and then, as
much more of the weight would be thrown upon the hind-axle
than upon the fore one, as the ground rises from a level below
the carriage. But as this seldom happens, and, when it does,
a small temporary weight laid upon the pole between the horses
wouid overbalance the danger ; and this weight might be thrown
into the waggon when it comes to level ground; it is strange,
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that an advantage so plain and obvious as would arise from
loading the hind-wheels heaviest, should not be laid hold of, by
complying with this method.,

To confirm these reasonings by experiment, let a small mo-
del of a wagegon be made, with its fore-wheels 2! inches in
diameter, and its hind-wheels 4 ; the whole model weighing
about 20 ounces. Let this little carriage be loaded anyhow
with weights, and have a small cord tied to each of its ends,
equally high from the ground it rests upon ; and let it be drawn
along a horizontal board, first by a weight in a scale hung to
the cord at the fore-part ; the cord going over a pulley at the
end of the board, to facilitate the draught, and the weight just
sufficient to draw it along. Then, turn the carriage, and hang
the scale and weight to ‘the hind cord, and it will be found to
move along with the same velocity as at first ; which shews,
that the power required to draw the carriage is the same,
whether the great or small wheels are foremost ; and therefore
the great wheels do not help in the least to push on the small
wheels in the road.

Hang the scale to the fore-cord, and place the fore-wheels
(which are the small ones) in two holes, cut three-eight parts
of an inch deep into the board; then put a weight of 32
ounces into the carriage, over the fore-axle, and an equal
weight over the hind one : this done, put 44 ounces into the
scale, which will be just sufficient to draw out the fore-wheels :
but if this weight be taken out of the scale, and one of 16
ounces put into its place, if the hind-wheels are placed in the
holes, the 16 ounce weight will draw them out; which is hittle
more than a third part of what was necessary to draw out the
fore-wheels. This shews, that the larger the wheels are, the
less power will draw the carriage, especially on rough ground.

Put 64 ounces over the axle of the hind-wheels, and 52 over
the axle of the fore ones, in the carriage, and place the fore-
wheels in the holes; then put 38 ounces into the seale, which
will just draw out the fore-wheels; and when the hind ones
come to the hole, they will find but very little resistance, be-
cause they sink but a little way into it.

But shift the weights in the carriage, by putting the 32 ounces
upon the hind-axle, and the 64 ounces upon the fore one, and
place the fore-wheels in the holes: then, if 76 ounces be put
into the scale, it will be found no more than sufficient to draw
out these wheels ; which is double the power required to draw
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them out, when the lighter part of the load was put upon
them; which is a plain demonstration of the absurdity of putting
the heaviest part of the load in the fore-part of the waggon.

Every one knows what an outery was made by the oe-
nerality, if not the whole body of the carriers, against the
broad-wheel act ; and how hard it was to persuade them to
comply with it, even though the government allowed them to
draw with more horses, and carry greater loads, than usual.
Their principal objection was, that as a broad wheel must touch
the ground in a great many more points than a narrow wheel,
the friction must of course be just so much the greater; and,
consequently, there must be so many more horses than usual
to draw the waggon. I believe that the majority of people
were of the same opinion, not considering, that if the whole
weight of the waggon and load in it bears upon a great many
points, each sustains a proportionably less degree of weight and
friction, than when it bears only upon a few points; so that
what is wanting in one 1s made up in the other : and therefore
will be just equal under equal degrees of weight, as may be
shewn by the following plain and easy experiment.

Let one end of a piece of packthread be fastened to a brick,
and the other end to a common scale for holding weights ;
then, having laid the brick edgewise on a table, and let the
scale hang under the edge of the table, put as much weight
into the scale as will just draw the brick along the table. Then
taking back the brick to its former place, lay it flat on the
table, and leave it to be acted upon by the same weight in the
scale as before, which will draw it along with the same ease as
when it lay upon its edge. In the former case, the brick may
be considered as a narrow wheel on the ground; and in the
latter as a broad wheel. And since the brick 1s drawn along
with equal ease whether its broad side or narrow edge touches
the table, it shews that a broad wheel might be drawn along
the ground with the same ease as a narrow one (supposing
them equally heavy), even though they should drag, and not
roll, as they go along.

As narrow wheels are always sinking into the ground, espe-
cially when the heaviest part of the load lies upon them, they
must be considered as going constantly up hill, even on level
ground ; and their sides must sustain a great deal of friction,
by rubbing against the ruts made by them. But both these
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inconveniences are avoided hj‘ broad wheels: which instead of
cutting and ploughing up the roads, roll them smooth, and
harden them, as experience testifies in places where they have
been used, especially either on wettish or sandy ground ;
though, after all, it must be confessed, that they will not do
in stiff' clayey cross roads ; because they would soon gather up
as much clay as would be almost equal to the weight of an or-
dinary load.

If the wheels were always to go upon smooth and level
ground, the best way would be to make the spokes perpendi-
cular to the naves, that is, to stand at right angles to the axles;
because they would then bear the weight of the load perpendi-
cularly, which is the strongest way for wood. But because the
ground is generally uneven, one wheel often falls into a cavity
or rut when the other does not; and then 1t bears much more
of the weight than the other does : in which case, concave or
dishing wheels are hest, because, when one falls into a rut, and
the other keeps upon high ground, the spokes become perpen-
dicular in the rut, and therefore have the greatest strength
when the obliquity of the load throws most of its weight upon
them ; while those on the high ground have less weight to bear,
and therefore need not be at their full strength : so that the
usual way of making the wheels concave i1s by much the best.

The axles of the wheels ought to be perfectly straight, that
the rim of the wheels may be parallel to each other ; for then
they will move easiest, because they will be at liberty to go on
straight forward. But in the usual way of practice, the axles
are bent downward at their ends, which brings the sides of
the wheels next the ground nearer to one another than their
opposite or higher sides are: and this not only makes the
wheels to drag sideways as they go along, and gives the load
as much greater power of crushing them than when they are
Imrallul to each other ; but also endangers the overturning of
the carriage when any wheel falls into a hole or rut; or when
the carriage goes in a road which has one side lower than the
other, as along the side of a hill. Thus (in the hind view of a
wageon or cart) let 4 E and B F be the great wheels parallel
to each other, on their straight axle X, and ff C I (I"ig. 8) the
carriage loaded with heavy goods from Cto G. Then, as
the carriage goes on in the oblique road A4 a B, the centre
of gravity of the whole machine and load will be at C;
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and the line of direction Cd D falling within the wheel
B F, the carriage will not overset. But if the wheels (Fig. 9)
be inclined to each other on the ground, as 4 £ and B F are,
and the machine be leaded as before, from C to G, the line of
direction € d I falls without the wheel B F, and the whole ma-
chine tumbles over. When it is loaded with heavy goods
(such as lead or iron) which lie low (Fig. 8), it may travel
safely upon an oblique road so long as the centre of gravity is
at C, and the line of direction C'd falls within the wheels; but
if it be loaded high with lighter goods (such as wool-packs)
from C' to L (Fig. 10), the centre of gravity is raised from (' to
K, which throws the line of direction K% without the lowest
edge of the wheel B F, and then the load oversets the waggon.

If there be some advantage from small fore-wheels, on ac-
count of the carriage turning more easily and short than it can
be made to do when they are large, there is at least as great a
disadvantage attending them, which is, that as their axle is be-
low the level of the horse’s breast, the horses not only have the
loaded carriage to draw along, but also part of its weight to
bear, which tires them sooner, and makes them grow much
stiffer in their hams, than they would do if they drew on a le-
vel with the fore-axle : and, for this reason, we find coach-
horses soon become unfit for riding. So that, on all accounts,
it is plain, that the fore-wheels of all carriages ought to be so
high as to have their axles even with the breast of the horses ;
which would not only give the horses a fair draught, but like-
wise keep them longer fit for drawing the carriage.’

We shall conclude this lecture with a deserip- Place 1v.
tion of Mr. Vauloues curious engine, which was Tig 1, 2.
made use of for driving the piles of Westminster bridge ; and
the reader may cast his eyes upon the first and second figures
of the plate, in which the same letters of reference are annex-
ed to the same parts, in order to explain those in the sccond,
which are either partly or wholly hid in the first.

4 1s the great upright shaft or axle, on which are The pite-
the great wheel B and drum C, turned by horses engine
Jomed to the bars §,8. The wheel B turns the trundle X,
on the top of whose axis is the fly 0, which serves to regulate

10 Mr. Edgeworth recommends the application of springs to heavy waggons, &e.
because they facilitate the draught, by permitting the load to rise gradually over an
ebstacle, without obstructing the velocity of the carriage.emEd. .




s OF THE PILE-ENGINE. LECT. IV.

the motion, and also to act against the horses, and keep them
from falling when the heavy ram Q is discharged to drive the
pile P down into the mud in the bottom of the river. The
drum C is loose upon the shaft A, but is locked to the wheel B
by the bolt ¥. On this drum the great rope H H is wound ;
one end of the rope being fixed to tlm drum, and the other to
the follower G, to which it is conveyed over the pulleys 7 and
K. In the follower & is contained the tongs F, (Fig. 3) that
take hold of the ram Q by the staple R for drawing it up. D
is a spiral or fusee fixed to the drum, on which is wound the
small rope 7' that goes over the puiluy U7, under the pulley ¥,
and is fastened to the top of the frame at 7. To the pulley
block V is hung the cuuntclpmse 17, which hinders the fol-
lower from acnelemtmcr as it goes down to take hold of the
ram ; for, as the fnllawur tends to acquire velocity in its de-
scent, the line 7" winds downward upon the fusee, on a larger
and larger radius, by which means the counterpoise TV acts
stronger and stronger against it; and so allows it to come down
with only a moderate and uniiorm velocity. The bolt 1" (Fig.
1 and 2) locks the drum to the great wheel, being pushed up-
ward by the small lever 2, which goes through a mortise in the
shaft 4, turns upon a pin in the bar 3 fixed to the great wheel
B, and has a weight 4, which always tends to push up the bolt
¥ through the wheel into the drum. L is the great lever turn-
ing on the axis m, and resting upon the forcing bar 5, 5, which
goes down through a hollow in the shaft 4, and bears up the
little lever 2.

By the horses going round, the great rope H is wound about
the drum C, and the ram Q is drawn up by the tongs ¥ in the
follower G, until the tongs come between the inclined planes E ;
which, by shutting the tongs at the top, opens it at the foot, and
discharges the ram, which falls down between the guides & & up-
on the pile P, and drives it by a few strokes as far into the mud
as it can go; after which, the top part is sawed off close to the
mud, by an engine for that purpose. Immediately after the
ram 1s discharged, the piece 6 upon the follower G takes hold
of the ropes @ a, which raise the end of the lever L, and ecause
its end N to descend and press down the forcing bar 5 upon
the little lever 2, which by pulling down the bolt ¥, unlocks
the drum € from the great wheel B; and then the follower,
being at liberty, comes down by its own weight to the ram ;
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and the lower ends of the tongs slip over the staple R, and the
weight of their heads causes them to fall outward, and shuts
upon it. Then the weight 4 pushes up the bolt ] into the
drum, which locks it to the great wheel, and so the ram is drawn
up as before. - .
As the follower comes down, it causes the drum to turn back-
ward, and Hl]“ltl{l‘i the rope from i, while the horses, great
wheel, trundle, and fly, go on with an uninterrupted motion ;
and as the drum is turning backward, the counterpoise W is
drawn up, and its rope 7' wound upon the spiral fusee D.

There are several holes in the under side of the drum, and
the bolt ¥~ always takes the first one that it finds when the
drum stops by the falling of the follower upon the ram; until
which stoppage, the bolt has not time to slip into any of the
holes.

This engine was placed up{m a barge on the water, and so
was easily conveyed to any place ﬂvsnred I never had the good
fortune to see 1t, but drew this fizure from a model which 1
made from a print of it, being not quite satisfied with the view
which the print gives. I have been told that the ram was a
ton weight, and that the guides & &, between which it was
drawn up and let fall down, were 30 feet high. I suppose the
great wheel may have had 100 cogs, and the trundle 10 staves
or rounds ; so that the fly would make 10 revolutions for one
of the great wheel."!

LECTURE V.
OF HYDROSTATICS, AND HYDEAULIC MACHINES,

The science of hydrostatics treats of the nature, gravity, pres-
sure, and motion of fluids in general, and of weighing solids in

them.!
A fluid is a body that yields to the least pressure Deginition of
or difference of pressures. Its particles are so small, a fluid.

' An account of Camus’s pile-engine, Bunce's and others, will be found in the
Edinburgh Encyclopedia, Art. Mechanics, vol. xiii, p. 615.—Ed.

' Hydrodynamics is the science which treats of the pressure, equilibrium, and mo.-
tion of fluids. It is divided into two branches, Hydrostatics and Hydranlics. Hy-
drostatics tyeats of the pressure and equilibrium of fluids; and Hydraulics treats of
the motion of fluids, and the machines in which they are chiefly concerned.—Ed.
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that they cannot be discerned by the best microscopes; they
are hard, since no fluid, except air or steam, can be pressed
into a less space than it naturally possesses;® and théy must be
round and smooth, seeing they are so easily moved among one
another.

All bodies, both fluid and solid, press downward by the force
of gravity: but Hluids have this wonderful property, that their
pressure upward and sidewise is equal to their pressure down-
ward ; and this is always in proportion to their perpendicular
height, without any regard to their quantity ; for as each par-
ticle is quite free to move, it will move toward that part or side
on which the pressure is least : and hence, no particle or quan-
tity of a fluid can be at rest, till it is every way equally pressed.

Plate IV To shew by experiment that fluids press upward

Fig. 4. as well as downward, let 4 B be along upright tube
i':::i:,ff: filled with water near to its top; and C D a small
wardasdown- tube open at both ends, and immersed into the water
wan, in the large one : if the immersion be quick, you will
see the water rise in the small tube to the same height that it
stands in the great one, or until the surfaces of the water in
both are on the same level; which shews that the water is
pressed upward into the small tube by the weight of what is in
the great one ; otherwise it could never rise therein, contrary
to its natural gravity, unless the diameter of the bore were so
small, that the attraction of the tube would raise the water;
which will never happen if the tube be as wide as that in a com-

? Tt is now found from many unquestionable experiments, made both in this coun-
try and on the continent, that most flulds are to a certain degree compressible. Mr.
Canton having placed a glass tube filled with water, beneath the receiver of an air-
pump, and removed the pressure of the atmosphere, found that the water expanded it-
sclf, and rose in the tube. When the same glass tube was placed under the receiver of a
condensing engine, and the air in the receiver greatly condensed, the water was com-
pressed, and sunk in the tube. VWhen other fluids were subjected to similar experi-
ments, he found them compressible in the following proportions :—Spirit of wine 66
millionth parts of the whole; oil of olives 48 millionth parts; rain water 46 ; sea
water 40 ; and mercury 3.—For a farther aecount of the experiments of this ingeni-
ous philosopher, see Phil. Trans. vols, Li & liv. Mr. Zimmerman also found, that
sea water was compressed .} th part of its bulk, when inclosed in the cavity of a
strong iron eylinder, and under the influence of a force equal to a column of sea wa-
ter a thousand feet high. More recently Mr. Perkins has found that water may be
compressed o1 th part of its bulk. See the Phil. Trans. 1820, p. 324, and the
Edinburgh Philosophical Journal, vol.iv, p. 175 and 438. The elasticity, and
consequently the compressibility, of fluids is also evident from the reflection of stones,

and even cannon balls, which strike the surface of stagnant water in an oblique direc-
t\jﬂnr—ji.d;
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mon barometer. And,as the water rises no higher in the small tube
than till its surface be on alevel with the surface of the water in
the great one, this shews that the pressure is not in proportion to
the quantity of water in the great tube, but in proportion to its
perpendicular height therein ; for there is much more water in the
tube all around the small one, than what is raised to the
same height in the small one, as it stands within the great.

Take out the small tube, and let the water run out of it ;
then it will be filled with air. Stop its upper end with the cork
C, and it will be full of air all below the cork : this done, plunge
it again to the bottom of the water in the great tube, and you
will see the water vise up in it only to the height E; which
shews that the air is a body, otherwise it could not hinder the
water from rising up to the same height as it did before, name-
ly, to 4 ; and in so doing, it drove the air out at the top; but
now the air is confined by the cork € : and it also shews that
the air is a compressible body, for if it were not so, a drop of
water could not enter into the tube.

The pressure of fluids being equal in all directions, it follows
that the sides of a vessel are as much pressed by a fluid in it,
all around in any given ring of points, as the fluid below that
ring is pressed by the weight of all that stands above it. Hence
the pressure upon every point in the sides, immediately above
the bottom, is equal to the pressure upon every point of the
bottom. To shew this by experiment, let a hole be made at
e (Fig. 5) in the side of the tube 4 B, close by the bottom,
and another hole of the same size in the bottom at C;
then pour water into the tube, keeping it full as long as
you choose the holes should run, and have two basons ready to
receive the water that runs through the two holes, until you
think there is enough in each bason; and you will find by
measuring the quantities, that they are equal, which shews that
the water runs with equal speed through both holes; which it
could not have done, if it had not been equally pressed through
them both. For, if a hole of the same size be made in the side
of the tube, as about £ and if all three are permitted to run
together, you will find that the quantity run through the hole
at_f1s much less than what was run in the same time through
either of the holes C or .

In the same figure, let a tube be turned up from the bottom
VOL. I. G
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at e into the shape D E, and the hole at C' be stopt with a
cork : then pour water into the tube to any height, as 4 g, and
it will spout up in a jet E F' G, nearly as high as it is kept in
the tube 4 B, by continuing to pour in as much there as runs
through the hole E ; which will be the case while the surface
A g keeps at the same height : and if a little ball of cork G be
laid upon the top of the jet, it will be supported thereby, and
dance upon it. 'The reason why the jet rises not quite so high
as the surface of the water 4 g, 18 owing to the resistance it
meets with in the open air ; for, if a tube, either great or small,
was screwed upon the pipe at F, the water would rise in it un-
til the surface of the water in both tubes were on the same level ;
as will be shewn by the next experiment.

The hydro- Any quantity of a fluid, however sn?a]J, may be
static para- made to balance and support any quantity, however

n great. This is deservedly termed the hydrostatical
paradox, which we shall first shew by an experiment, and then
account for it upon the principle above mentioned; namely,
that the pressure of fluids is directly as their perpendicular
height, without any regard to their quantity.

Let a small glass tube D € G (Fig. 6) open throughout, and
bent at B, be joined to the end of a great one 4 I at ¢d,
where the great one is also open; so that these tubes in their
openings may freely communicate with each other. Then pour
water through a small-necked funnel into the small tube at 7 ;
this water will run through the joining of the tubes at ¢ d, and
rise up into the great tube; and if you continue pouring until
the surface of the water comes to any part, as 4, in the great
tube, and then leave off, you will see that the surface of the
water in the small tube will be just as high at D ; so that the
perpendicular height of the water will be the same in both tubes,
however small the one be in proportion to the other® This
shews, that the small column D € G balances and supports the
great column A4 cd, which it could not do if their pressures

were not equal against one another in the recurved hottom at

B. 1If the small tube be made longer, and inclined in the si.
tunation G E F, the surface of the water in it will stand at F,
on the same level with the surface 4 in the great tube ; that is,

# This is true ouly when the bore of the smallertube D €' G is sufficiendy large.
For if this tube be of the capillary kind, the attraction of cohesion will raise the water
in it to a much greater height than the column of water in the large tube 4 .—Ed.
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the water will have the same perpendicular height in both tubes,
although the column in the small tube is longer than that in the
great one ; the former being oblique, and the latter perpendi-
cular.

Since, then, the pressure of fluids is directly as their perpen-
dicular heights, without any regard to their quantities, it ap-

that whatever the figure or size of vessels be, if they
are of equal heights, and if the areas of their bottoms are equal,
the pressures of equal heights of water are equal upon the hot-
toms of these vessels, even though the one should hold a thou-
sand, or ten thousand, times as much water as would fill the
other. To confirm this part of the hydrostatical paradox by an
experiment, let two vessels be prepared of equal heights, but
very unequal contents, suchas 4 B in Fig. 7, and 4 B in Fig. 8.
Let each vessel be open at both ends, and their bottoms D d,
D d, be of equal widths, Let a brass bottom C C' be exactly
fitted to each vessel, not to go into it, but for it to stand upon ;
and let a piece of wet leather be put between each vessel and its
brass bottom, for the sake of closeness. Join each bottom to its
vessel by a hinge D), so that it may open like the lid of a box ;
and let each bottom be kept up to its vessel by equal weights
E and E, hung to hines which go over the pulleys #" and F
(whose blocks are fixed to the sides of the vessels at f), and the
lines tied to hooks at d and d, fixed in the brass bottoms oppo-
site to the hinges D and ). Things bemg thus prepared and
fitted, hold the vessel 4 B (Fig. 8) upright in your hands over
a bason on a table, and cause water to be poured into the vessel
slowly, till the pressure of the water bears down its bottom at
the side d, and raises the weight E ; and then part of the water
will run out at d. Mark the height at which the surface H of
the water stood in the vessel, when the bottom began to give
way at d ; and then, holding up the other vessel 4 B (Fig. 7)
in the same manner, cause water to be poured into it at A ;
and you will sce that when the water rises to 4 in this vessel,
Just as high as it did in the former, its bottom will also give way
at d, and it will lose part of the water.

The natural reason of this surprising phenomenon 1s, that
since all parts of a fluid at equal depths below the surface are
equally pressed in all mannef of directions, the water imme-
diately below the fixed part B f (Fig. 7) will be pressed as
much upward against its lower surface within the vessel, by the
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action of the column 4 g, as it would be by a column of the
same height, and of any diameter whatever (as was evident
by the experiment of the tube, IMig. 3) ; and therefore, since
action and re-action are equal and contrary to each other, the
water immediately below the surface B # will be pressed as
much downward by it, as if 1t was immediately touched and
pressed by a column of the height g0 4, and of the diameter
B} f: and therefore, the water in the cavity B D df will
be pressed as much downward upon its bottom C C as the
bottom of the other vessel (Fig. 8) is pressed by all the water
above 1t.

To illustrate this a little farther, let a hole be made at f
(Fig. 7) in the fixed top B f; and let a tube & be put into it ;
then, if water be poured into the tube A, it will (after filling
the cavity B d) rise up into the tube G, until it comes to a
level with that in the tube A4, which is manifestly owing to the
pressure of the water in the tube 4, upon that in the cavity of
the vessel below it. Consequently, that part of the top B jf,
in which the hole is now made, would, if corked up, be pressed
upward with a force equal to the weight of all the water which
1s supported in the tube G ; and the same thing.would hold at
&> if a hole were made there. And so if the whole cover or
‘top B f were full of holes, and had tubes as high as the middle
one 4 g put into them, the water in each tube would rise to
the same height as it is kept into the tube 4, by pouring more
into it, to make up the deficiency that it sustains by supplying
the others, until they are all full ; and then the water in the tube
A would support equal heights of water in all the rest of the
tubes. Or, if all the tubes except 4, or any other one, were
taken away, and a large tube equal in diameter to the whole
top B f were placed upon it, and cemented to it, and then if
water were poured into the tube that was left in either of the
holes, it would ascend through all the rest of the holes, un-
til it filled the large tube, to the same height that it stands in
the small one, after a sufficient quantity had been poured into
it ; which shews, that the top B f was pressed upward by the
water under it, and before any hole was made in it, with a
force equal to that wherewith it is now pressed downward
by the weight of all the water above it in the great tube.
- And therefore, the re-action of the fixed top B f must be
as great, in pressing the water downward upon the bottom
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C C, as the whole pressure of the water in the great tube
would have been, if the top had been taken away, and the
water in that tube left to press directly upon the water in the
cﬂ.\*itj' nD d.}‘:

Perhaps the best machine in the world for demon- -y, jygro.
strating the upward pressure of fluids, is the hydro- staticbellows,
static bellows 4 (Fig. 9); which consists of two thick oval
boards, each about 16 inches broad, and 18 inches long, co.
vered with leather, to open and shut like a common bellows,
but without valves ; only a pipe B, about three feet high, is
fixed into the bellows at e. Let some water be poured into
the pipe at C, which will run into the bellows, and separate the
hoards a little. Then la;}* three m:ighl,s, b, ¢, d, each “‘uighing
100 pounds, upon the upper board, and pour more water nto
the pipe B, which will run into the bellows, and raise up the
board with all the weights upon it; and if the pipe be kept
full, until the weights are raised as high as the leather which
covers the bellows will allow them, the water will remain in the
pipe, and support all the weights, even though it should weigh
no more than a quarter of a pound, and they 300 pounds : nor
will all their force be able to cause them to descend and forece
the water out at the top of the pipe.

"T'he reason of this will be made evident, by considering what
has been already said of the result of the pressure of fluids of
equal heights without any regard to the quantities. For, if
a hole be made in the upper board, and a tube be put into it,
the water will rise in the tube to the same height that it does in
the pipe ; and would rise as high (by supplying the pipe) in as
many tubes as the board would contain holes. Now, suppose
only one hole to be wade in any part of the board, of an equal
diameter with the bore of the pipe B, and that the pipe holds
Just a quarter of a pound of water, if a person claps his finger
- upon the hole, and the pipe be filled with water, he will find
his finger to be pressed upward with a force equal to a quarter
of a pound. And as the same pressure is equal upon all equal
parts of the board, each part whose area is equal to the area
of the hole, will be pressed upward with a force equal to that
of a quarter of a pound : the sum of all which pressures against
the under side of an oval board 16 inches broad, and 18 inches
tong, will amount to 300 pounds ; and therefore so much weight
will be raised up and supported by a quarter of a pound of wa.
ter in the pipe.

L
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How aman  Hence, iff a man stands upon the upper board, and
:::{urﬁfp blows into th:e bellows through the pipe B, he will
ward by his Taise himself upward upon the board; and the
breath. smaller the bore of the pipe is, the easier he will be
able to raise himself. And then, by clapping his finger upon
the top of the pipe, he can support himself as long as he pleases,
provided the bellows be air-tight, so as not to lose what 1s blown
mnto it.
o , Upon this principle of the upward pressure of
ow solid ; : - C

lead may be fluids, a piece of lead may be made to swim in water,
made to swim by immersing it to a proper depth, and keeping the
in water. " s : .

water {rom getting above it. Let C D (Fig. 10) be
a glass tube, open throughout, and £ ' G a flat piece of lead,
exaetly fitted to the lower end of the tube, not to go within it
but for it to stand upon, with a wet leather between the lead and
the tube, to make close work. Let this leaden bottom be half
an inch thick, and held close to the tube by pulling the pack-
thread I H I. upward at L with one hand, while the tube is
lield in the other by the upper end €. 1In this situation, let
the tube be immersed in water in the glass vessel A4 B, to the
depth of six inches below the surface of the water at K, and
then, the leaden bottom E F G will be plunged to the depth
of somewhat more than eleven times its own thickness : hold-
iig the tube at that depth, you may let go the thread at L ;
and the lead will not fall from the tube, but will be kept to it
by the upward pressure of the water below it, occasioned by
the height of the water at & above the level of the lead. For
as lead is 11.33 times as heavy as its bulk of water, and is in
this experiment immersed to a depth somewhat more than 11.83
times its thickness, and no water getting into the tube between
it and the lead, the column of water F @ b ¢ G below the lead is
pressed upward against it by the water K D E G L all around
the tube ; which water being a little more than 11.83 times as
high as the lead is thick, is sufficient to balance and support
the lead at the depth & 2. If a little water be poured into the
tube upon the lead, it will increase the weight upon the column
of water under the lead, and cause the lead to fall from the
tube to the bottem of the glass vessel, where it will lie in the
situation & d. Or, if the tube be raised a little in the water,
the lead will fall by its own weight, which will then be too
great for the pressure of the water around the tube upon the
column of water below it.
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Let two pieces of wood be planed quite flat, so that How light
no water may get mn hetwe?n them when they are put :::E'i E‘E’E'ﬁ
together ; let one of the pieces, as bd, be cemented g bottom of
to the bottom of the vessel 4 B (Fig. 7), and the water.
other piece be laid flat and close upon ity and held down to it
by a stick, while water is poured into the vessel; then remove the
stick, and the upper piece of wood will not rise from the lower
one ; for, as the upper one is pressed down both by its own weight
and the weight of all the water over it, while the contrary pres-
sure of the water is kept off by the wood under it, it will lie as
still as a stone would do in its place. But if it be raised ever
so little at any edge, some water will then get under it, which
being acted upon by the water above, will immediately press it
upward,; and as it is lighter than its bulk of water, it will rise
and float upon the surface of the water.

All fluids weigh just as much in their own elements as they
do in open air. To prove this by experiment, let as much shot
be put into a phial, as, when corked, will make it sink in water 3
and, being thus charged, let it be weighed, first in air, and then
in water, and the weights in both cases written down. Then, as
the phial hangs suspended in water, and counterpoised, pull out
the cork, that water may run into it, and it will descend, and
pull down that end of the beam. This done, put as much
weight into the opposite scale as will restore the equipoise ;
which weight will be be found to answer exactly to the addi-
tional weight of the phial when it is again weighed in air, with
the water n it.

T]?e v&lﬂ-.city with which water spouts out at a wpye veppeiey
hole in the side or bottom of a vessel, is as the square of spouting
voot* of the depth or distance of the hole below the ™"
surface of the water. For, in order to make double the quan-
tity of a fluid run through one hole as through another of the
same size, it will require four times the pressure of the other, and
therefore must be four times the depth of the other below the
surface of the water ; and for the same reason, three times the
quantity running in an equal time through the same sort of
hf:le, must run with three times the veloeity, which will require
nine times the pressure ; and consequently must be nine times

' The square root of any number is that which being multiplied by itself produces
the said number. Thus, 2 is the squarc root of 4, and 3 is the square reot of 9 ;
for Z multiplied by 2 produces 4, and 3 multiplied by 3 produces 9. &«.

L4



88 oF HYDROSTATICS. LECT. Y.

as deep below the surface of the fluid ; and soon.  To prove this
bywan experiment, let two pipes, as C and g (Fig. 11), of equal-
sized bores, be fixed into the side of the vessel 4 B ; the pipe
& being four times as deep below the surface of the water at &
in the vessel as the pipe C'is: and while these pipes run, let
water be constantly poured into the vessel, to keep the surface
still at the same height, Then, if a cup that holds a pint be
so placed as to receive the water that spouts from the pipe C,
and at the same moment a cup that holds a quart be so placed as
to reccive the water that spouts from the pipe g, both cups will
be filled at the same time by their respective pipes.”

‘The horizan- 1 he horizontal distance to which a fluid will spout
tal distance to from g horizontal pipe, in any part of the side of an
which water : : REET

will spout  upright vessel below the surface of the fluid, is equal
from pipes.  to twice the length of a perpendicular to the side of
the vessel, drawn from the mouth of the pipe to a semicircle de-
seribed upon the altitude of the fluid : and therefore, the fluid
will spout to the greatest distance possible from a pipe, whose
mouth is at the centre of the semicircle ; because a perpendi-
cular to its diameter (supposed parallel to the side of the vessel)
drawn from that point, is the longest that can possibly be drawn
from any part of the diameter to the circumference of the semi-
circle.  Thus, if the vessel 4 B (Fig. 11) be full of water, the
horizontal pipe D be in the middie of its side, and the semi-
circle N'd ¢ & be described upon D as a centre, with the radius
or semidiameter D g N or D f b, the perpendicular D d to the
diameter N D b is the longest that can be drawn from any part
of the diameter to the circumference Ndc b,  And if the ves-
sel be kept full, the jet G will spout from the pipe D, to the
horizontal distance N M, which is double the length of the
perpendicular D d. If two other pipes, as €' and E, be fixed

* From a variety of accurate experiments on the motion of fluids, the following re-
sults have been deduced.

1. That the quantities of water expended, in equal times, by different orifices, at
the same height in the reservoir, are to one another, very nearly, as the areas of the
erifices, or the squares of their diameters.

2. That the quantities of water expended in equal times by the same orifice at dif-
ferent Leights in the reservoir are very nearly as the square roots of the corresponding
altitudes of the water in the rezervoir, above the centre of the similar orifices.

3. That, in general, the quantitics of water expended in equal times, by different
orifices, and at different heights in the reservoir, are to one another in the compound
ratio of the areas of the orifices, and the square roots of the heights in the reservoir.—Ed.

&
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into the side of the vessel at equal distances above and below
the pipe D, the perpendiculars C'¢ and £ ¢, from these pipes to
the semicircle, will be equal ; and the jets 7" and H spouting
from them will each go to the horizontal distance N & ; which
is double the length of either of the equal perpendiculars C ¢ or

Ee.
Fluids h\f their pressure mu,}r be conveyed over Wiw waics

hills and vaﬂevs in bended pipes, to any height not may be con.

G|
greater than the level of the spring from whence 1. 1"

they flow.” But when they are designed to be raised valleys.
higher than the springs, forcing engines must be used, which
shall be described when we come to treat of pumps.”

& Tt frequently happens, that in the winter scason a supply of water is cut off by
the congelation of the water in the pipes; and the tubes themselves are often burst
by the expansion that takes place during the freezing of the included water.—For
remedying these inconiveniences, Mr. Wright of Kennington recommends the appli-
cation of an air-valve, by means of which the conduit pipes may be kept empty,
when there is no occasion for a supply of water.—For a description of this valve,
and for farther information upon this useful subject, we must refer the reader to the
Philosophical Magasine for July 1804, No. 74, p. 147.—Ed,

7 In pipes employed for conveying water, their thickness should be in the com-
pound ratio of their diameters, and the perpendicular height of the water directly,
and as the strength of the materials inversely ; that is, if a be the perpendicular al-
titnde of the water in the pipe, d its diameter, and s the relative strength of the ma-

terials, ad win represent the thickness of the pipe. Now Roeemer (Mem. Adapt.
&

par P Aead. t. v, p. 116) found that a leaden pipe, 16 inches in diameter, and filled
with water to the height of 50 feet, should be 6} lines thick. Let it be required,
therefore, to find the thickness of an iron pipe for holding a column of water, 20 fiet
high and 10 inches in diameter. Then since in Roemer's standard experiment,
a = GO0 inches, d = 16 inches, and s = 1, the relative strength of lead,

ad g ;
—— M; and gince, in the present ﬂxamp[c-, a = 240 iﬂ::]tﬁs? a4 = 10

] 1
i,m:hu,_aml g = 79, the relative strength of iron, ﬂ:{ A0 'F:: 10 ' But the
pipe employed by Roemer required a thickness of 61 lines.  Therefore, as
EH"ID'}I:IH_E 240 X 10 1
i = e
1 79 50
quired. When the conduit pipes are horizontal, and made of lead, their thickness,
according to Bossuet, should beveveveeueereriennernnnnenn. 24, 3, 4, 3, 6, 7, 8, lines,
when their diameters are..... voooveesrssnreisesiesinens Iy 130 2, 3, 43, 6, 7, inches ;
and when these pipes are made of iron, their thickness
$\hﬂllld hE L LT R TR TR FAE S BEmE tEE g E NN GEE R EE | 3 1.. _11 r, ?, 1';1 i“lLb.
when their diameters are,.....ouseveoreeineeinnssiensnne 1y 24 4y 6, 8 10, 12, inches.
It is curious, and well deserving thl.‘: atlention of plumhm, that the tenacity of lead
is increased five times by adding 1 part of zinc to # of lead.— £d,

of a line, the thickness of an iron pipe re-
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A syphon, generally used for decanting liquors, is
a bended pipe, whose legs are of unequal lengths ;
and the shortest leg must always be put into the liquor in-
tended to be decanted, that the perpendicular altitude of the
column of liquor in the other leg may be longer than the co-
lumn in the immersed leg, especially above the surface of the
water ; for, if both columns were equally high in that respect,
the atmosphere, which presses as much upward as downward,
and therefore acts as much upward 1_;;:11:15[ the column in the
leg that hangs without the vessel, as it acts downward upon the
siirface of the liquor in the vessel, would hinder the running of’
the liquor through the syphon, even though it were brought
over the bended part by suction : so that there is nothing left
to cause the motion of the liquor, but the superior weight of
the column in the longer leg, on account of its having the
greater perpendicular height.

Let D (Fig. 12) be a cup filled w;th waterto C, and A B C a
syphon, whose shorter leg B C F is immersed in the water from
C to F. 1If the end of the other leg were no lower than the line
A €, which is level with the surface of the water, the syphon
would not run, even though the air should be drawn out of it at
the mouth 4. TFor although the suction would draw some water
at first, yet the water would stop at the moment the suction
ceased ; because the air would act as much upward against the
water at A, as it acted downward for it by pressing on the sur-
face at C. But if the leg 4 B comes down to G, and the air
be drawn out at G by suction, the water will immediately fol-
low, and continue to run, until the surface of the water in the
cup comes down to /' ; because, till then, the perpendicular
height of the column B 4 G will be greater than that of the
column C' B ; and, consequently, its weight will be greater, un-
til the surface comes down to F'; and then the syphon will
stop, though the leg €' F should reach to the bottom of the
cup. For which reason, the leg that hangs without the cup is
always made long enough to reach below the level of its bottom,
as from d to E ; and then, when the syphon is emptied of air
by suction at E, the water immediately follows, and by its con-
1'1iuuil;y brings away the whole from the cup; just as pulling
one end of a thread will make the whole clue follow.

If the perpendicular height of a syphon, from the surface of
the water to its bended top at B, be more than 33 feet, it will

The syphon.

@
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draw no water, even though the other leg were much longer,
and the syphon quite emptied of air; because the weight of a
column of water 33 feet high, is equal to the weight of as thick
a column of air, reaching from the surface of the earth to the
top of the atmosphere; so that there will then be an equili-
brium, and, consequently, though there would be weight enough
of air upon the surface C' to make the water ascend in the leg
C B almost to the height B, if the syphon were emptied of air,
yet that weight would not be sufficient to force the water over
the bend ; and, therefore, it could never be brought over into
the leg B A G.*

Let a hole be made quite through the bottom of ‘rupeatus's
the cup 4 (Fig. 13), and the longer leg of the bend- cup-
ed syphon D E B G be cemented into the hole, so that the end
D of the shorter leg D E may almost touch the bottom of the
cup within.

Then, if water be poured into this cup, it will rise in the
shorter leg by its upward pressure, driving out the air all the
way before it through the longér leg : and when the cup is
filled above the bend of the syphon at ', the pressure of the
water in the cup will force it over the bend of the syphon; and
it will descend in the longer leg C'B G, and run through the
bottom, until the cup be emptied.

This is generally called 7'antalus’s cup, and the legs of the
syphon in it are almost close together ; and a hittle hollow sta-
tue, or figure of a man, is sometimes put over the syphon to
conceal it ; the bend E being within the neck of the figure as
high as the chin. So that poor thirsty Tantalus stands up to
the chin in water, imagining it will rise a little higher, and he
may drink; but instead of that, when the water comes up to
his chin, it immediately begins to descend, and so, as he can-
not stoop to follow it, he is left as much pained with thirst as
ever.

The device called the fountain at command, acts .y, oo niain
upon the same principle with the syphon in the cup. at conmand.
Let two vessels 4 and B be joined together by the liljm V.

. : : ig. 1.
pipe C which opens into them both. Let 4 be open
at top, B close both at top and bottom, save only a small hole

® An improvement on the syphon, by James Hunter, Fsq. of Thurston, will he
found described in the Edinburgh Philosophical Journal, vol. i, p. 204,
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at & to let the air get out of the vessel B, and 4 be of such a
size as to hold about six times as much water as B. Leta
syphon ) E F' be soldered to the vessel B at ¢, so that the part
D E ¢ may be within the vessel, and ! without it ; the end D
almost touching the bottom of the vessel, and the end F be-
low the level of D ; the vessel B hanging to A by the pipe C
(soldered into both), and the whole supported by the pillars
G and H upon the stand 1. The bore of the pipe must be
considerably less than the bore of the syphon.

The whole being thus constructed, let the vessel 4 be filled
with water, which will run through the pipe C, and fill the ves-
sel B. When B is filled above the top of the sypon at E, the
water will run through the syphon, and be discharged at F.
But as the bore of the syphon is larger than the bore of the
pipe, the syphon will run faster than the pipe, and will soon
empty the vessel B; upon which the water will cease from
running through the syphon at F', unti. the pipe €' refills the
vessel B, and then it will begin to run as before. And thus
the syphon will continue to run and stop alternately until all
the water in the vessel 4 has run through the pipe €. So that
after a few trials, one may easily guess about what time the
syphon will stop, and when it will begin to run; and then, to
amuse others, he may call out stop, or run, accordingly.
e Upon this principle, we may easily account for
springs. inlermitting, or reciprocating springs.  Let 4 4 be

i part of a hill, within which there is a cavity B B ;
and from this cavity a vein or channel running in the direction
BC D E. The rain that falls upon the side of the hill will
sink and strain through the small pores and crannies G, G, G, G,
and fill the cavity with water K. When the water rises to the
level H H (', the vein BC D Ewill be filled to C, and the
water will run through CD F as through a syphon; which
running will continue until the cavity be emptied, and then it
will stop until the cavity be filled again.

The common 'The common pump® (improperly called the suck-
pump. ing pump ) with which we draw water out of wells,
is an engine both pneumatic and hydraulic. It consists of a
pipe open at both ends, in which 1s a moveable piston or bucket,
as big as the bore of the pipe in that part wherein it works ;

® The pump was invented about 120 years before Christ, by Ctestbius, a mathe-
matician in Alexandria.—Fd. '
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and is leathered round, so as to fit the bore exactly ; and may
be moved up and down, without suffering any air to come be-
tween it and the pipe or pump barrel.

We shall explain the construction both of this and the forcing
pump by pictures of glass models, in which both the action of
the pistons and motion of the valves are seen.’

Hold the model D C B L (Fig. 8) upright in the vessel of
water K, the water being deep enough to 1ise at least as high as
from 4 to L. The valve @ on the moveable bucket G and the
valve b on the fixed box H (which box quite fills the bore of
the pipe or barrel at H ) will each lie close by its own weight,
upon the hole in the bucket and box, until the engine begins to
work. The valves are made of brass, and lined underneath
with leather for covering the holes the more closely ; and the
bucket G is raised and depressed alternately by the handle E
and rod D d, the bucket being supposed at B before the work-
ing begins.

Take hold of the handle E, and thereby draw up the bucket
from B to C, which will make room for the air in the pump all
the way below the bucket to dilate itself, by which its spring is
weakened, and then its force is not equivalent to'the weight or
pressure of the outward air upon the water in the vessel & ;
and therefore, at the first stroke, the outward air will press up
the water through the notched foot 4, into the lower pipe, about
as far as ¢ : this will condense the rarified air in the pipe be-
tween ¢ and C to the same state it was in before; and then, as
its spring within the pipe is equal to the force or pressure of
the outward air, the water will rise no higher by the first

! There are three kinds of valves, the elack valve, the butterfly valve, and the
button or tail valve. The clack valve, which is represented by b in Figures 3 and
4, consists merely of a circular piece of leather covering the aperture of the pipe,
aml meving on a hinge sometimes made of metal. The butterfly valve, which is
superior to the former, consists of two semicircular pieces of leather, moving round
their dismeters, which are fixed on a bar, placed across the opening in the piston.
The button valve is composed of a plate of brass, with a conical edge, ground in
such a manner as to fit the conical cavity in which it lies. A cylindrical tail rises
at right angles from its under side, and passes through a bar which lies across the
bottom of the box. A little knob is placed at the under part of the tail, to prevent
the valve from rising too high. Sometimes valves are made in the form of pyramids.
They consist of four triangular flaps, which represent the sides of the pyramid, and
move upon hingﬂ fixed on the circumference of the npming. Their vertices meet
in the middle of the opening, znd are supported by four bars which meet in the
centre.—FEd,
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stroke ; and the valve &, which was raised a little by the dila-
tation of the air in the pipe, will fall, and stop the hole in the
box H ; and the surface of the water will stand at e&. Then,
depress the piston or bucket from C to B, and as the air in the
part B cannot get back again through the valve b, it will (as
the bucket descends), raise the valve a, and so make its way
through the upper part of the barrel d into the open air.
But upon raising the bucket G a second time, the air between
it and the water in the lower pipe at @ will be again left at li-
berty to fill a larger space ; and so its spring being again
weakened, the pressure of the outward air on the water in the
vessel K will force more water up into the lower pipe from e to

f; and when the bucket is at its greatest height €, the lower

valve & will fall, and stop the hole in the box H as before. At
the next stroke of the bucket or piston, the water will rise
through the box H toward B, and then the valve 4, which
was raised by it, will fall when the bucket G is at its greatest
height. Upon depressing the bucket again, the water cannot
be pushed back through the valve #, which keeps close upon
the hole while the piston descends. And, upon raising the
piston again, the outward pressure of the air will force the
water up through H, where it will raise the valve, and follow
the bucket to C.  Upon the next depression of the bucket G,
it will go down into the water in the barrel B ; and as the wa-
ter cannot be driven back through the new closed valve &, it
will raise the valve a as the bucket descends, and will be lifted
up by the bucket when it is next raised. And now, the whole
space below the bucket being full, the water above it cannot
sink when it is next depressed ; but, upon its depression, the
valve a will rise to let the bucket go down; and when it is
quite down, the valve a will fall by its weight, and stop the
hole in the bucket. When the bucket is next raised, all the
water above it will be lifted up, and begin to run off by the
pipe F. And thus, by raising and depressing the bucket al-
ternately, there is still more water raised by it ; which getting
above the pipe F, into the wide top I, will supply the pipe,
and make it run with a continued stream.

So at every time the bucket is raised, the valve & rises, and
the valve a falls; and at every time the bucket is depressed,
the valve & falls, and a rises.

As it 1s the pressure of the air or atmosphere which causes
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the water to rise and follow the piston or bucket G as it is
drawn up ; and since a column of water 33 feet high is of
equal weight with as thick a column of the atmosphere, from
the earth to the very top of the air; therefore, the perpendi-
cular height of the piston or bucket from the surface of the
water in the well must always be less than 83 feet ; otherwise
the water will never get above the bucket. But, when the
height is less, the pressure of the atmosphere will be greater
than the weight of the water in the pump, and will therefore
raise it above the bucket ; and when the water has once got
above the bucket, it may be lifted thereby to any height, if
the rod D be made long enough, and a sufficient degree of
strength be employed, to raise it with the weight of the water
above the bucket.

The force required to work a pump will be as the height to
which the water is raised, and as the square of the diameter of
the pump-bore, in that part where the piston works. So that,
if two pumps be of equal heights, and one of them be twice as
wide in the bore as the other, the widest will raise four times
as much water as the narrowest; and wiil therefore require
four times as much strength to work it.

The wideness or narrowness of the pump, in any other part
beside that in which the piston works, does not make the
pump either more or less difficult to work, except what differ-
ence may arise from the friction of the water in the bore;
which is always greater in a narrow bore than in a wide one,
because of the greater velocity of the water.

The pump-rod is never raised directly by such a handle as
E at the top, but by means of a lever, whose longer arm (at
the end of which the power is applied) generally exceeds the
length of the shorter arm five or six times; and, by that
means, it gives five or six times as much advantage to the
power.” Upon these principles, it will be easy to find the di-

* When it is necessary that more than one man should be employed, wmuch power
would be gained by fixing a handle at right angles to the lever, and at the extremity
of its longer arm. Supposing three men to work at a lever, whose longer arm is 6
fect, and the shorter arm 1 foot, the outermost will work with a force which may
be called 6 ; the second, who must be nearer the centre of motion, with a force not
much greater than 5 ; and the third with a force nearly equal to 4 ; so that their
united exertions will be equal to 15 ; whereas, by adopting the method proposed,

each workman would exert a force equal to G, and their united efforts would amount

to 18.  This cross handle might be so made as to take ¢ff and put onat pleasure.—
Ed,
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mensions of a pump that shall work with a given force, and
draw water {from any given depth. But, as these calculations
have been generally neglected by pump-makers (either for
want of skill or industry), the following table was calculated
by the late ingenious Mr. Booth for their benefit.? In this
calculation, he supposed the handle of the pump to be a lever
ncreasing the power five times; and had often found, that a
man can work a pump four mnches diameter, and 30 feet high,
and discharge 27} gallons of water (English wine measure) in
a minute. Now, if it be required to find the diameter of a
pump, that shall raise water with the same ease from any other
height above the surface of the well ; look for that height in
the first column, and over against it in the second you have
the diameter or width of the pump ; and, in the third, you
find the quantity of water which a man of ordinary strength
can discharge in a minute.

Height of the |y Bl 2 ﬂ
pump above | P CEECE 0 acket|  minate, Tiogish wi
of the well. works. MEAsu e,

Feet, Inches. 100 parts. Gallons.  Pints.
10 6 .93 81 . b
15 5 .66 54 4
20 4 .90 40 T
25 4 .38 32 6
50 4 .00 2 9
35 3 0 23 3
40 3 .46 20 3
45 3 .27 18 1
50 g .10 16 3
55 2 95 14 T
60 2 .84 13 5
65 9 12 4
70 2 .62 11 o
"5 e 53 10 T
50 2 .45 10 2
85 .2 .88 9 5
G0 S | 9 1
95 2. .25 8 5
100 2 .19 3 1

7 I have taken the liberty to make a few alterations in  Mr. Booth’s numbers in
the table, and to lengthen it out from 80 feet to 100.
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The forcing pump raises water through the boxX e furcing.
H (Fig. 4), in the same manner as the common pemp:
pump does, when the plunger or piston g is lifted up by the rod
D d. But this plunger has no hole through it, to let the water
in the barrel B € get above it, when it is depressed to R, and
the valve & (which arose by the ascent of the water through
the box A when the plunger & was drawn up) falls down and
stops the hole in i, the moment that the plunger is raised
to its greatest height. Therefore, as the water between the
plunger g and box H ean neither get through the plunger up-
on its descent, nor back again into the lower part of the pump
L e, but has a free passage by the cavity around # into the
pipe M M, which opens into the air-vessel K K at P; the
water is forced through the pipe M M by the descent of the
plunger, and driven into the air-vessel; and in running up
through the pipe at P, it opens the valve @ ; which shuts at
the moment the plunger begins to be raised, because the action
of the water against the under side of the valve then ceases.

The water being thus forced into the air-vessel ' & by re-
peated strokes of the plunger, gets above the lower end of the
pipe G H I, and then begins to condense the air in the vessel
K K. For, as the pipe G H is fixed air-tight into the vessel
below 77, and the air has no way to get out of the vessel but
through the mouth of the pipe at I, and cannot get'out when
the mouth I is covered with water, and is more and more con-
densed as the water rises upon the pipe, the air then begins to
act forcibly by its spring against the surface of the water at I :
and this action drives the water up through the pipe I H G F,
from whence it spouts in a jet § to a great height; and is sup-
plied by alternately raising and depressing of the plunger g
which constantly forces the water that it raises through the
valve H, along the pipe M M, into the air-vessel K K.

The higher that the surface of the water H is raised in the
air-vessel, the less space will the air be condensed into, which
before filled that vessel ; and therefore the foree of its spring
will be so much the stronger upon the water, and will drive it
with the greater force through the pipe at F': and as the
spring of the air continues while the plunger g is nising, the
stream or jet § will be uniform, as long as the action of the
plunger continues: and, when the valve & opens, to let the

VOL. L H
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water follow the plunger upward, the valve @ shuts, to hinder
the water, which is foreed into the air-vessel, from running back
by the pipe M M ifito the barrel of the pump.

If there was no air-vessel to this engine, the pipe G H I
would be joined to the pipe M M N at P; and then, the jet §
would stop every time the plunger is raised, and run only when
the plunger is depressed.

Mr. Newsham's water-engine, for extinguishing fire, consists
of two forcing pumps, which alternately drive water into a close
vessel of air, and, by forcing the water into that vessel, the air
m it is thereby condensed, and compresses the water so strong-
ly, that it rushes out with great impetuosity and force through
a pipe that comes down into it, and makes a continued uniform
stream by the condensation of the air upon its surface in the
vessel.

By means of forcing-pumps, water may be raised to any
height above the level of a river or spring ; and machines may
be contrived to work these pumps, either by a running strearn,
a fall of water; or by horses. An instance in each sort will be
sufficient to shew the method.

Plate V. First, by a running stream, or a fall of water.

Fig:5. Lot A'dA be a wheel, turned by the fall of water
B B; and have any number of cranks (suppose six) as C, D,
E, F, G, H, on its axis, according to the strength of the fall of
water, and the height to which the water is intended to be
raised by the engine. As the wheel turns round, these cranks
A pump en. THOVE the levers, ¢, d, e, f; g, h, up and down by the
gine togo  jron rods i, k, I, m, », 0; which alternately raise and
sl depress the pisteris by the other iron reds p, g, r, 8,4,
u, 10, @, 77, In twelve pumps ; nine whereof, as L, M, N, 0, P, Q,
R, §, T, appear in the Pla.te, the other three being hid behind
the work at ¥. And as pipes may go from all these pumps to
convey the water drawn up by them to a small height, into a
close cistern, from which the main pipe goes off, the water will be
forced into this cistern by the descent of the pistons. And as
each pipe, going from its respeetive pump into the cistern, has

* A caridus machine for extinguishing fire was invented by one Greyl, in which &
veshel full of water is dispersed in every divection, by the éxplogion of a quantity of
gun-powder placed in its centre, and kindled by a match fitted for the purpose. Mr.

Godfrey’s idea of a water-bomb, for the same purjiose, seers to be derived from the
above maching, e Ed.
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a valve at its end in the cistern, these valves will hinder the
return of the water by the pipes; and, therefore, when the cis-
tern is once full, ‘each piston upon its descent will force the
water (conveved into the cistern by a former stroke) up the
main pipe, to the height the engine was intended to raise it:
which height depends upon the quantity raised, and the power
that turns the wheel. When the power upon the wheel 1s less-
ened by any defect of the quantity of water turning it, a pro-
portionable number of the pumps may be set aside, by disen-
‘gaging their rods from the vibrating levers.

This figure is a representation of the engine erected at Blen-
heim for the duke of Marlborough, by the late ingenious Mr.
Aldersea. The water-wheel s 7} feet in diameter, according
to My, Switzer’s account in his Hydraulies.

When such a machine is placed in a stream that runs upoen
a small declivity, the motion of the levers and action of the
pumps will be but slow, since the wheel must go onee round
for each stroke of the pumps. But, when there is a large body
of slow runnimg water, a cog or spur-wheel may be placed upon
aachi side of the water.wheel 4 A, upon its axis, to turn a trun.
dle upon each side ; the cranks being upon the axis of the trun-
dle. And, by proportioning the cog-wheels to the trundles, the
motion of the pumps may be made quicker, according to the
quantity and strength of the water upon the first wheel, which
may be as great as the workman pleases, according to the length
and breadth of the float-boards or wings of the wheel. In this
manner, the engine for raising water at London-bridge is con-
structed ; in which the water-wheel 1s 20 feet diameter, and the
floats 14 feet long.

Where a stream or fall of water cannot be had, , ST
and gentlemen want to have water raised, and brought give to go by
to their houses from a rivulet or spring, this may be ot e
effected by a horse-engine working three foreing pumps which
stand in areservoir filled by the spring or rivulet; the pistons
being moved up and down in the pumps by means of a triple
crank 4 B C (Fig. 6), which, as it is turned round by the trun-
dle G, raises and depresses the rods D, E, F. The trundle
may be turned by such a wheel as F,in Fig. 5 of Plate IV,
having levers g, %, g, y, on its upright axle, to which horses
may be joined for working the engine. And, if the wheel has
three times as many cogs as the trundle has staves or- rounds,
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the trundle and cranks will make three revolutions for every one
of the wheel ; and, as each crank will fetch a stroke in the time
it goes round, the three cranks will make nine strokes for every
turn of the great wheel.

The cranks should be made of cast iron, because that will not
bend ; and they should each make an angle of 120 with both of
the others, as at a, b, ¢ (Fig. 8), which is (as it were) a view of
their radin, in looking endwise at the axis; and then there will
be always one or other of them going downward, which will push
the water forward with a continued stream into the main pipe.
For, when bis almost at its lowest position, and is, therefore,
Just beginning to lose its action upon the piston which 1t moves,
¢ 1s beginning to move downward, which will, by its piston, con-
tinue the propelling force u pon the water; and, when ¢ 1s come
down to the position of &, @ will be in the position of e.

"T'he more perpendicularly the piston rods move up and down
in the pumps, the freer and better will their strokes be : but a
httle deviation from the perpendicular will not be matenal.
Therefore, when the pump-rods D, E, and F' (Fig. 6), go down
into a deep well, they may be moved directly by the cranks, as
is done in a very good horse engine of this sort at the late Sir
James Creed’s at Greenwich, which forces up water about G4 feet
from a well under ground, to a reservoir on the top of his house.
But when the eranks are only at a small height above the pumps,
the pistons must be moved by vibrating levers, as in the above
engine at Blenheim ; and the longer the levers are, the nearer
will the strokes be to a perpendicular.

The quantity L€t us suppose, that in such an engine as Sir
:l‘;‘l‘:ﬁ_:'l‘::l James Creed’s, the great wheel is 12 feet diameter,
by ahorse  the trundle 4 feet, and the radius or length of each
engine. crank 9 inches, working a piston in its pump. Let
there be three pumps in all, and the bore of each pump be four
mches diameter. Then, if the great wheel has three times as
many cogs as the trundle has staves, the trundle and cranks
will go three times round for each revolution of the horses and
“wheel, and the three cranks will make nine strokes of the
pumps in that time, each stroke being 18 inches (or double
the length of the ecrank) in a four-inch bore. Let the dia-
meter of the horse-walk be 18 feet,” and the perpendicular

* I'he diameter of the horse-walk shonld never be less than forty feet, when the
nature of the place will permit ; for when it is euly 18 feet, the horse will pull with
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height to which the water 15 raised above the surface of the
well be 64 feet.

If the horses go at the rate of two miles an hour (which is
very moderate walking), they will turn the great wheel 187
times round in an hour.

In each turn of the wheel the pistons make 9 strokes in the
pumps, which amount to 1683 in an hour.

Each stroke raises a column of water 18 inches long, and
four inches thick, in the pump barrels; which column, upon
the descent of the piston, is forced into the main pipe, whose
perpendicular altitude above the surface of the well is 64 feet.

Now, since a column of water 18 inches long and 4 inches
thick, contains 226.18 cubic inches, this number multiplied by
1683 (the strokes in an hour), gives 380,661 for the number of
cubic inches of water raised in an hour.

A gallon, in wine measure, contains 231 cubic inches, by
which divide 380,661, and it quotes 1468 in round numbers, for
the number of gallons raised in an hour; which, divided by 63,
gives 26} hogsheads. If the horses go faster, the quantity raised
will be so much the greater.

In this caleulation it is supposed that no water is wasted by
the engine. But as no forcing engine can be supposed to lose
less than a fifth part of the caleulated quantity of water, between
the pistons and barrels, and by the opening and shutting of the
valves, the horses ought to walk almost 2} miles per hour, to
fetch up this loss.

A column of water 4 inches thick, and 64 feet high, weighs
349,% pounds avoirdupois, or 424,% pounds troy; and this
weight, together with the friction of the engine, is the resistance
that must be overcome by the strength of the horses.

The horse-tackle should be so contrived, that the horses may
rather push on, than drag the levers after them. For if they
draw, in going round the walk, the outside leather straps will
rub against their sides and hams, which will hinder them from
drawing at right angles to the levers, and so make them pull
at a disadvantage. But if they push the levers before their

scarcely ome half of his strength. A considerable portion of the animal’s foree is
wasted in continually bending itself into the circular path; and the power thus lost,
evidently decreases with the length of the Jever. The most advantageous direction,
too, in which any animal can exert its strength, is at right angles to the lever which
it moves, or in the tangent to its cireular walk ; and it is sufficiently obvious, that as
you lengthen the lever, or the radius of the Lorse’s orbit, the line of traction ap-
proaches nearer and uearer the tangent.
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breasts, instead of dragging them, they can always walk at right
angles to these levers.’

Itis nowise material what the diameter of the main or conduit
pipe be ; for the whole resistance of the water therein, against
the horses, will be according to the height to which it is raised,
and the diameter of that part of the pump in which the piston
works, as we have already observed. So that by the same pump,
an equal quantity of water may be raised in (and consequently
made to run from) a pipe of a foot diameter, with the same ease
as in a pipe of five or six inches ; or rather with more ease, because
its veloeity in a large pipe will be less than in a small one ; and
therefore its friction against the sides of the pipe will be less also.

And the force required to raise water depends not upen the
length of the pipe, but upon the perpendicular height to which
it is raised therein above the level of the spring.  So that the

Plate V. same force which would raise water to the height 4 B,

Fig. 7. in the upright pipe 4ikImnop q B, will raise it
to the same height or level B I H in the oblique pipe 4 E F ¢
H. TFor the pressure of the water at the end 4 of the latter,
is no more than its pressure against the end A of the former.

The weight or pressure of water at the lower end of the pipe,
is always as the sine of the angle to which the pipe is elevated
above the level parallel to the horizon. Tor, although the wa-
ter in the upright pipe 4 B would require a force applied im-
mediately to the lower end A4 equal to the weight of all the water
I it, to support the water, and a little more to drive it up, and
out of the pipe; yet, if that pipe be inclined from its upright
position to an angle of 80 degrees (as in 4 80), the force re-
quired to support or raise the same cylinder of water, will then
be as much less, as the sine 80 % is less than the radius 4 B ;
or as the sine of 80 degrees is less than the sine of 90. And so
on, decreasing as the sine of the angle of elevation lessens, until
it arrives at its level 4 C or place of rest, where the force of the
water is nothing at either end of the pipe. For, although the
absolute weight of the water i1s the same n all positions, yvet its
pressure at the lower end decreases, as the sine of the angle of
elevation decreases, as will appear plainly by a farther considera-
tion of the figure.

% The advantages arising from the horse's walking at right angles to the levers,
cannot compensate for the loss of power which will inevitably accompany the mode
-of action recommended by our author. It has been proved hy experiment, that a horse
will exert much more force in dragging a load, than in pushing it before him.—Ed.
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Let two pipes, 4 B and 4 C, of equal length and bores, join
each other at 4 ; And let the pipe 4 B be divided into 100
equal parts, as the scale .§is; whose length is equal to the
length of the pipe. Upon this length, as a radius, describe the
quadrant B C' D, and divide it into 90 equal parts or degrees.

Let the pipe 4 €' be elevated to 10 degrees upon the qua-

drant, and filled with water ; then, part of the water that is in
it will rise in the pipe 4 B, and if it be kept full of water,

it will raise the water in the pipe 4 B from 4 to i; that is, to
a level ¢ 10 with the mouth of the pipe at 10: and the upright
line a 10, equal to A4 i, will be the sine of 10 degrees elevation ;
which being measured upon the scale .§, will be about 17.4 of
such parts as the pipe contains 100 in length : and therefore,
the force or pressure of the water at 4, in the pipe 4 10, will
be to the force or pressure at A4 in the pipe 4 B, as 17.4 to 100.

Let the same pipe be elevated to 20 degrees in the quadrant,
and if it be kept full of water, part of the water will run into
the pipe 4 B, and rise therein to the height 4 k, which is equal
to the length of the upright line & 20, or to the sine of 20 de-
grees elevation ; which, being measured upon the scale .S, will
be 34.2 of such parts as the pipe contains 100 in length. And,
therefore, the pressure of the water at 4, in the full pipe 4 20,
~will be to its pressure, if that pipe were raised to the perpendi-
cular situation A4 B, as 34.2 to 100.

Elevate the pipe to the position 4 30 on the quadrant, and if
it be supplied with water, the water will rise from it into the
pipe 4 B, to the height 4 I, or to the same level with the mouth
of the pipe at 30. The sine of this elevation, or of the angle
of 30 degrees, is ¢ 80 ; which is just equal to half the length of
the pipe, or to 50 of such parts of the scale, as the length of
the pipe contains 100. Therefore, the pressure of the water at
4, in a pipe elevated 30 degrees above the horizontal level, will
be equal to one half of what it would be, if the same pipe stood
aupright in the situation 4 B.

And thus, by elevating the pipe to 40, 50, 60, 70, and 80
degrees on the quadrant, the sines of these elevations will be
d 40, e 50, £ 60, g 70, and & 80; which will be equal to the
heights Am, An, Ao, Ap, and Aq : and these heights measured
upon the scale § will be 63.3, 76.6, 86.6, 94.0, and 98.5 ;
which express the pressures at A in all these elevations, con-
sidering the pressure in the upright pipe 4 B, as 100.
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Sine of Parts. " Sine of Parts, rl Sine of i Parts.

D. 1 17 D.31 515 D.61 875
2 35 32 ad0 2 L83
3 62 33 545 (] f91
4 70 a4 G54 " oBd 8499
& a7 45 673 65 GG
(i1 104 36 Lhs i 0913
7 122 87 iz 67 020
8 139 i$u Gli (H] 92y
9 156 349 629 69 934
1o 174 40 643 | 70 440
T 191 41 656 . 71 045
12 208 42 GG | 72 anl
13 225 43 G52 8 950
14 242 44 695 74 a6l
15 250 45 707 e 466
16 276 Al 710 76 a70
17 so2 || 47 731 77 974
18 309 48 743 | %8 978
19 325 49 Taa | 70 H42
20 342 a0 766 ] 985
2] 358 51 177 g1 a8
29 375 b2 a0 g2 LT}
23 301 ik U8 #3 aga
24 407 54 509 B4 0904
25 423 55 819 i G996
26 438 51 29 {6 HH ¥
27 454 57 839 B7 998
28 469 1) 548 58 999
28 485 50 ity i ] 10104
40 SO0 il BG6 i1 1030

Because it may be of use to have the lengths of all the sines
of a quadrant from 0 degrees to 90, we have given the fore-
going Table, shewing the length of the sine of every degree in
such parts as the whole pipe (equal to the radius of the qua-
drant) contains 1000. Then the sines will be integral or whole
parts in length. But if you suppese the length of the pipe to
be divided only into 100 equal parts, the last figure of each
part or sine must be cut off as a decimal ; and then those which
remain at the left hand of this' separation will be integral or
whole parts.

Thus, if the radius of the quadrant (supposed to be equal
to the length of the pipe 4 C)be divided into 1000 equal
parts, and the elevation be 45 degrees, the sine of that eleva-
tion will be equal to 707 of these parts: but if the radius be
divided only into 100 equal parts, the same sine will be only
70.7, or 70,7 of these parts. For, as 1000 is to 707, so-is
100 to 70.7.

Asitis of great importance to all engine-makers, to know
what quantity and weight of water will be confained in an up-
right round pipe of a given diameter and height ; so that by
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knowing what weight i1s to be raised, they may proportion
their engines to the force which they can afford to work them,
we shall subjoin tables shewing the number of cubic inches of
water contained in an upright pipe of a round bore, of any dia-
meter from one inch to six and a half'; and of any height from
one foot to two hundred ; tngether with the weight of the said
number of cubic inches, both in troy and aveirdupois ounces.
The number of cubic inches divided by 231, will reduce the
water to gallons in wine measure ; and divided by 282, will re.
duceit to the measure of ale gallons.  Also, the troy ounces di-
vided by 12, will reduce the weight to troy pounds : antl the
avoirdupois ounces divided by 16, will reduce the weight to
avoirdupois pounds.?

And here T must repeat it again, that the weight or pressure
of the water acting against the power that works the engine,
must always be estimated according to the perpendicular height
to which it is to be raised, without any regard to the length of
the conduit-pipe, when it has an oblique position, and as if the
diameter of that pipe were just equal to the diameter of that
part of the pump in which the piston works. Thus, by the
following Tables, the pressure of the water, against an engine
whose pump is of a 4} inch bore, and the lmlmmh -ular Iamght
of the water in the conduit-pipe is 80 feet, will be equal to
8057.5 troy ounces, and to 8848.2 avoirdupois ounces ; which
makes 671.4 troy pounds, and 553 avoirdupois.

For any bore whose diameter exceeds 6 inches, multiply
the numbers on the following page, against any height (belong-
ing to 1 inch diameter) by the square of the diameter of the
given bore, and the produets will be the number of cubic inches,
troy ounces, and avoirdupois ounces of water, that the given
bore will contain.

T "I'he contents of pipes of any size may be measured by the following short and
easy method. Square the diameter of the pipe in inches, and the product will be
the number of pounds of water, avoirdupois, contained in every yard’s length of the
pipe. If the last figure of this product be cut offy, or considered as a decimal, the
remaining figures will give the number of ale-gaullons in & yard’s length of the pipe ;
and if' the product consist anly of one figure, this figure will be tenths of an ale-
gallon. ‘I'he number of ale-gallons divided by 252, will give the number of cubic
inches in every three feet of the pipe; and the contents of a pipe of a greater or
less length may be found by proportion.—Ed.
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1 Tnch diameter. 11 Inch diameter.
Foet | Quantity in “'cight in | Inavolrde- | Feel | Quantity in | Weight in | 15 avoirdu-
high. | cubic inches. | Iroy ounees. | pois ouwnce=, | high. ‘mlp‘-r!ilmhu.. troy ounces. | pois cunces.
1 D.42 4.97 46 [ 1 21.21 11.18 12.29
2 18.85 895 1002 | 2 42.41 22,38 24.58
3 28.27 14.02 I{i.:-_llﬂt | b 6i3.62 .'i:'i..'n?_ Bﬁ.ﬂ?_
4 37.70 140849 21.856 ! 4 f4.n2 44.716 49.16 |
o 47.12 24.87 2781 [§ & 106.03 55.05 61.45 |
f 66.55 240, 54 3277 61 12723 67.15 73.73
65.0 S4.82 38.23 W 7 147.44 T6.34 B6.02
g 7;,43 30.79 43.69 | 5 169.65 ii.‘::.ﬁﬂ ni31
H] 84.02 44.76 49.16 { 9 190.85 10:0.72 11060
K1) 04.20 40.74 54.62 | 10 212.06 111.91 122.69
20 188.40 99.48 109.24 | Eli 424.12 223.82 245.70
30 a82.74 149.21 163.46 || 30 G367 3573 36868
410 376.99 198.95 218.47 .:40 i }E:ig.:i:i :ii-.:]'.f_ié ﬁl.ﬁ?
Sl 471.24 245.69 278.00 || 50 29 hal 5 il4.46
64 565.49 208.43% 327.71 | 60 | 127235 G7l.46 7a7.35
70 GHO.73 J48.17 3233 i'.-'ﬂ :}lé:;:?; EHTE uﬂl}.?l
&0 743908 397.90 436.95 | 40 LN 05.2 98314
Qi B48.23 447.64 491.57 | 90 | 140852 | 1007.19 | 110G6.03
100 | 94248 | 497.38 | 54619 |100 | 2120.58 | 1119.10 | 1228.92
200 | 188496 D04 76 | 109238 (200 | 424115 | 2238.20 | 2457.84
2 Inches diameter. 24 Inches diameter.
Finet lenl_':.l- -_u;: Weight in | In avoirdu- || Fie: | Quantity in | Weight in | In aveirdu-
high. feuliic inehes. | troy OURCER. | Pois gunices. || high. | cubic inches. | troy cunces. | peis ounces.
Ll Sl Bael Ge| 2| uzei| esiz| s
2 70.40 39.79 3. : 5
3 113.10 54,68 G5.54 || 3 176.71 93.26 102.41
1 150,60 70548 07.30 4 235.62 124.84 156.55
5 188.50 99.47 106,24 5 294.52 155.43 170.68
(i 226,19 119.37 191.08 || 6 j‘;gﬁ | ; Illﬁ.:&!a gm.g:
i 263.80 139,26 152.03 rl ik 7.6 .
] 301.59 15016 174.78 i -Hj Iltl!-l gdﬂ_ﬁﬂ i’[if 322
0 339.29 179.006 196.65 b a0, TO.T7 7.2
10 376.4949 198.95 a18.47 || 10 Hha.05 310,86 341.57
20 | 733.98 | 397.90 i 436.05 || 20 | 1178.10 | 62192 | 68273
S0 1130.97 abG. a5 ! 6G55.42 || 30 lll.j.l-lﬂ' 032.5 lﬂﬁ-!--lﬂ-
40 | 1507.97 | 795.80 | 875.00 i 40 2356.20 :%f';; 136547
G0 | 1884.96 | 994.75 | 1092.37 | &0 ?ndﬁ.?.; ahd. 1706.683
60 | 2261.05 | 1198.70 | 1310.85 | 60 | 3534.20 | 1865.16 | 2048.20
=0 | 2638.94 | 1392.65 | 1529.32 || 70 | 4123.34 | 2176.02 | 2389.57
g0 | 301593 | 1591.60 | 1747.80 | 80 | 4712.3% | 2486.88 | 2730.94
90 | 339292 | 1700.56 | 1966.27 || 90 | 5301.44 | 2707.74 | 3072.30
100 | 2760.91 | 1989.51 | 2184.75 100 | 589049 | BIO8.G0 | D415.67
200 | 7330.82 | 3079.00 | 4369.50 [200 | 11760.08 | 6217.20 ' 4827.34

o o e

& N
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3 Inches diameter. 34 Inches diameter.

Weightin | 1 irdu- || Feet ity i | Weighti ; L

R i O | | ek, | Stz | avegheln, i srsd
1 44.8 44.76 49.16 1 115.4 G0.9 66.9

2 169.6 £89.53 08.31 2 230.9 121.48 133.8
by 254.5 134.29 147.47 3 S40.4 1820 200.7
4 230.3 179.06 196 63 4 461.8 b 267.6

b 424.1 223.82 245.78 5 a77.3 d04.4 234.5
fi Hlik4 26858 204.94 i 692.9 365.6 401.4

1 937 313.35 410 ] 4.2 426.5 4.4
bl LT 358.11 403.25 & $23.6 487.4 0353
L Thdd 40287 442.41 0 1030.1 S48.4 LR
10 {482 447.64 491.57 [ 10 1154.5 608 3 GG 1
20 1 G965 60520 98214 || 20 2300.1 1218.6 13358.2
30 25447 | 134202 | 1474.70 | 30 636 1827.9 2007.2
40 J20 1 1790056 | 1066.27 | 40 4618.1 2487.1 2676.3
Al 4241.1 | 2258.19 | 2457.84 | 50 ay7ey S0d6.4 3345.4
it 5089.4 | 268583 | 294941 || GO 6927.2 S600.7 4014.5
7 HOST.6 | MN334T7 | 3008 | To Hogl.g 4265.0 46836
il 6785.8 | 3581.11 | 393255 [ 89 0236.3 48743 B35L.6
i) 70341 | 4028.75 | 442412 | 90 | 10390.8 5483.6 Go21.7
10 34823 | 4476.39 | 4915.68 100 | 11545.4 [HLTER!] G600
200 | 16964.6 | 3952.78 | 083136 |200 | 23099.7 | 12185.7 | 13381.5

4 Inches diameter. 4} Inches diameter.

Feot | Quantity in| Weightin | In avoirie- || Feet | Quantity in | Weight in | In avoindu-
Jhigh. | cubie mehew| EOy ounees. | pois cuness. || high. cubie aed troy ounces. | pois ounees.
1 150.8 70.6 87.4 1 190.8 1007 110.6

a9 anl.6 159.2 174.8 2 a81.7 2901.4 2212
3 452.4 238.7 262.2 3 G726 30n2.2 331.8

4 G2 3183 349.6 4 T63.4 402.4 442.4

5 T54.0 397-9 436.9 b Dad.3 HNAH aad0
H 4.8 477.5 o24.3 i 11451 GO4.3 G636
7 1055.6 5a7.1 BT 7 1338.0 T05.0 774.2

B 1206.4 G36.6 G491 i 15206.8 805.7 4548

L] 1357.2 716.2 T06.5 9 1717.7 0.5 995.4
H) 1508.9 795.4 4739 4 10 19085 1007.2 1106.0
20| 31159 1591.6| 17476 [ 20 | 3817.0 | 20144 | 22121
=0 4523.0 23087 4 26217 || 30 H725.6 d021.6 3818.1
40 (YR 31832 3495.ﬁl 41 TE3L1 40240.7 4424.1
50 | 4530.8| 3997.0| 4360.5 ‘ 50 | 9542.6 | 50359 | 53200
G a04 7.8 4774.8 22434 || 60 | 11451 G5 1 bB36.2
10 | 10555.8 H570.6 61773 f 70 | 13359.6 TO50.3 77422
80 | 12063.7 GaGid Goa1.2 | B0 | 15264.2 BOST.5 08432
90 | 135707 | F162.1 | 58651 | 90 | 17176.7 | S06L7 | 99543
L | 1507495 FHEHA #739.0 1140 1908562 160719 | 11060.53
200 | 30159.3 | 15016.0 | 17478.0 (200 | 58170.4 | 20143.8 | 22120.6
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5 Inches diameter. [ 54 Lnches diameter.
Feot | Quantityin | Weightin | In avoirdu- || Fest | Quantit |:r| ;'i'ei;:ht in | Inavolrdu-
high.| catbie inches. | troy oupoes. | pois ounces || high. | euble nehes. | troy ouness. | pois ounces.
1 235.6 124.3 136.5 1 285.1 15405 164.3
3 47 1:2 244.7 273.1 2 6702 300.9 J28.5
3 706.6 373.0 400.6 || 3 855.3 45614 492.8
4 242.5 467.4 H46.2 4 1140.4 G .40 657.1
5 1178.1 621.7 Gi2.7 i} 1425.5 752.3 821.3
L3 1413.7 yE LN B19.3 i 17 ik 002.7 aB5.6
7 164003 #j0.4 Haa5.8 7 19457 1053.2 1140.9
i 18850 H494.48 1092 4 i 2280.8 1208.6 13142
9 2120.6 11151 1228.9 | a565.9 1354.1 14784
10 2356.2 1243.4 1365.5 i Ly 28510 1504.6 1642.7
20 4712.4 2486.09 27309 || 20 AT02.0 20001 32856.4
a0 JOGH.G 373003 4096.4 || B0 B533.0 43135 4928.1
410 2424.8 407358 ad 6L || 40 | 114040 GO16.2 GH70.8
50 | 11780.0 G217.2 GH27.3 || A0 | 14255.0 7522.8 #213.5
6o | 14137.2 TAGLG B192.8 || 60 | 17106.0 0027.4 005062
F0| 164934 f704.1 9Q558.3 || 70 | 19957.0 | 1063L9 | 11498.9
#0 | 18840.6 0047.6 | 10923.7 || 80 | 22808.0 | 12036.5 | 13141.6
00 | 21205.8 | 111910 | 122802 || 90 | 256590 | 13564L1 | 14784.3
100 | 23562.0 | 12434.4 13634.7 (100 | 28510.0 1olda.6 16426.9
o0 | 47124.0 | 24868.8 | 27300.3 200 | 57020.0 | 30091.2 | 32853.0
6 Inches diameter. l 6} Inches diameter.
Feet | Quantity in | Welght in | In avoirdu- § Feet | Quantity in | Welght in | In avoindu-
high. | ciliic ineles. | troy aunees. | pols ounees § high. {culibe isches | oy ounces | pois ounoes.
1 330.3 1791 196,06 1 G052 210.1 230.7
2 G78.6G J58.1 b L1 e 2 T97.4 4202 A6GL.4 |
3 1017.9 7.2 019,49 3 11956 G4 G921
3 1357.2 T16.2 78065 4 1593.48 H40.6 n22.8
] 1696.5 #05.3 3.1 & 19491.9 1060.8 115386
(H 2085.7 1074.38 1170.8 i 2300.1 1260.9 1384.3
7 2375.0 1253.4 13764 7 2700.5 1471.1 1G15.0
il 2714.3 14324 13580 4 AlaG.s 1861.2 184a.7
H B053.06 16G11.5 15 69.6 H 3864.7 1891.3 2076.4
10 J392.9 1790.6 19665 || 10 3982.9 | 21015 2307.1
20 G758 S5k, $932.5 I 20 TOG50 4202.9 4G14.3
a0 | 10178.8 5371.7 aRos.8 || 30 | 11948.8 Ga04.4 G021.4
40 | 13571.7 7162.2 7865.1 | 40 | 15931.7 1 3405.0 0228.6
a0 | 169646 g052.8 n831.4 || 50 | 19914.6 | 10507.4 | 11535.7
G0 | 20337.5 | 10743.3 | 11797.6 | GO | 23897.9 | 12608.9 | 13842.9
70 | 23750.5 | 12533.9 | 13763.9 | 70 | 27880.5 | 14710.4 | 16150.0
B0 | 241437 | 14324.4 | 15730.2 { B0 |- 318634 | 16811.8 | 18457.2
O | 30536.3 | 161150 | 17696.5 || 90 | 35746.3 | 18913.3 | 20764.3
100 | 33020.2 | 17906.6 | 196627 1100 | 308294 | 21014.8 | 23071.5
2 | GTAGE.4 B5811.2 | 393254 |200 | FO058.6 | 42020.0 | 46143.0
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Examprg.—Required the number of cubic inches, and the weight of' the water, in
an upright pipe 278 feet high, and 1} inches diameter 2

Here the nearest single decimal fi. e Troy | Avoirdup.
gure is only taken into the account ; 200 42011 | 33355 | 2457.0
and the whole being reduced by division, 70 14844 | Fa3.3 | 8602
amounts to 254 wine gallons in mea- 1696 $9.5 083
sure§ to 2509¢ pounds troy, and to
213} pounds avoirdupois. Answer,278 5895.1 | 3111.0 | 3416.3

These Tables were at first caleulated to six decimal places,
for the sake of exactness : but, in transeribing them, there are
no more than two decimal figures taken into the account, and
sometimes but one ; because there is no necessity for comput-
ing to hundredth parts of an inch or of an ounce in practice.
And, as they never appeared in print before, it may not be
amiss to give the reader an account of the principles upon which
they are constructed, :

The solidity of cylinders is found by multiplying the areas
of their bases by their altitudes. And Archimedes gives the
following proportion for finding the area of a circle, and the
solidity of a cylinder raised upon that circle:

As 1 is to 0.785399, so is the square of the diameter to the
area of the circle. And as 1 is to 0.785399, so is the square
of the diameter multiplied by the height to the solidity of the
cylinder. By this analogy the solid inches and parts of an inch
i the tables are calculated to a cylinder 200 feet high, of any
diameter from 1 inch to 6}, and may be continued at pleasure.

And, as to the weight of a cubic foot of running water, it
has been often found upon trial, by Dr. Wyberd and others,
to be 76 pounds troy, which is equal to 62.5 pounds avoirdu-
pois. Therefore, since there are 1,728 cubic inches 4, bt
in a cubic foot, a troy ounce of water contains 1.8949 of running
cubic inches ; and an svoirdupois ounce of water ™"
1.72556 cubic inches.® Consequently, if the number of cubic
inches contained in any given cylinder, be dividel by 1.8949,

it will give the weight in troy ounces; and divida] by 1.72556

will give the weight in avoirdupois ounces. By this method,
the weights shewn in the tables were calculated . and are near
~enough for any common practice,

% Tt appears from the experiments of Sir George Clerk, Bart. and Dr, Wollaston,
that an ounce avoirdupois of Thames water, whose apparen. specific gravity was
1.00106, was equivalent to 1,731 cubic incheswSee Edidurgh Encyelopaiis,
Art. Measures, po 49L=L2d.

iy
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The fire- The Fire-engine comes next in order to be ex-
engine. plained ; but as it would be difficult, even by the
best plates, to give a particular description -of its several parts,
so as to make the whole ntelligible, I shall only explain the
principles upon which it is constructed.?

1. Whatever weight of water is to be raised, the pump rod
must be loaded with weights sufficient for that purpose, if it
be done by a forcing-pump, as is generally the case; and the
power of the engine must be sufficient for the weight of the rod,
in order to bring it up.

2. Tt is known that the atmosphere presses upon the surface
of the earth with a force equal to 15 pounds upon every ‘IqUE.l'E
inch.

3. When water is heated to a certain degree, the particles
thereof repel one another, and constitute an elastic fluid, which
1s generally called steam or vapour.

4. Hot steam is very elastic : and when it is cooled by any
means, puﬂlcu]ar]v h'_r,, its being mixed with eold water, its
elasticity is destroyed immediately, and it is reduced to water
ﬂgﬂlﬂ;

5. If a vessel be filled with hot steam, and then closed, so as
to keep out the external air, and all other fluids; when that
steam is by any means condensed, cooled, or reduced to water,
that water will fall to the bottom of the vessel ; and the cavity
of the vessel will be almost a perfect vacuum.

6. Whenever a vacuum is made in any vessel, the air by 1ts
weight will endeavour to rush into the vessel, or to drive in any
other body that will give way to its pressure : as may be easily
seen by a common syringe. For, if you stop the bottom of a
syringe, and then draw up the piston, if it be so tight as to
drive out all the air before 1t, and leave a vacuum within the
syringe, the piston being let go will be driven down with a great
force.

7. The force with which the piston is driven down, when
there is a vacuum under it, will be as the square of the diame-
ter of the bore in the syringe : that is to say, it will be driven
down with four times as much force in a syringe of a two-inch
bore, as in a syringe of one inch ; for the areas of circles are al-
ways as the squares of their diameters.

® For a descriptim amd drawing of the fire-engine, or steam-engine, as it is now,
with more propriety talled, see the Appendix, vol. il.—Ed.
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8. The pressure of the atmosphere being equal to 15 pounds
upon a square inch, it will be almost equal to 12 pounds upon
a circular inch. So that if the bore of the syringe be round,
and one inch in diameter, the piston will be pressed down into
it by a force neatly equal to 12 pounds ; but if the bore be two
inches diameter, the piston will be pressed down with four
times that force.

And hence it is easy to find with what force the atmosphere
presses upon any gi'.'en number, either of square or circular
inches.

These being the principles upon which this engine is con-
structed, we shall next describe the chief working parts of it,
which are, 1, A boiler; 2, A eylinder or piston; 8, A beam
or lever,

The boiler is a large vessel made of iron or copper; and
commonly so big as to contain about 2000 gallons.

The cylinder is about 40 inches diameter, bored so smooth,
and its leathered piston fitting so close, that little or no water
can get between the piston and sides of the cylinder.

Things being thus prepared, the cylinder is placed upright,
and the shank of the piston is fixed to one end of the beam,
which turns on a centre like a common balance.

The hoiler is placed under the cylinder, with a communica-
tion between them, which can be opened and shut occasionally.

The boiler 1s filled about half full of water, and a strong
fire is placed under it: then, if the communication between the
boiler and the eylinder be opened, the cylinder will be filled
with hot steam ; which would drive the piston quite out at the
top of it.  But there is a contrivance by which the beam, when
the piston is near the top of the cylinder, shuts the communi-
cation at the top of the boiler within.

This is no sooner shut, than another is opened, by which a
little cold water is thrown upward ina jet into the cylinder,
which mixing with the hot steam, condenses it immediately ; by
which means a vacuum is made in the cylinder, and the piston
1s pressed down by the weight of the atmosphere, and so lifts
up the loaded pump-rod at the other end of the beam.

If the cylinder be 42 inches in diameter, the piston will be
pressed down with a force greater than 20,000 pounds, and
will consequently lift up that weight at the opposite end of the
beam : and as the pump-rod with its plunger is fixed to that
end, 1f the bore where the plunger works were 10 inches dia-
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meter, the water would be foreed up through a pipe of 180
vards perpendicular height.

But, as the parts of this engine have a good deal of friction,
and must work with a considerable velocity, and as there is no
such thing as making a perfect vacuum in the eylinder, it is
found that no more than 8 pounds of pressure must be allowed
for on every circular inch of the piston in the eylinder, that it
may make about 16 strokes in a minute, about 6 feet each.

Where the boiler is very large, the piston will make between
20 and 25 strokes in a minute, and each stroke 7 or 8 feet;
which, in a pump of 9 inches bore, will raise upwards of 300
hogsheads of water in an hour.

Itis found by experience that a cylinder, 40 inches diameter,
will work a pump 10 inches diameter, and 100 yards long ;
and hence we can find the diameter and length of a pump, that
can be worked by any other cylinder.

For the convenience of those who would make use of this
engine for raising water, we shall subjoin part of a table, calcu-
lated by Mr. Beighton, shewing how any given quantity of
water may be raised in an hour, from 48 to 400 hogsheads, at
any given depth, from 15 to 100 yards; the machine working
at the rate of 16 strokes per minute, and each stroke being 6
feet long.

One example of the use of this table will make the whole
plain. Suppose it were required to draw 100 hogsheads per
hour, at 90 yards depth: in the second column from the
right hand, I find the nearest number, viz. 149 hogsheads 40
gallons, against which, on the right hand, I find the diameter
of the bore of the pump must be 7 inches ; and in the same
collateral line, under the given depth 90, I find 27 inches the
diameter of the cylinder fit for that purpose,—And so on for
any other.




L
L

117

LIC TARLE.

-
.

HYDRAU

LECT. ¥,

This table is caleulated to the measure of ale

gallons, at 282 cubic inches per gallon.

i

A

— - =

19 8% 01 i i ] G U N S
00 09 ME e on | gLl st tert ot it ok | o1
19 99 :,‘. 2ot | 81 | o1 | Sor | ¥L 4 31| et drr] 11l e1
08 ¥6 | &e 161 B 6T AT AL *r | B &Y gt | 1] o1
I OLT | i%3 ey | @lfoe]| 61| LI{ or| tov| #t| er | a1]| 11

¥
’ g
L o
g E
9 o : B
19 | ¥¢ szl Em he | 88| B8 | 03| 6I| SL | {9L| 190 | ¥I| 6T | 31| O | %
| L |ov 6| isy | 3| fgs| %8| 8| fos| er|i8L| L | fer| ¥r| e1|%0l |
L |osaLl | tog |i88| Lo | 98| %68 | 118 | 03| 61| 6L | %91 | QL |i81| II|:2
L ¢l 28l | f16 | (68| S5 | 95| TP8| @2 | 18 | =61 | 2810 | f4L | fg1| #1| 31| &
8 | &3 960 || i56 | f0s | 63| | 93| €8 | il | 103 | 6L | i8I [ i9L | i¥L | fol | 2
i gl 125 || 198 |%ee| 18| %8s | 98| %5 | s | f15 | t0s | 61| RAL | §er| fsL | =
6 | L e i9s | 96| 6s|fos| 85| 3| %8| €5 |f8| 08| ST [{9U| PL( O
OL | 8F %08 || OF | 188 | 96| 66| 116 | i85 | L& | 193 | :€8 | &5 ( 05| 8I|io1| &
1L 16869 ||~ 66| L6 | {95 | 718 | 365 | 85 |1 P | @6 | 81| LI | &
ol Oy | ov | tre | 116 | tze | fos | %63 | toz | 32 | b3 | @St m
b o L ia.___ oot | 06| o8| oL| 09| 0S| SF| OF | S8 | 08| g2 | 03| SI
hnmﬂhﬂ "IRel] 200 Uy spaud ur uswap aq o3 ydap gy,

"HUIA A9 IV DNISIVE 904 ENIONT AHI 40 T3M0d4 IHL DONIMTHE HIAVI V

YOL. I.



114 OF HYDRAULIC ENGINES. LECT. v,

Plass VI “nfater may be raised by means of a stream 4 B
_ Fig. 1. turning a wheel C D E, according to the order of
:;:’-;LP“W“ the letters, with buckets a, a, a, a, &c. hung upon

the wheel by strong pins b, &, b, b, &e. fixed in the

side of the rim: but the wheel must be made as high as the
water is intended to be raised above the level of that part of
the stream in which the wheel 1s placed. As the wheel turns,
the buckets on the right hand go down into the water, and are
filled therewith, and go up full on the left hand, until they
come to the top at K ; where they strike against the end n of
the fixed trough M, and are thereby overset, and empty the
water into the trough : from which it may be conveyed in
pipes to the place “lur:h it 1s designed for: and as each bucket
gets over the trough, it falls into a perpendicular position again,
and goes down empty, until it comes to the water at 4, where
it is filled as before. On each bucket is a spring », which goes
over the top or crown of the bar m (fixed to the trough M),
raises the bottom of the bucket above the level of its mouth,
and so causes it to empty all its water into the trough.

Sometimes this wheel is made to raise water no higher than
its axle; and then, instead of buckets hung upon it, its spokes
¢y dy e, fy @y b, are made of a bent form, and hollow within ;
these hollows opening into the holes C, D, E, F, in the outside
of the wheel, and also into those at @ in the box N upon the
axle. So that, as the holes C, D, &c. dip mnto the water, it
runs into them ; and, as the wheel turns, the water rises in the
hollow spokes, e, d, &c. and runs out in a stream P from the
holes at O, and falls into the trough @, from whence it is con-
veyed by pipes.  And this is a very easy way of rat-amg water,
because th e ltrillt’: requ:res no animal power to turn it !
OF the spodl- The art of weighing different bodies in water, and
fic gravities of thereby finding their specific gravities,® or weights,
bodise bulk for bulk, was invented by Anrcmimenzs; of
which we have the following account : —

Hiero, king of Syracuse, having employed a goldsmith to

¥ For an account of other interesting hydraulic machines, see the Appendix, Veol,
11,

* The specific gravity, or density, of any body, is the quantity of matter which it
contains under a certain bulk.  The Elu:-Eiﬁ{'. Hra'lril'.:,r of f:ad ore, for E::r.mnplc. 15
double that of diamond, becanse one cubic inch of the former is twice as lLeavy, or
conitains twice as much matter.5% oue cubic inch of the latter.—FEd.
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make a crown, and given him a mass of pure gold for that pur-
pose, suspected that the workman had kept back part of the
gold for his own use, snd made up the weight by alloying the
crown with copper. But the !ung not Luum i how to find
out the truth of that matter, velerred it to Archimet les : who,
having studied a long time in vain, found it out at last by
chance. For, going into a bathing-tub of water, and observing
that he thereby raised the water higher in the tub than it was
before, he concluded mstantly that he had raised it just as high
as any thing else could have done, that was exactly of his
bulk : and, considering that any other body of equal weight,
and of less bulk than himself, could not have raised the water
so high as he did ; he immediately told the king, that he had
found a method by which he could discover whether there were
any cheat in the crown. For, since gold is the heaviest of all
kuown metals, it must be of less bulk, according to its weight,
than any other metal. And, therefore, he desired that a mass
of pure gold, equally heavy with the crown when weighed in
air, should be weighed agaiust it in water ; and, if' the crown
was not (ﬂlﬂ}red, it would muntm‘pmse the mass nf' gold when
they were both immersed in water, as well as it did when they
were weighed in air.  But, upon making the trial, he found
that the mass of gold weighed much heavier in water than the
crown did. And not only so, but that, when the mass and
crown were immersed separately in one vessel of water, the
crown raised the water much higher than the mass did; which
shewed it to be alloyed with some lighter metal that increased
its bulk. And so, by making trials with different metals, all
equally heavy with the crown when weighed in air, he found
out the quantity of alloy in the crown.

The specific gravities of bodies are as their weights, bulk for
bulk ; thus a body is said to have two or three times the spe-
cific gravity of another, when it contains two or three times as
much matter in the same space.

A body immersed in a fld will sink to the bottom, 1f 1t be
heavier than its bulk of the Auid. If it be suspended therein,
it will lose as much of what is weighed in air, as its bulk of
the fld weighs. Ience, all bodies of equal bulks, which
would sink in fluids, lose equal weights when suspended there-
in. And unequal bodies lose in proportion to their bulks.?

¥ The losses of weight sustained by bodies suspended in different finids, is in the

=
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Thehydrosia-  Lhe hydrostatic balance differs very little from a
tic balunce.  common balance that is nicely made ; only it has a
hook at the bottom of each scale, on which small weights may
be hung by horse-hairs, or by silk threads. So that a bedy,
:;uapem.led by the hair or thread, may be inmersed in water with-
out wetting the scale from which it hangs.
If the body thus suspended under the scale, at

How to find : E o
the specific  one end of the balance, be first counterpoised in air
Hmf'*}'{'fﬂ"f by weights in the opposite scale, and then immersed

et L into water, the equilibrium will be immediately de-
stroyed. Then, if as much weight be put into the scale from
which the body hangs, as will restore the equilibrium (without
altering the weights in the opposite scale), that weight, which re.
stores the equilibrium, will be equal to the weight of a quantity
of water as big as the immersed body. And if the weight of
the body in the air be divided by what it loses in water, the
quotient will shew how much that bedy is heavier than its bulk
of water. Thus, if a guinea, suspended in air, be counter-
balanced by 129 grains in the opposite scale of the balance ; and
then, upon its being immersed in water, it becomes so much
lighter as to require 7} grains put into the scale over it, to re-
store the equilibrium, it shews that a quantity of water, of equal
bulk with the guinea, weighs 7} grains, or 7.25; by which
divide 129 (the weight of the guinea in air), and the quotient
will be 17.793; which shews that the guinea is 17.793 times as
heavy as its bulk of water* And thus, any piece of gold may
be tried by weighing it first in air, and then in water; and if,
upon dividing the weight in air by the loss in water, the quo-
tient comes out to be 17.793, the gold is good ; if the quotient
be 18, or between 18 and 19, the gold is very fine; but if it
be less than 17, the gold is too much alloyed, by being mixed
with some lighter metal.

If silver be tried in this manner, and found to be 11 times
as heavy as water, it is very fine; if it be 10} times as heavy,

compound ratio of their bulks, and the density of the fluids ;——and when any body is
suspended in a fluid, so as not to touch the bottom of the vessel, the fluid gains as
mi:ch weight as is lost by the suspended body.—Ed.

¢ Since a quantity of water equal in bulk to a guinea weighs 71 grains, while a
guinea weighs 129 grains, the specific gravities of these bodies must be in the ratio
of 7 to 129, But 7} : 129 = 1: 17.793, the answer, or fourth term of this analogy,
is therefore found by dividing the preduct of the second and third terms by the first ;
er by dividing 129 by 7i.—Ed.
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it is standard ; but if it be of any less weight compared with
water, it is mixed with some lighter metal, such as tin.

By this method, the specific gravities of all hodies that will
sink in water, may be found. But as to those which are light-
er than water, as most sorts of wood are, the following method
may be taken, to shew how much lighter they arc than their
respective bulks of water,

Let an upright stud be fixed into a thick flat piece of brass,
and in this stud let a small lever, whose arms are equally long,
turn upon a fine pin as an axis. Let the thread which hangs
from the scale of the balance be tied to one end of the lever,
and a thread from the body to be weighed, tied to the other
end. This done, put the brass and lever into a vessel, then
pour water into the vessel, and the body will rise and float upon
it, and draw down the end of the balance from which it hangs ;
then, put as much weight in the opposite scale as will raise that
end of the balance, so as to pull the body down into the water
by means of the lever; and this weight in the scale will shew
how much the body is lighter than its bulk of water.

There are some things which cannot be weighed in this man.
ner, such as quicksilver, fragments of diamonds, &e. because
they cannot be suspended in threads; and must therefore be
put into a glass bucket, hanging by a thread from the hook of
one scale, and counterpoised by weights put into the opposite
scale. Thus, suppose you want to know the specific gravity of
quicksilver, with respect to that of water ; let the empty bucket
be first counterpoised in air, and then the quicksilver put into
it and weighed. Write down the weight of the bucket, and also
of the quicksilver ; which done, empty the bucket, and let it
be immersed in water as it hangs by the thread, and counter-
poised therein by weights in the opposite scale : then, pour the
quicksilver into the bucket in the water, which will cause it to
preponderate ; and put as much weight into the opposite scale
as will restore the balanee to an equipoise; and this weight will
be the weight of a quantity of water equal in bulk to the quick-
silver. Lastly, divide the weight of the quicksilver in air, by
the weight of its bulk of water, and the quotient will shew how
much the quicksilver is heavier than its bulk of water.

If a piece of brass, glass, lead, or silver, be immersed and
suspended in different sorts of fluids, the different losses of
weight therein will shew how much it is heavier than its bulk of
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the fuid ; the fluid being lightest in which the immersed body
loses least of its aérial weight. A solid bubble of glass 1s gene-
rally used for finding the specific gravities of fluids.®

Hence we have an easy method of finding the specific gravi-
ties both of solids and fluids, with regard to their specific bulks
of common punmap water, which is generally made a standard for
comparing all others by.

In constructing tables of specific gravities with accuracy, the
gravity of water must be represented by unity or 1.000, where
three cyphers are added, to give room for expressing the ratios
of other gravities in decimal parts, as in the following table.

N. B. Although guinea gold has been generally reckoned
17.798 times as heavy as its bulk of water, yet, by many repeat.
ed trials, T cannot say that I have found it to be more than
17.200 (or 17%) as heavy.

A Table of the specific Gravities of scveral solid and fluid

Bodies.
Troy weight. Avoindupois,
A cubic inch of s o Pﬂmmrlﬂ-
Oz. Pwt. Gr 0z. Drams. e
Very fine gold - 10 T . 348 11 580 | 19.637
Standard gold - 9 19 6.44 10 14.90 18.588
Guinea gold - - 9 7 17.48 10 456 | 17.793
Moidore gold - 9 0 19.84 9 1471 | 17.140
Quicksilver - - N G b i 8 1.45 | 14.019
Lead - - - = 5 19 17.55 6 9.08 | 11.325
Fine silver - - 5 106 23.23 6 6.60 11.087
Standard silver - 5 11 8.86 6 1.54 | 10,535
Copper - - - 4 13 T7.04 5 1.89 8.843
Plate Brass - - 4 4 0.60 4 10.09 8.000
Steel - «+ - 4 2 20.12 4 8.70 7.852
Irom - - - - 4 0 1520 4 G.T7 7.645
Block tin - - - 8 17 b5.68 4  3.79 7.821
Speltar - - - 3 14 12.80 4 1.42 7.065
Lead ore - - - 3 11 17.76 3 14.90 (.800
(ilass of antimony 3 15 10.89 8 089 5.280
German antimony 2 2 480 2 504 4.000
Copper ore - - 2 1 11.83 g 4,43 3.775

5 A hydrometer, consisting of several small bubbles or beads of glass, was invent-
eil by Professor Wilson of Glasgow, for the purpose of measuring the strength of
spiritous liguors. Several of these beads are put into a quantity of the fluid, some
of which will sink, some will ewim on the top, and o'iers will remain suspended in
the fluid. "Ibat which neither sinks nor ,-wimr:._, denotes IJJ.I ils mark the .l.tri:algtll of
ithe .l'.FJili!!w. This '!|Jl,-dmmc,i|.-r has Leen greally improved by Mis. Lovi, and is now
much uspd.—Fd,
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Table continued.

Diamond - - - 1 15 20.88 1 15.48 5,400
Clear glass - = 1 18 5.58 1 13.16 3.150
Lapis lazuli - - 1 12 527 1 '12.27 8.054
Welsh asbestos - 1 10 17.57 1, 10.07 2.013
White marble - I 8§ 1341 1« Q.06 2.707
Black ditto - - I 8 12.65 1 9.02 2.704
Rock erystal - - 3 8 100 1 B.61 2.658
Green glass - - I T X588 1 8.26 2,620
Cornelian stone - 1 T 1.21 1 T.73 2.568 g
Flint = = = = 1 6 19.63 1 758 2.542
Hard paving stone { FO, 1 1. 677 2.400
Live sulphur - - 1 1 240 1. 3.5% 2.000
Nitea =8 ) - 1" 0" 108 1 159 | 1.900
Alabaster - - = 0 19 18.74 1 1.85 1.875
Dry ivory - - 0 19 6.0 1 0.589 1.825
Brimstone - - 0 18 23%.76 1 0.66 1.800
Aluim - - - - 0 17 21.02 0 1572 1.714
Ebony - - - 0 11 18.82 0 10.8 1.117
Human blood - 0 11 2.89 0 074 1.054
Amhbher = = = 2 10 20.79 0  0.54 1.030
Cowsmilk - - 0 10 20.79 0 054 1.030
Sea water R 2 10 20.79 0 0.54 1.050
Pump water - - 0 10 13.30 0 026 1.000
Spring water - 0 10 12.94 0 9.25 0.990)
Distilled water - 0 10 11.42 0  0.20 0.993
Red wine = « - 0 10 11.42 0 920 0.993
0il of amber - - 0 10 17.63 0  9.06 0.078
Proof spirits - = 0 9 19.73 0 8.62 0.951
Dryoak « - = 0 9 18.00 0 8.50 0.925
Oliveoil « « -« o 9 1517 0 - B.45 0.913
Pure spirits - = ¢ 9 327 0 8.02 0.866
Spirit of turpentine 0. g 2596 0 7.99 0.864
il of turpentine & 8 8.53 0 7.8 0.772
Dry crabtree - = o "8y '1.69 0 7.08 0.765
Sassafras wood - 0 5 2.04 0 446 0.482
B 0 2 12.77 0 99] 0.240

Take away the decimal points from the numbersin the right-
hand column, or (which is the same) multiply them by 1,000,
and they will shew how many avoirdupois ounces are contain-
ed in a cubic foot of each body.

The use of the table of specific gravities will best Frow ¢o find
appear by an example. .Sup;mse a h:?d}- to I‘:ur com- ﬁ; *.:}E 3?1:1:;“
pounded of gold and silver, and it is required 0 teration in
find the quantity of cach metal in the compound. — metals.

First, find the specific gravity of the compound, by weigh-
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ing it in air and in water, and dividing its aérial weight by what
it loses thereof in water, the quotient will shew its specific gra-
vity, or how many times it is heavier than its bulk of water.
Then, subtract the specific gravity of silver (found in the table)
from that of the compound, and the specific gravity of the com-
pound from that of gold; the first remainder shews the bulk of
gold, and the latter the bulk of silver, in the whole compound :
and if these remainders be multiplied by the respective specific
gravities, the produets will shew the proportion of weights of
each metal in the body. Example.—

Suppose the specific gravity of the compounded body be 153 ;
that of standard silver (by the table) is 10.5, and that of gold
19.63: therefore 10.5 from 13, remains 2.5, the proportional
bulk of the gold; and 13 from 19.63, remains 6.63, the pro-
portional bulk of silver in the compound. Then, the first re-
mainder 2.5, multiplied by 19.65, the specific gravity of gold,
produces 49.075 for the proportional weight of gold; and the
last remainder 6.63 multiplied by 10.5, the specific gravity of
silver, produces 69.615 for the proportional weight of silver in
the whole body. So that for every 49.07 ounces or pounds of
gold, there are 69.6 pounds or ounces of silver in the body.

Hence it is easy to know whether any suspected metal be
genuine, or alloyed, or counterfeit, by finding how much it is
heavier than .its bulk of water, and comparing the same with
the table : if they agree, the metal is good ; if they differ, it is
alloyed or counterfeited,
oW th iy A cubieal inch of good brandy, rum, or other proof
spirituous li- spirits, weighs 235.7 grains : therefore, if a true inch
o cube of any metal weighs 235.7 grains less in spirits
than in air, it shews the spirits are proof. If it loses less of its
aérial weight m spirits, they are above proof’; if it loses more,
they are under: for, the better the spirits are, they are the
lighter; and the worse, the heavier. All bodies expand with
heat, and coniract with cold, but some more and some less
than others. And therefore the specific gravities of bodies
are not precisely the same in summer as in winter. It
has been found, that a cubic inch of good brandy is ten grains
heavier in winter than in summer:; as much spirit of nitre, 20
grains ; vinegar 6 grains, and spring water 3. Hence it is most
profitable to buy spirits in winter, and sell them in summer,
gince they are always bought and sold by measure, It has been
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found, that 32 gallons of spirits in winter will make 33 in sum-
nmier.

The expansion of all fluids 1s proportionable to the degree of
heat ; that is, with a double or triple heat a fluid will expand
two or three times as much.

Upon these prineiples depends the construction of The geymo.
the thermometer, in which the globe or bulb, and meter
part of the tube, are filled with a fluid, which, when joined to
the barometer, is spirits of wine tinged, that it may be more
easily seen in the tube. But when thermometers are made by
themselves, quicksilver is generally used.

In the thermometer, a scale 1s fitted to the tube, to shew the
expansion of the quicksilver, and consequently the degree of
heat. And, as Fahrenheit'’s scale is most in esteem at present,
I shall explain the construction and graduation of thermometers
according to that scale.’

First, let the globe or bulb, and part of the tube, be filled
with a fluid ; then immerse the bulb in water just freezing, or
snow just thawing ; and even with that part in the scale where
the fluid then stands in the tube, place the number 82, to de-
note the freezing point; then put the bulb under your arm pit,
when your body is of a moderate degree of heat, so that it may
acquire the same degree of heat with your skin; and when the
Hluid has risen as far as it can by that heat, there place the num-
ber 97 : then divide the space between these numbers into 65
equal parts, and continue those divisions both above 97 and be-
low 32, and number them accordingly.

This may be done in any part of the world ; for it 1s found
that the freezing point is always the same in all places, and the
heat of the human bﬂ-d_'f differs but very little ; so that the ther-

® Fahrenheit, whose thermometer is generally used in this country, places the
iraezing point at 32, and the boiling puint at 212, In Neaumur's thermometer,
which is chiefly used on the continent, the freezing point is placed at 0, and the boil-
Ing poiut at 80. In Celsins’s thermometer, which is used in Sweden, and has lately
been adopted in France, under the name of ithe Centigrade Thermometer, the freez-
point is at 0, and the boiling point at 100. In De La Hire's, the freczing point is
at 28, and the boiling point at 1995, In Amonton’s, the freezing point is at 513,
and the boiling point at 73. In Cruequius's, the freezing point is at 1070, and the
boiling peint at 1510 3 and in Sir Tsaac Newtons, the freezing point is at 0, and the
boiling point at 34.—For a larger list of the different methods by which thermome-
ters have been gradunted, see Cavallo’s Natural Phlilosoply, vol. iii, p. 19-20. The
most aceurate method of conetructing thermometers is to be found in the Philosophecal
Tramsactions, vol. Ixvii, p. 816.— Ed.
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mometers made in this manner will agree with one another ; and
the heat ol several bodies will be shewn by them, and express-
ed by the numbers upon the scale thus:

Air, in severe cold weather, in our climate from 15 to 25.
Air in winter, from 26 to 42. Airin spring and autumn, from
43 to 5%, Air at midsummer, from 65 to 68  Extreme heat
of the summer sun, from 86 to 100. Butter just melting, 95.
Alcohol boils with 174 or 175. Brandy with 190. Water
912, Oil of turpentine 550. Tin melts with 408, and lead
with 540. Milk freezes about 30, vinegar 38, and blood 27.7

A body specifically lighter than a fluid will swim upon its
surface, in such a manner, that a quantity of the fluid, equal in
bulk with the immersed part of the body, will be as heavy as
the whole body. Ilence, the lighter a fluid is, the deeper a
body will sink in it; upon which depends the construction of
the hydrometer or water-poise.”

Sl From this we can easily find the u*eight of a ship, or
weight of 2 any other body that floats in water. For, if we multi-
ship may be  ply the number of cubic feet which are under the sur-
esiimated. : . e
face, by (2.5, the number of pounds in one cubic foot
of fresh water ; or by 64.4, the number of pounds in a cubic foot
of salt water ; the produet will be the weight of the ship, and all
that is in it. For since it is the weight of the ship that displaces
the water, it must continue to sink until it has removed as much

7 It is a remarkable foct, that when a thermomeier is inclosal in a receiver, and
the air condensed, the mercury suddenly rises a few degrees above the temperature of
the ambient air ; and, on the contrary, when the air in the receiver is rarified, the
mereury falls suddenly below the temperature of the atmosphiere.  But in both cases,
after some time, it resumes its former station. In an experiment by Mr. Dalton,
the thermometer in the air stood at 36° 8.  When the aic was exhausted it sunk to
340 7'z and when the air was re-admitted and condensed, it rose to 380 %, See
Memairs of the Philosophical Socicty of Manchester, vol. v, p. 515.—Fd.

8 The kydrometer generally consists of a concave spherical or elliptical bulb, attach-
ed to the lower extremity of a hollow eylindrical stem, with a scale engraven upon it.
Tt is sometimes made of metal, but generally of glass, that it may not be corroded by
immersion in acids, and is loaded at its lower end with a weight, or with a quantity
of mercury in the hollow bulb. This apparatus, when immersed in a fluid, will
float in a vertical position, at a certain depth, and from this depth, measured by the
scale on the stem, the specific gravity of the liquor is determined. The most ap-
proved hydrometers are those constructed by Mer. Jones, Mr. Dicas of Liverpool,
Mr. Quin, Mr. Nicholson, Mr. Sykes, and Mr. Adic; a full account of which
may be seen in the Edinburgh Encyelopedia, Art. Hydrodynamics, vol. xi, p.
437-

eRr T | e S R .
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water as is equal to it in weight; and therefore the part im-
mersed must be equal in bulk to such a portion of the water as
is equal to the weight of the whole ship.

To prove this by experiment, let a ball of some light wood,
such as fir or pear-tree, be put into water contained in a glass
vessel : and let the vessel be put into a scale at one end of a
balance, and counterpoised by weights in the opposite scale:
then, marking the height of the water in the vessel, take out
the ball : and fill up the vessel with water to the same height
that it stood at when the ball was in 1t ; and the same weight
will counterpoise it as before.

From the vessel’s being filled up to the same height at which
the water stood when the ball was in it, it is evident that the
quantity poured in is equal in magnitude to the immersed part of
the ball : and from the same weight counterpoising, it is plain
that the water poured in, is equal in weight to the whole ball.

In troy weight 24 grains make a pennyweight, 20 penny-
weights make one ounce, and 12 ounces a pound.  In avoirdu-
puls weight, 16 drams make an ounce, and 16 ounces a pound.
The troy pound contains 5760 grains, and the avoirdupois
pound 7000 ; and hence the avoirdupois dram weighs 27.54375
grains, and the avoirdupois ounce 437.5.

Beeause it is often of use to know how much any given quan-
tity of goods in troy weight do make in aveirdupois weight,
and the reverse, we shall here annex two tables for cenverting
these weights into one another. Those from page 106 to page
108 are near enough for common hydraulic purposes ; but the
two following are better where accuracy is required in com-
paring the weights with one another : and I find by trial, that
175 troy ounces are precisely equal to 192 avoirdupois ounces,
and 175 troy pounds are equal to 144 avoirdupois. And al-
though there are several lesser integral numbers, which come
very near to agree together, yet I have found none less than
the above to agree exactly. Indeed 41 troy ounces are so
nearly equal to 45 avoirdupois ounces, that the latier contains
only 7} grains more than the former: and 45 troy pounds
weigh only 7% drams more than 87 avoirdupois.

I have lately made a scale for comparing these weights with
one another, and shewing the weight of pump-water, proof
spirits, pure spirits, and guinea gold, taken in cubic inches to
any quantity less than a pound, both in troy and aveirdupeis ;
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only by sliding one side of a square along the scale, and the
other side crossing it.

A Table for reducing Troy Weight into Avoirdupois Weight.

- ol Avoirdupois. 7 ok Avoir.
FR RN 1b. oz. drams. SRR Drams.
Pounds 4000 82091 6 18.68 Pennywt. 19 16.67
5000 2528 0 2.26 18 15.70
2000 1645 11 6.84 17 14.92
1000 8§22 13 11.42 16 14.04

000 T40 O 228 15 13.16

800 658 4 0.14 14 12.29

700 576 0 0.00 13 11.41

600 493 11 6.85 12 10.53

500 411 6 13.71 11 0.65

400 829 2 4.57 10 8.78

300 246 13 11.42 0 7.90

200 164 09 2.28 8 7.02

100 “Bg 4 BAS 2 6.14

90 74 0 13.62 6 5.27

80 65 13 4.11 5 4.39

70 57 9 9.60 4 8.51

60 40 5 15.08 3 2.63

50 41 2 457 2 1.75

40 32 14 10.05 1 .88

50 24 10 15.54 Grains 23 B4

20 16 7 5.03 29 80

i 10 8 3 1052 21 7
9 T ol .86 20 78

8 6 9. 521 19 69

Vi L G-l 18 006

6 4 14 1590 17 .62

5 4 1 13.25 16 .08

1 g 4 1066 15 .55

3 g2 7 1795 14 .51

2 y R FOR 13 A7

1 13 2.65 12 44

Ounees 11 12 1.09 11 A0
10 10 15.54 10 .36

9 9 13.99 9 33

8 8 12.48 8 .29

7 7 10.88 7 26

6 6 0.32 (i 29

5 5 i 5 .18

1 4 0622 4 15

3 .8 4.6 3 11

2 e &l 2 07

1 1 1.55 1 04
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A Table for reducing Avoirdupois Weight into T'roy Weight.

Avoindupois Troy weight. ﬂmir.,] upois Troy weight.
weight. Ib. oz pw. gr. weight. b, oz Pw. gr.
Pounds 6000 | 7201 8 0 0| Ounces 15| 1 1 13 10.50
5000 | 6076 4 13 8 14| 1 015 5
4000 | 4861 1 6 16 13 11 16 23.50
5000 | 8645 10 0 0 12 10 18 18
2000 | 2430 6 18 8 11 10 0 12.50
1000 | 1215 3 G 16 10 9 2 7
900 | 1093 9 0 0 9 8 4 1.50
800] 072 2 13 8 8 ¥ 520
700 | 830 8 6 16 T 6 7 14.50
600 | 720 2 0 O (i 5 9 9
500| 607 718 8 5 4 11 3.50
400 | 486 1 G 16 4 3 12 92
00| 364 7T 0 0O 3 2 14 16.50
2001 243 013 8 2 1 16 11
100 | 121 6 6 16 1 18 5.50
90 109 4 10 O Drams 15 17 2.10
80 gy = 15°'%9 14 15 22.76
70 £S5 0 1616 13 14 19.42
60 7211 O O 12 13 15.08
50 60 9 3 8 11 12 12.74
40 48 7 6 16 10 11 9.40
30 86 510 o0 9 10 6.06
20 24 513 8 8 9 292
10 12 1 16 16 7 8 923.38
1} 1011 5 0 (} 7 20.04
8 9 813 8 5 6 16.70
7 8 6 116 4 5 18.36
6 7 8310 0 3 3 10.02
5 6 018 8 2 2 6.08
4 4 10 6 16 1 1 38.84
5 & T35 0 4 20.51
2 2 5 8 8 3 15.67
1 1 2 11 16 1 6.83

The two following examples will be sufficient to explain these
two tables, and shew their agreement.
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Ex. I. In G835 pounds 6 ounces 9 pennyweights 6 grains Troy,
Qu. How much Avoirdupois weight?  (See page 124.)

Troy. Avoirdupois.
1b. 0. Oramis.
[ 4000 = 35201 6 13.68
2000 = 1645 11 6.84
200 = 158 & 14
Pounds 4~ "o = {lTii 7 ?":-ﬁﬁ
[ = B 8 10.52
D— + O L Tt
OF. 6 = 6 9.32
PW. . 0= 7.00
ar. I 22
Answer 5624 10 11.90

Ex. II. Fn 5624 pounds 10 ounces 12 drams Avoirdupots, Qu. How
much Troy weight 2 (See page 125.)

Avoird. Troy.
1b. 0% PW. gn

5000 = 6076 4 13 8
1T e T B
Pounds SO0 il el 5 I - IR
4 = 10 6 16
OE. 10 = L 2 7
dr. 1 = 13 15.08
Answer 6835 6 9 6.08

LECTURE VI.

OF PNEUMATICS.

T'i1s science treats of the nature, weight, pressure, and spring,
of the air, and the effects arising therefrom.

The proper-  Lhe air is that thin transparent fluid body in
ties of air.  which we live and breathe. It encompasses the
whole earth to a considerable height ; and, together with the
clouds and vapours that float therein, it is called the atmo-
sphere. The air is justly reckoned among the number of
fluids, because it has all the properties by which a fluid is dis-
tinguished ; for, it yields to the least force impressed, its parts
are easily moved among one another, it presses according to its
perpendicular height, and its pressure is every way equal.
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That the air is a fluid, consisting of such particles as have
no cohesion between them, but E.l‘:llv glide over one another,
and yield to the slightest impression, appears from that ease
and freedom with which animals breathe in it, and move through
it, without any difficulty or sensible resistance.

But it differs from all other fluids in the four following par-
tieulars :=—1, It can be compressed into a much less space than
what 1t nﬂtuﬂli'; possesses, which no other fluid can: 2, It
canmot be cmlgeqled or fixed, as other fluids may: 3, It is of
a different density in every part, upward from the earth’s sur-
face, decreasing in its weight, bulk for bulk, the higher it rises];
and therefore must also decrease in density : 4, It is of an elas-
tic or springy nature, and the force of spring is equal to its
weight.

That air is a body, is evident from its exclading all other
bodies out of the space it possesses : for, if a glass jar be plunged
with its mouth downward into a vessel of water, there will but
very little water get into the jar, because the air of which it is
full keeps the water out.!

As air is a body, it must needs have gravity or weight : and
that it is weighty, is demonstrated by experiment: for, let the
air be taken out of a vessel by means of the air-pump, then,
having weighed the vessel, let in the air again, and upon weigh-
ing it when re-filled with air, it will be found considerably
heavier. Thus, a bettle that holds a wine guart, being emptied
of air and weighed, is found to be about 16 grains lighter than
when the air is let into it again; which shews that a quart of
air weighs 16 grains. But a quart of water weighs 14,621
grains ; this divided by 16, quotes 914 in round numbers ; which
shews, that water is 914 times as heavy as air near the surface
of the earth.

As the air rises above the earth’s surface, it grows rarer, and
consequently lighter, bulk for bulk: for, because it is of an

! On this principle the diving-bell is constructed. A large bell of glass or metal
is immersed in the sea by means of weights suspended to it ; and however great be
the depths to which it is sunk, the elasticity of the interior air prevents the water
from reaching the diver seated within the bell. "The air indeed is condensed by the
pressure of the water, but not to such a degree as to prevent respiraticn, unless the
depth be very great.  Since the diving-bell has come into use for the purposes of
submarine architecture, it is always supplied with air by means of a flexible pipe
from zbove, communicating with a forcing-pump.  See the Edinburgh Philosophical
Journal, vol. v, p. 8.—Ed.
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elastic or springy nature, and its lowermost parts are pressed
with the weight of all that is above them, it is plain that the
air must be more dense or compact at the earth’s surface than
at any height above it, and gradually raver the higher up ; for
the density of the air is always as the force that compresses it ;
and therefore, the air toward the upper parts of the atmosphere
being less pressed than that which is near the earth, it will ex-
pand itself, and thereby become thinner than at the earth’s sur-
face.

Dr. Cotes has demonstrated, that if altitudes in the air be
taken in arithmetical proportion, the rarity of the air will be in
geometrical proportion. For instance,
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And hence it is easy to prove by calculation, that a cubic
inch of such air as we breathe, would be so much rarefied at
the altitude of 500 miles, that it would fiil a hollow sphere
equal in diameter to the orbit of Saturn.

The weight or pressure of the air is exactly determined by
the following experiment :—

The Toricel. L ake a glass tube about three feet long, and open
tianexperi-  at one end ; fill it with quicksilver, and putting your
e finger upon the open end, turn that end downward,
and immerse it into a small vessel of quicksilver, without let-
ting in any air; then take away your finger, and the guicksil-
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ver will remain suspended in the tube 291 inches above its sur-
face in the vessel, sometimes more, and at other times less, as
the weight of the air is varied by winds and other causes. That
the quicksilver is kept up in the tube by the pressure of the at-
mosphere upon that in the bason, is evident ; for, if the bason and
tube be put under a glass, and the air be then taken out of the
glass, all the quicksilver in the tube will fall down into the ba-
son ; and if' the air be let in again, the quicksilver will rise to
the same height as before. Therefore the air’s pressure on
the surface of the earth is equal to the weight of 29} inches
depth of quicksilver all over the carth’s surface, at a mean rate.

A square column of quicksilver, 29} inches high, and one
inch thick, weighs just 15 pounds, which is equal to the pressure
of air upon every square inch of the earth’s surface; and 144
times as much, or 2160 pounds, upon every square foot ; be-
cause a square foot contains 144 square inches. At this rate,
a middle sized man, whose surface may be about 14 square feet,
sustains a pressure of 30,240 pounds, when the air is of a mean
gravity ; a pressure which would be insupportable, and even
fatal to us, were it not equal on every part, and counterbalanced
by the spring of the air within us, which is diffused through
the whole body, and reacts with an equal force against the out-
ward pressure.

Now, since the earth's surface contains (in round numbers)
200,000,000 square miles, and every square mile 27,878,400
square feet, there must be 5,575,680,000,000,000 square feet
on the earth’s surface, which, multiplied by 2160 pounds (the
pressure on each square foot, gives 12,043,468,800,000,000,000
pounds for the pressure or weight of the whole atmosphere.
~ When the end of a pipe is immersed in water, and the air is
taken out of the pipe, the water will rise in it to the height of
33 feet above the surface of the water in which it is immersed,
but will go no higher ; for it is found that a common pump will
draw water no higher than 33 feet above the surface of the well .
and unless the bucket goes within that distance from the well,
the water will never get above it. Now, as it is the pressure of
the atmosphere on the surface of the water in the well, that
causes the water to ascend in the pump, and follow the piston
or bucket, when the air above jt is lifted up ; it is evident, that

VOL. I K
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a column of water 33 feet high is equal 1n 'ﬁ;;'eight to a column
of quicksilver of the same diameter, 29} inches high ; and to as

thick a column of air, reaching from the earth’s surface to the

top of the atmosphere.

The barome« 1IN serene calm weather, the air has weight enough
ter, to support a column of quicksilver 81 inches high ;
but in tempestuous stormy weather, not above 28 inches. The
quicksilver, thus supported in a glass tube, is found to be a nice
counterbalance to the weight or pressure of the air, and to shew
its alterations at different times. And being now generally used
to denote the changes in the weight of the air, and of the wea-
ther consequent upon them, it is called the barometer, or wea-
ther-glass. :

The pressure of the air being equal on all sides of a body

exposed to it, the softest bodies sustain this pressure without
suffering any change in their figure ; and so do the most brittle
bodies without being broken.
i The air 1s rarefied, or made to swell with heat ;
of wminds. and of this property, wind i1s a necessary conses
quence : for, when any part of the air is heated by the sun,
or otherwise, it will swell, and thereby affect the adjacent air:
and so by various degrees of heat in different places, there will
arise various winds.?

When the air is much heated, it will ascend toward the up-
per part of the atmosphere, and the adjacent air will rush in to
supply its place ; and therefore, there will be a stream or cur-
rent of air from all parts towards the place where the heat 1s.
And hence we see the reason why the air rushes with such force
into a glass-house, or toward any place where a great fire is
made. And also, why smoke is carried up a chimney, and why
the air rushes in at the key-hole of the door, or any small
chink, when there is a fire in the room. So we may take it in

* The pressure of the zir, and its rarefaction by heat, are excellently illustrated
by the following simple cxperiment :—Take hold of a wine glass with your right
hand, and with your left put into it a small piece of burning paper. When the pa-
per has burned for a few seconds, strike the mouth of the glass against the palm of
your left hand, and it will remain finuly fixed to it for a considerable time. "The
cause of this is, that the internal air is so ravefied by the burning paper, that the
pressure upon the inside of the glass is greatly diminished. The equilibrium,
therefore, of the pressures upon the outside and ingide of the glass being destroyed,
the glass must adhere to the band il that equilibrium is restored.— Ed.
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general, that the air will press toward that part of the world
where it is most heated.” ¢

Upon this principle, we can easily account for the Tye gade.
trade-winds, which blow constantly from east to west winds. -
about the equator. For when the sun shines perl;-endicu]arly
on any part of the earth, it will heat the air very much in that

rt, which air will therefore rise upward, and when the sun
withdraws, the adjacent air will rush in to fill its place; and
consequently will cause a stream or current of air from all parts
towards that which is most heated by the sun.  But as the sun,
with respect to the earth, moves from east to west, the’com-
mon course of the air will be that way too ; continually press-
ing after the sun: and therefore, at the equator, where the sun
shines strongly, there will be a continual wind from the east ;
but, on the north side, it will incline a little to the north, and
on the south side, to the south.

This general course of the wind about the equator, is changed
in several places, and upon several accounts: as, 1, By exhala.
tions that rise out of the earth at certain times, ana from cer-
tain places; n ear&hquakes, and from volcanoes; 2, By the
falling of great quantities of rain, causing thereby a sudden
condensation or contraction of the air ; 3, By burning sands,
that often retain the solar heat to a degree incredible to these
who have not felt it, causing a more than ordinary rarefaction
of the air contiguous to them ; 4, By high mountains, which
alter the direction of the winds in striking against them ; 5, By
the declination of the sun toward the l']Dl'lh or south, he&ting
the air on the north or south side of the equator.*

To these and such like causes is owing, 1, The irregularity
and uncertainty of winds in climates distant from the equator,
as in most parts of Europe ; 2, Those periodical 1ye mon.
winds called monsoons, which, in the Indian seas, #oone

¥ The following experiment illustrates, in a very beautiful manner, this property
of heated air. Roll up a piece of paper in a conical form, and prevent it from un-
rolling cither by putting in a pin into its vertex, or by joining its sides with paste.
Take off one of the scales of a balance, and fasten this cone by its vertex, at the
extremity of the arm in place of the scale, adding such a weight as will keep the
cone in equilibrio with the other seale.  Put a lighted candle below the paper cone,
and it will immediately rise, and require the addition of a very considerable weight
to restore its equilibrium with the remaining scale.—£d.

4 The following curious table, containing the force and velocity of winds, was con-
_ structed by Mr. Rouse, from a great number of facts and experiments :em
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blow half a year one way, and the other half another ; 3, Those
winds which, on the coast of Guinea, and on the western coasts
of America, blow always from west to east; 4, The sea-breezes,
which, in het countries, blow generally from sea to land, in the
day-time; and the land-breezes, which blow in the night ; and,
in short, all those storms, hurricanes, whirlwinds, and irregula-
rities, which happen at different times and places.®

The vivify- All common air I‘i impregm?ted will:hh a certain
ing spiritin  kind of wivifyying spirit or quality, which is neces-
geia sary to continue the lives of animals: and this, in
a gallon of air, is suffictent for one man during the space of a
minute, and not much longer.’

ﬂﬂlg “mrli':sd I;ﬁq:ngdﬂﬁmrjf Common appellations of the foree of
per hour. | pounds avoirdupois winds.
1 1.3&:; Hardly perceptible.
g '“E i Just perceptible.
ﬁ ng Geentle pleasant wind.
10 402 £
15 1107 Pleasant brisk gale.
20 LO6GH :
25 3.075 Very brisk.
30 4.429 ’ :
: a5 6.027 High winds.
40 7073 k
45 9.963 Yy Wigh.
50 12.300 A storm or tempest.
(1} 12,715 A great storm.
80 31490 A hurricane.
A hurricane that tears up trees,
0 10:308 carries buildings before it, &e.
S 3

Mr. Smeaton, by whom the above table was first published, observes, that the
evidence for those numbers, where the wvelocity of the wind exceeds 50 miles an
hour, do not seem of equal authority with those of 50 miles an hour and under. A
very ingenious method of finding the velocity of the wind, from the motion of the
sails of windmills, may be seen in DMr. Smeaton’s Essay on the construction and
effects of Wind-mill Sails. Phil. Trans. vol. i, 1759.—Ed.

% The winds called solanos, which are of a scorching and suffoeating nature, are
those which blow over a great tract of country greatly heated by the sun. They
occur most commonly in the deserts of Arabia, and the interior of Africa. Torna-
does are winds which shift from one point of the horizon to another, and return to
the same again. The siroc, or siroceo, is a warm south-easterly wind, which is felt
in the southern parts of Italy. It occasions such a degree of lassitude, that both
natives and straqigers are incapable of performing their usual functions.— Ed.

® The air of our atmosphere is a mixture, or more properly a combination, of
two different gases, oxygenous gas, and azotic or nitrogen gas, in the proportion of
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This spirit in air is destroyed by passing through the lungs
of animals: and hence it is, that an animal dies soon after
being put under a vessel which admits no fresh air to come to
it. This spirit is also in the air which is in water ; for fish die
when they are excluded from fresh air, as in a pond that is
closely frozen over. And the little eggs of insects, stopped up
in a glass, do not produce their young, though assisted by a
kindly warmth. The seed also of plants mixed with good
earth, and inclosed in a glass, will not grow.

This enlivening quality in air is also destroyed by the air’s
pessing through fire ; particularly charcoal fire, or the flame of
sulphur. Hence, smoking chimneys must be very unwhole-
some, especially if the rooms they are in be small and close.

Air is also vitiated, by remaining closely pent up in any
place for a considerable time; or, perhaps, by being mixed
with malignant steams and particles flowing from the neigh-
bouring bodies : or lastly, by the corruption of the vivifying
spirit 3 as in the holds of ships, in ocil-cisterns, or wine-cellars,
which have been shut for a considerable time. The air in any
of them is sometimes so much vitiated, as to be immediate
death to any animal that comes into it.

Air that has lost its vivifying spirit, is called
damp, not only because it is filled with humid or
moist vapours, but because it deadens fire, extinguishes flame,
and destroys life. The dreadful effects of damps are sufficiently
known to such as work in mines.

If part of the vivifying spirit of air in any country be-
* gins to putrefy, the inhabitants of that country will be subject
to an epidemical disease, which will continue until the putre-
faction 1s over. And as the putrefying spirit occasions the dis-
ease, so if the diseased body contributes toward the putrefying
of the air, then the disease will not only be epidemical, but pes-
tilential and contagious.

The atmosphere is the common receptacle of all the effluvia
or vapours arising from different bodies; of the steams and

Damps.

one part of the former to three of the latter. This oxygenous gas is what our author
calls the vivifying spiret of air, and the azotic gas is what he improperly denomi-
nates damp. That the constitution of the air in the superior regions of the atmo-
sphere is similar to its constitution near the earth’s surface, appears fromthe late
mronautic experiments of M. Guy Lusac. This was determined by filling a vessel
with rir, at a great height from the earth, and afterwards subjecting it to chenical
EXAMINALIOn—Ed,
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smoke of things burnt or melted ; the fogs or vapours proceed-
ing from damp watery places ; and of the efluvia from sulphu-
reous, nitrous, acid, and alkaline bodies. In short, whatever
may be called volatile, rises in the air to greater or less heights,
according to its specific gravity.

Fermenta. W hen the effluvia, which arise from aecid and alka-

tion- line bodies, meet each other in the air, there will be
a strong conflict or férmentation between them:; which will
sometimes be so great, as to produce a fire ; thenif the effluvia
be combustible, the fire will run from one part to another, just
as the inflammable matter happens to lie.

Any one may be convinced of this, by mixing an acid and an
alkaline fluid together, as the spirit of nitre and oil of cloves :
upon the doing of which, a sudden ferment, with a fine flame,
will arise ; and if the ingredients be very pure and strong, there
will be a sudden explosion.

honder Wheever considers the effects of fermentation,

and light- cannot be at a loss to account for the dreadful ef-

g fects of thunder and lightning : for the effluvia of
sulphureous and nitrous bodies, and others that may rise into
the atmosphere, will ferment with each other, and take fire
very often of themselves; sometimes by the aﬂsismz_]ce of the
sun’s heat.

If the inflammable matter be thin and light, it will rise to the
upper part of the atmosphere, where it will flash without doing
any harm : but if it be dense, it will lie near the surface of the
egrth, where, taking fire, it will explode with a surprising
force ; and by its heat rarefy and drive away the air, kill men
and cattle, split trees, walls, rocks, &e. and be accompanied with
terrible claps of thunder.

The heat of lightning appears to be quite different from that
of other fires; for it has been known to run through woed,
leather, cloth, &c. without hurting them, while it has broken
and melted iron, steel, silver, gold, and other hard bodies.
Thus it has melted or burnt asunder a sword, without hurting-
the scabbard ; and money in a man’s pocket, without hurting
his clothes : the reason of this seems to be, that the particles of
that fire are so fine, as to pass through soft loose bodies without
dissolving them, while they spend their whole force upon the
hard ones. :

It is remarkable, that knives and forks which have been
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‘struck with lightning have a very strong magnetical virtue for
several years after: and I have heard that lightning striking
upon the inariner’s compass, will sometimes turn it round ; aml
often malke it stand the contrary way, the north pole toward

the south.
Much of the same kind with lightning, are those

explosions called fulm-imﬁng or fire-damps, which
sometimes happen in mines ; and are occasioned by sulphureous
and nitrous, or rather nleanmﬂus particles, rising from the mine,
and mixing with the air, where they will take fire by the lights
which the workmen are obliged to make use of.? The fire be-
ing kindled, will run from one part of the mine to another, like
a train of gunpowder, as the combustible matter happens to lie.
And as the elasticity of the air is increased by heat, #hat in the
mine will consequently swell very much, and so, for want of -
room, will explode with a greater or less degree of force, ac-
cording to the density of the combustible vapours. It is some-
times so strong as to blow up the mine ; and at other times so
weak, that when it has taken fire at the flame of a candle, it is
easily blown out. |

Air that will take fire at the flame of a candle may be pro-
duced thus: having exhausted a receiver of the air-pump, let
the air run into it through the flame of the oil of turpentine ;
then remove the cover of the receiver, and holding a candle to
that air, it will take fire, and burn quicker or slower, accor d*
ing to the density of the oleaginous vapour.?

ire-damps.

# The formation of fire-damp, or hydrogen gas, and of choak-damp, or carbo-
* nic acid gas, may be accounted for from the decomposition of water when in contact
with coal, or carbonaceous matter, and from the affinity which the oxygen of the
water has for carbon. As the specific gravity of hydrogen gas is % of that of at-
mospherie air, it will rise to the roof of the mine, and the carbonic acid gas, having
greater specific gravity than common air, will fall to the bottom, while the atmo.
spheric air will occupy the intermediate place.  When the hydrogen gas, mixed with
atmospheric air, is by any accident set on fire, water is formed in consequence of the
combustion ; hence the miners who are scorched by the fire damp, always appear as
if they were drenched with water. For a full account of these kinds of damp, and the
methods of ventilating mines, see Mr. Bald’s article on Coal Mires in the Edinburgh
Encyclopwedia, vol. xiv, p: 361. An account of Sir Humphry Davy’s larop will be
found in the Append:x. VoL II.—Ed.

® This species of air, or oxygzenous gas, may be procured in ‘greater purity by
heating the oxyd of manganese to redness in an carthen retort ;.or by he-:ﬁng it in
& glass retort, over the flame of a lamp, when mixed with half its weight of strong
sulphuric aci.  "This gas can be obtained from a variety of other oxyds, and by dif-
ferent methods, which are to be found in every system of chemistry. See parti-
eularly an excellent Epitome of Chemistry by Dr. Henry of Manchester.—£d. :



156 OF PNEUMATICS. LECT. V1.

When such combustible matter, as 1s above men-
tioned, kindles in the bowels of the earth, where
therc is little or no vent, it produces earthquakes, and violent
storms or hurricanes of wind when it breaks forth into the air.

An artificial earthquake may be made thus: Take 10 or 15
pounds of sulphur, and as much of the filings of iron, and
knead them with common water into the consistency of a paste :
this being buried in the ground, will, in eight or ten hours time,
burst out in flames, and cause the earth to tremble all around
to a considerable distance.

Lurthgwales.

From this experiment we have a very natural account of the
fires of mount Mtna, Vesuvius, and other voleanoes, they be-
ing probably set on fire at first by the mixture of such metal-
line and sulphureous particles.

The air- The air-pump being constructed the same way as
e i the water-pump, whoever understands the one, will
be at no loss to understand the other. '
Plate XIV. Having put a wet leather on the plate L L of the

Fig. 2. air-pump, place the glass receiver M upon the lea-
ther, so that the hole ¢ in the plate may be within the glass.®
Then, turning the handle # backward and forward, the air
will be pumped out of the receiver ; which will then be held
down. to the plate by the pressure of the external air, or atmo-
sphere. For as the handle F' (Fig. 3), is turned backward, it
raises the piston d ¢, in the barrel B K, by means of the wheel
E and rack D d:' and, as the piston is leathered so tight as to
fit the barrel exactly, no air can get between the piston and
barrel ; and, therefore, all the air above d in the barrel is
lifted up towards B, and a vacuum 1s made in the barrel from

* When leathers, soaked in water or oil, are employed, an clastic vapour some-
times arises, which influences the gage, and prevents it from shewing to what degree
the air is rarefied. On this account the edge of the receiver, and the plate L I,
should be ground perfectly flat, and rubbed with hogs’ lard or soft pomatum, which
will keep out the air without generating moisture. When this cannot be conve-
nisntly done, the leather should be soaked in oil, from which the air has been pre-
viously expelled by boiling ; or it may be rubbed with hogs® lard, or bees’ wax,
which communicate & clamminess to the leather. DBy these means the production of
elastic vapour may be prevented. See Mr. Edward Nairne's curious experiments
with the air-pump, in the Pk, Trans. 1777, vol. lxvii, p. 614.

! In such a delicate instrument as the air-pump, it is of great importance that the
plstois be raised and depressed with an uniform force and velocity. This can be
effected only by giving a proper curvature to the teeth of the wheel and rack. For
this purpos see the article in the Appendix, Vol. II, On the Formation of the
Teeth of Rock-work, &e.—FEd.
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b to e; upon which, part of the air in the receiver M {:[-‘ig, 2),
ll}r its spring, rushes through the hole i, in the brass P]ut{-} Lol
along the pipe G G, which communicates with both barrels by
the hollow trunk 7 T K (Fig. 3), and pushing up the valve 8,
enters into the vacant place b ¢ of the barrel B K.  Tor, wher-
ever the resistance or pressure is taken offy the air will run to
that place, if it can find a passage. Then, if the handle F
be turned forward from ¢ to its former position ¥, the piston
d ¢ will be depressed in the barrel : and, as the air which had
got into the barrel cannot be pushed back through the valve 4,
it will ascend through a hole in the piston, and escape through
a valve at d; and be hindered by that valve from returniﬁg
into the barrel, when the piston is again raised. At the next
raising of the piston a vacuum is again made in the same man-
ner as before, between & and e; upon which, more of the air
that was left i the receiver M, gets out thence by its spring,
and runsinto the barrel B K, through the valve B. The same
thing is to be understood with regard to the other barrel 4 7 ;
and as the handle F 1s turned backward and forward, it alter-
nately raises and depresses the pistons in their barrels; always
raising one while it depresses the other. And, as there is a va-
cuum made in each barrel when its piston is raised, the particles
of air in the receiver M push out one another by their spring
or elasticity, through the hole i," and pipe G & nto the bar-
rels ; until at last the air in the receiver comes to be so much
dilated, and its spring so far weakened, that it can no longer
get through the valves ; and then no more ‘canbe taken out.
Hence, there is no such thing as making a perfect vacuum in
the receiver ; for the quantity of air taken out at any one stroke,
will always be as the density thereof in the receiver :* and, there-
fore, it is impossible to take it all out, because supposing the
receiver and barrels of equal capacity, there will be always as
much left as was taken out at the last turn of the handle.

? The density of the air in the receiver decreases in a geometrical progression.
If d be the density of the air, = the number of reciprocations of the piston, r the

capacity of the receiver, and a that of the barrels, we shall have d = (u. ; )n?
®
n -
) will repre-
sent the rarefaction. Flence, if we wished the air in the recciver to have a certain
density, we can find n the number of reciprocations of the pisl;uil NECEssary to pro-
Log. d.

duce such a density, for n = —. B
Log. voem—log. a 4 r

ﬂ.+‘l‘

and since the rarefaction of the air is inversely as its density, (
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There is a cock k below the pump-plate, which being turned,
lets the air into the receiver again; and then the receiver be-
comes loose, and may be taken off the plate. The barrels are
fixed to the frame E ¢ ¢ by two screw-nuts 7, which press down
the top-piece E upon the barrels: and the hollow trunk H (in
Fig. 8), is covered by a box, as G H in Fig. 2.

There is a glass tube 7 #m m m n open at both ends, and about
34 inches long ; the upper end communicating with the hole in
the pump-plate, and the lower end immersed in quicksilver at n
in the vessel N. 'To this tube is fitted a wooden ruler m m,
called the gage, which is divided into inches and parts of an
inch, from the bottom at n (where it is even with the surface
of the quicksilver), and continued up to the top, a little below
7, to 30 or 81 inches.

As the air is pumped out of the receiver M, it is likewise
pumped out of the glass tube Zm n, because that tube opens
mto the receiver through the pump-plate ; and as the tube 1s
gradually emptied of air, the quicksilver in the vessel N is forced
up into the tube by the pressure of the atmosphere. And if
the receiver could be perfectly exhausted of air, the quicksilver
would stand as high in the tube as it does at that time in the
barometer : for it is supported by the same power or weight of
the atmosphere in both.

The quantity of air exhausted out of the receiver on each turn
of the handle, is always proportional to the ascent of the quick-
silver on that turn ; and the quantity of air remaining in the re-
ceiver is proportionable to the defeet of the height of the quick-
silver in the gage, from what it is at that time in the barometer.?

I shall now give an account of the experiments made with the
air-pump in my lectures ; shewing' the resistance, weight, and
elasticity, of the air.

L. To shew the resistance of the air.

Resistance of 1+ There is a little machine, consisting nt:' two
the air. mills, @ and & (Fig. 4), which are of equal weights,
independent of each other, and turn equally free on their axis
in the frame. Fach mill has four thin arms or sails, fixed into

3 If vapour has been produced in the course of any experiment, the receiver, the
tubes, and the barrels, of the pnmp must be carefully freed from it before a new ex-
periment is performed. This is done by exhausting a large receiver, into which the
vapour diffuses itself ; and if not taken away, is at least greatly rarefied, according to
the capacity of the receiver.—Ed.
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the axis : those of the mill @ have their planes at right angles
to its axis, and those of b have their planes parallel to it. There-
fore, as the mill @ turns round m common air, it is but little
resisted thereby, because its sails cut the air with their thin
edges: but the mill & is much resisted, because the broad sides
of its sails move against the air when 1t turns round. In each
axle is a pin near the middle of the frame, which goes quite
through the axle, and stands out a little on cach side of it : up-
on these pins the slider d may be made to bear, and so hinder
the mills from going, when the strong spring ¢ is set on bend
against the opposite ends of the pins.

Having set this machiue upon the pump-plate L L (Fig. 2),
draw up the slider d to the pins on one side, and set the spring
¢ at bend upon the opposite ends of the pins: then push down
the slider d, and the spring acting equally strong upon each
mill, will set them both agoing with equal forces and veloci-
ties: but the mill @ will run much longer than the mill 4, be-
cause the air makes much less resistance against the edges of its
sails, than against the sides of the sails of &.

Draw up the slider again, and set the spring upon the pins
as before ; then cover the machine with the receiver M (Fig. 52)

- upon the pump-plate, and havi ing exhausted the receiver of air,
push down the wire P P (through the collar of leathers in the
neck ¢) upon the slider ; which will disengage 1t from the pins,
and allow the mills to turn round by the impulse of the spring :
and as there is no air in the receiver to make any sensible resist-
ance against them, they will both move a considerable time long-
er than they did in the open air ; and the moment that one stops,
the other will do so too. This shews that air resists bodies in
motion, and that equal bodies meet with different degrees of re-

-sistance, according as they present greater or less surfaces to the
air, in the planes of their motions.

2. Take off the receiver M and the mills; and having put
the guinea a (Fig. 5), and feather & upon the brass flap ¢, turn
up the flap, and shut 1t into the notch d. Then, putting a wet
leather over the top of the tall receiver 4 B (it being open both
at top and bottom) cover it with the plate €, from which the
guinea and feather tongs ¢ d will then hang within the receiver.
This done, pump the air out of the receiver; and then draw
up the wire fa little, which by a square piece on its lower
end will open the tongs ed; and the flap falling down as

. at ¢, the guinea and feather will descend with equal veloci-
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ties in the receiver; and both will fall upon the pump-plate
at the same nstant.?

N. B. In this experiment, the observers ought not to look at
the top, but at the bottom, of the receiver ; in order to see the
guinea and feather fall upon the plate ; otherwise on ‘account
of the quickness of their motion, they will escape the sight of
the beholders.

II. T'o shew the weight of the air.

Weight of 1. Having fitted a brass cap, with a valve tied over
the air. it, to the mouth of a thin bottle or Florence flask,
whose contents are exactly known, screw the neck of this cap
into the hole i of the pump-plate : then, having exhausted the
air out of the flask, and taken it off’ from the pump, let it be
suspended at one end of a balance, and nicely counterpoised by
weights in the scale at the other end: this done, raise up the
valve with a pin, and the air will rush into the flask with an
audib e noise : during which time, the flask will descend, and
pull down that end of the beam. When the noise is over, put
as many grains into the scale at the other end as will restore
the equilibrium ; and they will shew exactly the weight of the
quantity of air which has got into the flask, and filled it. If
the flask holds an exact quart, it will be found, that 16 grains
will restore the equipoise of the balance, when the quicksilver
stands at 29} inches in the barometer: which shews, that when
the air is at a mean rate of density, a quart of it weighs 16
grains: it weighs more when the quicksilver stands higher;
and less when it stands lower.

2. Place the small receiver O (Fig. 2) over the hole i in the
pump-plate, and upon exhausting the air, the receiver will be
fixed down to the plate by the pressure of the air on its outside,
which 1s left to act alone, without any air in the receiver to act
against it : and this pressure will be equal to as many times 15
pounds, as there are square inches in that part of the plate
which the receiver covers; which will hold down the receiver

* This experiment may be made without an air-pump. Place a piece of thin
paper on the outside of the bottom of a small box, of such a weight that in falling
the bottom will always keep lowermost, and having let fall the box and the paper
from the height of two or three yards above a cughion, they will both reach it at the
same time ; while a piece of paper of the same size, let fall at the same instant, will
flutter slowly and obliquely to the ground. The experiment will succeed if the
paper is placed on a erown or half-crown piece, without using a box.—Ed.
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so fast, that it cannot be got off, until the air be let into it by
tuming the cock % : and then it becomes loose.

3. Set the little glass 4 B (Fig. 6), which is open at both ends,
over the hole i upon the pump plate L L, and put your hand
close upon the top of it at B: then, upon exhausting the air
out of the glass, you will find your hand pressed down with a
great weight upon it : so that you can hardly release it, until
the air be re-admitted into the glass by turning the cock I ;
which air, by acting as strongly upward against the hand as the
external air acted in pressing it downward, will release the hand
from its confinément.

4. Having tied a piece of wet bladder & (Fig. 7), over the open
top of the glass 4 (which is also open at bottom) set it to dry,
and then the bladder will be tight like a drum. Then place the
open end A updn the pump-plate, over the hole 4, and begin to
exhaust the air out of the glass. As the air is exhausting, its
spring in the giass will be weakened, and give way to the pres-
sure of the outward air on the bladder, which, as it is pressed
down, will put on a spherical concave figure, which will grow
deeper and deeper, until the strength of the bladder be over-
come by the weight of the air; and then it will burst with a
report as loud as that of a gun. If a flat picce of glass be laid
upon the open top of this receiver, and joined to it by a fat
ring of wet leather between them ; upon pumping the air out
of the receiver, the pressure of the outward air upon the flat
glass will break it to pieces.

5. Immerse the neck ¢ d (Fig. 8), of the hollow glass ball ¢ §
i water, contained in the phial @ @ ; then set it upon the pump-
plate, and cover it and the hole ¢ with the close veceiver A4 ; and
then begin to pump out the air. As the air goes out of the re-
ceiver by its spring, it will also by the same means go out of
the hollow ball ¢, through the neck d ¢, and rise up in bubbles
to the surface of the water in the phial; from whence it will
make its way, with the rest of the air in the receiver, through
the air-pipe G G and valves @ and &, into the open air. When
it has done bubbling in the phial, the ball is sufficiently ex-
hausted ; and then, upon turning the cock %, the air will get
into the receiver, and press so much upon the surface of the
water in the phial, as to force the water up into the ball in a
Jjet, through the neck ¢ d ; and will fill the ball almost full of
water. The reason why the ball is not quite filled, is because
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all the air could not be taken out of it ; and the small quantity
that was left in, and had expanded itself so as to fill the whole
ball, is now condensed into the same state as the outward air, and
remains in a small bubble at the top of the ball ; and so keeps
the water from filling that part of the ball.

6. Pour some quicksilver into the jar D (Fig. 9), and set it
on the pump-plate near the hole i; then set on the tall open
receiver A B, so as to be over the jar and hole; and cover the
receiver with the brass plate €. Screw the open glass tube
S 2 (which has a brass top on it at k) into the syringe H, and
putting the tube through a hole in the middle of the plate, so
as to immerse the lower end of the tube ¢ in the guicksilver at
D, screw the end & of the syringe into the plate. This done,
draw up the piston in the syringe by the ring [, which will
make a vacuum in the syringe below the piston; and as the
upper end of the tube opens into the syringe, the air will be
dilated in the tube, because part of it, by its spring, gets up
into the syringe; and the spring of the undulated air in the
receiver acting upon the surface of tne quicksilver in the jar,
will force part of it up into the tube: for the quicksilver will
follow the piston in the syringe, in the same way, and for the
same reason, that water follows the piston of a common pump
when it is raised in the pump barrel ; and this, according to
some, is done by suction. But to refute that erroneous no-
tion, let the air be pumped out of the receiver 4 B, and then
all the quicksilver in the tube will fall down by its own weight
into the jar; and cannot be again raised one hair’s breadth in
the tube by working the syringe: which shews that suction
had no hand in raising the quicksilver; and, to prove that it
is done by pressurey let the air into the receiver by the cock &
(Fig. 2), and its action upon the surface of the quicksilver in
the jar will raise it up into the tube, although the piston of the
syringe continues motionless.  If the tube be about 32 or 33
inches high, the quicksilver will rise in it very near as high as
it stands at that time in the barometer. And, if the syringe
has a small hole, as m, near the top of 1t, and the piston be
drawn up above that hole, the air will rush through the hole
mto the syringe and tube, and the quicksilver will immediately
fall down into the jar. If this part of the apparatus be air-
tight, the quicksilver may be pumped up into the tube to the
same height that it stands in the barometer; but it will go no

f.
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higher, because then the weight of the column of quicksilver
in the tube is the same as the weight of a column of air of the
same thickness with the quicksilver, reaching from the earth to
the top of the atmosphere.

Y. Having placed the jar 4 (Fig.10), with some quicksilver
init, on the pump-plate, as in the last experiment, cover it with
the receiver B ; then push the open end of the glass tube d e
through the collar of leathers in the brass neck C (which it
fits so as to be air-tight) almost down to the quicksilver in the
jar. Then exhaust the air out of the receiver, and it will also
come out of the tube, because the tube is close at top. When
the gauge m m shews that the receiver is well exhausted, push
down the tube, so as to immerse its lower end into the quick-
silver in the jar. Now, although the tube be exhausted of air,
none of the quicksilver will rise into it, because there is no air
left in the receiver to press upon its surface in the jar. But
let the air into the receiver by the cock k, and the quicksilver
will immediately rise in the tube; and stand as high in it, as
it was pumped up in the last experiment.

Both these experiments shew, that the quicksilver is sup-
ported in the barometer by the pressure of the air on its sur-
face in the box, in which the open end of the tube is placed.
And that the more dense and heavy the air is, the higher does
the quicksilver rise; and, on the <ontrary, the thinner and
lighter the air is, the more will the quicksilver fall. For if
the handle F be turned ever so little, it takes some air out of
the receiver, by raising one or other of the pistons in its bar-
rel; and consequently, that which remains in the receiver is so

“much rarer, and has so much the less spring and weight ; and

thereupon, the quicksilver falls a little in the tube ; but upon
turning the cock, and re-admitting the air into the receiver, it
becomes as weighty as before, and the quicksilver rises again
to the same height. Thus we see the reason why the quick-
silver in the barometer falls before rain or snow, and rises be-
fore fair weather ; for, in the former case, the air is too thin
and light to bear up the vapours, and in the latter, too dense
and heavy to let them fall. _

N. B. In all mercurial experiments with the air-pump, a
short pipe must be screwed into the hole 4, so as to rise abeut
an inch above the plate, to prevent the quicksilver from get-
ting into the air-pipe and barrels, in case any of it should be
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accidentally spilt over the jar: for if it once gets into the pipes
or barrels, it spoils them, by loosening the solder, and corroding
the brass.

8. Take the tube out of the receiver, and put one end of a
bit of dry hazel branch, about an inch long, tight into the hole,
and the other end tight into a hole quite throngh the bottom
of a small wooden cup : then pour some quicksilver into the
cup, and exhaust the receiver of air, and the pressure of the
outward air, on the surface of the quicksilver, will force it
through the pores of the hazel, from whenee it will descend in
a buauuful shower into a glass cup p];.t-:,{.d under the receiver
to catch it.

9. Put a wire through the collar of leathers in the top of
the receiver, and fix a bit of dry wood on the end of the wire
within the receiver ; then exhaust the air, and push the wire
down, so as to immerse the wood into a jar of quicksilver on
the pump-plate ; this done, let in the air, and upon taking the
wood out of the jar, and splitting it, its pores will be found
full of quicksilver, which the force of the air, upon being let
mto the receiver, drove into the wood. 3
Magdeburg 10. Join the two brass hemispherical cups 4 and
hemispheres. I} together (Fig. 11), with-a wet leather hetween
them, having a hole in the middle of it ; then screw the end D
of the pipe €' I into the plate of the pump at 4, and turn the
“cock E, so that the pipe may be open all the way into the cavity
of the hemispheres: then exhaust the air out of them, and turn
the cock a quarter round, which will shut the pipe C' D, and
keep out the air. This done, unscrew the pipe at D from the
pump: and screw the piece F' & upon it at D ; and let two
strong men try to pull the hemispheres asunder by the rings
& and &, which they will find hard to do: for if the diameter
of the hemispheres be four inches, they will be pressed together
by the external air with a force equal to 190 pounds. And to
shew that it 1s the pressure of the ar that keeps them together,
hang them by either of the rings upon the hook P of the wire
i the receiver M (Fig. 2), and upon exhausting the air out of
the receiver, they will fall asunder of themselves.

11. Place a small receiver O (Fig. 2) near the hole i on the
pump-plate, and cover both it and the hole with the receiver
M ; and turn the wire so by the top P, that its hook may take
hold of the little receiver by a ring at its top, allowing that re-
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ceiver Lo stand with lts own'weight on the plate. Then, upon
working the pump, tlit- air wll} come out of both receivers ; but
the large one M will be ﬂlrmhl}' held down to the pump by the
pressure of the external air ; while the small one 0, having no
air to press upon it, will continue ]ij{:-se, and may be drawnup
and let down at pleasure by the wire P P. But, upon letting
1t qmte down to the plate, and admitting the air into the re-
ceiver- M, by the cock k, the air will press so strongly upon the
small receiver 0, as to fix it down to the plate; and at the
same time, by counterbalancing the outward pressure on the
large receiver M, it will become loose. This experiment evi-
dently shews, that the receivers are held down by pressure, and
not by suction, for the internal receiver continued loose while
the operator was pumping, and the external one was held down ;
but the former became fast immediately by letting in the air
upon it.

12. Screw the end 4 of the brass pipe 4 B F (IFig. 12) into
the hole of the pump-plate, and turn the cock ¢ until the pipe
be open ; then put a wet leather upon the plate ¢ d, which is
fixed on the pipe, and cover it with the tall receiver G H,
which is close at top : then exhaust the air out of the receiver,
and turn the cock e to keep it out ; which being done, unscrew
the pipe from the pump, and set its end 4 into a bason of
water, and turn the cock ¢ to open the pipe; on which, as
there is no air in the receiver, the pressure of the atmo-
sphere on the water in the bason will drive the water forcibly
through the pipe, and make it play up in a jet to the top of
the receiver.

13. Set the square phial 4 (Tig. 15) upon the pump-plate,
and having covered it with the wire cage B, put a close re-
ceiver over it, and exhaust the air out of the receiver ; in doing
which, the air will also make its way out of the phial through
a small hole in its neck under the valve 5, When the air is
exhausted, turn the cock below the plate, to re-admit the air
into the receiver: and as it cannot get into the phial again,
because {:-f the mlve, the phial will be broke into a thousand
pieces h}' the pressure of the air wpon it. Had the phial
been of a round form, it would have sustained this pressure
like an arch, without breaking: but as its sides are flat, it
cannot. '

YOL. I. L
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T'o shew the elasticity or spring of the air.
Ehsticityof 14 Tie up a very small quantity of air in a blad-
the air. der, and put it under a receiver; then exhaust the

" air out of the receiver ; and the small quantity which is con-

fined in the bladder (having nuthmg to act against it) will ex-
pand itself so by the force of its spring, as to fill the bladder
as full as it could be blown of common air. But upon letting
the air into the receiver again, it will overpower the air in the
bladder, and press its sides almost close together.

15. If the bladder so tied up be put into a wooden box, and
have 20 or 30 pound weight of lead put upon it in the box,
and the box be covered with a close receiver, upon exhausting
the air out of the receiver, that air which 1s confined in the
bladder will expand itself so as to raise up all the lead by ‘the
force of its spring.

16. Take the glass ball mentioned in the fifth experiment
(Fig. 1), which was left full of water all but a small bubble of
air at top, and having set it with its neck downward into the
empty phial a a, and covered it with a close receiver, exhaust
the air out of the receiver, and the small bubble of air in the
top of the ball will expand itself, so as to force all the water out
of the ball into the phial.

17. Screw the pipe 4 B (Fig. 12) into the pump-plate ; place
the tall receiver G H upon the plate ¢ d, as in the twelfth ex-
periment, and exhaust the air out of the receiver; then turn
the cock e to keep out the air, unscrew the pipe from the pump,
and screw it into the mouth of the copper vessel C C' (Fig. 16),
the vessel having first been about half filled with water. Then
open the cock ¢ (Fig. 12), and the spring of the air which is
confined in the copper vessel will force the water up through
the pipe 4 B m a jet into the ;:{hausted receiver, as stl'm‘.lgljr as
it did by its pressure on the surface of the water in a bason, in
the twelfth experiment.

18. If a fowl, a cat, rat, mouse, or bird, be put under a re-
ceiver, and the air be exhausted, the animal will be at first op-
pressed aswith a great weight, then grow convulsedg and at last
expire in all the agonies of a most bitter and cruel death. But
as this experiment is too shoeking to every spectator who has
the least degree of humanity, we substitute a machine called the
lungs-glass in place of the animal.

19, If a butterfly be suspended in a receiver, by a fine thread |

L]
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tied to one of its horns, it will fiy about in the receiver, as long
as the receiver eontinues full of air; but if the air be exhaust-
ed, though the animal will not die, and will continue to flutter
its wings, it cannot remove itself from the place where it hangs
in the mddle of the receiver, until the air be let in again, and
then the animal will fly about as before.

20. Pour some quicksilver into the small bottle 4 (Fig. 18),
and serew the brass collar ¢ of the tube B C into the brass neck
b of the bottle, and the lower end of the tube will be immersed
in the quicksilver, so that the air above the quicksilver in the
bottle will be confined there, because it eannot get out about
the joinings, nor can it be drawn out through the quicksilver
into the tube. This tube 1s also open at top, and is to be cover-
ed- with the receiver G and large tube E F, which tube is
fixed by brass collars to the receiver, and is close at the top.
"This preparation being made, exhaust the air both out of the
receiver and its tube ; and the air will, by the same means, he
exhausted out of the inner tube B C, through its open top” at
C: and as the receiver and tubes are exhausting, the air that
1s confined in the glass bottle 4 will press so by its spring upon
the surface of the quicksilver, as to force it up in the inner
tube as high as it was raised in the ninth experiment by the
pressure of the atmosphere, which demonstrates that the spring
of the air is equivalent to its weight.

21. Serew the end C of the pipe € D (Fig. 14) into the hole
of the pump-plate, and turn all the three cocks d, G, and H,
so as to open the communications between all the three pipes
E, F, D, C, and the hollow trunk 4 B. Then cover the plates
& and /& with wet leathers, which have holes in their middle
where the pipes open into the plates; and place the close re-
ceiver I upon the plate g: this done, shut the pipe F by turn-
ing the cock H, and exhaust the air out of the receiver [I.
Then, turn the cock d to shut out the air, unscrew the machine
from the pump, and having screwed it to the wooden foot L,
put the receiver & upon the plate % : this receiver will continue
loose on the plate as long as it keeps full of air; which it will
do until the cock H be turned to open the communication be-
tween the pipes F and E, through the trunk 4 B; and then
the air in the receiver &, having nothing to act against its
spring, will run from & into J, until it be so divided between
these receivers, as to be of equal density in both; and then
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they will be held down with equal forces to their plates by the
pressure of the atmosphere ; though each receiver will then be
kept down but with one half the pressure upon it, that the
receiver I had, when it was exhausted of air; because it has
now one half of the common air in it which filled the receiver &
when it was set upon the plate; and therefore a foree equal to
half the force of the spring of common air, will act within the
receivers against the whole pressure of the common air upon
their outsides. This is called transferring the air out of one
vessel into another.

22. Put a cork into the square phial 4 (Fig. 15), and fix it
m with wax or cement ; put the phial upon the pump-plate with
the wire cage B over it, and cover the cage with a close receiver.
Then, exhaust the air out of the receiver, and the air that was
corked up in the phial will break the phial by the force of its
spring, because there is no air left on the outside of the phial to
act against the air within it.

23. Puta shrivelled apple under a close receiver, and exhaust
the air ; then the spring of the air within the apple will plump
it out, so as to cause all the wrinkles to disappear ; but upon
letting the air into the receiver again, to press upon the apple,
it will instantly return to its former decayed and shrivelled state.

24. Takea fresh egg, and cut off a little of the shell and film
from its smallest end, then put the egg under a receiver, and .
pump out the air; upon which, all the contents in the egg will
be forced out into the receiver, by the expansion of a small
bubble of air contained in the great end, between the shell and
film.

25. Put some warm beer into a glass, and having set it on
the pump, cover it with a close receiver, and then exhaust the
air. While this is doing, and thereby the pressure more and
more taken off' from the beer in the glass, the air therein will
expand itself, and rise up in innumerable bubbles to the surface
of the beer ; and from thence it will be taken away with the
other air in the receiver. When the receiver is nearly exhaust-
ed, the air in the beer, which could not disentangle itself quick
enough to get off with the rest, will now expand itself so as to
cause the beer to have all the appearance of boiling; and the
greatest part of it will go over the glass.

26. Put some warm water into a glass, and put a bit of dry
wainseot or other wood inte the water. Then, cover the glass

P
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with a close receiver, and exhaust the air ; wpon which, the air
in the wood having liberty to expand itself, will come out plen-
tifully, and make all the water to bubble about the wood, espe-
cially about the ends, because the pores lie lengthways, A cubic
inch of dry wainscot has so much air in it, that it will continue

bubbling for near half an hour together.

Miscellancous Experiments.

27. Screw the syringe H (Fig. 9) to a piece of lead that
weighs one pound at least ; and, holding the lead in one hand,
pull up the piston in the syringe with the other; then quitting
hold of the lead, the air will push it upward, and drive back
the syringe upon the piston. The reason of this is, that the
drawing up of the piston makes a vacuum in the syringe, and
the air, which presses every way equally, having nothing to re-
sist its pressure upward, the lead is thereby pressed upward,
contrary to its natural tendency by gravity. If the syringe, so
loaded, be hung in a receiver, and the air be exhausted, the sy-
ringe and lead will descend upon the piston-rod by their natural
gravity ; and upon admitting the air into the receiver, they will
be driven upward again, until the piston be at the very bottom
of the syringe.

28. Let a large picce of cork be suspended by a thread at
one end of a balance, and counterpoised by a leaden weight,
suspended in the same manner, at the other. Let this balance
be hung to the inside of the top of a large receiver; which
being set on the pump, and the air exhausted, the cork will pre-
ponderate, and shew itself to be heavier than the lead ; but upon
letting in the air again, the equilibrium will be restored.  The
reason of this is, that since the air is a fluid, and all bodies lose
as much of their absolute weight in it as is equal to the weight
of their bulk of the fluid, the cork, being the larger body, loses
more of its real weight than the lead does ; and therefore must
in fact be heavier, to balance it under the disadvantage of losing
some of its weight : which disadvantage being taken off' by re-
moving the air, the bodies then gravitate according to their real
quantities of matter, and the cork, which balanced the lead in
air, shews itself to be heavier when in vacuo.’

® In this experiment the cork must be covered all over with a piece of thin wet
Bladder glued to it, and not used until it be thoroughly dry.—Z£d.



150 OF THE AIR-PUMP. LECT. VI.

29. Set a lighted candle upon the pump, and cover it witha
tall receiver. If the receiver holds a gallon, the candle will burn
a minute ; and then, after having gradually decayed from the
first instant, it will go out : which shews, that a constant supply
of fresh air is necessary to feed flame; and so it also is for ani-
mal life, For a bird kept under a close receiver will soon die,
although no air be pumped out ; and it is found, that, in the
diving-bell, a gallon of air is sufficient only for one minute for
a man to breathe in.

The moment when the candle goes out, the smoke will be
seen to ascend at the top of the recciver, and there it will form
a sort of cloud ; but, upon exhausting the air, the smoke will
fall down to the bottom of the receiver, and leave it as clear at
the top as it was before it was set upon the pump.  This shews,
that smoke does not ascend on account of its being positively
light, but because it is lighter than air; and its falling to the
bottom when the air is taken away, shews that it is not destitute
of weight.  So most sorts of wood ascend or swim in water ;
and yet there are none who doubt of the wood's having gravity
or weight.

30. Set a receiver, which is open at top, upon the air-pump,
and cover it with a brass plate, and wet leather; and having
exhausted it of air, let the air in again at top through an iron
pipe, making it pass through a charcoal flame at the end of
the pipe; and, when the receiver is full of that air, lift up the
cover, and let down & mouse or bird into the receiver, and the
burnt air will immediately kill it. If a candle be let down
into that air, it will go out directly ; but, by letting it down
gently, it will purify the air so far as it goes ; and so, by letting
it down more and more, the flame will drive out the bad air,
and good air will get in.

31. Set a bell upon a cushion on the pump-plate, and cover
it with a receiver ; then shake the pump to make the clapper
strike against the bell, and the sound will be very well heard ;
but exhaust the receiver of air, and then if the clapper be made
to strike ever so hard agaimt the bell, it will make no sound at
all ; which shews, that air is absolutely necessary for the pro-
paga'ﬂnn of sound.

82, Let a candle be placed on one side of a receiver, and
viewed through the receiver at some distance; then, as soon as
the air begins to be exhausted, the receiver will be filled with

Tk
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vapours which rise from the wet leather, by the spring of the
air in it ; and the light of the candle being refracted through
that medium of vapours, will have the appearance of circles of
various colours, of a faint resemblance to those in the rain-bow.

The air-pump was invented by Otho Guerick of Magdeburg,
but was much improved by Mr. Boyle, to whom we are indebt-
ed for our greatest part of the knowledge of the wonderful pro-
perties of the air, demonstrated in the above experiments.®

The elastic air which is contained in many bodies, and is
kept in them by the weight of the atmosphere, may be got out
of them either by boiling, or by the air-pump, as shewn in the
25th experiment: but the fixed air, which is by much the
greater quantity, eannot be got out but by distillation, fermen-
tation, or putrefaction.

If fixed air did not come out of bodies with difficulty, and
spend some time in extricating itself from them, it would tear
them to pieces. Trees would be rent by the change of air from
a fixed to an elastic state, and animals would be burst in pieces
by the explosion of air in their food.

Dr. Hales found, by experiment, that the air in apples is so
much condensed, that if it were let out into the common air,
it would fill a space 48 times as great as the bulk of the apples

& The air-pump was invented in 1654, and afterwards much improved by Papin,
Hooke, Hawksbee, and S'Gravesande. The greatest improvement, however, upon
this instrument, we owe to the ingenious Mr. Smeaton (see Phil. Trans. vol. xlvii,
1. 416). Smpaton's air-pump has lately been much improved by Mr. Haas, who
has likewise invented another of his own. The first is deseribed in the Phil, Trans.
vol. lexiii, and the last in Cavallo’s Nat. Phil. vol. ii, p. 472. New air-pumps
have also been constructed by Mr. Prince, an American gentleman, and Mr. Cuth-
bertson, pbilosophical instrument-maker, London ; both of which are described in
thie Encyclopadia Britannica, article Preumatics.  Mr. Smeaton’s air-pump, and
that which was first constructed by Mr. Haas, may be employed as a condensing

~engine, werely by changing the communication between the plate of the pump and

the cylinders. About & year ago, a mercurial air-pump was invented by Sir A. N.
Edelcrantz, counsellar of the chancery, and private secretary to the king of Sweden,
Its exhausting power is unlimited ; a property which no other air-pump possesses.
It Qpentts by means of mereury, raised and lowered in a wooden cylinder bya Fl“Er
and the upper communication with the receiver is made through an iron cock. Ex-
cepting this eock, all the parts FF the machine may be exceuted by common work-
men. A description of this air-pump, by its inventor, may be seen in Nicholson's
Journal for March 1804, No. 27. Mr. Mendelsshon, a mathematical instrament.
maker in London, has simplified the air-pump considerably. He makes the eylin-
ders of glass, and the pistons of tin, so as to be air-tight without the interposition of
leathers. ~ See the Journal alrendy quoted, for March 1805, No. 39, p. 204.—FEd.
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themselves ; so that its pressure was equal to 11,776 Ibs. and in
a cubic inch of oak, to 19860 Ibs. against their sides. So that
if the air was let loose at once in thesg substances, they would
tear every thing to pieces about them with a force superior to
that of gunpowder. Hence, in eating apples, it is well that
they part with the air by degrees, as they are chewed, and fer-
ment in the stomach, otherwise an apple would be inmediate
death to him who eats it.

The mixing of some substances with others will release the
air from them all of a sudden, which may be attended with
very great danger. OF this we have a remarkable instance in
an experiment made by Dr. Slare ; who having put half a dram
of o1l of caraway-seed into one glass, and a dram of ecompound
spirit of nitre in another, covered them both on the air-pump
with a receiver six inches wide, and eight inches deep, and
then exhausted the air, and continued pumping until all that
could possibly be got both out of the receiver, and out of the
two fluids, was extricated: then, by a particular contrivance
from the top of the receiver, he mixed the fluids together ;
upen which they produced such a prodigious quantity of air,
as instantly blew up the receiver, although it was pressed down
by the atmosphere with upwards of 400 pounds weight.”

7 The Air-zun is an instrament of sufficient importance to deserve notice in a trea-
tise on experimental philosophy. It consists of a barrel, to which is attached a con-
cave ball, furnished with an air-ml're. When this ball is filled with condensed air,
by means of a condensing syringe, it is screwed below the barrel in such a manner,
that the valve may be opened by pulling the trigger of the lock. The condensed
air being thus allowed to escape, impels the bullet in the barrel with a very consider-
able momentum. "T'welve pennyweights of air, injected inte a ball 32 inches in dia-
meter, has been found to drive out fifteen balls with great velocity. Sometimes the
air-gun consists of two barrels, the space between which is the receptacle for the con-
densed air.  In this case, the condenser is fixed to the barrel, and comes through the
butt-end of the gun.

The magazine air-gun is furnished with a winding or serpentine bn.'r!'r.l which
holds about a dozen balls. These are introduced one after another into the straight
barrel by means of a lever, and may be discharged with such rapidity as to answer
the purpose of several guns.

When the concave ball is filling with condensed air, by means of the syringe, a
flash of light is often perceived, capable of kindling a piece of match. This curious
fact must have the same origin as the rise of mercury in the thermometer when placed
an cotddensed air, as mentioned in a Preuu]ing note. -

A philosophical instrument, in the form of a mnnﬂ syringe with a piston, is made

for the purpose of setting fire to a 1m::a of amadou, by a rap:r.l condensation of the
ancluded air—2'd,
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- LECTURE VII.

OF OPTICS,

Licur consists of an inconceivably great number of particles
flowing from a luminous body in all manner of directions ;
and these particles are so small, as to surpass all human com-
prehension.

That the number, of particles of light is inconceivably great,
appears from the light of a candle ; which, if there be no ob-
stacle in the way to obstruct the passage of its rays, will fill
all the space'within two miles of the candle, every way, with
luminous particles, before it has lost the least sensible part of
its substance.

A ray of light is a continued stream of these particles, flow-
- ing from any visible i‘juﬂjr in a straight line : and that the par-
ticles themselves are incomprehensiby small, 1s manifest from
the following experiment. Make a small pin hole in a piece of
black paper, and hold the paper upright on a table facing a
row of candles standing by one another ; then place a_sheet of
pasteboard at a little distance behind the paper, and some of
the rays which flow from all the candles through the hole in
the paper will form as many specks of light on the lm'stebom-d
as there are candles on the table before the plate, o™

; gL . i
each speck being as distinet and -clear as if there smallness of
was only one speck f’mm one Tsmglc candle : v.:.'hmh E:htm"‘f“
shews that the particles of light are exceedingly
small, otherwise they could not pass through the hole from
so many different candles without confusion. Dr. Niewentyt
has computed that there flows more than 6,000,000,000,000
times as many particles of lizht from a candle in one second of
time, as there are grains of sand in the whole earth, supposing
each cubic inch of if to contain 1,000,000.

These particles, by falling directly upon our eyes, excite in
our minds the idea of light. And, when they fall upon bodies,
and are theveby reflected to our eyes, they excite in us the ideas
of these bodies. And as every point of a visible body reflects
the rays of light in all manner of directions, every point will be
visible in every part to which the light is reflected from. it.

-
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Plate vi1. Lhus the objeet 4 C'B is visible to an eye in any

Fig.1.  part where the rays da, 4b, Ad¢c, Ad, de, Ba,
Refleced,  Bb, B¢, Bd, Be, and Ca, Cb, Ce, Cd, Ce,
i come, Here we have shewn the rays as if they
were only reflected from the ends 4 and B, and from the
middle point C of the object; every other point being sup-
posed to reflect rays in the same manner. So that, wherever a
spectator is placed with mga‘rd to the body, every point of that
part of the surface which is toward him will be visible, when
no intervening object stops the passage of the light.

As no object can be seen through the bore of a bended pipe,
it is evident that the rays of light move in straight lines, while
there is nothing to refract or turn them out of their rectilineal
course.

While the rays of light continue in any! medium of an uni-
form density, they are straight: but when they pass obliquely
out of one medium into another, which is either more dense
or more rave, they are refracted toward the denser medium :
and this refraction is more or less, as the rays fall more or less
obliquely on the refracting surface which divides the mediums.
- To prove this by experiment, set the empty vessel 4 B C D

(Fig.2) into any place where the sun shines obliquely, and observe
the part where the shadow of the edge B C falls on the bottom
of-the vessel at £ ; then fill the vessel with water, and the sha-
dow will reach no farther than ¢; which shews that the ray
a B E, which came straight in the open air, just over the edge
Refracted - ©Of the vessel at B to its bottom at J, is refracted
light. by falling obliquely on the surface of the water at
B ; and, instead of going on in the rectilineal direction a B E,
it 15 bent downward in the water from B to e; the whole
bend being at the surface of the water : and so of all the other
rays a b c.

If a stick be laid over the vessel, and the sun’s rays be re-
flected from a glass perpendicularly into the vessel, the shadow
- of the stick will fall upon the same part of the bottom, whether
the vessel be empty or full, which shews, that the rays of light
are not refracted when the-y fall perpendicularly on the surface
of any medium.

The rays of light are as much refracted by passing out of

1 Any thing through which the rays of light can pass, is called a medium ; as
Air, Water, Gluss, Diamund, or even s Facuumn..

ﬁ:f-
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water into air, as by passing out of air into water. Thus, i a

ray of light flows from the point e, under water, in the direc-
tion ¢ B, when it comes to the surface of the water at B, it will
not go on thence in the rectilineal course B d, but will be re-
fracted into the line B a. Therefore, to an eye at e looking
through a plane glass in the bottom of the empty vessel, the
point @ cannot be seen, because the side B ¢ of the vessel in-
terposes ; and the point d will just be seen over the edge of the
vessel at B. But if the vessel be filled with water, the point a
will be seen from ¢ ; and will appear as at d, elevated in the di-
rection of the ray ¢ B.?

The time of sun-rising or setting, SUpposing its The days are
rays suffered no refraction, is easily found by calcu. madk longer
lation. But observation proves, that the sun rises ﬁ!ém of the
sooner, and sets later every day than the calculated sun's rays.
time ; the reason of which is plain, from what was said 1mme-
diately above. For, though the sun’s rays do not come part
of the way to us through water, yet they do through the air or
atmosphere, which being a grosser medium than the free space
between the sun and the top of the atmosphere, the rays, by
entering obliquely into the atmosphere, are there refracted, and
thence bent down to the carth. And although there are many
places of the earth to which the sun is vertical at noon, and,
consequently, his rays can suffer no refraction at that time, be-
cause they come perpendicularly through the atmosphere : yet
there is no place to which the sun’s rays do not fall ebliquely
on the top of the atmosphere, at his rising and setfing; and,
consequently, no clear day in which the sun will not be visible
before he rises in the horizon, and after he sets in it: and the
longer or shorter, as the atmosphere is more or less replete with
vapours. For, let 4 B C' (Fig. 8) be part of the earth’s surface,
D E F the atmosphere that covers it, and E B ¢ i the sen-

~ * Hence a piece of money Iying at e, in the bottom of an empty vessel, cannot be
seen by an eye at a, because the edge of the vessel intervenes ; but let the vessel be
filled with water, and the ray ¢ a being then refracted at B, will strike the eye at a, -
and so remder the meoney visible, which will appear as if it were raised up to f
in the line @ B f.—.1.

If the piece of money, mentioned in the preceding note, be a sixpence or a shil-
ling, and if it be placed at the bottom of a wine glass, a curious optical deception
will take place. The real piece of money will be scen near the surface of the water,
while another picce, similar to a half-crown or crown, will appear at the bottorn of
the glass. The former is seen, by refraction, of its natural size, through the upper

surface of the water, while the latter is seen magnified through the curvilineal sides
of the glass.—Ed,
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sible horizon of an observer at B. As every point of the sun’s
surface sends out rays of light in all manner of directions, some
of his rays will constantly fall upon and enlighten some half of
the atmosphere; and, therefore, when the sun is at J, below
the horizon H, those rays which go on in the free space Tk K
preserve a reetilineal course until they fall upon the top of the
atmosphere, and those which fall so about X, are refracted at
their entrance into the atmosphere, and bent down in the line
K m B, to the observer’s place at B : and, therefore, to him the
sun will appear at L, in the direction of the ray B m K, above
the horizon B G H, when he is really below it at Z.

ofenley s The angle contained between a ray of ]igh'e and
cidence and  a perpendicular to the refracting =;urﬂme, 1s called
sefbaction i g angle of incidence ; and the angle contained be-
tween the same perpendicular, and the same ray after refrac-
tion, is called the angle of r¢fiaction.  Thus, let L BM (Fig.
4) be the refracting surface of a medium (suppose water), and
ABC a }mrpendicular to that surface: let D B be a ray of
light going out of air into water at B, and therein refracted in
the line B H ; the angle 4 B D is the angle of incidence, of
which D I is the sine; and the angle & B H is the angle of
refraction, whose sine 1s K I.

When the refracting medium is water, the sine of the angle
of ineidence is to the sine of the angle of refraction as 4 to 3,
or as 1.850 to 1; which is confirmed by the following experi-
ment, taken from Dr. Smith’s Optics.

Describe the-circle D 4 . C on a plain square board, and
cross it at right angles with the straight lines 4 B C, and L B M;
then, from the intersection 4, with any opening of the com-
passes, set off the equal ares 4 D and 4 F, and draw the right
line D F E : then, taking F a, which is three quarters of the
length F E, from the point a, draw a I parallel to 4 B X, and
join K I parallel to B M : so K I will be equal to three quar-
ters of ' F or of D F. 'This done, fix the board upright upon

- the leaden pedestal 0, and stick three pins perpendicularly into

the board, at the points D, B, and 7: then set the board up-
right into the vessel VU7 T', and fill up the vessel with water to
thu line LB M. When the water has settled, look along the
line 1) B, so as you may see the head of the pin B over the
head of the pin ) ; and the pin I will appear in the same right
line produced to (7, for its head will be seen just over the head
gt the pin at B: which shews that the ray /B, coming from
¥
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the pin at 7, is so refracted at B, as to proceed from thence in
the line B D to the eye of the observer; the same as it would
do from any point G in the right line D B @, if there were no
water in the vessel : and also shews that & 7, the sine of refrasy
tion in water, is to ) I, the sine of incidence in the air, as 3 to 4.

Hence, if D B H were a crooked stick put obliquely into the
water, it would appear a straight one, as D B G. Therefore,
as the line B H -appears at B G, so the line B G will appear at
B g; and, consequently, a straight stick D B G put obliquely
into water, will seem bent at the surface of the water, and
crooked, as D B g :

When a ray of light passes out of air into glass, the sine of
incidence is to the sine of refraction, as 3 to 2, or as 1.5 to 1;
and when out of air into a diamond, as 5 to 2, or as 2.5 to 1.*

Glass may be ground into eight different shapes at least
(Fig. 5), for optical purposes, viz.

1, A plane glass, which is flat on both sides, and
of equal thickness in all its parts, as 4.

2, A plano convexr, which i1s flat on one side, and convex on
the other, as 5.

3, A double convex, which is convex on both sides, as C.

4, A plano concave, which is flat on one side, and concave
on the other, as D.

5, A double concave, which is concave on both sides, as E.

Lenses.

3 This is strictly true of the Yellow rays only, for the other coloured rays are
differently refracted ; but the difference is so small, that it need not be considercd
in this place. '

% When 1 is taken to represent the sine of the refractive ray, the other num-
ber, 2.5 for example, is called the Fudex of Refraction. The following are the re-
fractive powers of some of the leading substances which I have determined :—

Index Tndlex

of Ref. . of Tl

Chromate of lead, greatest....i...2.074  Gamet, .ioveirissiiensreres iasssssonsae 1LB1S
Eitto Teant, o PR SR8 TOPAZ, veriicverivssrisiis s iensaasasions LOIE
Rﬁbjf BT, .. L rensiesaneen 064  Flint glass, i ctwasans was LD
Octohedrite, leght ref. ...... ceesn 25007 Crown glass, ....cveiiiensissnsnnceeee L340
Diﬂl'ﬂﬂlll!, ----- y EESAAEE EES AN N dEE RANAnE 2-41“[] L‘Illﬂrspﬂr.....................".-------1-433
e e beedru s v h B0 - Alcohol.....c....oeiiionns iR ke . 1.874
S e A g . L '\"-Tajer,,___._..,_,_,,..H.,_,....,,.......!..3315

Eu]m’: l--un--uuu-u-.,.uu-u---2-148 'II'EI}I]SI'H:[‘.'T, EEEAEREREERER s RaaE on wdvay Le LR

An acquaintance with this property of light is useful to Divers, and those who
are acustomed to shoot fish in the water. Forif they should aim directly at the ob-
ject,-the diver and the bullet would arrive at a point considerably beyond it ; where-
as, by having some idea of the depth of the water, and the angle which a line drawn
from the eye to the object makes with its surface, the point at the bottom of the water,
between thie eye and the object, at which the aim is to be talien, may be easily deter-
mned. — K, ¢
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6, A meniscus, which is concave on one side, and convex on
the other, as F'.

T, A flat plano convex, or multiplying glass, whase convex
side is ground into several little flat surfaces, as G.

8, A prism, which has three flat sides, and when viewed end-
wise, appears like an equilateral tnangle, as H.*

Glasses ground into any of the shapes, B, C, D, E, F, are
generally called lenses,

A rightline L I K, going perpendicularly through the middle
of a lens, is called the awis of the lens.

A ray of light G % falling perpendicularly on a plane glass

E F (Fig. 6), will pass through the glass in the same direction -

ki, and go out of it into the air in the same right course i H.

- A ray of light 4 B, falling ebliquely on a plane glass, will
go out of the glass in the same direction, but not in the same
right line ; for, in touching the glass, it will be refracted in the
line B C, and, in leaving the glass, it will be refracted in the
line C'D.

A ray of light C' D (Tig. 7), fal l'l:'ﬂE obliquely on the middle
of a convex glass, will go forward in the same direction D E,

as if 1t had fallen with the same degree of obliquity on a plane
glass; and will go out of the glass in the same direction with
which it entered : for it will be equally refracted at the points
D and E, asif it had passed through a plane surface. But
the rays C G and C I avill be so refracted, as to meet again at
the point . Therefore, all the rays which flow from the point
-~ C, so as to go through the glass, will meet again at F: and
if they go farther onward, as to L, they cross at F, and go
forward on the opposite sides of the middle ray C D E F, to

what they were in approaching it in the directions H F and K F.
it When parallel rays, as 4 B C (Fig. 8), fall directly
ties of differ- upon a plano-convex glass D E, and pass through it,
oot s they will be so refracted, as to unite in a point_f"be-
hind it; and this point is called the principal jfocus : the dis-
tance of which, from the middle of the glass, is ealled the jfocal
distance ; which is equal to twice the radius of the sphere of the
glass’s convexity. And,

When parallel rays, as 4 B C (Fig. 9), fall directly upon a
glass D E, which is equally convex on both sides, and pass

5 Another kind of lens has been lately proposed, consisting of two plano-cylin-
drical lenses placed transversely. It has however no valunble propertics.— £d.
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: thmug’; it, they will be so refracted, as to meet in a poit or
principal focus f; whose distance 1s equal to the radius or semi-
diameter of the sphere of the glass’s convexity, But if a glass
be more convex on one side than on the other, the rule for find-

*  ing the focal distance is this : as the sum of the semi-diameters
of both convexities is to the semi-diameter of either, o is double
the semi-diameter of the other to the distance of the focus. Or,
divide the double product of the radii by their sum, and the
quotient will be the distance sought.

Since all those rays of the sun which pass through a convex
glass are collected together in its focus, the force of all their
heat is collected into that part; and is in proportion to the
common heat of the sun, as the area of the glass is to the area
of the focus® Hence we see the reason why a convex glass
causes the sun’s rays to burn after passing through it.

All these rays cross the middle ray in the focus f; and then
diverge from it, to the contrary sides, in the same manner F £G,
as they converged m the space D f Ein coming to it, :

If another glass F' G, of the same convexity as ) &, be placed
in the rays at the same distance from the focus, it will refract
them so, as that after going out of it, they will be all parallel,

~asabe; and go on in the same manner as they came to the
first glass D E, through the space 4 B C'; but on the contrary -
sides of the middle ray B #b: for the ray 4 d f will go on from

Jin the direction G a, and the ray C' I f'in the divection f F'¢ ;

and so of the rest.

The rays diverge from any radiant point, as from a principal

- focus; therefore, if a candle be placed at £ in.the focus of the
convex glass F G, the diverging rays in the space F G will be
so refracted by the glass, as, that after going out of it, they will
become parallel, as shewn in the space ¢ ba.

If the candle be placed nearer the-glass than its focal
distance, the rays will diverge after passing through the glass,
more or less, as the candle is more or less distant from the

focus. ; >

If the candle be placed farther from the glass than its focal
distance, the rays will converge after passing through the glass,
and meet in a point which will be more or less distant from the
glass, as the candle is neaver to, or farther from, its focus, and

& The focus of a lens, properly speaking, is a mathematical point, and therefore
can have no area. By the arca of the focus, the author means the area of the sun’s
mage in the focus,~— Ed.

|
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where the rays meet, they will form an inverted image‘nf' the
flame of the candle ; which may be seen on a paper placed in
the meeting of the rays.?

Plee viL  Hence, if any object 4 B C' be placed beyond the

Fig. 10.  focus F" of the convex glass d¢f; some of the rays
which flow from every point of the object, on the side next the
glass, will fall upon it, and after passing through it, they will be
converged into as many points on the opposite side of the glass,
where the image of every point will be formed : .and consequent-
ly, the image of the whole object, which will be inverted. Thus,
the rays A d, A e, Af, flowing from the point 4, will converge in
the space d a f; and by meeting at a, will there form the image of
the point 4. The rays Bd, B e, B f, flowing from the point B,
will be united at & by the refraction of the glass, and will there
form the image of the point B. And the rays Cd, C'e, Cf, flow-
ing from the point C, will be united at ¢, where they will form
the image of the point C. And so of all the other intermediate
points between 4 and C. The rays which flow from every par-
ticular point of the object, and are united again by the glass, are
called pencils of rays.

If the object 4 B C' be brought neaver to the glass, the pic-
ture @ b ¢ will be removed to a greater distance. For then, the
rays flowing from every single point will fall more diverging
upon the glass ; and therefore cannot be so soon collected into
the corresponding points behind it. Consequently, if the dis-
tance of the object 4 B C (Fig. 11) be equal to the distance
¢ B of the focus of the glass, the rays of each pencil will be so

7 The radiant point, or the point where the candle is placed, and the point where
the image is formed, are called comjugate foci ; so that, though every lens has only
one principal_focus, yet its conjugate foci are innumerable, varying with the distance
of the radiant point. If the distance of the radiant point from the centre of the lens be
four inches, and the distance of the image six inches, then, on the contrary, the dis-
tance of the image will be four, when the distance of the radiant point is six inches.
Thus (Plate V1I, Fig. 10), if an object 4 B (', placed before thelens  f, forms be-
hind it the image cb a, at the distance e b, then the same object placed at b would form

an image at the distance e B. If a be the distance of the object, or radiant point, f |

the focal length of the lens for parallel rays, or the distance of the image from the
lens when the distance of the object is infinitely great, and x the distance of the image,

then we shall have x = n—ﬂ*-f?—, when the rays fall diverging upon the lens, and

PR they are convergent ; that is, the distance of the conjugate focus

a7
is equal to the product of the distance of the radiant peint, and the principal focal
length of the lens, divided by the difference of the same guantitics in the first case,
and their sum in the second.—EJ.
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refracted by passing through the glass, that they will. go out of it
parallel to each oﬂler% asd I, ¢ H, fh, from the point C ; d‘{}',
¢ K, fD, from the pont B ; and dK, e E, f L, from th:a point
A : and therefore there will be no picture formed behind the
glass. . ,

If the focal distance of the glass, and the distance of the ob-
Ject from the glass, be known, the distance of the picture from
the glass may be found by this rule, viz. multiply the distance
of the focus by the distance of the object, and divide the pro-
duct by their difference : the quotient will be the distance of
the picture.

The picture (Fig. 10), will be as much bigger or less than
the object, asits distance from the glass is greater or less than
the distance of the object. Tor, as Be istoeb, sois 4C to
ca. So that if 4 B C be the object, ¢ba will be the picture ;
or, if ¢ b a be the object, 4 B C will be the picture.

Having described how the rays of light, flowing The manner
from objects, and passing through convex glasses, of vision.
are collected into points, and form the images of the objects ;
it will be easy to understand how the rays are aifected by pass-
ing through the humours of the eye, and are thereby collected
into innumerable points on the bottom of the eye, and there-
on form the images of the objects which they flow from. For,
the different humours of the eye, and particularly the erystal-
line humour, are to be considered as a convex glass, and the
rays in passing through them to be affected in the same man-
ner as in passing through a convex glass.

The eye is nearly globular. It consists of three coats y eye de-
and three humours. ‘The part D H H G (Fig. 12) scribed.
of the outer coat, is called the sclerotica, the rest D E F G the
cornea. Next within this coat is that called the choroides, which
serves as it were for a lining to the other, and joins with the
iris mn, mn. The dris is composed of two sets of muscular
fibres; the one of a eircular form, which contracts the hole in
the middle called the pupil, when the light would otherwise be
too strong for the eye; and the other of radial fibres, tending
everywhere from the circumference of the iris toward the mid-
dle of the pupil; which fibres by their contraction, dilate and
enlarge the pupil when the light is weak, in order to let in the
more of its rays. The third coat is only a fine expansion of

YOL. 1. M
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the optic nerve L, which spreads like net-work all over the in-
side of the choroides, and is therefore called the refina ; upon
which are painted (as it were) the images of all visible ob-
jects, by the rays of light which either flow or are reflected
from them.!

Under the cornea is a fine transparent fluid, like water, which
is therefore called the agueous humowr. It gives a protuberant
figure to the cornea, fills the two cavities m m and nn, which
communicate by the pupil P, and has the same limpidity, spe-
cific gravity, and.refractive power, as water. At the back of
this lies the erystalline humouwr I I, which is shaped like a double
convex glass 3 and is a little move convex on the back than the
fore part. It converges the rays which pass through it from
every visible object to its focus at the bottom of the eye.  This
humour is transparent like erystal, is much of the consistence off
hard jelly, and exceeds the specific gravity of water in the pro-
portion of 11 to 10. It is inclosed in a fine transparent mem-
brane, from which proceed radial fibres o 0, called the ligamens
tum ciliare, all round its edge, and join to the circumference of
the irts.  These fibres have a power of eontracting and dilating
occasionally, by which means they alter the shape or convexity
of the erystalline humour, and also shift it a little backward or
lorward in the eye, so as to adapt its focal distance at the bottom
of the eye to the different distances of objects ; without which
pmﬂsiuﬁ, we could tlll}}" see those ﬂbjﬂctﬂ distinet! v that were:
all at one distance from the eye.?

¥ Tt has been much disputed among philosophers, whether vision is produced by
the impression of light upon the retina, or upon the choroid coat ; and many plau
sible arguments have been advanced in support of each opinion. M. Mariotte and!
M. de la Hire have taken opposite sides in this question, the former maintainin
that the choroides is the seat of vision. "Uhe truth, however, scems to be, that bouly
the retina and the choroides arc concerned in producing the effect.  Sce Priestley’
History of Vision, § 180, 792.—Ed.

2 Philosophers have been at much pains to determine in 'wha.l. way the eye adap
iself to different distances. Huygens and many others have imagined, along witli
our author, that the erystalline lens approaches to, or recedes from, the retina, by the
contraction or dilatation of the ciliary processes. Ir. Pemberton and Dr. Young
( Phil. Trans. 1793, part ii, p. 175) have maintained, that the fibres of the crystal
line ave muscular, And diminish its convexily by their contraction. ©. de la Hire§|
supposcs that the eye accommodates itself to different distances, by the contractios
and dilatation of the iris; and Dr. Monro imagines, that this accommodation i
caused by the pressure of the orbicular muscles upon the upper and under parts of
the cornea, ot hy the action of the recti-muscles, which, as they press chiefly upor
the sides of the eye-balls, will elongate the axis of the eye. (Sec Mouro On the Eyo




[

LECT. VIL. OF THE HUMAN EYE. 165

At the back of the crystalline lies the vitreous humour K K,
which is transparent like glass, and is largest of all in quantity,
filling the whole orb of the eye, and giving it a globular shape.
It is much of a consistence with the white of an egg, and very
little exceeds the specific gravity and refractive power of water.®

As every point of an object 4 B C (Tig. 13) sends out rays in
all directions, some rays, from every point on the side next the
eye, will fall upon the cornea between E and F ; and by passing
on through the humours and pupil of the eye, they will be con-
verged to as many points on the retina or bottom of the eye,
and will thereon form a distinet inverted picture e¢da of the
object. Thus, the pencil of rays g rs, that flows from the point
A of the objeet, will be converged to the point @ on the retina ;
those from the point B will be converged to the point &; those
from the point € will be converged to the point ¢; and so of
all the intermediate points; by which means the whole image
a b ¢ is formed, and the objeet made visible; although it must
be owned, that the method by which this sensation is carried
from the eye by the optic nerve to the common sensorium in the

Ear, and Brain, p. 132-139. Smith's Opties, vol. ii, Remarks, p. 2 ; and Mem.
de P Acad. 1728, p. 206, 4to.) The most accurate inquiries into this subject have
lately been made by Mr. Ramsden and Sir Iiverard Home. From a variety of
experiments these philosophers conclude, that the organ of vision has a power of ac.
commodating itself to different distances when deprived of the erystalline lens ; that
the laminated structure of the erystalline is not intended to alter its form, but to
prevent reflection, and to eorrect spherical aberration ; that the cornea is composed
of laminm, elastic, and capable of being elongated .y of its diameter ; that the ten.
dons of the four straight muscles of the eye are continued to the edge of the cornca,
and are inserted in its external lamina ; that there is a visible alteration on the figure
of the comnea in adapting the eye to different distances ; that, in short, the adjust.
ment of the eye is produced by three changes in the organ, an inerease of curvawre
in the cornea, an elongation of the axis of vision, and a metion of the crystalline
lens. The first of these changes, according to Mr. Ilamsden’s computation, will
produce &, and the other fwo § of the quantity of adjustment. See Phil. Trans.
1795, p. 1, and 1796, p. 1.

3 The following dimensions of the eye were determined by Mr. Petit, and will be
interesting to wany readers, as they are not frequently to be met with, The dia-
meter of the eye, from outside to inside, taken ata mean rate from six adult eyes,
9.4 tenths of an inch. The radius of the convexity of the cornea, 3.3204 tenths of
an inch. The radius of convexity of the anterior surface of the erystalline lens, from
twenty-six eyes, 3.3081 tenths of an inch. 'The radius of convexity of the posterior
surface, from the same eyes, 2.5056 tenths. The thickness of the crystalline, from
the same eyes, 1.B525 tenths. "The thickness of the cornea and aqueous humour to.
gether, 100358 tenths of an inch.  See the Edinburgh Philosophical Journal, vol i,
p. 42, &e. for various ohservations on the structure of the human eye.—Ed.
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brain, and there discerned, is above the reach of our compre-
hension,

But that vision is effected in this manner, may be demon-
strated experimentally. Take a bullock’s eye while it is fresh,
and having cut off the three coats from the back part, quite to
the vitreous humour, put a piece of white paper over that part,
and hold the eye toward argy bright object, and you will see an
inverted picture of the object upon the paper.*

As the image is inverted, many have wondered why the
object appears upright.  But we are to consider, 1, That in-
verted 1s only a relative term; and, 2, That there is a very
great difference between the real objeet and the means or image
by which we perceive it.  When all the parts of a distant pro-
spect are painted upon the retina, they are all right with respect
to one another, as well as the parts of the prospect itself’; and
we can only judge of an object’s being mverted, when it is
turned reverse to its natural position, with respect to other ob-
jects which we see and compare it with. If we lay hold of an
upright stick in the dark, we can tell which is the upper or
lower part of it, by moving our hand upward or downward ;
and know very well that we cannot feel the upper end by mov.
ing our hand downward. Just so we find by experience, that
upon directing our eyes toward a tall object, we cannot see its
top by turning our eyes downward, nor its foot by turning our
eyes upward ; but must trace the object the same way by the
eye to see it from head to foot, as we do by the hand to feel it ;
and as the judgment is informed by the motion of the hand in
one case, so it is also by the motion of the eye in the other.

In Fig. 13 is exhibited the manner of seeing the same object
A4 B C, by both-the eyes I and K at once.

When any part of the image ¢b a falls upon the optic nerve
L, the corresponding part of the object becomes invisible. On
which account nature has wisely placed the optie nerve of each

4 The best way to perform this cxperiment is to hold the bullock’s eye with its
cornea directed to the window or any other object, and to pare the coats on the back
part so thin that the image of the window or object is visible upon the retina ; for
if the three coats are cut completely away, as our author dircets, the vitreous humour
will be in danger of running out; and though this could be prevented, the white
paper is not sufficiently transparent. If the coats be pared thin, the picture of the
abject is seen upon the real reting, whereas, if' they be completely cut away, the
image is seen merely upon paper, which is substituted instead of the retina,—£d.
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eye, not in the middle of the bottom of the eye, but toward the
side next the nose; so that whatever part of the image falls
upon the optic nerve of one eye, may not fall upon the optic
nerve of the other. Thus the point @ of the image ¢ ba falls
upon the optic nerve of the eye D, but not of the eye £ ; and
the point ¢ falls upon the optic nerve of the eye E, but not of
the eye D : and therefore to both eyes taken together, the whole
object 4 B C is visible.

T'he nearer that any object is to the eye, the larger Plate VIII.
is the angle under which it is seen, and the magni-  Fig 1.
tude under which it appears. Thus to the eye 1), the object
A B C is seen under the angle 4 PC; and its image cba i3
very large upon the retina: but to the eye F, at a double dis-
tance, the same ohject is seen under the angle 4 p €, which is
equal only to half the angle A4 p C, as is evident by the figure.
The image ¢ & a is likewise twice as large in the eye I, as the
other image c¢hais in the eye £. In both these representa-
tions, a part of the image falls on the optic nerve, and the ob-
ject in the corresponding part is invisible.

As the sense of seeing is allowed to be occasioned by the -
pulse of the rays from the visible object upon the retina of the
eye, and forming the image of the object thereon, and that the
retina is only the expansion of the optic nerve all over the cho-
roides, it should seem surprising that the part of the image
which falls on the optic nerve should render the like part of the
object invisible ; especially as that nerve is allowed to be the
instrument by which the impulse and image are conveyed to
the common sensorium in the brain. But this diffieulty vanishes,
when we consider that there is an artery within the trunk of
the optic nerve, which entirely obscures the image in that part,
and conveys no sensation to the brain.

That the part of the image which falls upon the middle of
the optic nerve is lost, and consequently the corresponding part
of the object is rendered invisible, is plain by experiment. For,
if a person fixes three patches, 4, B, ¢ (Fig. 2), horizontally,
upon a white wall, at the height of the eye, and the distance of
about a foot from each other, and places himself before them,
shutting the right eye, and directing the left toward the patch
', he will see the patches 4 and C, but the middle patch B
will disappear. Or, if he shuts his left eve, and direts the
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right toward 4, he will see both 4 and C, but B will disap-
pear ; and if he directs his eye toward B, he will see both B
and 4, but not C. For whatever patch is directly opposite to
the optic nerve N vanishes. 'This requires a little practice, af-
ter which he will find it easy to direct his eye, so as to lose the
sight of whichever patch he pleases.

We are not commonly sensible of this disappearance, because
the motions of the eye are so quick and instantaneous, that we
no sooner lose the sight of any part of an object, than we re-
cover it again ; much the same as in the twinkling of our eyes,
for at each twinkling we are blinded ; but it is so soon over,
that we are scarcely ever sensible of it.®
Why some Some eyes require the assistance of convex glasses
eyes require  to make them see objects distinctly, and others of
spectacles. - concave.  If either the cornea a b ¢ (Fig. 4), or crys-
talline humour e, or both of them, be too flat, as in the eye 4,
their focus will not be on the retina, as at d, where it ought to
be, in order to render vision distinct ; but beyond the eye, as
at . Consequently those rays which flow from the object C,
and pass through the humours of the eye, are not converged
enough to unite at d; and therefore the observer can have but
a very indistinct view of the object. This is remedied by placing
a convex glass gk before the eye, which makes the rays con-
verge sooner, and imprints the image duly on the retina at d.5

If either the cornea or crystalline humour, or both of them,
be too convex, as in the eye B, the rays that enter in from the

* The reason why vision is not disturbed by the twinkling of our eyes is not, as
our author imagines, ** that we no sooner lose the sight of any part of an object than
we recover it again,” but because the impression of light continues for eight thinds of
time on the retina. For if we fix our eyes steadily upon a very minute object, and
move our hand even slowly between the object and our eyes, vision will not be in the
smallest degree disturbed.— Ed.

¢ From what is said above, the reader will see the reason why a person below
water does not sec objects distinetly. T'or as the aqueous humour has the same re-
fractive power ns water, the rays of light from any object under water will suffer no
refraction in passing through the cornea and aqueous humour, and will therefore
meet in a point far behind the retina.  But if a diver, or any person whe is accus-
tomed to go below water, should use a pair of spectacles, consisting of two convex
lenses, the radins of whose surfaces is three tenths of an inch, which is nearly the
radius aof the mnvpxitjr of the cornea, he will see objects as distinctly below water as
above it. If the lenses are plano.convex, the radius of their curvature must be
three twertieths of an inch.—Ed.
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object €, will be converged to a focus in the vitreous humour,
as at f; and by diverging from thence to the retina, will form
a very confused image thereon : and so, of course, the observer
will have as confused a view of the object, as if his eye had
been too flat. This inconvenience is remedied by placing a
concave glass @ h before the eye; which glass, by causing the
rays to diverge between it and the eye, lengthens the focal dis-
tance so, that if the glass be properly chosen, the rays will unite
at the retina, and form a distinet picture of the object upon it.?

Such eyes as have their humours of a due convexity, cannot
see any object distinetly at a less distance than six inches ; and
there are numberless objects too small to be seen at that dis-
tance, because they cannot appear under any sensible angle.
The method of viewing such minute objects is by a microscope,
of which there are three sorts, viz. the single, the double, and
the solar.

The single microscope 1s only a small convex The singte
glass, as ¢ d (Fig. 5), having the object @ & placed in mécroscope.
its focus, and the eye at the same distance on the other side;
so that the rays of each pencil, lowing from every point of the
object on the side next the glass, may go on parallel in the
space between the eye and the glass; and then, by entering the
eye at C, they will be converged to as many different points on
the retina, and form a large inverted picture 4 B upon it, as
in the figure.?

7 In order to find the focal distance of a lens, with which a short or long sighted
person will see objects distinctly at a given distance, multiply the given distance by
the distance at which the person sees distinetly, and divide this product by the dif-
ference of these distances; the quotient will be the focal distance of the lens re-
quired.—FEd.

8 When single microscopes of large magnitying powers are required, it will be
necessary to use glass globules, which may be made in the following munner.
Having brolen a bit of crown glass into small pieces by means of a hammer, take up
several of these picces upon the wet point of a piece of wire, and hold them in the
fiame of a candle till /they melt into a globule and fall down. If this globule is
round and clear, it may be prepared for use by placing it between two folds of thin
lead or brass, perforated with a hole a litile Jess than the globule. These globules
may be made with greater ease, and equal accuracy, by cutting a piece of glass with
a diamond into small slips, about one tenth of an inch broad, and three or four
inches long.  Hold one of these slips with both hands in the flame of a candle and
draw it out into a thread when melted. Break this thread at the middle, and hold
the two extremities in the flame of the candle till a small globule be formed upon
each. When these globules are broken from the glass thread, they may be pre-
pared for use in the way already mentioned, care being taken that the part of the
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To find how much this glass magnifies, divide the least dis-
tance’ (which is about six inches) at which an object can be
seen distinctly with the bare eye, by the focal distance of the
glass, and the quotient will shew how much the glass magnifies
the diameter of the object.

The doulile The double or compound microscope consists of an
microscope.  ghject-glass ¢ d (Mig. 6), and an eye-glasse 0 The
small object a b is placed at a little greater distance from the
glass ¢ d than its principal focus, so that the pencils of rays
flowing from the different points of the object, and passing
through the glass, may be made to converge and unite in as
many points between g and /i, where the image of the object
will be formed ; which image is viewed by the eye through the
eye-glass ¢ .  For the eye-glass being so placed, that the image
& % may be i its focus,! and the eye much about the same dis-
tance on the other side, the rays of each pencil will be parallel,
after going out of the eye-glass, as at ¢ and 7 till they come to

globule from which the thread is broken be concealed between the two plates of lead
or brass. Single microscopes may also be made by taking up a drop of water on the
point of a needle, and placing it in a hole made in a card or picee of lead (ses
the Appendix, Vol. ITy; or by placing drops of transparent varnish on one or both
sides of a plate of glass.—The following method of "making single microscopes has
been executed by Mr. Sivright- Take a picce of platinum leaf, and put little pieces
of glass into holes made in it, from J;th to /. th of an inch in diameter ; direct the
flame of a blow-pipe against the glass, and it will melt into a lens, which adheres
strongly to the platinum leaf. T'he lens is therefore formed and set at the same time.
An eye or loop made by bending the extremity of a platinum wire may be used in-
stead of the platinum leaf. See the Edinburgh Philosophical Journal, vol. i, p.
f2.—Fd.

® "T'his distance varies in different individuals. Several optical writers make it
eight inches ; but seven inches, which is a medium between both, seems to be the
distance at which good eyes examine common objects with the greatest distinctness
and satisfaction. \When the object, however, is microscopie, and exceedingly minute,
as parallel lines at the distance of 54 of an inch, the distance at which the eye ex-
amines them will be between four and a kalf and five inches ; so that the magnify-
ing power of microscopes should be computed from this distance. Tpon this prin-
ciple we have calculated a table for single microscopes.  See A ppendiz.—Ed.

! At whatever distance the two glasses are placed, the image g h may be kept in
the focus of the eye-glass, by changing the distance of the object from the object-
glass. .As the magnifying power of the microscope ‘increases in proportion to the
distance between the lenscs, the object will not be very distinctly seen when this dis-
tance exceeds efght inches. It may be proper also to remark, for the sake of those
who may wisl to construct microscopes of this kind, that the aperture of the ehject-
glass should, in general, not exceed ome tenth of an inch, and must be lessened when
the focal distance of the object-glass is small. See Appendix, Vol. IL.—Ed.
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the eye at &, where they will begin to converge by the refrac-
tive power of the humours ; and afier having erossed each
other in the pupil, and passed through the crystalline and vi-
treous humours, they will be collected into points on the re-
tina, and form the large inverted image 4 B thereon.

The magnifying power of this microscope is as follows :—
Suppose the image g £ to be six times the distance of the ob-
ject a b from the nbject-g'lass ¢ d; then will the image be six
times the length of the object but since the image could not
be seen distinetly ]J_',r the bare eye at a [ess distanee than six
inches, if it be viewed by an eye-glass ¢ /5 of one inch focus, it
will thereby be brought six times nearver the éye; and conse-
quently viewed under an angle six times as large as before ; so
that it will be again magnified six tumes: that is, six times by
the object-glass, and six times by the eye-glass, which multi-
plied into one another, makes Sﬁ‘times ; and so much is the ob-
ject magnified in diameter more than what 1t appears to the
bare eye; and consequently 36 times 36, or 1,296 times in
surface. s '

But because the extent or field of view is very small in this
microscope, there are genervally two eye-glasses placed some-
times close together, and sometimes an inch asunder : by which
means, although the object appears less magnified, yet the
visible area is much enlarged by the interposition of a second
eye-glass; and consequently a much pleasanter view is ob-
tamed.?

The solar microscope, invented by Dr. Lieberk- e solur mi.
hun, 1s constructed in the following manner. Hav- croscope.
ing procured a very dark room, let a round hole be ~ ¥i& 7-
made in the window-shutter, about three inches diameter,
through which the sun may cast a cylinder of rays 4 4 into the
roont. In this hole place the end of a tube, containing two
convex glasses and an object, viz. 1, A convex glass a a, of
about two inches diameter, and three inches focal distanee, is to
be placed in that end of the tube which is put into the hole.
2, The object & &, heing put between two glasses (which must
be concave to hold it at liberty), is placed about two inches and
a half from the glass a@. 3, A little more than a quarter of

* This additional fens is ealled the Amplifiiing-glass, and is generally about an
inch and z half in dizameter, and two and a half inches in focal length.— Ed.
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an inch from the object is placed the small convex glass ¢ ¢,
whose focal distance is a quarter of an inch.?

The tube may be so placed, when the sun is low, that his
rays 4 4 may enter directly into it: but when he is high, his
rays B B must be reflected into the tube by the plain mirror or
looking-glass C' C.

Things being thus prepared, the rays that enter the tube wil!
be conveyed by the glass aa toward the object b, by which
means it will be strongly illuminated ; and the rays d which
flow from it, through the magnifying-glass ¢ ¢ will make a large
inverted picture of the object at D D, which, being received on
a white paper, will represent the object magnified in length, in
the proportion of the distance of the picture from the glass ¢ ¢
to the distance of the object from the same glass. Thus, sup-
pose the distance of the object from the glass to be % parts of
an inch, and the distance of the distant picture to be 12 feet, or
144 inches, in which there are 1440 tenths of an inch ; and
this number divided by 3 tenths, gives 480 ; which is the num-
ber of times the picture is longer or broader than the object ;*

3 A considerable improvement may be made upon the solar microscope by substi-
tuting Ramsden’s achromatic eye-piece instead of the convex lens ¢ c. The image
formed by this combination of lenses, is, according to Dr. Robison, so accurate and
well defined, that it is infinitely superior to that which is formed by microscopes of
the common deseription.—Ed.

% The Magic Lantern invented by Kircher is the same as the solar microscope,
with this difference only, that the former, instead of natural objects, exhibits magni-
fied pictures of transparent paintings on glass, which are strongly illuminated by the
flame of a lamp. "The diameters and focal distances of the two lenses also must be
larger in the magic lantern than in the solar microscope, as a considerable quantity
of light is necessary to shew the transparent figures to the greatest advantage. The
images in the phantasmagoria were produced by a magic lantern fitted up in a pecu-
liar manner, In this exhibition, a luminous figure, representing sometimes a skele-
ton, and sometimes the head of some eminent person, appeared before the spectators,
who were seated in a dark chamber. It grew less and less, and seemed to retire to
a great distance. It again advanced, and consequently increased in size, and having
retired a second time, it appeared to vanish in a luminous cloud, from which another
figure gradually arose, and advanced and retreated as before. "The glass sliders on
which the figures were drawn, had been first covered with opaque varnish, or some
black pigment, and the figures had been scratched out on this dark ground by the
point of a needle. DBy this means the figures were luminous. A screen made of
gauze or thin silk was placed between the spectators and the lantern, to receive the
image, and when the figures appeared to retire and grow less, the lantern was brought
nearer the screen, till the front glass was within its focal distance of the screen. 'The
figure then vanished in the luminous cloud, which was nothing more than the image
of the flame which illuminated the figures, When the luminous cloud appeared on
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and the length multiplied by the breadth shews how much the
whole surface is magnified.” S

Before we enter upon the description of tel_esrnpcﬁ, Tlescape.
it will be proper to shew how the rays of light are
affected by passing through concave glasses, and also by falling
upon concave MIFrors.

When parallel rays, as a b ¢ d e fgh, passdirectly piaee vir.
through a glass 4 B, which is equally concave on  ¥ig. 8.
both sides, they will diverge after passing through the glass, as
if they had come from a radiant point C, in the centre of the
glass’s concavity ; which point is called the negative or virtual
focus of the glass. Thus the ray a, after passing through the
glass 4 B, will go on in the direction k1, as if it had_proceeded
from the point C, and no glass been in the way. The ray b
will go on in the direction m #n ; the ray ¢ in the direction o p,
&e. The ray C, that falls directly upon the middle of the
glass, suffers no refraction in passing through it ; but goes on in
the same rectilineal direction, as if no glass had been in its way.

If the glass had been concave only on one side, and the other
side quite plane, the rays would have diverged, after passing
through it, as if they had come from a radiant point at double
the distance of C from the glass; that is, as if the radiant point
had been at the distance of a whole diameter of the glass’s con-
cavity.

If rays come more converging to such a glass, than parallel
rays diverge after passing through it, they will continue to con-
verge after passing through it; but will not meet so soon as if
no glass had been in the way ; and will incline toward the same
side to which they would have diverged, if they had come paral-
lel to the glass. Thus the rays #and %, going in a converging
state toward the edge of the glass at B, and converging more

the screen, the figure was taken out, and another substituted, which in its turn was
made to advance and appear larger, by withdrawing the lantern from the screen.—
Ed,

® In addition to the microscopes mentioned by our author, it may be proper to
take notice of two reflecting microscopes, one of which was invented by Sir Tsaac
Newton, and the other by Dr. Smith of Cambridge. Sir Isaac’s is composed of a
concave mirror and a convex eye-glass, with the objeet placed between them ; and
Dir. Smith's consists of two mirrors, the one concave and the other convex, with a
convex eye-glass, the object being placed between the specula. Sce Phil. Trans.
p- 3080 Smith’s Opties, vol. ii, and Remarks, pp. 87, 97; and the Edinbursh

Philosophical Jouraal, vol. i, p. 135, for an account of Amici’s improved Catoptri-
cal Microscope.— Ed.
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in their way to it than the parallel rays diverge after passing
through it, they will go on converging after they pass through
it, though in a less degree than they did before, and will meet
at 7 : but if no glass had been in their way, they would have
met at . '

Mirrors. When the parallel rays, as dfa, Cm b, elc, fall

Fig. 9. upon a concave mirror A B (which is not transparent,
but has only the surface 4 5 B of a clear polish), they will be
reflected back from that mirror, and meet in a point m, at half
the distance of the surface of the mirror from C, the centre of
its concavity : for they will be reflected at as great an angle
from the perpendicular to the surface of the mirror, as they
fell upon it, with regard to that perpendicular, but on the other
side thereof. Thus, let € be the centre of concavity of the
mirror 4 b B, and let the parallel rays d f'a, C mb, and ele,
fall upon it at the points @, b, and e¢. Draw the lines Cia,
Cmb, and Che, from the centre C to these points; and all
these lines will be perpendicular to the surface of the mirror,
because they proceed thereto like so many radii or spokes from
its centre. Make the angle C ak equal to the angle d a C, and
draw the line a m A, which will be the direction of the ray d fa,
after it is reflected from the point @ of the mirror: so that the
angle of incidence d & C, is equal to the angle of reflection Ca’ ;
the rays making equal angles with the perpendicular Cia on
its opposite sides.

Draw also the perpendicular C/ ¢ to the point ¢, where the
ray el ¢ touches the mirror ; and, having made the angle Cci
equal to the angle C ce, draw the line ¢ m i, which will be the
course of the ray el ¢, after it is reflected from the mirror.

The ray C m b passes through the centre of concavity of the
mirror, and falls upon it at #, the perpendicular to it; and is
therefore reflected from it in the same line & m C.

All these reflected rays meet in the point m ; and in that
point the image of the body which emits the parallel rays d a,
C b, and e ¢, will be formed ; which point is distant from the
mirror: equal to half the radius & m C of its concavity.?

& Uhnless the mirror A B be exactly parabolic, the rays will not meet in the point
m. On this account the mirrors of good reflecting telescopes are portions of a pa-
raboloid, which is a figure generated by the revolution of a parabola about its axis.
Let Aabe B (Plae VIIL, Fig. 9) be part of a parabola, € b its axis, m its focus,

d a a diameter, and let C' @ be perpendicular to a line touching the parabola in the
point a. , Then, from Simson’s Con. Sect. B, 1, Prop. 5, the angles da €, Cam
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The rays which proceed from any celestial object may be
esteemed parallel at the earth; and therefore the images of
that object will be formed at m, when the reflecting surface of
the concave mirroris turned directly toward the object. Hence,
the focus m of parallel rays is not in the centre of the mirror’s
concavity, but half way between the mirror and that centre.

The rays which proceed from any remote terrestrial object,
are nearly parallel at the mirror; not strictly so, but come di-
verging to it in separate pencils, or, as it were, bundles of rays,
from each point of the side of the object next the mirror : and,
therefore, they will not be converged to a point, at the dis-
tance of half the radius of the mirror’s concavity from its re-
flecting surface ; but into separate points at a little greater
distance from the mirror. And the nearer the object is to the
mirror, the farther these points will be from it ; and an inverted
image of the object will be formed in them, which will seem to
hang pendant in the air ; and will be seen by an eye placed
beyond it (with regard to the mirror), in all respeets like the
object, and as distinct as the object itself.

Let 4 ¢ B (Fig. 10) be the reflecting surface of a mirror,
whose centre of concavity 1s at C'; and let the upright object
D E be placed beyond the centre €, and send out a conical
pencil of diverging rays from its upper extremity I), to every
point of the concave surface of the mirror 4 ¢ B.  But to avoid
" confusion, we only draw three rays of that pencil, as DA, De,
DE.

From the centre of concavity C, draw the three right lines
C 4, Ce, C B, touching the mirror in the same points where
the foresaid rays touch it ; and all these lines will be perpen-
dicular to the surface of the mirror. Make the angle C 4 d
equal to the angle D 4 C, and draw the right Iine 4 d for the

will be equal. Butif da be a ray of light parallel to the axis C'b, then since the
angle of reflection m o ' is equal to the angle of incidence da C, am will be the
course of the reflected ray which passes through the foeus m.  In the same way it
may be shewn, that every other ray parallel to 4 a will pass through m. The para-
bolic speculum A B, therefore, will converge parallel rays accurately to its focus.
When rays are incident upon a concave mirror, which is a large portion of a sphere,
instead of being collected in its focus, they cross each other in different points ; and
thus form what are denominated Tschirnhauscnian, or more frequently, Caustic
curves,  ‘These luminous eurves may be seen at the bottom of a circular vessel of
any kind, with a plane botlom, that is polished in the inside, and exposed either
to the light of a caudle or to that of the sun.—Ed.
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course of the reflected ray d 4: make the angle Ced equal
to the angle D ¢ €, and draw the right line ¢d for the course
of the reflected ray cd: make also the angle C' Bd equal to
the angle D B C, and draw the right line Bd for the course
- of the reflected ray Bd. All these reflected rays will meet
in the point d, where they will form the extremity d of the
inverted image ed, similar to the extremity D) of the upright
object D E.

If the pencils of rays I f, E g, E}, be also continued to the
mirror, and their angles of reflection from it be made equal to
their angles of incidence upon it, as in the former pencil from
D, they will all meet at the point ¢, by reflection, and form the
extremity e of the image e d, similar to the extremity E of the
object D E,

And, as each intermediate point of the objeet, between .D
and E, sends out a pencil of rays in like manner to every part
of the mirror, the rays of each pencil will be reflected back
from it, and meet in all the intermediate points between the ex-
tremities ¢ and d of the image ; and so the whole image will be
formed, not at 4, half the distance of the mirror from its centre
of concavity ('; but at a greater distance, between ¢ and the
object D E ; and the image will be inverted with respect to the
object.”

This being well understood, the reader will easily see how
the image s formed by the large econcave mirror of the reflect-
ing telescope, when he comes to the description of that instru-
ment.

When the objeet is more remote from the mirror than its
centre of concavity C, the image will be less than the objeet,
and between the object and mirror: when the object is near-
er than the centre of concavity, the image will be more re-
mote and bigger than the object: thus, if D E be the object,
¢ d will be its image; for, as the object recedes from the mir-
vor, the image approaches nearer to it; and as the object ap-
proaches nearer to the mirror, the image recedes farther from
it, on account of the lesser or greater divergeney of the pencils
of rays which proceed from the object; for, the less they di-
verge, the sooner they are converged to pomts by reflection ;

7 Itis & curious fact, that the image of a siraight fine, formed by a2 mirver or
lens of a spherical form, is a eonic section.  “T'he veader may see the demoustration
of this in Smith's Optics, Remarks, v, ih—FEd.



LEET. V1I1. OF MIRRORS. 175

and the more they diverge, the farther they must be reflected
before they meet. :

If the radius of the mirror’s concavity, and the distance of
the object from it be known, the distance of the image from the
mirror is found by this rule: divide the product of the dis-
tance and radius by double the distance made less by the ra-
dius, and the quotient is the distance required.

If the object be in the centre of the mirror’s concavity, the
image and object will be coincident and equal in bulk.

If a man places himself' directly before a large concave mir-
ror, but farther from it than its centre of concavity, he will see
an inverted image of himself in the air, between him and the
mirror, of a less size than himself. And if he holds out his
hand toward the mirror, the hand of the image will come out
toward his hand, and coincide with it, of an equal bulk, when
his hand is in the centre of concavity; and he will imagine
he may shake hands with his image. If he reaches his hand
farther, the hand of the image will pass by his hand, and come
between his hand and his body : and if he moves his hand to-
ward either side, the hand of the image will move toward the
other; so that whatever way the object moves, the image will
move the contrary way.

All the while a by-stander will see nothing of the image, be-
_cause none of the reflected rays that form it enter his eyes.

If a fire be made in a large room, and a smooth mahogany
table be placed at a good distance near the wall, before a large
concave mirror, so placed that the light of the fire may be re-
flected from the mirror to its focus upon the table ; if a per-
son stands by the table, he will see nothing upon it, but a long-
ish beam of light : but if he stands at a distance toward the fire,
not directly between the fire and mirror, he will see an image
of the fire upon the table, large and erect. And if another
person who knows nothing of this matter before-hand, should
chance to come into the room, and should look from the fire
toward the table, he would be startled at the appearance ; for
the table would seem to be on fire, and, by being near the wain-
scot, to endanger the whole house. In this experiment there
should be no light in the room, but what proceeds from the fire ;
and the mirror ought to be at least fifteen inches in diameter.

If the fire be darkened by a screen, and a large candle be
placed at the back of the screen, a person standing by the



176 OF OPTICS. LECT. VII.

candle will sec the appearance of a fine large star, or rather
planet, upon the table, as bright as Venus or Jupiter. And
if a small wax taper (whose flame is much less than the flame
of the candle) be placed near the candle, a satellite to the planet
will appear on the table : and if the taper be moved round the
candle, the satellite will go round the planet.

For these two pleasing experiments I am indebted to the late
reverend Dr. Long, Lowndes’s professor of astronomy at Cam-
bridge, who favoured me with the sight of them, and many
more of his curious inventions.

Refracting In a refracting lelescope, the glass which is nearest
telescopes: — the object in viewing it, is called the object-giass ;
and that which is nearest the eye, is called the eye-glass. The
object-glass must be convex, but the eye-glass may be either
convex or concave;® and generally, i Jooking through a tele-
scope, the eye is in the focus of the eye-glass; though that is
not very material : for the distance of the eye, as to distinet
vision, is indifferent, provided the rays of the pencils fall upon
it parallel : only, the nearer the eye is to the end of the tele-
scope, the larger is the scope or area of the field of view., _
Galilsow Let cd (Fig. 11), be a convex glass fixed in a
telscope.  long tube, and let it have its focus at E. Then,
a pencil of rays ghi, flowing from the upper extremity 4 of
the remote object 4 B, will be so refracted by passing through
the glass, as to converge and meet in the point £; while the "
pencil of rays kI flowing from the lower extremity B, of the
same object 4 B, and passing through the glass, will converge
and meet in the point ¢ : and the images of the points 4 and
B will be formed in the points fand &. And as all the inter-
mediate points of the object, between 4 and B, send out pen-
cils of rays in the same manner, a sufficient number of these
pencils will pass through the object-glass ¢ d, and converge to
as many intermediate points between ¢ and f; and so will form
the whole inverted image ¢ 2 f; of the distinet object. But
because this image is small, a concave glass # o0 is so placed in
the end of the tube next the eye, that its virtual focus may be

% When the eye-glass is concave, it is called the Galilean telescope, and when
conves it is called the Astronomical telescope.  Although the Galilean telescope has
a very small field of view, and is, on that account, unfit for viewing terrestrial objects,
yet it shews the satellites of Jupiter, the ving of Saturn, aml other celestial appear-
ances, with greater distinetness than the astronomical telescope.—Ed.
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at F. And as the rays of the pencils pass converging through
the concave glass, but converge less after passing through it than
before, they go on further, as to b and a, before they meet;
and the peqciis themselves being made to diverge by passing
through the concave glass, they enter the eye, and form the
large picture a & upon the retina, whereon it is magnified under
the angle b ¥ a.

But this telescope has one inconveniency, which renders it
unfit for most purposes, which is, that the pencils of rays being
made to diverge by passing through the concave glass n o, very
few of them can enter the pupil of the eye ; and therefore the
field of view is but very small, as is evident by the figure.
For none of the pencils which flow either from the top or bot-
tom of the object 4 B can enter the pupil of the eye at C, but
are all stopt by falling upon the iris above and below the pupil :
and, therefore, only the middle part of the object can be seen
when the telescope lies directly toward it, by means of those
rays which proceed from the middle of the object. So that, to
see the whole of. it, the telescope must be moved upward and
downward, unless the object be very remote; and then it is
never seen distinctly,

This inconvenience is remedied by substituting _g,eonomi-
a convex eye-glass, as gk (Fig. 12), in place of the cal telescope.
concave one ; and fixing it so in the tube, that its focus may
be coincident with the focus of the object-glass ¢ d, as at E."
For then, the rays of the pencils flowing from the object 4 B,
and passing through the object-glass cd, will meet in its focus,
and form the inverted image m £ p: and as the image is form-
ed n the focus of the eye-glass gk, the rays of each pencil will
be parallel, after passing through that glass ; but the pencils
themselves will ¢ross in its focus, on the other side, as at ¢: and
the pupil of the eye being in this focus, the image will be view-
ed through the glass, under the angle g¢ i ; and being at E,
it will appear magnified, so as to fill the whole space Cm e p D.

But, as this telescope inverts the image with respect to the
objeet, it gives an unpleasant view of terrestrial objects; and

? Bometimes another convex glass is placed between the object-glass and its prin-
cipal focus, in order to enlarge the field of view, and diminish the aberration of the
Interal rays, This eye-piece, consisting of two convex lenses, whose distance is equal
to the sum of their focal distances, is called the Fluygenian eye-piece.—Ed.

vOL. T. N
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is only fit for viewing the heavenly bodies, in which we regard
not their position, because their being inverted does not appear
on account of their being round.  But whatever way the objeet
seems to move, this telescope must be moved the mntrar_? way,
in order to keep sight of it; for, since the object is inverted, its
motion will be so too.

it The magnifying power of this t.eleampe 1s as the
finding its  focal distance of the object-glass to the focal distance
magnifying  of the eye-glass, Therefore, if the former be di-
BORSE: vided by the latter, the quotient will express the
magnifying power.

When we speak of magnifying by a telescope or microscope,
it is only meant with regard to the diameter, not to the area or
solidity of the object. But as the instrument magnifies the
vertical diameter, as much as it does the horizontal, it is easy
to find how much the whole visible area or surface is magnified :
for, if the diameters be multiplied into one another, the pro-
duct will express the amplification of the whole visible area.
Thus, suppose the focal distance of the object-glass be ten
times as great as the focal distance of the eye-glass ; then, the
object will be magnified ten times, both in length and breadth :
and 10 multiplied by 10 produces 100 ; which shews, that the
area of the object will appear 100 times as big when seen
through such a telescope as it does to the bare eye.

Hence it appears, that if the foeal distance of the eye-glass
were equal to the focal distance of the object-glass, the magni-
fying power of the telescope would be nothing.

This telescope may be made to magnify in any given degree,
provided it be of a sufficient length : for, the greater the focal
distance of the object-glass, the less may be the focal distance
of the eye-glass, though not direetly in proportion. Thus, an
object-glass of 10 feet focal distance, will admit of an eye-glass
whose focal distance is little more than 2; inches; which will
magnify near 48 times : but an object-glass, of 100 feet focus,
will require an eye-glass somewhat more than 6 inches; and
will therefore magnify almost 200 times. ,
Telesoape it A telescope for viewing terrestrial objects should
terrestrial ob- be so constructed as to shew them in their natural
jects, posture.  And this is done by one object-glass ¢ d
(Fig. 18), and three eye-glasses ¢ f, g h, i k, so placed, that
the distance between any two, which are nearest to each other,

]

-
——
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may be equal to the sum of their focal distances; as in the
figure, where the focus of the glasses ¢ d and ¢ f meet at F, those
of the glasses e f and g hmeet at /, and of ok and i k at m ;
the eye being at », in or near the focus of the eye-glass i &, on
the other side. Then, it is plain that these pencils of rays,
which flow from the object 4 B, and pass through the object-
glass ¢ d, will meet and form an inverted image C'F' D in the
focus of that glass: and the image being also in the focus of
the glass ¢ f; the rays of the pencils will become parallel, after
passing through that glass, and cross at [, in the focus of the
glass ¢ f'; from whence they pass on to the next glass g 4, and
by going through it they are converged to points in its other
focus, where they form an erect image £ m F, of the object
A B : and as this image is also in the focus of the eye-glass i k,
and the eye on the opposite side of the same glass, the image is
viewed through the eye-glass in this telescope, in the same man-
ner as through the eye-glass in the former one; only in a con-
trary position, that is, in the same position with the object.

The three glasses next the eye have all their focal distances
equal : and the magnifying power of this telescope is found the
same way as that of the last ; viz. by dividing the focal distance
of the object-glass ¢ d, by the focal distance of the eye-glass i,
or g h, or ¢ f, since all these three are equal. i

When the rays of light are separated by refraction, they
become coloured, and if they be united again, they will be a
perfect white. But those rays which pass thmugh & Why the ob-
convex glass, near its edges, are more unequally re- jest appears
fracted than those which are nearer the middle of the ?ﬂ'ﬁgﬂ
glass. And when the rays of any pencil are un- through a te-
equally refracted by the glass, they do not at all %P
meet again in one and the same point, but in separate points ;
which makes the image indistinct and coloured about its edges.’
The remedy is, to have a plate with a small round hole in its
middle, fixed in the tube at m, parallel to the glasses. For,
the wandering rays about the edges of the glasses will be stopt,
by the plate, from coming to the eye; and none admitted but
those which come through the middle of the glass, or at least
at a good distance from its edges, and pass through the hole in

_‘_ For an account of achromatic telescopes and eye-picces, by which the eolour,
arising from the different refrangibility of the rays of light, is removed, see Appen-
dix, Vol. IT.—Ed.
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the middle of the plate.  But this circumseribes the image, and
lessens the field of view, which would be much larger if the
plate could be dispensed with.

The Reflect- The great inconvenience attending the manage-
ing telescope, ment of long telescopes of this kind has brought
them much into disuse ever since the reflecting telescope was
invented : for one of this sort, six feet in length, magnifies as
much as one of the other an hundred feet. It was invented by
Sir Isaac Newton, but has received considerable improvements
since his time 3 and 18 now generﬂﬂ}' constructed in the follow-
ing manner, which was first proposed by Dr. Gregory.?
Gregoriante- At the bottom of the great tube 7" T" 7" T' (Fig. 14)
lescape. 1s placed the large concave mirror I U V F, whose
principal focus is at m; and in its middle is a round hole
P, opposite to which is placed the small mirror L, concave
toward the great one;* and so fixed to a strong wire A, that it
may be moved farther from the great mirror, or nearer to it by
means of a long serew on the outside of the tube, keeping its
axis still in the same line P mn with that of the great one.

Now, since in viewing a very remote object, we can scarcely see

a point of it but what is at least as broad as the great mirror,
we may consider the rays of each pencil, which flow from every
point of the object, to be parallel to each other, and to cover
the whole reflecting surface D UV F. But, to avoid confusion
in the figure, we shall only draw two rays of a pencil flowing
from each extremity of the object mto the great tube, and trace
their progress, through all their reflections and refractions, to
the eye £, at the end of the small tube ¢ #, which is joined to
the great one. :

Let us then suppose the object 4 B to be at such a distance,
that the rays C' may flow from its lower extremity B, and the
rays K from its upper extremity 4. Then the rays C falling
parallel upon the great mirror at D, will be thence reflected,
converging in the direction D G ; and by crossing at I in the

* A fuller description of Newtonian and Gregorian telescopes, with tables of their
apertures and magnifying powers, &e. is given in the Appendix, Vol. I[.—Ed.

¥ When the small mirror is convex, it is then called the Cassegrainian telescope.
As the small mirror is in this case placed between the large speculum and its focus,
a Cassegrainian tclescope will be shorter than a Gregorian telescope of the same mag-
nifying power, by twice the focal distance of the small mirror. T'he object, however,
in the former appears inverted. See Appendix, Vol. 11, for a farther account of
the Cassegrainian telescope.—Ed.

N
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principal focus of the mirror, they will form the upper ex-
tremity J of the mverted image I K, similar to the lower ex-
tremity B of the object 4 B: and passing on to the concave
mirror L (whose focus is at 2), they will fall upon it at o, and
be thence reflected, converging in the direction o N, because
g m is longer than g n; and, passing through the hole #
in the large mirror, they would meet somewhere about », and
form the lower extremity b of the erect image @b, similar to
the lower extremity B of the object 4 B. But, by passing
through the plano-convex glass R in their way, they form that
extremity of the image at b, In like mauner, the rays Z,
which come from the top of the object 4 B, and fall parallel
upon the great mirror at I, are thence reflected converging to
its focus, where they form the lower extremity & of the inverted
image I K, similar to the upper extremity A of the object A B ;
and thence passing on to the small mirror L, and falling upon
it at £, they are thence reflected n t]I'IE converging state / 0
and, going on through the hole P of the great mirror, they will
meet somewhere about ¢, and form there the upper extremity
a of the erect image @ b, similar to the upper extremity A of
the objeet 4 B : but, by passing through the convex glass &
in their way, they meet and cross sooner, as at a, where that
point of the erect image is formed. The like being understood
of all those rays which flow from the intermediate points of the
object, between A and 73, and enter the tube 7' 7', all the in-
termediate points of the image between a and & will be formed :
and the rays passing on from the image through the eye-glass
&, and through a small hole ¢ in the end of the lesser tube ¢ ¢,
they enter the eye f; which sees the image a b (by means of the
* eye-glass) under the large angle ¢ ¢ d, and magnified in length,
under that angle from ¢ to d.

In the best reflecting telescopes, the focus of the small mirror
is never coincident with the focus m of the great one, where
the first image 7 K is formed, but a little beyond it (with re-
spect to the eye), as at n: the consequence of which 1s, that the
rays of the pencils will not be parallel, afier reflection from the
small mirror, but converge so as to meet in points about ¢, ¢, r,
where they will form a larger upright image than a b, if the
glass R was not in their way ; and this image might be view-
ed by medns of a single eye-glass properly placed between the
image and the eye: but then the field of view would be less,
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and, consequently, not so pleasant; for which reason, the
glass R 1s still retained, to enlarge the scope or area of the
field.*

To find the magnifying power of this telescope, multiply the
focal distance of the great mirror by the distance of the small
mirror from the image next the eye, and multiply the focal
distance of the small mirror by the focal distance of the eye-
glass ; then divide the product of the former multiplication by
the product of the latter, and the quotient will express the mag-
nifying power.”®

I shall here set down the dimensions of one of Mr. Short’s re-
flecting telescopes, as described in Dr. Smith’s Optics.

The focal distance of the great mirror is 9.6 inches, its breadth
2.3; the focal distance of the small mirror 1.5, its breadth 0.6 :
the breadth of the hole in the great mirror 0.5; the distance
between the small mirror and the next eye-glass 14.2; the dis-
tance between the two eye-glasses 2.4; the fueal distance of
the eye-glass next the metals 3.8 ; and the focal distance of the
eye-glass next the eye 1.1. _

One great advantage of the reflecting telescope is, that it
will admit of an eye-glass of a much shorter focal distance than

* Although our author, along with other optical writers, seems to prefer the Gre-
gorian to the Newtonian telescope, yet it can scarcely be doubted, that the latter is
best fitted for celestial observations. A= a proof of this assertion, it might be suffi-
cient to mention the telescopes constructed by Dr. Herschel, which arve of the New-
tonian form, and certainly superior, not merely in size, but in distinctness, to any that
have hitherto been made, If the plain mirror be taken away from the Newtonian
telescope, and the large speculum inclined by means of a screw to the incident rays,
(as recommended by Le Maire, in the Machines approuvées par I Adcad. T G, p.
61), the observer, with his back to the object, may view the image formed by the
large speculum, with a convex glass. This improvement, which was made by Le
Muire in 1728, seems to have suggested to Dr. Herschel a similar practice, of throw.
ing away the small mirror ; though I believe the great speculum in the Doctor's
largest telescopes is scarcely inclined to the incident rays.—FEd.

% The following method of finding the magnifying power of telescopes is the most
correct that can be given, and answers for refracting and reflecting ones of every kind.
Having put up a small circle of paper, an inch or two in diameter, at the distance of
about a hundred yards, draw upon a card two black parallel lines, whose distance
from each other is equal to the diameter of the paper circle. Then view through the
telescope the paper circle with one eye, and the parallel lines with the other ; and let
the parallel lines be moved nearer to, or farther from, the eye, till they seem exactly
to cover the small circle viewed throngh the telescope. The quotient, obtained by
dividing the distance of the paper circle by the distance of the parallel lines from the
eye will be the magnifying power of the telescope. A little practice is necessary be-
fore this experiment can be made with accuracy. See Appendix, Vol, 11.—Ed.
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a refracting telescope will ; and, consequently, it will magnify
s0 much the more: for the rays are not coloured by reflec-

tion from a concave mirror, if it be ground to a true figure,
as they are by passing through a convex-glass, let it be ground
ever so {rue.

The adjusting screw on the outside of the great tube fits this
telescope to all sorts of eyes, by bringing the small mirror
either nearer to the eye, or removing it farther fromit; by which
means, the rays are made to diverge a little for short-sighted
eyes, or to converge for those of a long sight.

The nearer an object is to the telescope the more its pencils
of rays will diverge before they fall upon the great mirror, and
therefore they will be the longer of meeting in points after re-
flection ; so that the first image 7 & will be formed at a greater
distance from the larger mirror, when the object is near the tele-
scope, than when it is very remote. But as this image must
be formed farther from the small mirror than its principal focus
n, this mirror must be always set at a greater distance from the
large one, in viewing near objects, than in viewing remote ones.
And this is done by turning the screw on the outside of the
tube, until the small mirror be so adjusted that the object (or
rather its image) appears perfect.

In looking through any teiesm])e toward an ubJect, we never
see the object itself, but onl y that image of it which is formed
next the eye in the telescope. For, if a man helds his finger or
a stick between his bare eye and an object, 1t will hide part, if
not the whole, of the object from his view. But if he ties a
stick across the mouth of a telescope, before the object-glass, it
will hide no part of the imaginary object he saw through the
telescope before, unless it covers the whole mouth of the tube :
for, all the effect will be, to make the object appear dimmer, be-
cause it intercepts part of the rays. Whereas, if he puts only
a piece of wire across the inside of the tube, between the eye-
glass and his eye, it will hide part of the object which he thinks
he sees : which proves that ke sees not the real object, but its
image. Thisis also confirmed by means of the small mirror L,
in the reflecting telescope, which is made of opaque metal, and
stands directly between the eye and the object toward which
the telescope is turned, and will hide the whole object from
th;} eye at ¢, if the two gidﬁbﬂﬂ R and S§ are taken out of the
tu
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Pl The mul.tipl_}ring glass is made by grimiing down
Fig. 1. the round side Ai % of a convex glass 4 B into se-
The Multi-  yeral flat surfaces, as hb, bld, dk. An object C
Pling 1055 Il not appear magnified, when seen through this
glass, by the eye at # ; but it will appear multiplied into as
many different objects as the glass contains plane surfaces.
For, since rays will flow from the object € to all parts of the
olass, and each plane surface will refract these rays to the eye,
the same object will appear to the eye in the direction of the
rays which enter it through each surface. Thus, a ray gi H,
falling perpendicularly on the middle surface, will go through
the glass to the eye without suffering any refraction: and will
therefore shew the object in its true place at C : while a ray ad
flowing from the same object, and falling obliquely on the plane
surface b &, will be refracted in the direction be¢, by passing
through the glass ; and, upon leaving it, will go on to the eye
in the direction ¢ H ; which will cause the same object C' to ap-
pear also at F, in the direction of the ray H ¢, produced in the
richt line H en. And the ray ¢d flowing from the object C,
and falling obliquely on the same surface d &, will be refracted
(by passing through the glass and leaving it at f) to the eye at
H : which will cause the same object to appear at D, in the di-
rection H fm.  If the glass be turned round the line g7 H, as
an axis, the object C will keep its place, because the surface
b1 d is not removed ; but all the other objeets will seem to go
round C, because the oblique planes, on which the rays a b, ¢ d,
fall, will go round by the turning of the glass,
The Camera  The Camera-obscura is made by a convex-glass
ofigeuna. C' D (Fig. 2), placed in the hole of a window-shutter.
Then, if the room be darkened so that no light can enter but what
comes through the glass, the pictures of all the objects (as fields,
trees, buildings, men, cattle, &ec.) on the outside, will be shewn in
an inverted order,” on a white paper placed at G H in the focus
of the glass, and will afford a most beautiful and pgrfect piece of
perspective or landscape of whatever is before the glass; espe-
cially if the sun shines upon the objects.
If the convex glass C' D be placed in a tube in the side of a
square box, within which is the plane mirror £ F, reclining
backward in an angle of 45 degrees from the perpendicular k ¢,

 If the observer stand behind the paper which reccives the |u1a.g|=, the ohjects
will appear erect.— Ed.
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the pencils of rays flowing from the outward objects, and pass-
ing through the convex zlass to the plane mirror, will be re-
flected upward from it, and meet in points, as 7 and K (at the
same distance that they would have met at I7 and @G, if the
mirror had not been in the way), and will form the aforesaid
images on an oiled paper stretched horizontally in the direction
I K ; on which paper, the outlines of the images may be casily
drawn with a black-lead pencil, and then copied on a clean sheet,
and coloured by art, as the objects themselves are by nature,
In this muchin:e, it is usual to place a plane glass, unpolished, in
the horizontal situation 7K, which glass receives theimages
of the outward objects ; and their outlines may be traced upon
it by a black-lead pencil.

N. B. The tube in which the convex glass €' I is fixed must
be made to draw out, or push in, so as to adjust the distance
of that glass from the plane mirror, in proportion to the dis.
tance of the outward objects; which the operator does, until
Jhe sees their images distinetly painted on the horizontal glass
at I K7

The forming a horizontal image as 7 &, of an upright object
A B, depends upon the angles of incidence of the rays upon
the plane mirror E F, being equal to their angles of reflection
from it. For, if a perpendicular be supposed to be drawn to
the surface of the plane mirror at ¢, where the ray 4 a Ce falls
upon it, that ray will be reflected upward in an equal angle with
the other side of the perpendicular, in the line ed I.  Again, if
a perpendicular be drawn to the mirror from the point f, where
the ray 4 & f falls upon it, that ray will be reflected in an equal
angle from the other side of the perpendicular, in the line /% 7.
And if a perpendicular be drawn from the point g, where the
ray A4 c g falls upon the mirror, that ray will be reflected in an
equal angle from the other side of the perpendicular, in the line
gil. So that all the rays of the pencil af¢, flowing from the
upper extremity of the object 4 B, and passing through the
convex glass C' D, to the plane mirror E F, will be reflected
from the mirror and meet at I, where they will form the extre-
mity I of the image I K, similar to the extremity 4 of the ob-
ject 4 B. The like is to be understood of the pencil g r s, fow-

? For an account of some improvements on the camera obscura, and the description

of a new portable one invented by the Rev. Mr. Thomson of Duddingston. sce A p-
-I:fﬂdi.l, ‘;U']I- I-I-—-'Edt
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ing from the lower extremity of the object 4 B, and meeting
at K (after reflection from the plane mirror) the rays from the
extremity K of the image, similar to the extremity B of the ab-
ject: and so of all the pencils that flow from the intermediate
points of the ebject to the mirror, through the convex glass.
The Opera- If a convex glass, of ashort focal distance, be
glass, placed near the plane mirror, in the end of a short
tube, and a convex glass be placed in a hole in the side of the
tube, so that the image may be formed between the last men-
tioned convex glass and the plane mirror, the image being
viewed through this glass will appear magnified. In this man-
- ner the opera-glasses are constructed ; with which a gentleman
may look at any lady at a distance in the company, and the
lady know nothing of it.

Thecommon 1 he image of any object that 1s placed before a
looking-gluss. plane mirror appears as big to the eye as the object
itself’; and is erect, distinet, and seemingly as far behind the mir-
ror, as the object is before it : and that part of the mirror, which
reflects the image of the object to the eye (the eye being sup-
posed equally distant from the glass with the object), is just half
as long and half as broad as the object itself. Let 4 B (Fig. 8),
be an object placed before the reflecting surface g & i of the plane
mirror C' D ; and let the eye be at 0. Let 4 k be a ray of light
flowing from the top 4 of the object, and falling upon the mir-
ror at &: and & m be a perpendicular to the surface of the mir-
ror at &, the ray 4 A will be reflected from the mirror to the eye
at o, making an angle m ko equal to the angle 4 & m : then will
the top of the image E appear to the eyein the direction of the
reflected ray o & produced to £, where the right line 4 p E, from
the top of the object, cuts the right line o & E, at E. Let Bi bea
ray of light proceeding from the foot of the object at B to the mir-
ror at i, and » ¢ a perpendicular to the mirror from the point i,
where the ray £ i falls upon 1t: this ray will be reflected in the
line i 0, making an angle » i 0, equal to the angle Bin, with
that perpendicular, and entering the eyeat o : then will the foot
F of the image appear in the direction of the reflected ray o,
produced to F, where the right line B F cuts the reflected ray
produced to F. All the other rays that flow from the inter-
mediate points of the object 4 B, and fall upon the mirror be-
tween £ and i, will be reflected to the eye at o; and all the in-
termediate pomtswof the image E F will appear to the eye in the
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direction-line of these reflected rays produced. But all the rays
that flow from the object and fall upon the mirror above A, will
be reflected back above the eye at 0; and all the rays that flow
from the object, and fall upon the mirror below i, will be re-
flected back below the eye at 0 : so that none of the rays that
fall above kb, or below i, can be reflected to the eye at o ; and
the distance.between % and i is equal to half the length of the
object 4 B,

Hence it appears, that if a man see his whole A man will
image in a plane looking-glass, the part of the glass ?&;‘in s
that reflects his image must be just half as long and plane 100k-
half as broad as himself, let him stand at any dis- ';’I;E;Eil:-"ﬁm
tance from it whatever; and that his image may ap- haif his
pear just as far behind the glass as he is before it. height
Thus, the man 4 B (Fig. 4) viewing himself in the plane
mirror C D, which is just half as long ds himself, sees his whole
image as at £ F, behind the glass, exactly equal to his own
size, For, a ray A4 C proceeding from his eye, at 4, and fall-
ing perpendicularly upon the surface of the glass at C, is re-
flected back to his eye in the same line C' 4 ; and the eye of his
image will appear at &, in the same line produced to E, beyond
the glass. And a ray B D, flowing from his foot, and falling
obliquely on the glass at D, will be reflected as obliquely on the
other side of the perpendicular a # D), in the direction D) A ;
and the foot of his image will appear at F', in the direction of
the reflected ray 4 D, produced to #, where it is cut by the
right line B G F, drawn parallel to the right line 4 C E; just
the same as if the glass were taken away, and a real man stood
at F, equal in size to the man standing at B : for to his eye at
4, the eye of the other man at £ would be seen in the direc-
tion of the line 4 C E ; and the foot of the man at 7 would
be seen by the eye at A, in the direction of the line 4 D F.

If the glass be bmughl; nearer the man 4 B, as suppose to
¢ b, he will see his image asat C DG : for the reflected ray
C'.ei (being perpendicular to the glass) will shew the eye of the
mmage as at C'; and tlie incident ray B b, being reflected n the
line & 4, will shew the foot of his i image as at lix ; the angle of
reflection a b A4 being always equal to the angle of incidence
B i a: and so of all the intermediate rays from 4 to B. Hence,
if the man A B advances toward the glass €' D, his image will
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approach toward it ; and if he recedes from the glass, his image
will also recede from it.

Different re.  Having already shewn, that the rays of light are
frangibility  refracted when they pass obliquely through different
of ight- — edinms, we come now to prove that some rays are
more refrangible than others : and that, as they are differently
vefracted, they excite in our minds the ideas of different co-
lours. This will account for the colours seen about the edges
of the images of those objects which are viewed through some
telescopes.

Let the sun shine into a dark room through a small hele, as
at e ¢ (Plate IX, Fig 5), in a window-shutter ; and place a tri-
angular prism B C' i the beam of rays 4, in such a manner
that the beam may fall obliquely on one of the sides ad C
of the prism ; the rays will suffer different refractions by pass-
ing through the prism, so that instead of going all
out of it on the side de¢ C, in one direction, they
will go on from it in the different directions represented by
the lines f; o &y i, Ky I, myn ; and falling upon the opposite
side of the room, or on white paper placed as at p g to receive
them, they will paint upon it a series of most beautiful lively
The colours colours (not to be equalled by art) in this order, viz.
of the light.  those rays which are least refracted by the prism,
and will therefore go on between the lines z and m, will be of a
very bright intense red at n, degenerating from thence gradual-
ly into an orange colour, as they are nearer the line m : the
next will be of a fine orange colour at m, and from thence de-
gencrate nto a yellow eolour toward / : “at I they will be of a
fine yellow, which will incline toward a green, more and more,
as they are neirer and nearer k: at k they will be a pure
green, but from thence toward i they will incline gradually to
a blue: at i they will be a perfect blue, inclining to an indigo
colour from thence toward 4 : at & they will be quite the co-
lour of indigo, which will gradually change tow qard a violet, the
nearer they are to g: and at g they will be of a fine vmkr CO-
lour, which will incline gradually to a red as they come nearer
to £, where the coloured image ends.”

The prism.

3 Since this work was composed, impertant discoveries have been made concerning
the nature and properties of the prismatic spectrum.  Let p g be the spectru (Plate
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There is not an equal guantity of rays in each of these co-
lours: for, if the oblong 1mage p ¢ be divided into 860 equal
parts, the red space £ will take up 45 of these parts; the
orange 0, 27; the }'Eiluw Y, 48; the green &, GO ; the blue
B, G0; the indigo I, 40: and the violet ¥V, 80; all which
spaces are as nearly proportioned in the figure as the small
space p g would admit of.?

If all these colours be blended together again, they will make
a pure white; as is proved thus. 'Fake away the paper on
which the colours pg fell, and place a large convex glass D in
the rays f; g, h, &e. which will refract them so as to make them
unite and cross each other at 17 ; where, if a white paper be
placed to receive them, they will excite the idea of a strong
lively white. But if the paper be placed farther from the glass,
as at 7 5, the different colours will appear again upon it, in an
inverted order, occasioned by the rays crossing at V.

As white is a composition of all colours, so black is a priva-
tion of them all ; and, therefore, properly no colour.

Let two concentrie cireles be drawn on a smooth round beard
ABCDEFG (Fig 6), and the outermost of them divided

IX, Fig. §) formed by the prism 2 (' ; its illuminating power is greatest in the line
k, the confines of the green and yellow ; and the light decreases from G to p, and
from ¥ to g. When Dr. Herschel was wishing to determine whether or not the
power of the differently coloured rays to heat bedies varied with their power to illumi-
nate them, he found that their heating power increased from V to . The mercury
of the thermometer rose higher when its bulb was placed in I than when it was
placed in ¥ still higher in B ; and highest of all at £ Upon placing the bulb
of the thermometer below R, about g, quite out of the spectrum, he was surprised
to find that the mercury rose highest of all ; and concluded, that rays proceed from
the sun which have the power of heating, but not of illuminating bodies : these rays
are called invisible solar rays. Since the date of Dr. Herschel's discovery, Mr. Rit-
ter and Dr. Wollaston have found, that the rays of the spectrum have different chemi-
cal properties ; and that there are invisible rays at p, beyond the violet, which act che-
mically, while they have neither the power of heating nor illuminating bodies. Mu-
riate of silver, exposed to the action of the red rays, became blackish; a greater
effect was produced by the yellow ; a still greater by the violet ; and the greatest of
all by the invisible rays beyond the violet. When phosphorus was exposed to the
action of the invisible rays beyond the red, it emitted white fumes ; but the invisible
rays beyond the violet extinguished them. Dr. Morichini of Rome has found that
the violet rays of the spectrum have the power of communicating magnetism to small
needles of steel.  See the Edinburgh Philosophical Journal, vol. i, p. 230.—Ed.

? The above measures of the coloured spaces in the prismatic spectrum do not al-
ways hold : nor are these SpACEs constantly propor tional. There 13 an evident fallacy
in Newton's experiment upon this subject, for when the mean refractive power of glass
18 given, we cannot thenee infer its power of disperSion. See Appendix, Vol. I1.—Ed.
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mnto 360 equal parts or degrees: then, draw seven right lines,
as 3 A4, & B, &c. from the centre to the outermost circle;
making the lines & 4 and ® B include 80 degrees of that
circle ; the lines & B and @ C 40 degrees; ) Cand © D
60; ® Dand ® EG); @ E and ® F48; O F and © G
27; ® Gand ® 4 45. Then between these two circles paint
the space 4 G red, inclining to orange near G ; G F orange,
mnclining to yellow near #'; F E yellow, inclining to green near
E ; E D green, inclining to blue near D ; D C blue, inclining
to indigo near C'; C B indigo, inclining to violet near B ; and
All the pris- B 4 violet, inclining to a soft red near 4. This done,
matic colours paint all that part of the board black which lies with-
blended toge- . : - A :

ther, make a 10 the inner cirele ; and putting an axis through the
whibes centre of the board, let it be turned very swiftly
round that axis, so that the rays proceeding from the above
colours may be all blended and mixed together in coming to
the eye ; and then the whole coloured part will appear like a
white ring, a little greyish ; not perfectly white, because no
colours prepared by art are perfect.

Any of these colours, except red and violet, may be made
by mixing together the two contiguous prismatic colours. Thus,
yellow 1s made by mixing together a due proportion of orange
and green ; and green may be made by a mixture of yellow and
blue.}

All bodies appear of that colour whose rays they reflect most ;
as a body appears red when it reflects most of the red-making
rays, and absorbs the rest,

Transparent Any two or more colours that are quite transparent
::I:IE::PI;;W’ by t,hm.naelves, bEED[?H.E opaque whun.put together.
ifputtoge- 1 hus, if water, or spirits of wine, be tinged red, and
ther. put in a phial, every object seen through it will ap-
pear red, because it lets only the red rays pass through it, and
stops all the rest. If water or spirits be tinged blue, and put
in a phial, all objects seen through it will appear blue, because
it transmits only the blue rays, and stops all the rest. But if

! Qur author is here mistaken, as pure yellow cannot be composed by mixing to-
gether any proportion of green and orange. It is on this account that the celebrated
Tobias Mayer maintains, in opposition to Newton (De Affinitate Colorum in his
Opera Inedita, p. 33, published by Litchenberg), that there are only three primary
colours, viz. Red, yellow, and wviolet ; because every other colour may be composed
of a proper propartion of any two of these, while they themselves are simple, and in-
capable of being produced by composition.—Ed.
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these two phials are held close together, so that both of them
may be between the eye and object, the object will no more be
seen through them than through a plate of metal ; for what-
ever rays are transmitted through the fluid in the phial next the
nhject, are stopped by that in the phial next the eye. In this
experiment, the phials ought not to be round, but square; be-
cause nothing but the light itself can be seen through a round
transparent body, at any distance.

As the rays of light suffer different degrees of refraction by
. passing obliquely through a prism, or through a convex glass,
and are thereby separated into all the seven original or primary
colours ; so they also suffer different degrees of refraction by
passing through drops of falling rain; and then, being reflected
toward the eye, from the sides of these drops which are farthest
from the eye, and again refracted by passing out of these drops
into the air, in which refracted directions they come to the eye,

they make all the colours to appear in the form of a fine arch

in the heavens, which is called the raindow.

There are always two rainbows seen together, the interior of
which is formed by the rays a b (Fig. 7), which falling upon
the upper part b of the drop & cd, are refracted into the line
& ¢ as they enter the drop, and are reflected from the back of
it at ¢ in the line c¢d, and then, by passing out of the drop into
air, they are again vefracted at d; and from thence they pass
' on to the eye at ¢; so that to form the interior bow, the ray
suffers two refractions, as at & and d, and one reflection, as at ¢.

The exterior bow is formed by rays which suffer two reflec-
tions, and two refractions, which is the oceasion of its being less

vivid than the interior, and also of its colours being inverted -

with respect to those of the interior. For, when a ray a b falls
upon the lower part of the drop b cde, it is refracted into the
direction 4 ¢ (Fig. 8) by entering the drop; and passing on to
the back of the drop at ¢, it is thence reflected in the line ed,
in which direction it is impossible for it to enter the eye at £+
but by being again reflected from the point d of the drop, it
goes on in the drop to ¢, where it passes out of the drop into

the air, and is there refracted downward to the eye, in the di- |

rection e f2

? A rainbow is sometimes seen in the evening, when the moon is nearly full,
formed by the refraction of her light through the drops of rain, and is called the Lu-
nar iris.—Ed.
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LECTURE VIIIL

THE DESCRIPTION AND USE OF THE TERRESTRIAL GLORE.

The terres=  1F a map of the world be accurately delineated, on
trial globe. o spherical ball, the surface thereof will represent
the surface of the earth; for the highest hills are so inconsider-
able with respeet to the bulk of the earth, that they take off no
more from its roundness than grains of sand do from the round-
ness of a common globe ; for the diameter of the earth is 8000
wiles in round numbers, and no known hill upon it is three
miles in perpendicular height.

Proofofthe  Lhat the earthis spherical, or round like a globe,
earth’s being appears, 1, From its casting a round shadow upon
glabular, 41,6 moon, whatever side be turned toward her when
she is eclipsed : 2, I'rom its having been sailed round by several
persons : 3, From our seeing the farther the higher we stand :
4, From our seeing the masts of a ship while the hull is hid by
the convexity of the water.

Sttt The attractive power of the ecarth draws all ter-
may be peo-  pestrial bodies toward its centre ; as is evident from
pled on all R N :

gides, without the descent of bodies in lines perpendicular to the
sy i';“fl':n'fe* carth’s surface, at the places whereon they fall,
g-ﬁ of falling even when they are thrown off from the earth on
away from it- gpposite sides, and, consequently, in opposite direc-
tions : so that the earth may be compared to a great magnet
rolled in filings of steel, which attracts and keeps them equally
fast to its surface on all sides. Hence, as all terrestrial bodies
are attracted toward the earth’s centre, they can be in ne dan-
ger of falling from any side of the earth, more than from any
other.

Upanddowen, LThe heaven or sky surrounds the whole earth;
“'{')‘.“‘ and, when we speak of up or down, we mean only
with regard to ourselves; for no point, either in the heavens,
or on the surface of the earth, is above or below, but only with
respect to ourselves. And let us be upon what part of the
earth we will, we stand with our feet toward its centre, and our
heads toward the sky : and so we say, it is up toward the sky,
and down toward the centre of the earth.
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To an observer placed anywhere in the indefinite Ay objects
space, where there is nothing to 1:1mit his view,‘ all fﬂn T‘-’a;‘;;r
remote objects appear equally distant from him; equally dis-
and seem to be placed in a vast concave sphere, of tant
which his eye is the centre. Every astronomer can demonstrate,
that the moon is much nearer to us than the sun is; that some
of the planets are sometimes nearer to us, al}‘d sometimes farther
from us, than the sun ; that others of them never come so near
us as the sun always is; that the remotest planet in our system
is, beyond comparison, nearer to us than any of the fixed stars
are; and that it is highly probable some stars are, in a manner,
infinitely more distant from us than others ; and yet all these ce-
lestial objects appear equally distant from us. There- Tne face of
fore, if we imagine a large hollow sphere of glass to the heavens

; : s and earth re-
have as many bright studs fixed to its inside, as presented in

there are stars visible in the heavens, and these ® machine.

studs to be of different magnitudes, and placed at the same i

angulan distances from each other as the stars are, the sphere
will be a true representation of the starry heavens, to an eye
supposed to be in its centre, and viewing it all around. And
if a small globe, with a map of the earth upon it, be placed.on
an axis in the centre of this starry sphere, and the sphere be
made to turn round on this axis, it will represent the apparent
motion of the heavens round the earth.

If a great circle be so drawn upon this sphere, as to divide
it into two equal parts, or hemispheres, and the plane of the
circle be perpendicular to the axis of the sphere, this circle will
represent the equinoctial, which divides the heavens e equinoc-
into two equal parts, called the northern and the south- %al
ern hemispheres ; and every point of that circle will be equally
distant from the poles, or ends of the axis in the sphere.
That pole which is in the middle of the northern
hemisphere will be called the morth pole of the sphere, and
that which is in the middle of the southern hemisphere, the
south pole.

If another great circle be drawn upon the sphere, in such a
manner as to cut the equinoctial at an angle of 233 degrees in
two opposite points, it will represent tI}e ecliptic, or . i,
circle of the sun’s apparent annual motion ; one half

of which is on the north side of the equinoctial, and the other
half on the south.

YOL. 1. 0

The poles.
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If a large stud be made to move eastward in this ecliptic, in
such a manner as to go quite round it, in the same time that the
sphere is turned round westward 566 times upon its axis; this stud
will represent the sun, changing his place every day
a 365th part of the ecliptic ; and, going round west-
ward, the same way as the stars do; but with a motion so much
slower than the motion of the stars, that they will make 366
revolutions about the axis of the sphere, i the time that the
sun makes only 565. During one half of these revolutions,
the sun will be on the north side of the equinoctial ; during
the other half, on the south ; and at the end of each half, in
the equinoctial.

If we suppose the terrestrial globe in this machine
to be about one inch in diameter, and the diameter
of the starry sphere to be about five or six feet, a small insect
on the globe would see only a very little portion of its surface ;
but it would see one half of the starry sphere ; the convexity
e ssercit of the globe hiding the other half from its view. If
wmotion of the the sphere be turned westward round the globe, and
R the insect could judge of the appearances which
arise from that motion, 1t would see some stars rising to its view
in the eastern side of the sphere, while others were setting on
the western ; but as all the stars are fixed to the sphere, the
same stars would always rise in the same points of view on the
east side, and set in the same points of view on the west side.
With the sun it would be otherwise, because the sun is not fixed
to any point of the sphere, but moves slowly along an oblique
circle mit. And if the insect should look toward the south,
and call that peint of the globe, where the equinoctial in the
sphere seems to cut it on the left side, the east point ; and
where it cuts the globe on the right side, the west point, the
little animal would see the sun rise north of the east, and set
north of the west for 182} revolutions ; after which, for as
many more, the sun would rise south of the east, and set south
of the west. And in the whole 865 revolutions, the sun would
rise only twice in the east point, and set twice in the west.  All
these appearances would be the same, if the starry sphere stood
still (the sun only moving in the ecliptic) and the earthly globe
were turned round the axis of the sphere eastward. TFor, as
the insect would be carried round with the globe, he would be
quite insensible of its motion ; and the sun and stars would ap-
pear to move westward.

The sun.

The eartk,
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We ave but very small beings when compared with our
carthly globe, and #he globe itself is but a dimensionless point
compared with the magnitude of the starry heavens. Whether
the earth be at rest, and the heavens turn round it, or the
heavens be at rest, and the earth turns round, the appearance
to us will be exactly the same. And because the heavens are
so immensely large, in comparison of the earth, we see one half
of the heaven as well from the earth’s surface, as we could do
from its centre, if the limits of our view are not intercepted by
hills.

We may imagine as many circles described upon cietes of the
the earth as we please : and we may imagine the plane sphere. |
of any circle described upon the earth to be continued, until it
marks a circle in the concave sphere of the heavens.

The horizon is either sensible or rational. The
sensible horizon 1s that circle, which a man standing
upon a large plane, observes to terminate his view all around,
where the heavens and carth seem to meet. The plane of our
sensible horizon continued to the heavens, divides it into two
hemispheres ; one visible to us, the other hid by the convexity
of the earth.

The plane of the rational horizon is supposed parallel to the
plane of the sensible ; to pass through the centre of the earth,
and to be continued to the heavens. And although the plane
of the sensible horizon touches the earth in the place of the ob-
server, yet this plane, and that of the rational horizon, will seem
to coincide in the heavens, because the whole earth is but a
point compared to the sphere of the heavens.

The earth being a spherical body, the horizon, or limit of
our view, must change as we change our place.

The poles of the earth are those two points on its
surface in which its axis terminates. The one is
called the north pole, ard the other the south pole.

"The poles of the heavens are those two points in which the
earth’s axis produced terminates in the heavens: so that the
north pole of the heavens is directly over the north pole of the
earth; and the south pole of the heavens is directly over the
south pole of the earth.

The equator is a great circle upon the carth, every
part of which is equally distant from either of the
poles. Tt divides the carth into two equal parts, called the

The herizon.

Pales.

Equator.
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northern and southern hemispheres. If we suppose the plane
of this circle to be extended to the heavens, it will mark the
equinoctial therein, and will divide the heavens into two equal
parts, called the northern and southern hemispheres of the
heavens.

The meridian of any place is a great circle passing
through that place and the poles of the earth. We
may imagine as many such meridians as we please, because any
place that is ever so little to the east or west of any other place,
has a different meridian from that place ; for no one circle can
pass through any two such places and the poles of the earth.

'The meridian of any place is divided by the poles into two

semicircles : that which passes through the place is called the
wﬂp&imi or upper meridian ; and that which passes through
the opposite place is called the lower meridian.
s e Whea the rotation of the earth brings the plane of
midnight.  the geographical meridian to the sun, it is noon, or
mid-day, to that place; and when our lower meridian comes to
the sun, it is midnight.

All places lying under the same geographical meridian have
their noon at the same time, and, consequently, all the other
hours. All those places are said to have the same longritude,
hecause no one of them lies either eastward or westward from
any of the rest.

If we imagine 24 semicircles, one of which is the
geographical meridian of a given place, to meet at
the poles, and to divide the equator into 24 equal parts, each
of these meridians will come round to the sun in 24 hours, by
the earth’s equable motion round its axis in that time. And,
as the equator contains 360 degrees, there will be 15 degrees
contained between any two of these meridians which are near-
est to one another ; for 24 times 15 is 360. And, as the
earth’s motion is eastward, the sun’s apparent motion will be
westward, at the rate of 15 degrees each hour. Therefore,
they whose geographical meridian is 15 degrees
eastward from us, have noon, and every other hour,
an hour sooner than we have.  They whose meridian is fifteen
degrees westward from us, have noon, and every other hour,
an hour later than we have : and so on in proportion, reckon-
ing one hour for every fifteen degrees.

As the earth turns round its axis once in 24 hours, and shews

Meridian.

Hour circles.

Longitude.
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itself all around to the sun in that time, so it goes round the
sunm once a-year, in a great circle called the ecliptic,
which crosses the equinoctial in two opposite points,
making an angle of 23} degrees with the equinoctial on each side.

So that one half of the ecliptic is in the northern hemisphere,

and the other in the southern. Tt contains 360 equal parts,

called degrees (as all other circles do, whether great or small) ;

and, as the earth goes once round it every year, the sun will

appear to do the same, changing his place almost a degree, at a

mean rate, every 24 hours. So that, whatever place, or degree

of the ecliptic, the earth is in at any time, the sun will then ap-
pear in the opposite. And as one half of the ecliptic is on the
north side of the equinoctial, and the other half on the south,

the sun, as seen from the earth, will be half a year on the south

side of the equinoctial, and half a year on the north ; and twice
a-year in the equinoctial itself.

The ecliptic is divided by astronomers into 12 gienyand de-
equal parts, called signs, each sign into 30 degrees, srees.
and each degree into 60 minutes : but n using the globes, we
seldom want the sun’s place nearer than half a degree of the
truth. .

The names and characters of the 12 signs are as follow : be-
ginning at that point of the ecliptic where it crosses the equi-
noetial to the northward, and reckening eastward round to the
same point again.  And the days of the months on which the
sun now enters the signs, are set down below them.

Eeliptic.

Aries, o Tawrus, o Gemini, 1 Canceer, o
March 20 April 19 May 20 June 21
Leo, §, Virgo, ny Libra, = Seorpio, M_

July 22 August 22 September 22 October 22

Sagittarius, 1 Capricornus, v§ Aquarius, == Piscesy, X
November 21 December 21  January 19  February 18

By remembering on what day the sun enters any particular
sign, we may easily find his place any day afterward, while he
1s in that sign, by reckoning a degree for each day, which will
occasion no error of consequence in using the globes.

When the sun is at the beginning of Aries, heis in the equi-
noctial ; and from that time he declines northward every day,
until he comes to the beginning of Cancer, which 1s 231° from
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the equinoctial ; from thence he vecedes southward every day,
for half a year ; in the middle of which half, he crosses the
equinoctial at the beginning of Libra, and at the end of that
half year he is at his greatest south declination, in the begin-
ning of Capricorn, which is also 234° from the equinoctial.
Then he returns northward from Capricorn every day, for
half a year; in the middle of which half, he crosses the equi-
noctial at the beginning of Aries, and, at the end of it, he ar-
rives at Cancer.

The sun’s motion in the ecliptic is not perfectly equable, for
he continues eight days longer in the northern half of the eclip-
tic than in the southern: so that the summer half year, in the
northern hemisphere, is eight days longer than the winter ltalf
year; and the contrary in the southern hemisphere.

Ml The éropics are lesser cireles in the heavens, paral-

i lel to the equinoctial ; one on each side of it, touch-
ing the ecliptic in the points of its greatest declination ; so that
cach tropie is 234° from the equinoctial, one on the north side
of it, and the other on the south. The northern tropic touches
the ecliptic at the beginning of .Cancer, the southern at the be-
gmning of Capricorn ; for which reason the former is called the
tropic of Cancer, and the latter the tropic of Capricorn.

The polar circles in the heavens are each 234°
from the poles, all around. That which goes round
the north pole is called the arctic circle, from zpiles, which signi-
fies a bear ; there being a collection or group of stars near the
north pole, which goes by that name. The south polar circle is
called the antarctic cirele, from its being opposite to the aretic.

The ecliptic, tropics, and polar circles, are drawn upon the
terrestrial globe, as well as upon the celestial.  But the eclip-
tic, being a great fixed circle in the heavens, cannot properly
be said to belong to the terrestrial globe: and is laid down
upon it only for the conveniency of solving some problems. So
that, if this circle on the terrestrial globe were properly divided
mto the months and days of the year, it would not only suit
the globe better, but would also make the problems thereon
much easier.

In ofder to form a true idea of the earth’s motion round its
axis every 24 hours, which is the ¢ause of day and night; and

of its motion in the ecliptic round the sun every year, which is
the cause of the different lengths of days and nights, and of the

Polar civeles.
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vicissitude of seasons,—take the following method, which will be
both easy and pleasant.

Let a small terrestrial globe, of about three inches An idea of
diameter, be suspended by a long thread of twisted the seasons.
silk, fixed to its north pole : then having placed alighted candle
on a table, to represent the sun, in the centre of a hoop of a
large cask, which may represent the ecliptic, the hoop making
an angle of 284° with the plane of the table; hang the globe
within the hook near to it ; and if the table be level, the equa-
tor of the globe will be parallel to the table, and the plane of

- the hoop will cut the equator at an angle of 231°: so that

one half of the equator will be above the hoop, and the other
half below it; and the candle will enlighten one half of the
globe, as the sun enlightens one half of the earth, while the other
half is in the dark.

Things being thus prepared, twist the thread toward the left
hand, that it may turn the globe the same way by untwisting ;
that is, from west, by south, to east. As the globe turns round
its axis or thread, the different places of iis surface will go re-
gularly through the light and dark ; and have, as it were, an
alternate return of day and night in each'rotation. As the globe
continues to turn round, and to shew itself all around to the
candle, carry it slowly round the hoop by the thread, from west,
by south, to east ; which is the way that the earth moves round
the sun, once a year, in the ecliptic; and you will see, that
while the globe continues in the lower part of the hoop, the
candle (being then north of the equator) will constantly shine
round the north ‘pole ; and all the northern places which go
through any part of the dark, will go through a less portion of
it than they do of the light, and the more so, the farther they
are from the equator ; consequently their days are then longer
than their nights.  When the globe comes to a point in the
hoop, mid-way, between the highest and lowest points, the can-
die will be directly over the equator, and will enlighten the
globe just from pole to pole ; and then every place on the globe
will go through equal portions of light and darkness, as it runs
round its axis; and, consequently, the day and night will be of
equal length at all places upon it.  As the globe advances
thenceforward, toward the highest part of the hoop, the candle
will be on the south side of the equator, shining farther and
farther round the south pole, as the globe rises higher and
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higher in the hoop : leaving the north pole as much in dark-
ness, as the south pole is then in the light, and making long
days and short nights on the south side of the equator, and the
contrary on the north side, while the globe continues in the
northern or higher side of the hoop : and when it comes to the
highest point, the days will be at the longest, and the nights at
the shortest, in the southern hemisphere; and the reverse in
the northern.  As the globe advances and descends in the hoop,
the light will gradually recede from the south pole, and ap-
proach toward the north pole, which will cause the northern
days to lengthen, and the southern days to shorten, in the same
proportion. When the globe comes to the middle point, be-
tween the highest and lowest points of the hoop, the candle
will be over the equator, enlightening the globe just from pole
to pole, when every place of the earth (except the poles) will
go through equal portions of light and darkness; and, conse-
quently, the day and night will be then equal all over the
globe.

And thus, at a very small expence, one may have a delight-
ful and demonstrative view of the cause of days and nights,
with their gradual increase and decrease in length, through the
whole year together, with the vicissitudes of spring, sum-
mer, autumn, and winter, in each annual course of the earth
round the sun.!

If the hoop be divided into 12 equal parts, and the signs be
marked in order upon it, beginning with Cancer at the highest
point of the hoop, and reckoning eastward (or contrary to the
apparent motion of the sun), you will see how the sun appears
to change his place every day in the ecliptic, as the globe ad-
vanees eastward along the hoop, and turns round its own axis :
and that when the earth is in a low sign, as at Capricorn, the
sun must appear in a high sign, as at Cancer, opposite to the
earth’s real place ; and that while the earth is in the southern
half of the ecliptic, the sun appears in the northern half, and
wice versa : that the farther any place is from the equator, be-
tween it and the polar circle, the greater is the difference be-
tween the longest and shortest day at that place; and that the
- poles have but one day and one night in the whole year.

! This method of exhibiting the change of scasons is represented in Plate 1V,
Fig- 8, of Ferguson's Astronomy.—Ed.
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These things premised, we shall proceed to the description .
and use of the terrestrial globe, and explain the geographical
terms as they occur in the problems.

This globe has the boundaries of land and water g 2
laid down upon it: the countries and kingdoms di- trial globe
vided by dots, and coloured, to distinguish them ; described.
the islands properly situated, the rivers and principal towns in-
serted, as they have been nscurtmned upon the ea.Lth by mea-
surement and observation. -

"The equator, ecliptic, tropics, polar circles, and meridians,
are laid down upon the globe in the manner already described.
The ecliptic is divided into twelve signs, and each sign into 30°,
which are generally subdivided into halves, and into quarters,
if the globe is large. Each tropic is 231" from the equator,
and each polar crcle 281° from its respective pole. Circles are
drawn parallel to the equator at every10° distance from it on each
side to the poles : these circles are called parallels of latitude.
On large globes there are circles drawn perpendicularly through
every tenth degree of thes equator, intersecting each other at
the poles: but on globes of or under a foot diameter, they
are only drawn through every fifteenth degree of the equator ;
these circles are generally called meridians, sometimes circles of
longitude, and at other times howr circles.

The globe 1s hung in a brass ring, called the brazen meri-
dian ; and turns upon a wire in emh pole sunk half its thick-
ness into one side of the meridian ring : by which means, that
side of the ring divides the globe into two equal parts, called
the eastern and western hemispheres ; as the equator divides
it into two equal parts, called the northern and southern hemi-
spheres.  This ring is divided into 360 equal parts or degrees,
- on the side wherein the axis of the globe turns. One half of
these degrees are numbered, and reckoned from the equator
to the poles, where they end at 90: their use is to shew the
latitudes of places. The degrees on the other half’ of the me-
ridian ring are numbered from the poles to the equator, where
they end at 90 : their use is to shew how to elevate either the
north or south pole above the horizon, according to the latitude
of any given place, as it is north or south of the equator,

The brazen meridian is let into two notches made in a broad
flat ring, called the wooden horizon, the upper surface of which
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divides the globe into two equal parts, called the wpper and low-
er hemispheres.  One notch is in the north point of the horizon,
and the other in the south. On this horizon are several con-
centric circles which contain the months and days of the year,
the signs and degrees answering to the sun’s place for each
month and day, and the 32 points of the compass. The gra-
duated side of the brass meridian lies toward the east side of
the horizon, and should be generally kept toward the person
who works problems by the globes.

There is a small korary circle, so fixed to the north part of
the brazen meridian, that the wire in the north pole of the globe
is in the centre of that circle; and on the wire is an index,
which goes over all the 24 hours of the circle, as the globe is
turned round its axis. Sometimes there are two horary cireles,
one between cach pole of the globe and the brazen meridian ;
which is the contrivance of the late ingenious Mr. Joseph Har-
ris, master of the Assay-office in the Tower of London ; and
makes it very convenient for putting the poles of the globe
through the horizon, and for elevating the pole to small lati-
tudes, and declinations of the sun; which cannot be done where
there is only one horary circle fixed to the outer edge of the
brazen meridian.

There is a thin slip of brass called the Quadrant of Altitude,
which is divided into 90 equal parts or degrees, answering ex-
actly to so many degrees of the equator. It is occasionally
fixed to the uppermost point of the brazen meridian by a nut
and serew. The divisions end at the nut, and the quadrant is
turned round upon it.

As the globe has been seen by most people, and upon the
figure of which, in a plate, neither the circles nor countries can
be properly expressed, we judge it would signify very little to,
refer to a figure of it ; and shall therefore only give some di-
rections how to choose a globe, and then deseribe its use.
Directionsfor 1+ Se¢ that the papers be well and neatly pasted
choosing on the globes, which you may know, if the lines and
g cireles thereon meet exactly, and continue all the way
even and whole ; the cireles not breaking into several arches, nor
the papers either coming short, or lapping over one another.

2. See that the colours be transparent, and not laid too thick
upon the globe to hide the names of places.
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3. Sce that the globe hangs evenly between the brazen me-
ridian and the wooden horizon ; not inclining either to one side
or to the other. -

4. Sece that the globe be as close to the horizon and meridian
as it conveniently may ; otherwise you will be too much puzzled
to find against what part of the globe any degree of the meri-
dian or horizon is.

5. See that the equinoctial line be even with the horizon all
around, as the north or south pole is elevated 90° above the ho-
rzon.

6. See that the equinoctial line cuts the horizon in the east
and west points, in all elevations of the pole from 0 to 90.°

7. See that the degree of the brazen meridian marked with
0, be exactly over the equinoctial line of the globe.

8. See that there be exactly half of the brazen meridian above
the horizon ; which you may know, if you bring any of the de-
cimal divisions on the meridian to the north point of the hori-
zon, and find their complement to 90 in the south point.

9. See that when the quadrant of altitude is placed as far
from the equator, or the brazen meridian, as the pole is ele-
vated above the horizon, the beginning of the degrees of the
quadrant reaches just to the plane surface of the horizon.

10. See that while the index of the hour-circle (by the mo-
tion of the globe) passes from one hour to another, 15 degrees
of the equator pass under the graduated edge of the brazen
meridian.

11. See that the wooden horizon be made substantial and
strong : it being generally observed, that in most globes the
horizon is the first part that fails, on account of its having been
made too slight.

In using the globes, keep the east side of the ho- 1, .
rizon toward you (unless your problem requires the for using
turning of it), which side you may know by the word s
east upon the horizon; for then you have the graduated side
of the meridian toward you, the quadrant of altitude before
you, and the globe divided exactly into two equal parts, by
the graduated side of the meridian.

In working some problems, it will be necessary to turn the
whole globe and horizon about, that you may look on the west
side thereof : which turning will be apt to jog the ball so as to
shift away that degree of the globe which was before set to the
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horizon or meridian : to avoid which inconvenience you may
thrust in the feather-end of a quill between the ball of the
globe and the brazen meridian; which, without hurting the
ball, will keep it from turning in the meridian, while you turn
the west side of the horizon toward you.

Pros. I.—To find the Longitude' and Latitude® of any given
place upon the globe.

Turn the globe on its axis, until the given place comes exact-
ly under that graduated side of the brazen meridian, on which
the degrees are numbered from the equator ; and observe what
degree of the meridian the place then lies under ; which is its
latitude, north or south, as the place i1s north or south of the
equator.

The globe remaining in this position, the degree of the equa-
tor, which i1s under the brazen meridian, is the longitude of the
place (from the meridian of London on the English globes),
which is east or west, as the place lies on the east or west side
of the first meridian of the globe. All the Atlantic ocean, and
America, is on the west side of the meridian of London ; and
the greatest part of Europe, and of Africa, together with all
Asia, is on the east side of the meridian of London, which 1s
reckoned the first meridian of the globe by the British geo-
graphers and astronomers.

Pros. I1.—The Longitude and Latitude of a Place being g;'r.rm,
to find that Place on the globe.

Look for the given longitude in the equator (counting it
castward or westward from the first meridian, as it is mention-
ed to be east or west), and bring the point of longitude in the
equator to the brazen meridian, on that side which is above the

1 The latitude of a place is its distance from the equator, and is north or south,
as the place is north or south of the equator. Those who live at the equator have
no latitude, because it is there that the latitude begins.

¢ The longitude of a place is the number of degrees (reckoned upon the equator)
that the meridian of the said place is distant from the meridian of any other place
from which we reckon, either eastward or westward, for 1807 or half round the globe.
The British reckon the longitude from the meridian of London, or rather from the
observatory of Greenwich, and the French from the meridian of Paris. The me-
ridian of that place, from which the longitude is reckoned, is called the first meri-
dan.  The places upon this meridian have no longitude, because it is there that the
longitude begins.
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south point of the horizon ; then count from the equator, on the
brazen meridian, to the degree of the given latitude, toward the
north or south pole, according as the latitude is north and
south ; and under that degree of latitude on the meridian, you

will have the place required.

Pros. II1.—7 find the difference of longitude, or difference of
latitude, between any two given places.

Bring each of these places to the brazen meridian, and sce
what its latitude is: the lesser latitude subtracted from the
greater, if both-places are on the same side of the equator, or
both latitudes added together, if they are on different sides of
it, is the difference of latitude required. And the number of
degrees contained between these places, reckoned on the equa-
tor, when they are brought separately under the brazen meri-
dian, is their difference of longitude, if it be ess than 180:
but if more, let it be subtracted from 860, and the remainder
is the difference of longitude required. O,

Having brought one of' the places to the brazen meridian,
and set the hour index to XII, turn the globe until the
other place comes to the brazen meridian, and the number of
hours and parts of an hour, passed over by the index, will give
the longitude in time ; which may be easily reduced to degrees,
by allowing 15° for every hour, and one degree for every four
minutes.

N. B.—When we speak of bringing any place to the brazen
meridian, it is the graduated side of the meridian that is meant.

Pros. IV.—dny place being given, to find all those places
that have the same longitude or latitude with it.

Bring the given place to the brazen meridian ; then all those
places which lie under that side of the meridian, from pole to
pole, have the same longitude with the given place. Turn the
globe round its axis, and all those places which pass under the
same degree of the meridian that the given place does, have the
same latitude with that place. i ;

Since all latitudes are reckoned from the equator, and all longi-
tudes are reckoned from the first meridian, it is evident that the
point of the equator which is cut by the first meridian, has neither
latitude nor longitude.—The greatest latitude is 90°, because
no place is more than 90° from the equator. And the greatest
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longitude 15 180% beeause no place 1s more than 180° from the
first meridian.

Pron. V.—To find the Antwei Periwei,' and Antipodes,® of
any given place.

Bring the given place to the brazen meridian, and having
found its latitude, keep the globe in that situation, and count
the same number of degrees of latitude from the equator to-
ward the contrary pole, and where the reckoning ends, you
have the anteeci of the given place upon the globe. Those
who live at the equator have no antaci.

"T'he globe remaining in the same position, set the hour-index
to the upper XTI, on the horary circle, and turn the globe until
the index comes to the lower XII; then, the place which lies
under the meridian, in the same latitude with the given place,
is the periweci required. Those who live at the poles have no.
perieci.

As the globe now stands (with ‘the index at the lower XII)
the antipodes of the given place will be under the same point
of the brazen meridian where its antaci stood before. Every
place upon the globe has its anfipodes.

Pros. VI.—T0 find the distance betwen any two places on the
alobe.

Lay the graduated edge of the quadrant of altitude over:

% The Antaci are those who live on the same meridians, and in equal Iatitudes, ,
on different sides of the equator. Being on the same meridian, they have the same -
hours ; that is, when it is noon to the one, it is also noon to the other; and when it:
is midnight to the one, it is also midnight to the other, &e. DBeing on different |
gides of the equator, they have different or opposite seasons at the same time; the:
length of any day to the one is equal to the length of the night of that day to thes
other ; and they have equal elevations of the different poles.

1 The Feriwei are those people who live on the same parallel of latitude, but on,
opposite meridians : so that though their latitude be the same, their longitude differs »
180 degrees. Dy being in the same latitude, they have equal elevations of the same -
pole (for the elevation of the pole is always equal to the latitude of the place), the:
same length of days or nights, and the same seasons. But being on opposite meri- -
dians, when it is noon to the one, it is midnight to the other,

% The Antipodes are those who live diametrically opposite to ope another upon thes
zlobe, standing with feet toward feet, on opposite meridians and parallels. Being on
opposite sides of the equator, they have opposite sensons, winter to one, when it is4
summer to the other ; being equally distant from the equator, they have their con-4
trary poles equally elevated above the horizon ; being on opposite meridians, when it §
1s noon to the one, it must be midnight to the other; and as the sun recedes from
the one when he approaches to the other, the length of the day to one must be equal )
to the length of the night at the same time to the other.
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: both the plaDEﬁ, and count the number of degrees intercepted
between them on the quadrant ; then multiply these degrees by
60, and the product will give the distance in geographical
miles : but to find the distance in English miles, multiply the
degrees by 693, and the product will be the number of miles
required. Or, take the distance between any two places with
a pair of compasses, and apply that extent to the equator ; the
number of degrees, intercepted between the points of the com-
s, is the distance in degrees of a great circle;® which may
be reduced either to geographical miles, or to English miles,
as above. :
Pros. VIT.—4 place on the globe being given, and its distance
Jrom any other place, to find oll the other places upon the
globe which are at the same distance from the given place.

Bring the given place to the brazen meridian, and screw the
quadrant of altitude to the meridian, directly over that place ;
then keeping the globe in that position, turn the quadrant quite
round upon it, and the degree of the quadrant that touches the
second place, will pass over all the other places which are equal-
ly distant with it from the given place.

This is the same as if one foot of a pair of compasses was
set in the given place and the other foot extended to the second
place, whose distance is known ; for if the compasses be then
turned round the first place as a centre, the moving foot will go
over all those places which are at the same distance with the
second from 1it.

& Any circle that divides the globe into two equal parts, is called a Great Ciérele, as
the equator or meridian. Any circle that divides the glube into two unequal parts
(which every parallel of latitude does) is called a Lesser Circle. Now, as every circle,
whether great or small, contains 360° and a degree upon the equator or meridian con-
tains 60 geographical miles, it is evident, that a degree of Jongitude upon the equa-
tor is longer than a degree of longitude upon any parallel of latitude, and must
therefore contain a greater nuinber of miles. So that, although all the degrees
of latitude are equally Iong upon an artificial globe (though not precisely so
upon the earth itself), yet the degrees of longitude decrease in length as the lati-
tude increases, but not in the same proportion. The table in page 208 shews the
length of a degree of longitude, in geographical miles, and hundredth parts of a mile,
for every degree of latitude, from the equator to the poles : a degree on the equator
being 60 geographical miles,

N. B. As the table given by our anthor supposed the earth to be a perfect sphere,
we have computed it anew for an oblate spheroidal figure, or an ellipsoid, the eom -

pression at its poles, or the difference between the equatoreal and polar axes beine
o gr—LEd:
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A TABLE shewing the number of miles in a degree of longi-
tude, in any given degree of latitutle, the earth being sup-
posed an oblate spheriod, and the flattening at its poles 5§ 5.

J'I' -

Length of || ! Length of | Length of Length of

& = | adegree of g S a degree of g2 a degree of FE a degree of
=% | longitude. EE‘E | longitude. E% longitude. 'E”E longitude.
% = B | : el

. [Miles. Dec.| = Miles. Dee, " 2 [Miles. Dec.| ° 2 [Miles. Dee.

1| 59.99 24 | 54.84 47 | 4099 § 70 | 20.58

2 | 50.06 25 | 54.41 48 | 40.22 || 71 | 19.59

3| 59.02 26 | 53.96 49 | 50.44 72 1 18.60

4 | 59.86 27 | 53.50 50 | 38.04 "8 | 17.60 8

5| 8997 28 | 53.02 51 | 37.84 74 | 16.59 °

6 | 59.67 29 | §2.52 52 | 87.02 75 | 15.58

71 59.56 80 | 52.01 58 | 36.19 76 | 14.56

8 | 59.42 31 | 51.48 54 | 85.34 77 | 18.54

9| 5927 |32 | 50.98 55 | 34.49 78 | 12.51
10 | 59.10 |l 38 | 50.37 || 56 | 83.63 || 79 | 11.49
11 | 58.91 34 | 49.79 BTl B2.ThH 80 | 10.45
12 | 58.70 35 | 49.20 58 | 51.87 81 0.42
13 | 5847 36 | 48.60 ] 50 | 350.98 82 8.38

14 | 58.23 | 87| 47.98 || 60 | 30.08 || 83 784
15| 5797 || 88 | 47.34¢ || 61 | 29.16 | 84 (.20
16 | 5760 | 89 | 46.69 | 62 | 28.24 85 5.25
17 | 57.40 40 | 46.03 63 | 27.81 86 4.20
18 | 57.08 || 41 | 45.35 || 64 | 26.37 | 87 3.15
19 | 56.75 || 42 | 44.66 || 65| 2543 | 88 | =2.10
20 | 56.40 | 43 | 43.95 || 66 | 24.47 | 89 1.05
21 | 56.04 44 | 43.28 67 | 28.51 00 0.00
29 | 55.66 | 45| 42.50 | 68 | 22.54
28 | 5526 | 46 | 41.75 | 69 | 21.56

Proz. VIIL.—The hour of the day at any place being given,,
to find all those places where it is noon at that time.

Bring the gwm place to the brazen meridian, and set the:
index to the given hour ; this done, turn the globe until thes
index points to the upper XII, and then, all the places that
lie under the brazen meridian have noon at that time.

B. The upper XII always stands for noon ; and whem
the hringing of any place to the brazen meridian is mentioned.
the side of that meridian on which the degrees are reckonec

from the equator is meant, unless the contrary side be men4
tioned.,
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Pros. IX.—The hour of the day at any place being given, to
Jind what time it then is at any other place.

Bring the given place to the brazen meridian, and set the
index to the given hour ; then turn the globe, until any place
where the time is required comes to the brazen meridian, and
the index will point out the time at that place.

Pros. X.—T'0 find the sun’s place in the ecliptic, and his de-
: clination,” for any given day of the year.

Look on the horizon for the given day, and right against it
vou have the degree of the sign in which the sun is (or his
place) on that day at noon. Find the same degree of that sign
in the ecliptic line upon the globe, and having brought it to the
brazen meridian, observe what degree of the meridian stands
over it ; for that is the sun’s declination, reckoned from the
equator.

Pros. XI.—The day of the month being given, to find all those
places of the earth over which the sun will pass vertically on
that day.

Find the sun’s place in the ecliptic for the given day, and
having brought it to the brazen meridian, observe what point
of the meridian is over it ; then, Lurning the globe round its
axis, all those places which pass under that point of the meri-
dian are the places required : for as their latitude is equal, in
degrees and parts of a degree, to the sun's declination, the sun
must be vertical (or directly over head) to each of them at its

respective noon.

Pron. XII.—4A place being given in the torrid zone, to find
those two days of the year, on whick the sun shall be vertical
to that place.

Bring the given place to the brazen meridian, and mark the de-
gree of latitude that is exactly over it on the meridian ; then turn

? The sun’s declination is hiz distance from the equinoctial in degrees, &e. and
is north or south, according as the sun is between the equinoctial and the north or
south pole.

® The globe is divided into five zones; one torrid, two temperate, and two frigid.
The torrid zone liss between the two tropics, and is 47° in breadth, or 23} on each

YOL. 1. 2
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o g]nhu round its axis, and observe the two degrees of the
ecliptic which pass exactly under that degree of latitude : lastly,
find on the wooden horizon the two days of the year on which
the sun 1s in those degrees of the ecliptie, and they are the days
required : for on them, and none else, the sun’s declination is
equal to the latitude of the given place: and, consequently,
he will then be vertieal to it at noon.

Pron. XIT1L.—To find all those places of the north frigid =onc,
where the sun begins to shine constantly without setting, on any
oiven day, from the 20th of March to the 22d of September.
On these two days, the sun is in the equinoctial, and enlight-

etss the globe exactly from pole to pole : therefore, as the earth

turns round its axis, which terminates in the poles, every place
upon it will go equally through the light and the dark, and so
make the day and night equal to all places of the earth. But
as the sun declimes from the equator, toward either pole, he will
shine just as many degrees round that pole, as are equal to his
declination from the equator ; so that no place within the dis-
tance of the pole will then go through any part of the dark,
and, consequently, the sun will not set to it.  Now, as the sun’s
declination is northward, from the 20th of March to the 22d
of September, he must constantly shine round the north pole
all that time ; and on the day that he is in the northern tropic,
he shines upon the whole north frigid zone; so that no place
within the north polar circle goes through any part of the dark
on that'day. Therefore, having brought the sun’s place for
the given day to the brazen meridian, and found his declina-
tion (by Prob. X), count as many degrees on the meridian,
from the north pole, as are equal to the sun’s declination from
the equator, and mark that degree from the pole where the
reckoning ends: then, turning the globe round its axis, ob-
serve what places in the north frigid zone pass directly under
the mark ; for they are the places required.

The like may be done for the south frigid zone, from the

sidle of the equator: the temperate sones lie between the tropics and polar circles, or
from 2317 of latitude, to 661, on each side of the equator; and are each 43° in
breadth : the fiigid sones are the spaces included within the polar circles, which
being cach 234° from their respective poles, the diameter of each of these zones is
47%  Asthe sun never goes without the tropics, he must every moment be vertical
to some place or other in the torril zone.
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22d of September to the 20th of March, during which tune the
sun shines constantly on the south pole.

Pros. XIV.—T0 find the place over whick the sun is vertical,
at any hour of a given day.

Having found the sun’s declination for the given day (by
Prob. X), mark it with a chalk on the brazen meridian: then
bring the place where you are (suppose London) to the brazen
meridian, and set the index to the given hour; which done,
turn the globe on its axis, until the index points to XIT at noon ;
and the place on the globe, which is then direetly under the
point of the sun’s declination marked upon the meridian, has
the sun that moment in the zenith, or directly over head.?

Pron. XV.—The day and hour at any place being given, to
Jind all those places where the sun is then rising, or setting,
or on the meridian ; consequently all those places whick are
enlightenced at that time, and those which are in' the dark.

This problem cannot be solved by any globe fitted up in the
common way with the hour-circle fixed upon the brass meri-
dian ; unless the sun be on or near some of the tropics on the
given day. But by a globe fitted up according to Mr. Joseph
Harris's invention! (already mentioned), where the hour-circle
lies on the surface of the globe, below the meridian, it may be
solved for any day in the year, according to his method, which
15 as follows.

9 This problem may be easily solved without the assistance of a globe. The Iati-
tude of the place where the sun is vertical at any given time, is always equal to the
sun’s declination, and of the same name ; that is, if the sun’s declination is north,
the latitude of the place will be north, and if south, the latitude will be south. The
longitude of the place is always equal to the number of hours (converted into dezrees,
at the rate of 15° for every hour) that the given time is from noon, and is East if
the given time is before noon, and West if it is after noon. "T'he latitude and longi-
tude, therefore, heing known, the corresponding place may Lie readily found upon a
common map. The same method will answer for the moon and stars, with this dif-
ference only, that the longitude of the place is equal to the number of hours between
the given time and the southing of these celestial bodies.—Fid.

! In all new globes the hour-circle is placed upon the surface of' the globe ; and
sometimes the hours are marked upon the equator, without any hour-circle at all.
A brass wire surrounds the globe, passing througli two holes in the brazen meridian,
and ]}’illg' in the plane of the equator 3 and a small index moves upon it to point out
the hour. This is an excellent contrivance, as it enlarges the hour spaces, and en-

+ ables us to work problems with the greatest accuracy.—Ed.
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Having found the place to which the sun is vertical at the
given hour, if the place be in the northern hemisphere, elevate
the north pole as many degrees above the horizon, as are equal
to the latitude of that place ; if the place be in the southern
hemisphere, elevate the south pole accordingly ; and bring the
said place to the brazen meridian. Then, all those places.
which are in the western semicirele of the horizon, have the sun
rising to them at that time ; and those in the eastern semicircle
have it setting : to those under the upper semicircle of the brass
meridian, it 1s noon; and to those under the lower semicircle,
it is midnight. All those places which are above the horizon,
are enlightened by the sun, and have the sun just as many de-
grees high to them, as they themselves are above the horizon :
and this height may be known, by fixing the quadrant of alti-
tude on the brazen meridian over the place to which the sun is
vertical ; and then, laying it over any other place, observe what
number of degrees on the quadrant are intercepted between the
said place and the horizon. In all those places that are 18°
below the western semicircle of the horizon, the morning twi-
light is just beginning ; in all those places that are 18° below the
~eastern semicircle of the horizon, the evening twilight is ending ;
and all those places that are lower than 18° have dark night.

If any place be brought to the upper semicircle of the brazen
meridian, and the hour-index be set to the upper XII or noon,
and then the globe be turned round eastward on its axis; when
the place comes to the western semicircle of the horizon, the
index will shew the time of sun-rising at that place; and when
the same place comes to the eastern semicircle of the horizon,
the index will shew the time of sun-set.

To those places which do not go under the horizon, the sun

sets not on that day ; and to those which do not come above it,
the sun does not rise.

Pros. XVIL.—The day and hour of a lunar eclipse being given,
to find all those places of the earth to which it will be visible.

The moon is never eclipsed but when she is full, and so di-
rectly opposite to the sun, that the earth’s shadow falls upon
her. Therefore, whatever place of the earth the sun is vertical
to at that time, the moon must be vertical to the antipodes of
that place ; so that the sun will be then visible to one half of
the earth, and the moon tp the other.
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Find the place to which the sun is vertical at the given hour
{by Prob. XIV); elevate the pole to the latitude of that place,
and bring the place to the upper part of the brazen meridian,
as in the former problem : then, as the sun will be visible to all
those parts of the globe which are above the horizon, the moon
will be visible to all those parts of the globe which are below
it, at the time of her greatest obscuration.

But with regard to an eclipse of the sun, there is no such
thing as shewing to what places it will be visible, with any de-
gree of certainty, by a common globe, because the moon’s
shadow covers but a small portion of the earth’s surface ; and
her latitude, or declination from the ecliptie, throws her shadow
so variously upon the earth, that to determine the places on
which it falls, recourse must be had to long ealculations.

Pros. XVII.— 7o rectifiy the globe for the latitude, the zenith,?
and the sun’s place.

Find the latitude of the place (by Prob. I), and if the place
be in the northern hemisphere, raise the north pole above the
north point of the horizon, as many degrees (counted from the
pole upon the brazen meridian) as are equal to the latitude of
the place. If the place be in the southern hemisphere, raise
_ the south pole above the south point of the horizon, as many
degrees as arve equal to the latitude. Then turn the globe till
the place comes under its latitude on the brazen meridian, and
fasten the quadrant of altitude so that the chamfered edge of
its nut (which is even with the graduated edge) may be joined
to the zenith, or point of latitude. This done, bring the sun’s
place in the ecliptic for the given day (found by Prob. X) to
the graduated side of the brazen menridian, and set the hour-
index to XII at noon, which is the uppermost XII on the
hour-circle ; and the globe will be rectified.

The latitude of any place is equal to the elevation
of the nearest pole of the heavens above the horizon
-of that place ; and the poles of the heavens are directly over
the poles of the earth, each 90° from the equinoctial line. Let
us be upon what place of the earth we will, if the limits of our
view be not intercepted by hills, we shall sce one-half of the

emark.

* The Zenith, in this sense, is the highest point of the brazen meridian above the
horizon ; but in the proper sense it is that point of the heavens which is directly ver
tical to any given place, at any given instant of time.
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heavens, or 90° every way round, from that point which is over
our heads.  Therefore, if we were upon the equator, the poles
of the heavens would lie in our horizon, or limit of our view ;
if we go from the equator, toward either pole of the earth, we
-shall see the corresponding pole of the heavens rising gradually
above our horizon, just as many degrees as we have gone from
the equator : and if we were at either of the earth’s poles, the
corresponding pole of the heavens would be directly over our
head. Consequently, the elevation or height of the pole in de-
grees above the horizon, is equal to the number of degrees that
the place is from the equator.

Pros. XVIIL.—T%e latitude of any place, not excceding 665°,°
and the day of the month being piven, o find the time of sun-
rising and setting, and consequently the length of the day and
night.

Having rectified the globe for the latitude, and for the sun’s
place on the given day (as directed in the preceding problem),
bring the sun’s place in the ecliptic to the eastern side of the
horizon, and the hour-index will shew the time of sun-rising;
then turn the globe on its axis, until the sun’s place comes to
the western side of the horizon, and the index will shew the time
of sun-setting.

The hour of sun-setting doubled, gives the length of the day ;
and the hour of sun-rising doubled, gives the length of the night.

Pros. XIX.—The latitude of any place, and the day of the
month, being given, to find when the morning twilight begins,
and the evening twilight ends, at that place.

This problem is often limited ; for, when the sun does not
go 18° below the horizon, the twilight continues the whole
mght, and for several nights together in summer, between 49
and 662° of latitude ; and the nearer to 66}, the greater is the
number of these nights, But when it does begin and end, the
following method will shew the time for any given day.

Rectify the globe, and bring the sun’s place in the ecliptic to
* astern side of the horizon ; then mark that point of the

3 All places whose latitude is'more than G€}°, are in the frigid zones 3 and to those
places the sun dees not set in suimmer, for a certain rumber of divmal revolutions,
which occasions this limitation of latilud
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ecliptic with a chalk which is in the western sideof the horizon,
it being the point opposite to the sun’s place : this done, lay the
quadrant of altitude over the said point, and turn the globe
castward, keeping the quadrant at the chalk-mark, until it is
just 18° high on the quadrant ; and the index will point out
the time when the morning twilight begins : *or the sun’s place
will then be 18° below the eastern side of the horizon.  To find
the time when the evening twilight ends, bring the sun’s place
to the western side of the horizon ; and the point opposite to
it, which was marked with the chalk, will be rising in the east :
then, bring the quadrant over that point, and keeping it there-
on, turn the globe westward, until the said point be 18° above
the horizon on the quadrant, and the index will shew the time
when the evening twilight ends ; the sun’s place being then 18°
below the western side of the horizon.

Pros. XX.—T jfind on what day of the year the sun begins to
shine constantly, without sciting, on any given place in the
north frigid zone, and how long he continues to do so.
Rectify the globe to the latitude of the place, and turn it

about until some point of the ecliptie, between Aries and Can-

cer%_g'mincides with the north point of the horizon, where the
brazen meridian cuts it ; then find, on the wooden horizon, what
day of the year the sun is in that point of the ecliptic ; for that
is the day on which the sun begins to shine constantly on the
given place, without setting., This done, turn the globe usi-
til some point of the ecliptic, between Cancer and Libra, com-
cides with the north point of the horizon, where the ‘brazen
meridian cuts it; and find, on the wooden horizon, on what
day the sun is in that point of the celiptic; which is the day
that the sun leaves off constantly shining on the said place, and

- mises and sets to it as to other places on the globe. The num-

ber of natural days, or complete revolutions of the sun about
the earth, between the two days above found, is the time that
the sun keeps constantly above the horizon without setting : for
all the portion of the ecliptic, that lies between the two points
which intersect the horizon in the very north, never sets below
it: and there is just as much of the opposite part of the celiptic
that never rises : therefore, the sun will keep as long constantly
below the horizon in winter as above it in summer.

Whoever considers the globe, will find, that all places of the
earth do equally enjoy the benefit of the sun, in respect of tume,
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and are equally deprived of it. For, the days and nights are
always equally long at the equator : and in all places that have
latitude, the days at one time of the year are exactly equal to
the nights at the opposite season. :

Pros. XXI.—7% find in what latitude the sun shines constant-
ly, without setting, jfor any length of time less than 1823 of
our days and nights.

Find a point in the ecliptic half as many degrees from the
beginning of Cancer (either toward Aries or Libra) as there are
natural days® in the time given ; and bring that point to the
north side of the brazen meridian, on which the degrees are
numbered from the pole toward the equator; then keep the
globe from turning on its axis, and slide the meridian up or
down, until the aforesaid point of the ecliptic comes to the north
point of the horizon, and then, the elevation of the pole will be
equal to the latitude required.

Pros: XXIL.—T"%e latitude of a place, not exeeeding 664°, and
the day of the month, being given, to find the sun’s amplitude,
or point of the compass on which ke rises or sets on that day.
Reetify the globe, and bring the sun’s place to the eastern

side of the horizon ; then observe what point of the compass on

the horizon stands right against the sun’s place, for that is his
amplitude at rising. This done, turn the globe westward, until
the sun’s place comes to the western side of the horizon, and it
will cut the point of his amplitude at setting. Or, you may
count the rising amplitude in degrees, from the east point of the
horizon, to that point where the sun’s place cuts it ; and the set-
ting amplitude, from the west point of the horizon, to the sun's
place at setting.

"

Pron. XXIIL.—The latitude, the sun’s place, and his altitude,
being given, to find the hour of the day, and the sun’s azimuth,
or number of degrees that he is distant from the meridian,

Rectify the globe, and bring the sun’s place to the given

¢ The reason of this limitation is, that 182} of our days and nights make half a
year, which is the longest time that the sun shines without setting, even at the poles
of the earth. )

& A natural day contains theswhole 24 hours ; an artificial day, the time that the
sun iz above the herizon. 4

& The sun’s altitude, at any time, is his height in degrees above the horizon at
that time.
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height upon the quadrant of altitude ; on the eastern side of
the horizon, if the time be in the forenoon; or the western side,
if it be in the afternoon ; then, the index mll shew the hour ;
and the number of degrees in the horizon intercepted between
the quadrant of altitude and the south point, will be the sun’s
true azimuth at that time.

'N. B. Always when the quadrant of altitude is mentioned
in working any problem, the graduated edge of it is meant.

If this be done at sea, and compared with the sun’s azimuth,
as shewn by the compass, if they agree, the compass has no
variation in that place: but if they differ, the compass does
vary : and the variation is equal to this difference.

Pron. XXIV.—T'he latitude, hour of the day, and the sun's
place, being given, to find the sun’s altitude and azimuth.
Rectify the globe, and turn it unti] the index points to the

given hour; then lay the quadrant of altitude over the sun's
place in the ecliptic, and the degree of the quadrant cut by the
sun’s place is his altitude at that time above the horizon ; and
the degree of the horizon cut by the quadrant is the sun’s azi-
muth, reckoned from the south.

Pros. XX V.—T%he latitude, the sun’s altitude, and his azimuth,
being given, to find his place in the ecliptic, the day of the
month, and hour of the day, though they had all been lost.
Rectify the globe for the latitude and zenith,” and set the

quadrant of altitude to the given azimuth in the horizon ; keep-

ing it there, turn the globe on its axis until the ecliptic cuts the
quadrant in the given altitude : that point of the ecliptic which
cuts the quadrant there, will be the sun’s place; and the day
of the month answering thereto, will be found over the like
place of the sun on the wooden horizon. Keep the quadrant of
altitude in that position, and having brought the sun’s place to
the brazen meridian, and the lmur-lnde‘: to XII at noon, turn
back the globe until the sun’s place cuts the quadrant of alti-
tude again, and the index will shew the hour.

Any two points of the ecliptic which are equi-distant fmm
the beginning of Cancer or of Capricorn, will have the same

7 By rectifying the globe for the zenith, is meant screwing the quadrant of altitude
to the given latitude on the brass meridian.
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altitude and azimuth at the same hour, though the months be
different ; and therefore it requires some care in this pmhl-::m,
not to mistake both the month, and the day of the month ;
avoud which, observe, that from the 20th of March to the Elst
of June, t!mtpmt of the ecliptic which is between the beginning
of Aries and the beginning of Cancer is to be used: from the
21st of June to the 22d of September, between the beginning
of Cancer and the beginning of Libra: from the 22d of Sep-
tember to the 21st of December, between the beginning of
Libra and the beginning of Capricorn: and from the 21st of
December to the 20th of March, between the beginning of
Capricorn and the beginning of Aries. And as one can never
be at a loss to know in what quarter of the year he takes the
sun’s altitude and azimuth, the above caution, with regard to
the quarters of the ecliptic, will keep him right as to the month
and day thereof.

Prov. XXVIL.—T0 find the length of the longest day at any
' griven place.

If the place be on the north side of the equator, find its lati-
tude (by Prob. I), and elevate the north plole to that latitude ;
then, bring the beginning of Cancer gz to the brazen meridian,
and set the hour-index to X1IT at noon. But if the given place
be on the south side of the equator, elevate the south pole toits
latitude, and bring the beginning of Capricorn 1§ to the brass
meridian, and the hour-index to XII. This done, turn the
globe westward, until the beginning of Cancer or Capricorn (as
the latitude is north or south) comes to the horizon; and the
ndex will then point out the time of sun-setting, for it will have
gone over all the afternoon hours, between mid-day and sun-set ;
which length of time being doubled, will give the whole length
of the day, from sun.rising to sun-setting. For, in all latitudes,
the sun rises as long before mid-day as he sets after it.

Pros. XXVIL—=T0 find in what latitude the longest day is of

: any given length less than 24 hours. '

If the latitude be north, bring the beginning of Cancer to the
brazen meridian, and elevate the north pole to about 661°; but
if the latitude be south, bring the beginning of Capricorn to the
meridian, and elevate the south pole toabout 664° ; because the
longest day in north latitude, is when the sunis in the first point
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of Cancer ; and in south latitude, when he is in the first point
of Capricorn. Then set the hour-index to XII at noon, and
turn the globe westward, until the index points at half the
number of hours given : which done, keep the globe from turn-
ing on its axis, and slide the meridian down in the notches, un-
til the aforesaid point of the ecliptic (viz. Cancer or Capricorn)
comes to the horizon ; then, the elevation of the pole will be
equal to the latitude required.

Pros. XXVIIL.—T%e latitade of any place, not exceeding
664°, being given, to find in what cimate® the place is.
Find the length of the longest day at the given place by pro-,
blem XXVI, and whatever be the number of hours whereby it
exceeds twelve, double that number, and the sum will answer
to the climate in which the place is.

Pron. XXIX.—T%he latitude and the day of the month being
2iven, to find the hour of the day when the sun shines.

Set the wooden horizon truly level, and the brazen meridian
due north and south by a mariner’s compass ; then, having rec-
tified the globe, stick a small sewing needle into the sun’s place
in the ecliptic, perpendicular to that part of the surface of the
globe : this done, turn the globe on its axis, until the needle
comies to the brazen meridian, and set the hour-index to XII
at noon; then, turn the globe on its axis, until the needle
points exactly toward the sun (which it will do when it casts
no shadow on the globe), and the index will shew the hour of
the day.

Pros. XXX.—d pleasant way of shewing all those places of
the earth which are enlightencd by the sun, and also the time
of the day when the sun shines.

Take the terrestrial ball out of the wooden horizon, and also
out of the brazen meridian ; then set it upon a pedestal in sun-

:

® A Climate, from the equator to either of the polar circles, isa tract of the earth’s
surface, included between two such parallels of latitude, that the length of the long-
est day in the one exceeds that in the other by half an hour ; but, from the polar cir-
cles to the poles, where the sun keeps long above the horizon without setting, each cli-
mate differs a whole month from the one next to it. There are twenty-four climates
between the equator and each of the polar circles, and six from each polar circle toits

respective pole.



220 OF THE HEAVENS AND THE EARTII. LECT. VIII.

shine, in such a manner, that its north pole may point directly
toward the north pole of the heavens, and the meridian of the
place where you are be directly toward the south. Then, the
sun will shine upon all the like places of the globe, that he does
on the real earth, rising to some when he is setting to others ;
as you may perceive by that part where the enlightened half of
the globe is divided from the half in the shade, by the boun-
dary of the light and darkness: all those places on which the
sun shines, at any time, having day ; and all those, on which
he does not shine, having mght.

If a narrow slip of paper be put round the equator, and di-
vided into twenty-four equal parts, beginning at the meridian
of your place, and the hours be set to those divisions in such a
manner, that one of the VI's may be upon your meridian ;
the sun being upon that meridian at noon, will then shine ex-
actly to the two XII's; and at one to the two I's, &c. So
that the place where the enlightened half of the globe is parted
from the shaded half, in this cirele of hours, will shew the time
of the day.

The principles of Dialling shall be explained farther on, by
the terrestrial globe. At present we shall only add the follow-
ing observations upon it; and then proceed to the use of the
celestial globe.

1. The latitude of any place is equal to the elevation of the
pole above the horizon of that place, and the elevation of the
equator is equal to the complement of the latitude, that is, to
what the latitude wants of 90°.

2. Those places which lie on the equator, have no latitude,
it being there that the latitude begins ; and those places which
lie on the first merician have no longitude, it being there that
the longitude begins, Consequently, that particular place of
the earth, where the first meridian ntersects the equator, has
neither longitude nor latitude.

3. At all places of the earth, except the poles, all the
points of the compass may be distinguished in the horizon :
but from the north pole every place is south; and from the
south pole every place is north. Therefore, as the sun is eon-
stantly above the horizon of each pole for half a year in its
turn, he cannot be said to depart from the meridian of either
pole for half a year together. Consequently, at the north pole
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it may besaid to be noon every moment for halt' a year; and
let the winds blow from what part they will, they must al-
ways blow from the south ; and at the south pole, from the
north.

4. Because one half of the ecliptic is above the horizon of
the pole, and the sun, moon, and planets, move in (or nearly
in) the ecliptic ; they will all rise and set to the poles. But,
because the stars never change their declinations from the equa-
tor (at least not sensibly in one age), those which are once above
the horizon of either pole, never set below it ; and those which
are once below it, never rise.

5. All places of the earth do equally enjoy the benefit of
the sun, in respect of time, and are equally deprived of it.

6. All places upon the equator have their days and nights
equally long, that is, twelve hours each, at all times uf' the
vear. For, although the sun declines, alternately, from the
equator toward the north and toward the south, yet, as the ho-
rizon of the equator cuts all the parallels of latitude and de-
clination in halves, the sun must always continue above the ho-
rizon for one half a diurnal revolution about the earth, and for
the other half below it.

%. When the sun’s declination is greater than the latitude of
any place, upon either side of the equator, the sun will come
twice to the same azimuth, or point of the compass, in the fore-
noon, at that place, and twice to a like azimuth in the after-
noon ; that is, he will go twice back every day, while his de-
clination continues to be greater than the latitude. Thus, sup-
pose the globe rectified to the latitude of Barbadoes, which is
13° north ; and the sun to be anywhere in the ecliptic, between
the middle of Taurus and the middle of Leo; if' the quadrant
of altitude be set to about 18°? north of the east in the horizon,
the sun’s place be marked with a chalk upon the ecliptic, and
the globe be then turned westward on its axis, the said mark
will rise in the horizon a little to the north of the quadrant, and
thence ascending, it will cross the quudrimt toward the south ;
but before it arrives at the meridian, it will cross the quadrant
again, and pass over the meridian northward of Barbadoes.
And if the quadrant be set about 18° north of the west, the

? From the middle of Gemini to the middle of Cancer, the quadrant may be set
at 207,
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sun’s place will cross it twice, as it descends from the meridian
toward the horizon, in the afternoon.

S. In all places of the carth between the equator and poles,
the days and nights are equally long, viz. 12 hours each, when
the sun is in the equinoctial ; for, in all elevations of the pole
short of 90° (which is the greatest), one half of the equator or
equinoctial will be above the horizon, and the other half be-
low 1t.

9. The days and nights are never of an equal length at any
place between the equator and polar cireles, but when the sun
enters the signs o Aries and = Libra: for in every other part
of the ecliptie the cirele of the sun’s daily motion is divided into
two unequal parts by the horizon.

10. The nearer any place 1s to the equator, the less is the
difference between the length of the days and nights in that
place ; and the more remote, the contrary. The circles which
the sun describes in the heavens every twenty-four hours, being
eut more nearly equal in the former case, and more unequally
in the latter,

11. In all places lying upon any given parallel of latitude,
however long or short the day or night be at any one of these
places, at any time of the year, it is then of the same length at
all the rest; for in turning the globe round its axis (when
rectified according to the sun’s declination) all these places will
keep equally long above or below the horizon.

12. The sun is vertical twice a-year to every place between
the tropics ; to those under the tropies, once a-year, but never
anywhere else : for there can be no place between the tropics
but that there will be two points in the ecliptic, whose declina-
tion from the equator is equal to the latitude of that place ;
and but one point of the ecliptic which has a declination equal
to the latitude of places on the tropic which that point of
the ecliptic touches ; and as the sun never goes without the
tropics, he can never be vertical to any place that lies without
them.

13. To all places in the torrid zone,' the duration of the
twilight is least, because the sun’s daily motion 1s the most per-
pendicular to the horizon.  In the frigid zones,® greatest ; be-

I Between the tropics.
* Between the polar circles and poles,



g

LECT. VIII. OBSERVATIONS ON THE TERRESTRIAL GLong. 2729

cause the sun’s daily motion is nearly parallel to the horizon ;
and therefore he is the longer of getting 18° helow ity till which
time the twilight always continues. And in the temperate
zones?® it is at a medium between the two, because the obli-
quity of the sun’s daily motion is so.

14. In all places lying exactly under the polar circles, the
sun, when he is in the nearest tropic, continues twenty-four
hours above the horizon without setting ; because no part of
that tropic is below their horizon. And when the sun is in the
farthest tropie, he is for the same length of time without rising ;
because no part of that tropic is above their horizon. But, at
all otherstimes of the year, he rises and sets there, as in other
places ; because all the eircles that can be drawn parallel to the
equator, between the tropics, are more or less cut by the he-
rizon, as they are farther from, or nearer to, that tropie, which
is all above the horizon : and when the sun 1s not in either of
the tropics, his diurnal course must be in one or other of these
circles.

15. To all places in the northern hemisphere, from the equa-
tor to the polar circle, the longest day and shortest night is
when the sun is in the northern tropic; and the shortest day
g,nd longest night is when the sun is in the southern tropic;
because no circle of the sun’s daily motion is so much above the
horizon, and so little below it, as the northern tropic; and none
so little above 1t, and so much below it, as the southern. In
the southern hemisphere the contrary.

16. In all places between the polar circles and poles, the sun
appears for a number of days (or rather diurnal revolutions)
without setting ; and at the opposite time of the year without
rising ; because some part of the ecliptic never sets in the for-
mer case, and as much of the opposite part never rises in the
latter, And the nearer unto, or the more remote from, the
pole, these places are, the longer or shorter is the sun’s con-
tinuing presence or absence. :

17. If a ship sets out from any port, and sails round the
earth eastward to the same port again, :let her take what time
she will to do it in, the people in that ship, in reckoning their
time, will gain one complete day at their return, or count one
day more than those who reside at the same port ; because, by

* Beiween the tropics and polar circles.
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going contrary to the sun’s diurnal motion, and being for-
warder every evening than they were in the morning, their
horizon will get so much the sooner above the setting sun, than
if they had kept for a whole day at any particular place. And
thus, by cutting off a part, proportional to their own motion,
from the length of every day, they will gain a complete day of
that sort at their return ; without gaining one moment of ab-
solute time more than is elapsed, during their course, to the
people at the port. If they sail westward, they will reckon one
day less than the people do who reside at the said port; be-
cause, by gradually following the apparent diurnal motion of
the sun, they will keep him each particular day so much longer
above their horizon, as answers to that day’s course ; and by
that means they cut off' a whole day in reckoning, at their re-
turn, without losing one moment of absolute time.

Hence, if two ships should set out at the same time from any
port, and sail round the globe, one eastward, and the other
westward, so as to meet at the same port on any day whatever,
they will differ two days in reckoning their time, at their re-
turn. If they sail twice round the earth, they will differ four
days ; if thrice, then six, &ec.

LECTURE IX.

THE USE OF THE CELESTIAL GLOBE, AND ARMILLARY SPHERE.

The celestint I avine done for the present with the terrestrial
Kiore. globe, we shall proceed to the use of the celestial ;
first, premising, that, as the equator, ecliptic, tropics, polar
eircles, horizon, and brazen meridian, are exactly alike on both
globes, all the former problems concerning the sun are solved
the same way by both globes. The method also
of rectifying the celestial globe is the same as ree-
tifying the terrestrial, viz. elevate the pole according to the lati-
tude of your place, then screw the quadrant of altitude to the
zenith, on the brass meridian; bring the sun’s place in the
ecliptic to the graduated edge of the brass meridian, on the
side which is above the south point of the wooden horizon, and
set the hour-index to the uppermost XII, which stands for

To rectify it.

ioon.
N.B.—The sun’s place for any day of the year stands di-
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rectly over that day on the horizon of the celestial globe, as it
does on that of the terrestrial.

The latitude and longitude of the stars, and of all ;... . .
other celestial phenomena, are reckoned in a very longitude of
different manner from the latitude and longitude of the séars.
places on the earth : for all terrestrial latitudes are reckoned

" from the equator ; and longitudes from the meridian of some
remarkable place, as of London by the British, and of Paris by
the French, though most of the French maps begin their longi-
tucle at the meridian of the island Ferro. But the astrono-
mers of all nations agree in reckoning the latitudes of the moon,
stars, planets, and comets, from the ecliptic ; and their longi-
tudes from the equinoctial colure,’ in that semicircle of it which
cuts the ecliptic at the beginning of Aries, 7 ; and thence east-
ward, quite round, to the same semicircle again. Consequently
those stars which lie between the equinoctial and the northern
half of the ecliptie, have north declination and south latitude ;
those which lie between the equinoctial and the southern half
of the ecliptic, have south declination and north latitude ; and
all those which lie between the tropics and poles have their de-
clinations and latitudes of the same denomination.

There are six great circles on the celestial globe, which eut
‘the ecliptic perpendicularly, and meet in two opposite points in
the polar circles ; which points are each ninety degrees from
the ecliptic, and are called its poles. These polar pomnts di-
vide those cireles into twelve semicireles ; which cut the eclip-
tic at the beginnings of the twelve signs. 'They resemble so
many meridians on the terrestrial globe ; and as all places
which lie under any particular meridian semicircle on that
globe, have the same longitude, so all those points of the hea-
‘vens, through which ‘any one of the above semicireles are
drawn, have the same longitude. And as the greatest lati-
tudes on the earth are at the north and south poles of the
earth, so the greatest latitudes in the heavens, are at the north
and south poles of the ecliptic.

! The great circle that passcs through the equinoctial points at the begmning of
P and =, and through the poles of the world (which are two opposite points,
each 90° from the equinoctialy, is called the eguinoctial colure : and the great, eirele
that passes through the beginning of o and 15, and also through the poles of the
ecliptie, and poles of the world, is called the solstitinl colure.

YOL. L. Q
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Caonstella. 10 order to distinguish the stars, with regard to
tions. their situations and positions in the heavens, the an-
cients divided the whele visible firmament of stars into parti-
cular systems, which they called constellations ; and digested
them into the forms of such animals as are delineated upon the
celestial globe. And those stars which lie between the figures
of those imaginary animals, and could not be brought within
the compass of any of them, were called unformed stars.
Because the moon and all the planets were observed to move
in circles or orbits which cross the ecliptic (or line of the sun’s
path) at small angles, and to be on the north side of the eclip-
tic for one half of their course round the heaven of stars, and
on the south side of it for the other half, but never to go quite
8° from it on either side, the ancients distinguished that space
by two lesser circles, parallel to the ecliptic (one on each side)
at 8° distance from it. And the space included between the
circles, they called the zodiac,® because most of the
twelve constellations placed theremn resemble some
living creature. These constellations are, 1, Aries, 9, the ram ;
2, Taurus, ¥, the bull ; 3, Gemini, 11, the twins; 4, Cancer,
am, the crab ; 5, Leo, ), the lion; 6, Virgo, ny, the virgin ;
T, Libra, =, the balance ; 8, Scorpio, 1 , the scorpion; 9, Sa-
gittarius, 1, the archer; 10, Capricornus, 1§, the goat; 11,
Aquarius, =, the water-bearer ; and 12, Pisces, 3¢, the fishes.
It is to be observed, that in the infaney of astro-
nomy, these twelve constellations stood at or near
the places of the ecliptie, where the above characteristics are
marked upon the globe : but now each constellation has got a
whole sign forwarder, on account of the recession of the equi-
noctial points from their former places. So that the constella-

Zodiac,

Remark.

* Bince this work was written, five new planets have been added to our system,
I:)]I'hIE indefatigable exertions of modern astronomers—the Georgium Sidus, dis-
covered by Ir. Herschel ; Ceres, by Piazzi; Pallas, by Dr, Olbers ; Juna, by Mr.
Handing, and Festa, by Dr. Olbers. The Georgium Sidus is situated beyond the
orbit of Saturn, and the other three between the orbits of Mars and Jupiter, and
almost at equal distances from the sun. The inclination of Ceres’ orbit to the eclip-
tic is about 102 the inclination of Juno's orbit 132 ; that of Pallas 2562 and that
of Vesta 7°: so that the limits of the zodiac must now be extended, from 8° on each
side of the ecliptie, to 25° on each side of it, in order to compreliend thess dewly
discovered planets, The satellites of the Georgium Sidue, indeed, move almost at
right angles to the ecliptie; and therefore, properly speaking, there can be no zodiac
at all. See Verguson's Asironomy, vol. ji.—Ed.
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tion of Aries is now in the former place of Taurus; that of
Taurus in the former place of Gemini; and so on.

The stars appear of different magnitudes to the eye, probably
because they are at different distances from us. Those which
appear brightest and largest are called stars of'the first magni-
tude ; the next to them in size and lustre, are called stars of
the second magnitude ; and so on to the siwth, which are the
smallest that can be discerned by the bare eye.

Some of the most remarkable stars have names given them,
as Castor and Pollux, in the heads of the Twins; Sirius, in the

#mouth of the Great Dog; Procyon, in the side of the Little
Dog ; Rigel, in the left foot of Orion ; Arecturus, near the thigh
of Bootes, &e.?

These things being premised, which I think are all that the
young tyro need be acquainted with, before he begins to work
any problem by this globe, we shall now proceed to the most
useful of those problems, omitting several which are of little or
no consequence,

Prop. I.—T0 find the right ascension,* and declination,” of the
sun, or any fived star.

Bring the sun’s place in the ecliptic to the brazen meridian,
then that degree in the equinoctial which is eut by the meridian
is the sun’s right aseension ; and that degree of the meridian
which is over the sun’s place 1s his declination. Bring any fixed
star to the meridian, and its right ascension will be cut by the
meridian in the equinoctial ; and the degree of the meridian that
stands over it is its declination. _

So that right ascension and declination on the celestial globe,

 The stars of each constellation are distinguished from one another, by prefixing
the letters of the Greek alphabet to the name of the constellation. The brightest
star, for instance, of the constellation Leo, is called = Leonis ; the next brightest,
# Leonis, and so on, It must be remembered, however, that the Greek letters do
not indicate the magnitude of the stars which they represent, but merely the relative
magmitude of those in the same constellation. Thus, = Virginis is a star of the first
magnitude ; « Librr, a star of the second magnitude ; and = Aquarii, a star of the
third magnitude.— Ed.

* The degree of the equinoctial, reckoned from the beginning of Aries, that comes
to the meridian with the sun or star, is its Right Ascension. The Longitude of any
c::];z:tinl body is counted on the ecliptic, and its Right Ascension upon the equinoc.
tial,

* The distance of the sun or stars in degrees from the equinoctial, toward either of
the poles, north or south, is its Declination, which is nosth or south accordingly.
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are found in the same manner as lnngiludt: and latitude on the
terrestrial.

Pron. IL=—T find the latitude and longitude of any star.

If the given star be on the north side of the ecliptie, place
the 90° of the quadrant of altitude on the north pole of the
ecliptic, where the twelve semicircles meet, which divide the
ecliptic into the twelve signs: but if' the star be on the south
side of the ecliptic, place the 90° of the quadrant on the south
pole of the ecliptic; keeping the 90° of the quadrant on the
proper pole, turn the quadrant about, until its graduated edge.
cuts the star ; then, the number of degrees in the quadrant,
between the ecliptic and the star, is its latitude ; and the degree
of the ecliptic cut by the quadrant, is the star’s longitude, reckon-
ed according to the sign in which the quadrant then 1s.

Pros. I1L—T0 represent the face of the starry firmament, as
seen from any given place of the earth, at any howr of the night.
Rectify the celestial globe for the given latitude, the zenith,
and sun’s place, in every respect, as taught by the 17th prob-
lem, for the terrestrial ; and turn it about, until the index points
to the given hour : then, the upper hemisphere of the globe
will represent the visible half of the heavens for that time : all
the stars upon the globe being then in such situations, as exact-
ly correspond to those in the heavens. And if the globe be
placed duly north and south, by means of a small sea-compass,
every star on the globe will point toward the like star in the
heavens: by which means, the constellations and remarkable
stars may be easily known. All those stars which are in the
eastern side of the horizon, are then rising in the eastern side of
the heavens: all those in the western, are setting in the western
side : and all those under the upper part of the brazen meri-
dian, between the south point of the horizon and the north pole,
are at their greatest altitude, if the latitude of the place be
north : but if the latitude be south, those stars which lie under
the upper part of the meridian, between the north point of the
horizon and the south pole, are at their greatest altitude.

Prop. IV.~The latitude of the place, and day of the month,
being given, to find the time when any lknown star will rise,
or be on the meridian, or set. |

Having rectified the globe, turn it about until the given star
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comes to the eastern side of the horizon, and the index will shew
the time of the star’s rising ; then turn the globe westward, and
when the star comes to the brazen meridian, the index will shew
the time of the star’s coming to the meridian of your place ;
lastly, turn on, until the star comes to the western side of the
horizon, and the index will shew the time of the star’s setting.

N. B.—In northern latitudes, those stars which are less dis-
tant from the north pole, than the quantity of its elevation
above the north point of the horizon, never set; and those
“which are less distant from the south pole, than the number of
degrees by which it is depressed below the horizon, never rise ;
and vice versa in southern latitudes,®

Pros. V.—T find at what time of the year a given star will be
upon the meridian, at a given hour of the night.

Bring the given star to the upper semicircle of the brass me-
ridian, and set the index to the given hour ; then turn the globe
until the index points to XII at noon, and the upper semicircle
of the meridian will then cut the sun’s place, answering to the
day of the year sought, which day may be easily found against
the like place of the sun among the signs on the wooden horizon.

Pros. VI.—Te latiiude, day of the month, and azimuth’ of
any known star, being given, to find the hour of the night.

Having rectified the globe for the latitude, zenith, and sun’s
place, lay the quadrant of altitude to the given degree of azi-
muth in the horizon : then turn the globe on its axis, until the
star comes to the graduated edge of the quadrant; and whenit
does, the index will point out the hour of the night.

Pros. VII.—The latitude of the place, the day of the month,
and altitude® of any known star, being piven, to find the howr
of the night.

Rectify the globe as in the former problem, guess at the hour

® A circle, described upon the north pole as a centre, and comprehending all
those stars which never set in any latitude, is called the Cirele of perpetual appari-
tion ; and another circle, described upon the south pole asa centre, and ¢omprehend.-
ing those stars which never rise, is called the Circle of perpetugl oceultation.—Ed.

" The number of degrees that the sun, moon, or any star, is from the meridian,
either to the east or west, is called its Azinurh.

# The number of degrees that the star is above the horizon, as observed by means
of a common quadrant, is called its Altitude.
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of the night, and turn the globe until the index points at the
supposed hour; then lay the graduated edge of the quadrant
of altitude over the known star, and if the degree of the star’s
height in the quadrant upon the globe, answers exactly to the
degree of the star’s observed altitude in the heavens, you have

guessed exactly : but if the star on the globe is higher or lower |

than it was observed to be in the heavens, turn the globe back-
ward or forward, keeping the edge of the quadrant upon the
star, until its centre comes to the observed altitude in the
quadrant : and then the index will shew the truetime of the
night.

Pros. VIII.—A4n easy method of finding the hour of the night
by any two known stars, without knowing either their altitude
or azimuth ; and then, of finding both their latitude and azi-
muth, and thereby the true meridian. '
Tie one end of a thread to a common musket bullet : and

having rectified the globe as above, hold the other end of the

thread in your hand, and carry it slowly round between your
eye and the starry heavens, until you find it cuts any two known
stars at once. Then, guessing at the hour of the night, turn
the globe until the index points to the time in the hour-circle ;
which done, lay the graduated edge of the quadrant over any
one of these two stars on the globe, which the thread cuts in
the heavens. If the said edge of the quadrant cuts the other
star also, you have guessed the time exactly ; but if it does
not, turn the globe slowly backward or forward, until the qua-
drant (kept upon either star) cuts them both through their cen-
tres: and then the index will point out the exact time of the
night ; the degree of the horizon, cut by the quadrant, will be
the true azimuth of both these stars from the south ; and the
stars themselves will cut their true altitudes in the quadrant.

At which moment, if a common azimuth compass be so set upon

a floor or level pavement, that these stars in the heavens may
have the same bearing upon it (allowing for the variation of the
needle), as the quadrant of altitude has in the wooden horizon
of the globe, a thread extended over the north and south points

of that compass will be directly in the plane of the meridian ; and

if a line be drawn upon the floor or pavement, along the course
of the thread, and an upright wire be placed in the southern-
most end of the line, the shadow of the wire will fall upon
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that line, when the sun is on the meridian, and shines upon the
PE.VEIIIEDL

Pros. I1X.— T find the place of the moon, or of any planet, and
thereby to shew its time of rising, southing and setting.

Seck in the Nautical Almanack, the geocentric place® of the
moon or planet in the ecliptic for the given day of the month,
and, according as its longitude and latitude is found, mark the
same with a chalk upon the globe. Then, having rectified the
globe, turn it round its axis westward ; and as the said mark
comes to the eastern side of the horizon, to the brazen meridian,
and to the western side of the horizon, the index will shew at
what time the planet rises, comes to the meridian, and sets, in
the same manner as it would do for a fixed star,

Pros. X.— 7o explain the phenomena of the harvest moon.

In order to do this, we must premise the following things :
1, That as the sun goes only once a year round the ecliptic, he
can be but once a year in any particular point of it: and that
~ his motion is almost a degree every 24 hours, at a mean rate.
2, That as the moon goes round the ecliptic once in 27 days
and 8 hours, she advances 13}° in it every day, at a mean rate,
3, That as the sun goes through part of the ecliptic in the time
the moon goes round it, the moon cannot at any time be either
in conjunction with the sun, or opposite to him, in that part of
the ecliptic where she was so the last time before ; but must
travel as much forwarder, as the sun has advanced in the said
time: which being 29} days, makes almost a whole sign.
Therefore, 4, The moon ean be but once a year opposite to the
sun, in any particular part of the ecliptic. 5, That the moon
1s never full but when she is opposite to the sun, because at no
other time can we see all that half of her which the sun en-
lightens. 6, That when eny point of the ecliptic rises, the op-
posite point sets. Therefore, when the moon is opposite to the
sun, she must rise at' sun-set. 7, That the different signs of
the ecliptic rise at very different angles or degrees of obliquity

? The place of the moon or planet, as seen from the earth, is called its Geocentric
place, and its place, as seen from the sun, is called its Feliocentric place.

! This is not always strictly true, because the moon does not keep in the ecliptic,
‘but crosses it twice every month. However, the difference need not be regarded in a
general explanation of the cause of the harvest moon.

e
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with the horizon, especially in considerable latitudes ; and that
the smaller this angle is, the greater is the portion of the ecliptic
that rises in any small part of time; and vice versa. 8, That,
in northern latitudes, no part of the ecliptic rises at so small an
angle with the horizon, as Pisces and Avries do; therefore, a
greater portion of the ecliptic rises in one hour, about these
signs, than about any of the rest. 9, That the moon can never
he full in Pisces and Aries but in our autumnal months; for at
1o other time of the year is the sun in the oppasil;e signs Virgo
and Labra.

These things premised, take 13}° of the ecliptic in vour com-
passes, and, beginning at Pisces, carry that extent all round
the ecliptic, marking the places with a chalk where the points
of the compasses successively fall. So you will have the moon’s
daily motion marked out for one complete revolution in the
ecliptic ; according to § 2 of the last paragraph.

Rectify the globe for any considerable northern latitude (as
suppose that of London), and then, turning the globe round
its axis, observe how much of the hour-circle the index has gone
over, at the rising of each particular mark on the ecliptic ; and
you will find that seven of the marks (which take in as much of
the ecliptic as the moon goes through in a weck), will all rise
successively about Pisces and Aries, in the time that the index
goes over two hours: therefore, while the moon is in Pisces and
Aries, she will not differ in general above two hours in her
rising for a whole week. But if you take notice of the marks
on the opposite signs, Virgo and Libra, you will find that seven
of them take nine hours to rise: which shews, that when the
moon is in these two signs, she differs nine hours in her rising

- within the compass of a week. Andso much later as every

mark 1s of rising than the one that rose next before it, so much
later will the moon be of rising on any day than she was on the
day before, in the corresponding part of the heavens. The
marks about Cancer and Capricorn rise a mean difference of time
between those about Aries and Libra.

Now, although the moon is in Pisces and Aries every month,
and therefore must rise in those signs within the space of two
hours later for a whole week, or only about 17 minutes later
every day than she did on the former; yet she is never full in
these signs, but in our autumnal months, August and Septem-
ber, when the sun is in Virgo and Libra. ‘Therefore, no full

e 1
. ':
o -




LECT, 1X. THE USE OF THE CELESTIAL GLOBE. 233

moon in the year will continue to rise so near the time of sun-
set for a week or so, as these two full moons do, which fall in
the time of harvest.

In the winter months, the moon is in Pisces and Aries about
her first quarter ; and as these signs rise about noon in winter,
the moon’s rising in them passes unobserved. In the spring
months, the moon changes in these signs, and consequently
rises at the same time as the sun; so that it is impossible to sce
her at that time. In the summer months she is in these signs
about her third quarter, and rises not until midnight, when her
rising is but very little taken notice of'; eapccmll} as she ison
the decrease. But in the harvest month she is at tlre full when
in these signs, and being opposite to the sun, she rises when
the sun sets (or soon after), and shines all the night.

In southern latitudes, Virgo and Libra rise at as small angles
with the horizon as Pisces and Aries do in the northern ; and
as our spring is at the time of their harvest, it is plain their har-
vest full moons must be in Virgo and Libra; and will there-
fore rise with as little difference of time as ours do in Pisces and
Aries.

For a fuller account of this matter. I must refer the reader
to my Astronemy, in which it is described at large.

Pror. XI.—To explain the equation of time, or difference of
time between well-regulated clocks and true sun-dials.

The earth’s motion on its axis being perfectly equable, and
thereby causing an apparent equable motion in the starry hea-
vens round the same axis, produced to the poles of the hea-
vens ; 1t is plain that equal portions of the celestial equator pass
over the meridian in equal parts of time, because the axis of
the world is perpendicular to the plane of the equator. And
therefore, if the sun kept his annual course in the celestial
equator, he would always revolve from the meridian to the me-
ridian again in 24 hours exactly, as shewn by a well-regulated
clock.

But as the sun moves in the ecliptic, which is oblique both
to the plane of the equator and the axis of the world, he can-
not always revolve from the meridian to the meridian again in
24 equal hours ; but sometimes a little sooner, and at other
times a little later, because equal portions of the ecliptic pass
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over the meridian in unequal parts of time on account of its
obliquity. And this difference is the same in all latitudes.

To shew this by a globe, make chalk-marks all round the
equator and ecliptic, at equal distances from one another (sup-
pose 107), beginning at Aries or at Libra, where these two
circles intersect each other. Then turn the globe round its
axis, and you will see that all the marks in first quadrant of
the ecliptic, or from the beginning of Aries to the beginning
of Cancer, come sooner to the brazen meridian than their cor-
responding marks do on the equator ; those on the second qua-
drant, or from the beginning of Cancer to the beginning of
Libra, come later: those in the third quadrant, from Libra to
Capricorn, sooner ; and those in the fourth, from Capricorn to
Aries, later. But those at the beginning of each quadrant
come to the meridian at the same time with their correspond-
ing marks on the equator.

Therefore, while the sun is in the first and third quadrants
of the ecliptic, he comes sooner to the meridian every day than
he would do if he kept in the equator; and consequently he
is faster than a well-regulated clock, which always keeps equable
or equatoreal time: and, while he is in the second or fourth
quadrants, he comes later to the meridian every day than he
would do if he kept in the equator; and is therefore slower
than the clock. But at the beginning of each quadrant, the
sun and clock are equal.

And thus, if the sun moved equally in the ecliptic, he would
be equal with the clock on four days of the year, which would
have equal intervals of time between them. But as he moves
faster at some times than at others (being eight days longer in
the northern half of the ecliptic than in the southern), this
will cause a second inequality ; which, combined with the for-
mer, arising from the obliquity of the ecliptic to the equator,
makes up that difference, which is shewn by the common equa-

tion tables to be between good clocks and true sun-dials.
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THE DESCRIPTION AND USE OF THE ARMILLARY SPHERE.

Whoever has seen a common armillary spheve,  prye 1X.
and understands how to use 1t, must be sensible Fig 9
that the machine here referred to, is of a very different, and
much more advantageous, construction. And those who have
seen the curious glass sphere invented by Dr. Long, or the
figure of it in his Astronomy, must know that the furniture of
the terrestrial globe in this machine, the form of the pedestal,
and the manner of turning either the earthly globe, or the
circles which surround it, are all copied from the Doctor’s glass
sphere; and that the only difference is, a parcel of rings in-
stead of a glass celestial globe; and all the additions are a
moon within the sphere, and a semicircle upon the pedestal.

The exterior parts of this machine are a compages The Armil.
of brass rings, which represent the principal circles oy sphere.
of the heavens, viz. 1, The equinoctial 4 4, which is divided
into 860° (beginning at its intersection with the ecliptic in
Aries), for shewing the sun’s right ascension in degrees; and
also into 24 hours, for shewing his right ascension in time.
2, The ecliptic B B which is divided into 12 signs, and each
sign into 30°, and also into the months and days of the year ;
in such a manner, that the degree or point of the ecliptic in
which the sun is, on any given day, stands over that day in
the circle of months. The tropic of Cancer C C, touching the
ecliptic at the beginning of Cancer in ¢, and the tropic of Ca-
pricorn D D, touching the ecliptic at the beginning of Capri-
corn in f; each 231° from the equinoctial circle. 4, The arc-
tic circle E, and the antarctic circle F', each 23}° from its re-
spective pole at IV and S. 5, The equinoctial colure G G,
passing through the north and south pole of the heavens at
N and .§, and through the equinoctial points Aries and Libra
in the ecliptic. 6, The solstitial colure H H, passing through
the poles of the heavens, and through the solstitial points Can-
cer and Capricorn in the ecliptic. Each quarter of the former
of these colures is divided into 90°, from the equinoctial to the
poles of the world, for shewing the declination of the sun, moon,
and stars ; and each quarter of the latter, from the ecliptic at ¢
and f; to its poles & and d, for shewing the latitude of the stars.
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In the north pole of the ecliptic is a nut &, to which is fixed
one end of a quadrantal wire, and to the other end a small sun
¥, which is carried round the ecliptic B B, by turning the nut :
and in the south pole of the ecliptic is a pin at d, on which is
another quadrantal wire, with a small moon Z upon it, which
may be moved round by the hand ; but there is a particular
contrivance for causing the moon to move in an orbit which
crosses the ecliptic at an angle of 53° in two opposite points,
called the moon’s nodes : and also for shifting these points back-
ward in the ecliptic, as the moon’s nodes shift in the heavens.

‘Within these circular rings is a small terrestrial globe I,
fixed on an axis K K, which extends from the north and south
poles of the globe at » and- s, to those of the celestial sphere
at IV and S. On this axis 15 fixed the flat celestial meridian
1. L, which may be set directly over the meridian of any place
on the globe, and then turned round with the globe, so0 as to
keep over the same meridian upon it. This flat meridian is
graduated the same way as the brass meridian of a common
globe, and its use is much the same. To this globe is fitted
the moveable horizon M M, so as to turn upon two strong wires
proceeding from its east and west points to the globe, and en-
tering the globe at opposite points of its equator, which is a
moveable brass ring let into the globe in a groove all around its
equator. The globe may be turned by hand within this ring,
so as te place any given meridian upon it, directly under the
celestial meridhan I. L. The horizon is divided into 860° all
around its outermost edge, within which are the points of the
compass, for shewing the amplitude of the sun and moon both
i degrees and points. The celestial meridian L L passes
through two notches in the north and south points of the
horizon, as in a common globe: but here, if the globe be
turned round, the horizon and meridian turn with it. At the
south pole of the sphere is a circle of 24 hours, fixed to the
rings, and on the axis is an index which goes round that circle,
if the globe be turned round its axis.

The whole fabric is supported on a pedestal N, and may be
elevated or depressed upon the joint O, to any number of de-
grees from 0 to 90, by means of the are P, which is fixed in
the strong brass arm @, and slides in the upright piece R, in
which is a screw at 7, to fix it at any proper elevation.

In the box 7" are two wheels (as in Dr. Long’s sphere) and
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two pinions, whose axes come out at ¥ and U ; either of which
may be turned by the small winch W. When the winch is put
upon the axis ¥, and turned backward, the terrestrial globe,
with its horizon and celestial meridian, keep at rest; and the
whole sphere of circles turn round from east, by south, to west,
carrying the sun ¥ and moon Z, round the same way, and
causing them to rise above, and set below, the horizon. But
when the winch is - put upon the axis U, and turned forward,
the sphere with the sun and moon keep at rest; and the earth,
with its horizon and meridian, turn round from west, by south,
to east : and bring the same points of the horizon to the sun
and moon, to which these bodies came when the earth kept at
rest, and they were carried round it; shewing that they rise
and set in the same points of the horizon, and at the same time
in the hour-circle, whether the motion be in the earth or in the
heavens. If the earthly globe be turned, the hour-index goes
round its hour-circle ; but if the sphere be turned, the hour-
circle goes round below the index.

And so, by this construction, the machine 1s equally fitted
to shew either the real motion of the earth, or the apparent
motion of the heavens.

To rectify the sphere for use, first slacken the screw 7 in the
upright stem &, and taking hold of the arm Q, move it up or
down until the given degree of latitude for any place be at
the side of the stem R ; and then the axis of the sphere will
be properly elevated, so as to stand parallel to the axis of the
world, if the machine be set north and south by a small com-
pass: this done, count the latitude from the north pole, upon
the celestial meridian L L, down toward the north notch of the
hiorizon, and set the horizon to that latitude ; then, turn the
nut & until the sun ¥ comes to the given day of the year in the
ecliptic, and the sun will be at its proper place for that day;
find the place of the moon’s ascending node, and also the place
of the moon, by an Ephemeris, and set them right according-
ly 5 lastly, turn the winch W, until either the sun comes to the
meridian I, L, or until the meridian comes to the sun (accord-
ing as you want the sphere or earth to move) and set the hour-
mdex to the XII, marked noon, and the whole machine will
. be rectified-—Then turn the winch, and observe when the sun
or moon rise or set in the horizon, and the hour-index will
shew the times thereof for the given day.
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As those who understand the use of the globes will be at no
loss to work many other problems by this sphere, it 1s needless
to enlarge any farther upon it.

LECT. X.

THE PRINCIPLES AND ART OF DIALLING.

A p1av is a plane, upon which lines are described in such a
manner that the shadow of a wire, or of the upper edge of a
plate stile, erccted perpendicularly on the plane of the dial, may
shew the true time of the day.

The edge of the plate by which the time of the day is found,
1s called the stile of the dial, which must be parallel [to the
earth’s axis ; and the line on which the said plate is erected, is
called the substile.

The angle included between the substile and stile, is called
the elevation, or height, of the stile.

Those dials whose planes are parallel to the plane of the ho-
rizon, are called horizontal dials ; and those dials whose planes
are perpendicular to the plane of the horizon, are called vertical,
or erect, sun-dials,

Those erect dials, whose planes directly front the north or
south, are called direct north or south dials; and all other
erect dials are called decliners, because their planes are turned
away from the north or south.

Those dials, whose planes are neither parallel nor perpendi-
cular to the plane of their horizon, are called inclining or re-
chming dials, according as their planes make acute or obtuse
angles with the horizon ; and if their planes are also turned
aside from facing the south or north, they are called declining-
inclining, or declining-reclining dials.

T'he intersection of the plane of the dial, with that of the
meridian, passing through the stile, 1s called the mendian of
the dial, or the hour-line of XII.

Those meridians, whose planes pass through the stile, and
make angles of 15, 30, 45, 60, 75, and 90 degrees with the
meridian of the place (which marks the hour-line of XIT) are
called hour-circles ; and their intersections with the plane of
the dial, are called hour-lines.
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In all declining dials, the substile makes an angle with the
hour-line of XI ; and this angle is called the distance of the
substile from the meridian.

The declining plane’s difference of longitude, is the angle
formed at the intersection of the stile and plane of the dial, by
two meridians ; one of which passes through the hour-line of
XII, and the other through the substile.

This much being premised concerning dials in general, we
shall now proceed to explain the different methods of their
eonstruction.

If the whole earth, @ P ¢ p were transparent, Plate IX. -
and hollow, like a sphere of glass, and had its equa-  Fig-10:
tor divided into twenty-four equal parts by so many Theuniversal

e r ki principle on
meridian semi-circles, a, b, ¢, d, e, f; g, &c. one of Jpichdial-
which is the geographical meridian of any given place, ling depends.
as London, which is supposed to be at the point @ ; and if the
hours of XII were marked at the equator, both upon that me-
ridian and the opposite one, and all the rest of the hours in
order on the rest of the meridians, those meridians would be
the hour-circles of London ; then, if the sphere had an opaque
axis, as P I p, terminating in the poles P and p, the shadow
of the axis would fall upon every particular meridian and hour,
when the sun came to the plane of the opposite meridian, and
would consequently shew the tine at London, and at all
other places on the meridian of London.

If this sphere was cut through the middle by a morizontat
solid plane 4 B C' D, in the rational horizon of Lon- diak
don, one half of the axis £ P would be above the plane, and
the other half below it ; and if straight lines were drawn from
the centre of the plane, to those points where the circumference
is cut by the hour-cireles of the sphere, those lines would be
the hour-lines of a horizontal dial for Loondon : for the shadow of
the axis would fall upon each particular hour-line of the dial,
when it fell upon the like hour-circle of the sphere.

If the plane which cuts the sphere be upright, as 4 F C G
(Fig. 11), touching the given place (London) at F, and di-
rectly facing the meridian of London, it will then become the
plane of an erect direct south dial ; and if right lines be drawn
from its centre E, to those points of its circumference peicat
where the hour-circles of the sphere cut it, these will dials.
be the hour-lines of a vertical or direct south dial for London,
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to which the hours are to be set as in the figure (contrary to
those on a horizontal dial), and the lower half % p of the axis
will cast a shadow on the hour of the day in this dial, at the
same time that it would fall upon the like hour-circle of the
sphere, if the dial-plane was not in the way.

ey “If' the plane (S'I:l“ facing the. meridian) be made
reclining  to incline, or recline, by any given number of de-
dighe, grees, the hour-circles of the sphere will still cut the
edge of the plane in those points to which the hour-lines must
be drawn straight from the centre ; and the axis of the sphere
will cast a shadow on these lines at the respective hours. The
Dectining  1ike will still hold, if the plane be made to decline by
dials. any given number of degrees from the meridian, to-
ward the east or west: provided the declination be less than
90 degrees, or the reclination be less than the co-latitude of the
place : and the axis of the sphere will be a gnomon, or stile,
for the dial. DBut it cannot be a gnomon, when the declination
1s quite 90 -:]egrees, nor when the reclination 1s equal to the co-
latitude ;! because in these two cases, the axis has no elevation
above the plane of the dial.

And thus it appears, that the plane of every dial represents
the plane of some great circle upon the earth ; and the gnomon
the earth’s axis, whether it be a small wire, as in the above
figures, or the edge of a thin plate, as in the common horizon-
tal dials.

The whole earth, as to its bulk, is but a point, if compared
to its distance from the sun: and therefore, if a small sphere
of glass be placed upon any part of the earth’s surface, so that
its axis be parallel to the axis of the earth, and the sphere have
such lines upon it, and such planes within it, as above de-
scribed, it will shew the hours of the day as truly as if it were
placed at the earth’s centre, and the shell of the carth were as
transparent as glass,

But because it is impossible to have a hollow
sphere of glass perfectly true, blown round a solid
plane: or if it was, we could not get at the plane within the
glass to set it in any given position ; we make use of a wire
sphere to explain the principles of dialling, by joining 24 semi-

Fig. 10, 11.

1 If the latitude be subtracted from 90 degrees, the remainder is called the cow
latitude, or eomplement of the latitnde.
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circles together at the poles, and putting a thin flat plate of
brass within it. ‘

A commnn.g!ﬂhe, of 12 inches diameter, hu:-": gene- . alling by
rally 24 meridian semicircles drawn upon it.  If e commor,
such a globe be elevated to the latitude of any given *"E;f‘”“i
place, and turned about until any one of these meri- L,
dians cuts the horizon in the north point, where the hour of
XIT is supposed to be marked, the rest of the meridians will
cut the horizon at the respective distances of all the other hours

from XII. Then, if these points of distance be marked on
the horizon, and the globe be taken out of the horizon, and a
flat board or plate be put into its place, even with the surface of
the horizon, and if straight lines be drawn from the centre of
the board to those points of distance on the horizon which
were cut by the 24 meridian semicireles, these lines will be the
hour-lines of a horizontal dial for that latitude, the edge of
whose gnomon must be in the very same situation that the axis
of the globe was, before it was taken out of the horizon : that
is, the gnomon must make an angle with the plane of the dial,
equal to the latitude of the place for which the dial is made.

If the pole of the globe be elevated to the co-latitude of the
given place, and any meridian be brought to the north peint of
the horizon, the rest of the meridians will eut the horizon in
the respective distances of all the hours from XTI, for a direct
south dial, whose gnomon must make an angle with the plane
of the dial, equal to the co-latitude of the place ; and the hours
must be set the contrary way on this dial to what they are on
the horizontal.

But if your globe have more than twenty-four meridian se-
micireles upon it, you must take the following method for
making horizontal and south dials by it.

Elevate the pole to the latitude of your place, and 4, ...
turn the globe until any particular meridian (sup- s horizontal
pose the first) comes to the north point of the ho- ek
rizon, and the opposite meridian will cut the horizon in the
south. Then, set the hour-index to the uppermost XII on its
circle ; which done, turn the globe westward until fifteen de-
grees of the equator pass under the brazen meridian, and then
the hour-index will be at I (for the sun moves fifteen degrees
every hour), and the first meridian will cut the horizon in the
number of degrees {rom the north point that T is distant from

YODL: 1. it
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XII. Turn on until other 15 degrees of the equator pass un-
der the brazen meridian, and the hour-index will then be at
I1, and the first meridian will cut the horizon in the number
of degrees that ITis distant from XII: and so, by making 15
degrees of the equator pass under the brazen meridian for every
hour, the first meridian of the globe will cut the horizon in the
distances of all the hours from XII to VI, which is just 90 de-
grees ; and then you need go no farther, for the distances of
XI, X, IX, VIII, VII, and VI, in the forenoon, are the same
from X1I, as the distances of I, 11, III, IV, V, and VI, in
the afternoon; and these hour-lines, continued through the
centre, wHl give the opposite hour-lines on the other hall of
the dial : but no more of these lines need be drawn than what
answer to the sun’s continuance above the horizon of your place
on the longest day, which may be ecasily found by the twenty-
sixth problem of the foregoing lecture.

Thus, to make a horizontal dial for the latitude of London,
which 1s 51} degrees north, elevate the north pole of the globe
511 degrees above the north point of the horizon, and then turn
the globe, until the first meridian (which is that of London on
the English terrestrial globes) cuts the north point of the ho-
rizon, and set the hour-index to XII at noon. :

Then, turning the globe westward until the index points ste-
cessively to I, II, IT1, IV, V, and VI, in the afternoon; or
until 15, 30, 45, 60, 75, and 90 degrees of the equator pass
under the brazen wmeridian, you will find that the first meri-
dian of the globe cuts the horizon in the following number of
degrees from the north toward the cast, viz. 11§, 241, 38,
53%, T14;, and 90; which are the respective distances of the
above hours from XII upon the plane of the horizon.

Plate X, To transfer these, and the rest of the hours, to a

Fig. I horizontal plane, draw the parallel right lines a ¢
and & d upon that plane, as far from each other asis equal to
the intended thickness of the gnomon or stile of the dial, and
the space included between them will be the meridian or twelve
o'clock line on the dial. Cross this meridian at right angles
with the six o’clock line & %, and setting one foot of your com-
passes in the intersection @, as a centre, describe the quadrant
k ¢ with any convenient radius or opening of the compasses :
then, setting one foot in the intersection b, as a centre, with the
same radius describe the quadrvant £/, and divide each qua-
~ drant into 90 equal parts or degrees, as in the figure.



LECT. X. OF ERECT SOUTH DTALS. 243

Because the hour-lines are less distant from each other about
noon, than in any other part of the dial, it is best to have the
centres of these quadrants at a little distance from the centre of
the dial-plane, on the side opposite to XTI, in order to enlarge
the hour-distances thereabout under the same angles on the
plane. Thus, the centre of the plane is at C, but the centres
of the quadrants at @ and 2.

Lay a ruler over the point & (and keeping it there for the
centre of all the afternoon hours in the quadrant £ %), draw the
hour-line of I, through 11§ degrees in the quadrant ; the hour-
line of II, through 24} degrees; of III, through 38/, de-
grees; IIII through 53} ; and V, through 714 : and be-
cause the sun rises about four in the morning, on the longest
days at London, continue the hour-lines of IIII and V, in the
afternoon through the centre b to the opposite side of the dial.
This done, lay the ruler to the centre a, of the quadrant ek,
and through the like divisions or degrees of that quadrant, viz.
112, 241, 384, 531, and 71, draw the forenoon hour-lines
of XI, X, IX, VIII, and VII ; and because the sun does not
set before eight in the evening on the longest days, continue
the hour-lines of VIT and VIII in the forenoon, through the
eentre @, to VIT and VIII in the afternoon ; and all the hour-
lines will be finished on this dial, to which the hours may be
set, as in the figure.

Lastly, through 51} degrees of either quadrant, and from
its centre, draw the right line @ g for the hypothenuse or axis
of the gnomon agi; and from g let fall the perpendicular g7,
upon the meridian line a i, and there will be a triangle made,
whose sides are ag, gi, and ia. If a plate, similar to this
triangle, be made as thick as the distance between the lines ac
and 6d, and set upright between them, tnuchmg at a and &,
its h}Imthenuﬁe a g will be parallel to the axis of the world,
when the dial is truly set ; and will cast a shadow on the hour
of the day.

N.B.—The trouble of dividing the two quadrants may be
saved, if you have a scale with a line of chords upon it, such
as that on the right hand of Fig. 2; for if you extend the
compasses from 0 to GO degrees of the line of chords, and with
that extent, as a radius, describe the two quadrants upon their
respective centres, the above distances may be taken with the
compasses upon the line, and set off upon the quadrants.
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To construet 40 make an erect direct south dial.  Flevate the
an erect direct pole to the co-latitude of your place, and proceed in
et o vespects as above taught for the horizontal dial,
from VI in the morning to VI in the afternoon, only the hours
must be reversed, as in the figure; and the hypothenuse a g,
of the gnomon a g f; must make an angle with the dial-plane,
(Fig ) equal to the co-latitude of the place. As the sun can
shine no longer on this dial than from six in the morning till
six in the evening, there is no occasion for having any more
than twelve hours upon it.*

To construct 10 make an evect dial, declining from the south
an erect de- toward the east or west. Elevate the pole to the
clining dial. 1otitude of your place, and serew the quadrant of
altitude. to the zenith. Then, if your dial declines toward
the east (which we shall suppose it to do at present) count
on the horizon the degrees of declination, from the east point
toward the north, and bring the Jower end of the quadrant
to that degree of declination at which the reckoning ends.
This done, bring any particular meridian of your globe (as
suppose the first meridian) directly under the graduated edge -
of the upper part of the brazen meridian, and set the hour-
index to XII at noon. Then, keeping the quadrant of alti-
tude at the degree of declination in the horizon, turn the globe
eastward on its axis, and observe the degrees cut by the first
meridian in the quadrant of altitude (counted from the zenith)
as the hour-index comes to X1, X, IX, &ec. in the forenocon, or
as 15, 80, 45, &c. degrees of the equator pass under the brazen
meridian at these hours respeetively ; and the degrees then cut
in the quadrant by the first meridian, are the respective dis-
tances of the forenoon hours from XII on the plane of the
dial. Then, for the afternoon hours, turn the quadrant of alti-
tude round the zenith until it comes to the degree in the hori-
zon opposite to that where it was placed before ; namely, as far
from the west poiut of the horizon toward the south, as it was
set at first from the east point toward the north: and turn the
globe westward on its axis, until the first meridian comes to
the brazen meridiq.n again, and the hour-index to XII : then,
continue to turn the globe westward, and as the index points to

* A new and very simple geometrical method of constructing sun-dials may be
seen in our author’s Mechanical Exercises, p. 04.—FEd.
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the afternocon hours I, II, IIl, &ec. or as 15, 80, 45, &e. de-
grees of the equator pass under the brazen meridian, the first
amenridian will cut the quadrant of altitude in the respective
number of degrees from the zemith, that each of these hours is
from XII on the dial. And note, that when the first meridian
goes off the quadrant at the horizon, in the forenoon, the hour-
index shews the time when the sun will come upon this dial -
and when it goes off' the quadrant in the afternoon, the index
will point to the time when the sun goes off the dial,

Having thus found all the hour-distances from XII, lay
them down upon your dial-plate, either by dividing a semi-
circle into two quadrants of 90 degrees each (beginning
at the hour-line of X1I), or by the line of chords, as above di-
rected.

In all declining dials, the line on which the stile or gno-
mon stands (commonly called the substile-line) makes an
angle with the twelve o’clock lme, and falls among the fore-
noon hour-lines, if the dial declines toward the east ; and among
the afiernoon hour-lines, when the dial declines toward the west ;
that 1s, to the left hand from the twelve o'clock line in the for-
mer case, and to the right hand from it in the latter.

To find the distance of the substile from the twelve o’clock
line : if yourdial declines from the south toward the ecast, count
the degrees of that declination in the horizon from the east
point toward the north, and bring the lower end of the quad-
rant of altitude to that degree of declination where the reckon-
ing ends : then turn the globe until the first meridian cuts the
horizon in the like number of degrees, counted from the south
point toward the east ; and the quadrant and first meridian will
then cross one another at right angles, and the number of de-
grees of the quadrant, which are intercepted between the first
meridian and the zenith, is equal to the distance of the substile
line from the twelve o’clock line; and the number of degrees
of the first meridian, which are intercepted between the quad-
rant and the north pole, is equal to the elevation of the stile
above the plane of the dial.

If the dial deelines westward from the south, count that de-
clination from the east point of the horizon toward thesouth,
and bring the quadrant of altitude to the degree in the horizon
at which the ral_:koniug ends ; both for fi ndillg the [orenoon
hours, and the distance of the substile from the meridian : and
for the afternoon hours, bring the quadrant to the opposite de-
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gree in the horizon, namely, as far from the west toward the
north, and then proceed in all respects as above.

Thus, we have finished our declining dial ; and in so doing,s
we made four dials, viz.

1, A north dial, declining northward by the same number of
degrees. 2, A north dial, declining the same number west.
3, A south dial, declining east. And 4, A south dial, de-
clining west. Dn]_}r, placing the proper number of hours, and
the stile or gnomon respectively, upon each plane. For (as
above mmtmncd) mn the south-west plane, the substile-line
falls among the afternoon hours; and in the south-east, of the
same declination among the forenoon hours, at equal distances
from XII. And so, all the morning hours on the west decliner
will be like the afterncon hours on the east decliner ; the south-
east decliner will produce the north-west decliner; and the
south-west decliner, the north-east decliner, by only extending
the hour-lines, stile and substile, quite through the centre:
the axis of the stile (or edge that casts the shadow on the
hour of the day) being in all dials whatever parallel to the
axis of the world, and consequently pointing toward the north
pole of the heaven in north latitudes, and toward the south
pole, in south latitudes. See more of this in the following: lec-
ture.

2 But because every one who would like to make a

n casy me-
thod for con- dial, may perhaps not be provided with a globe to
mﬁhﬂﬁﬂf‘ assist him, and may probably not understand the

method of doing it by logarithmic caleulation ; we
shall shew how to perform it by the plain dialling-lines, or scale
of latitudes and hours; such as those on the right hand of
Fig. 3, in Plate X, or those shewn in Fig. 15, and which may
be had on scales commonly sold by the mathematical instrument
makers.

This 1s the easiest of all mechanical methods, and by mach
the best, when the lines are truly divided : not only the half
hours and quarters may be laid down by all of them, but every
fifth minute by most, and every single minute by those where
the line of hours is a foot in length.

Having drawn your double meridian line a b, cd, (Fig. 3)
on the plane intended for a horizontal dial, and crossed it at
right angles by the six o’clock line fe (as in Fig. 1), take the
latitude of your place with the compasses, in the scale of lati-
tudes, and set that extent from ¢ to ¢, and from a to £ on the




LECT. X. EASY METHOD OF CONSTRUCTING DIALS. AT
Ll

six o'clock line : then, taking the whole six hours between the
points of the compasses in the scale of hours, with that extent
set one foot in the point e, and let the other foot fall where it
will upon the meridian-line ¢ d, as at d. Do the same from f'to
&, and draw the right lines ¢d and b, each of which will be
equal in length to the whole scale of hours. This done, set-
ting one foot of the compasses in the beginning of the scale at
XII, and extending the other to each hour on the scale, lay off
these extents from d to ¢ for the afternoon hours, and from & to
f for those of the forenoon: this will divide the lines d ¢ and
4 f* in the same manner as the hour-scale is divided, at 1, 2, 3,
4, 5, and 6, on which the quarters may also be laid down, if
required. Then, laying a ruler on the point ¢, draw the first
five hours in the afternoon, from that point, through the dots
at the numeral figures 1, 2, 3, 4, 5, on the Ime d ¢ ; and con-
tinue the lines of IIII and V through the centre ¢ to the other
side of the dial, for the like hours of the morning ; which done,
lay the ruler on the point @, and draw the last five hours in the
forenoon through the dots 5, 4, 3, 2, 1, on the line #'b; con-
tinuing the hour-lines of VII and VIII through the centre «

- 1o the other side of the dial, for the like hours of the evening ;
and set the hours to their respective lines as in the figure.
Lastly, make the gnomon the same way as taught above for the
horizontal dial, and the whole will be finished.

T'o make an erect south dial, take the co-latitude of your
place from the scale of latitudes, and then proceed in all re-
spects for the hour-lines, as in the horizontal dial; only re-
versing the hours, as in Fig. 2 ; and making the angle of the
stile’s height equal to the co-latitude,

I have drawn out a set of dialling-lines at Fig. 15 of
Plate X, large enough for making a dial of nine inches dia-
meter, ar move inches, if' required ; and have drawn them
tolerably exact for common practice, to every quarter of an
hour. This scale may be cut off from the plate, and pasted
upon wood, or upon the inside of one of the boards of this
book ; and then it will be somewhat more exact than it is on
the plate, for being rightly divided upon the copper-plate, and
printed off on wet paper, it shrinks as the paper dries; but
when it is wetted again, it stretches to the same size as when
newly printed ; and if pasted on while wet, it will remain of
that size afterwards,
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But lest the young dialhst should have neither globe aer
wooden seale, and should tear or otherwise spoil the paper one
in pasting, we shall now shew him how he may make a dial
without any of these helps. Only, if he has not a line of
chords, he must divide a quadrant into 90 equal parts or de-
arees for taking the proper angle of the stile’s elevation, which
is easily done.

Horidontal With anyopening of the compasses,as Z L (Fig. 4),
dial. deseribe the two semicireles L F'k and L QF%, upon
the centres Z and z, where the six o'clock line crosses the double
meridian line, and divide each semicircle into 12 equal parts,
beginning at L; though, strictly speaking, only the quadrants
from L to the six o’clock line need be divided ; then connect
the divisions which are equidistant from £, by the parallel lines
KM, IN,HO, GP,and F' Q. Draw V Z for the hypothenuse
of the stile, making the angle V Z E equal to the latitude of
your place: and continue the line VZ to B. Draw the hne
Rr paral]el to the s1x o'clock line, and set off’ the distance a K
from Z to Y, the distance & I from Z to X, ¢ H from Z to W,
dG from Z to T, and e F from Z to §. Then draw the lines
Ss, Tt, Ww, Xa,and Yy, each parallel to R». Set off
the distance » ¥ from a to 11, and from fto 1: the distance
a X from bto 10, and from o to 23 w@ W from ¢ to 9, and from
htoB; ¢ T from d to 8, and from i to 4; 5.8 from ¢ to 7, and
from » to 5. Then, laying a ruler to the centre Z, draw the
forenoon hour-lines through the points 11, 10, 9, 8, 7; and
laying it to the centre =, draw the afterncon lines through the
points 1, 2, 8, 4, 5; continuing the forenoon lines of VII and
VIII through the centre Z, to the opposite side of the dial, for
the like afternoon hours; and the afterncon lines TITI and V
through the centre z, to the opposite side, for the like morning
hours. Set the hours to these lines as in the figure, and then
erect the stile or gnomon, and the horizontal dial will be finished.

To construct a south dial, draw the lines V Z,
making an angle with the meridian Z L equal to the
co-latitnde of your place, and proceed in all respects as in the
ahove horizontal dial for the same latitude, reversing the hours
as in Fig. 2, and making the elevation of the gnomon equal to
the co-latitude.

Sauth dial.

Perhaps it may not be unacceptable to explain the method of -

constructing the dialling-lines, and someothers, which isasfollows.

?-
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With any ﬁi:)ﬂ'ﬂing of the compasses, as E A, et
cording to the intended length of t.lnz scale, deseribe jines. how
the circle 4 D € B, and cross it at right angles by the eonstructed.
diameters C E 4 and D E B. Divide the quadrant P.l!f"ﬂ g"
A B first into nine equal parts, and then each part  ©
into 10 ; so shall the quadrant be divided into 90 equal parts
or degrees. Draw the right line 4 F' B for the chord of this
quadrant, and setting one foot of the compasses in the point 4,
extend the other to the several divisions of the quadrant, and
transfer these divisions to the line 4 F' B by the ares 10, 10,
90, 20, &c. and this will be a line of chords divided into 90
unequal parts ; which, if transferred from the line back again
to the quadrant, will divide it equally. It is plain by the figure,
that the distance from 4 to 60 in the line of chords, is just
equal to 4 E, the radius of the circle from which that line is
made ; for if the arc 60, 60 be continued, of which 4 is the
centre, it goes exactly through the centre K of the arc 4 B.

And therefore, in laying down any number of degrees on a
circle, by the line of chords, you must first open the compasses,
* 50 as to take in just 60 degrees upon that line, asfrom A to
60 ; and then, with that extent, as a radius, deseribe a circle
which will be exactly of the same size with that from which the
line was divided : which done, set one foot of the compasses in
the beginning of the chord line, as at A, and extend the other
to the number of degrees you want upon the line, which ex-
tent, applied to the circle, will include the like number of de-
grees upon it.

Divide the quadrant C D into 90 equal parts, and from each
point of division draw right lines, as i, &, I, &c. to theline C E;
all perpendicular to that lhine, and parallel to D) F, which will
divide £ € into a line of sines ; and although these are seldom
put among the dialling-lines on a scale, yet they assist in draw-
ing the line of latitudes. For, if a ruler be laid upon the point
D, and over each division in the line of sines, it will divide the
quadrant C' B into 90 unequal parts, as B a, a b, &c. shewn by
the right lines 10 a, 20 4, 30 ¢, &c. drawn along the edge of
the ruler. If the right line B C be drawn, subtending this
quadrant, and the nearest distances B a, B b, (¢, &e. be taken
in the compasses from &, and set upon this line in the same
manner as direeted for the line of chords, it will make a line of
latitudes B C, equal in length to the line of chords A B, and of
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an equal number of divisions, but very unequal as to their
lengths.

Draw the right line D & 4, subtending the quadrant D A,

and parallel to it ; draw the right line » s, touching the quadrant
D A at the numeral figure 3. Divide this quadrant into six
cqual parts, as 1, 2, 3, &c. and through these ponts of divi-
sion draw right lines from the centre £ to the line » s, which
will divide it at the points where the six hours are to be placed,
as in the figure. If every sixth part of the quadrant be subdi-
vided into four equal parts, right lines drawn from the centre
through these points of division, and continued to the line 7 s,
will divide each hour upon it into quarters.
Adislone InFig. 6, we have the representation of a port-
card. able dial, which may be ecasily drawn on a card,
and carried in a pocket-book. The lines ad, ab, and be
of the gnomon, must be cut quite through the card ; and as
the end a b of the gnomon is raised occasionally above the plane
of the dial, it turns upon the uncut line ¢das on a hinge.
The dotted line 4 B must be sht quite through the card, and
the thread must be put through the sht, and have a knot.
tied behind, to keep it from being easily drawn out. On the
other end of this thread is a small plummet D, and on the
middle of it a small bead for shewing the time of the day.

To rectify this dial, set the thread in the slit right against
the day of the month, and stretch the thread from the day of
the month over the angular point where the curve lines meet at
XII; then shift the bead to that point on the thread, and the
dial will be rectified. :

To find the hour of the day, raise the gnomon (no matter
how much or how little) and hold the edge of the dial next
the gnomon toward the sun, so that the uppermost edge of the
shadow of the gnomon may just cover the shadow line; and
the bead then playing freely on the face of the dial, by the
weight of the plummet, will shew the time of the day among
the hour-lines, as it is forenoon or afternoon.

To find the time of sun rising and setting, move the thread
among the hour-lines, until it either covers some one of them,
or lies parallel betwixt any two; and then it will cut the time
of sun-rising among the forenoon hours, and of sun-setting
among the afternoon hours, on that day of the year for which
the thread is set in the scale of months.
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To find the sun’s declination, stretch the thread from the
day of the month over the angular point at XII, and it will
cut the sun’s declination, as it is north or south, for that day, in

the arched scale of north and south declination.

To find on what day the sun enters the signs: when the bead,
as above rectified, moves along any of the curve lines which have
the signs of the zodiac marked upon them, the sun enters those
signs on the days pointed out by the thread in the scale of
months. '

The construction of this dial is very easy, especially if the
reader compares it all along with Fig. 7, as he reads the follow-
ing explanation of that figure.

Draw the occultline 4 B (Fig. 7) parallel to the top of the card,
and cross it at right angles with the six o'clock line £ €' D ; then
upon C, as a centre, with the radius C' 4, describe the semicir-
cle A E L, and divide it into 12 equal parts (beginning at ),
as Ar, r s &c and from these points of division, draw the hour-
lines r, 8, #, u, v, £, w, and a, all parallel to thesix o’clock line
E C. If each part of the semicircle be divided into four equal
parts, they will give the half-hour lines and quarters, as in Fig.
2. Draw the right line 4 8 D o, making the angle §' 4 B equal
to the latitude of your place. Upon the centre 4 describe the
arch R .S T, and set off upon it the ares SR and § 7", each
equal to 231 degrees, for the sun’s greatest declination; and
divide them into 234 equal parts, as in Fig. 6. Through the
mtersection D of the lines £ C D and 4 D o draw the right line
F D G at right angles to 4 Do. Lay a ruler to the points 4
and R, and draw the line 4 R F through 23} degrees of south
declination in the arc S R ; and then laying the ruler to the
points 4 and T, draw the line 4 7' G through 23} degrees of
north declination in the arc § 7": so shall the lines 4 R F and
A T G cut the line # D G in the proper length for the scale of
months. Upon the centre D, with the radius D F, describe the
semicircle ¥ o G ; and divide it into six equal parts, " m, m n,
70, &c. and from these points of division draw the right lines
mh, ni, pk, and g1, each parallel to o D. Then setting one
foot of the compasses in the point F, extend the other to 4 and
describe the are 4 z H for the tropic of 1§ : with the same ex-
tent, setting one foot in G, describe the arc 4 E O for the tro-
pic of oo, Next setting one foot in the point £, and extending
the other to 4, describe the arc 4 C 7 for the beginnings of the
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signs =z and [ ; and with the same extent, setting one foot in
the point Z, describe the arc A N for the beginmngs of the signs
m and §.  Set one foot in the point i, and having extended
the other to 4, deseribe the arc 4 K for the beginnings of the
signs 3 and M ; and with the same extent, set one foot in k,
and describe the arc A4 M for the beginnings of the signs g and
my. Then, setting one foot in the point D), and extending the
other to 4, describe the curve 4 L for the beginnings of o and
-~ 3 and the signs will be finished. 'This done, lay a ruler from
the point 4 over the sun’s declination in the arch R .8 7" (found
by the following Table) for every fifth day of the year, and
where the ruler cuts the line # D G, make marks; and place
the days of the month right against these marks, in the manner
shewn by Fig. 6. Lastly, dvaw the shadow line P Q paralle
to the occult line 4 B ; make the gnomon, and set the hours
to their respective lines, as in Iig. 6, and the dial will be
finished.

There are several kinds of dials (Fig. 8), which are called
universal, because they serve for all latitudes. Of these, the best
one that I know is Mr. Pardie’s, which consists of three princi-
Anuniversal pal parts: the first whereof is called the horizontal
dial, plane (A ) because in the practice it must be parallel
to the horizon. In this plane is fixed an upright pin, which
enters into the edge of the second part B D, called the meri-
dional plane ; which is made of two pieces, the lowest whereof
(B ) is called the quadrant, because it contains a quarter of a
circle, divided into 90 degrees ; and it is only into this part,
near B, that the pin enters. The other piece is a semicircle (D)
adjusted to the quadrant, and turning in it by a groove, for
raising or depressing the diameter (£ F') of the semicircle, which
diameter is called the awxis of the instrument. The third piece
is a circle (G ) divided on both sides into 24 equal parts, which
are the hours. This circle is put upon the meridional plane, so
that the axis (£ /') may be perpendicular to the circle; and
the point C' be the common centre of the circle, semicircle, and
quadrant. "The straight edge of the semicircle is chamfered on
hoth sides to a sharp edge, which passes through the centre of
the cirele.  On one side of the chamfered part, the first six
months of the year are laid down, according to the sun’s declina-
tion for their respective days, and on the other side the last six
months. And against the days on which the sun enters the signs
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there are straight lines drawn upon the semicirele, with the cha-
racters of the signs marked upon them. "There is a black line
drawn along the middle of the upright cdge of the quadrant,
over which hangs a thread (H) with its plommet (7) for
levelling the instrument, N. B. From the 22d of September
to the 20th of March, the upper surface of the circle must touch
both the centre C of the semicirele, and the line of v and —~;
and from the 20th of March to the 22d of September, the low-
er surface of the cirele must touch that centre and line.

To find the time of the day by this dial. Iaving set it on a
level place in sun-shine, and adjusted it by the levelling screws
¥ and Z, until the plumb line hangs over the back line upon the
edge of the quadrant, and parallel to the said edge ; move the
semieirele in the quadrant until the line of o and == (where the
circle touches) comes to the latitude of your place in the qua-
drant : then, turn the whole meridional plane B D, with its
circle G, upon the horizontal plane 4 until the edge of the
shadow of the circle falls precisely on the day of the month in
the semicircle; and then, the meridional plane will be due north
and south, the axis £ F" will be parallel to the axis of the world,
and will cast a shadow upon the true time of the day, among
the hours on the circle.

N. B. As, when the instrument is thus rectified, the qua-
drant and semicircle are in the plane of the meridian, so the cir-
cle is then in the plane of the equinoctial : therefore, as the sun
is above the equinoctial in summer (in nerthern latitudes) and
below it in winter ; the axis of the semicircle will cast a shadow
on the hour of the day, on the upper surface of the circle, from
the 20th of March to the 22d of September ; and from the 22d
of September to the 20th of March, the hour of the day will
be determined by the shadow of the semicirele, upon the lower
surface of the circle. In the former case, the shadow of the
circle falls upon the day of the month, on the lower part of the
diameter of the semicircle; and in the latter case on the upper
part,

The method of laying down the months and signs upon the
semicircle, is as follows. Draw the right line 4 € B, equal to
the diameter of the semicircle £ D B (Fig. 9), and cross it in
the middle at right angles with the line £ C D, equal in length
to AD B; then E C will be the radins of the eircle F € -,
which is the same as that of the semicircle. Upon E as o
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centre, deseribe the eirele £ € G, on which set oft' the ares C &
and C' i, cach equal to 23] degrees, and divide them accord-
ingly into that number for the sun’s declination. Then, lay-
ing the edge of a ruler over the centre £, and also over the
sun’s declination for every fifth day® of each month (as in the
card-dial), mark the points on the diameter 4 B of the semi-
circle from @ to g, which are cut by the ruler; and there place
the days of the months accordingly, answering the sun’s decli=
nation. This done, setting one foot of the compasses in €, and
extending the other to a or g, describe the semicircle ab e d ¢ fig;
which divide into six equal parts, and through the points of
division draw right lines parallel to €' D, for the beginning of
the signs (of which one half are on one side of the semicircle,
and the other half on the other side), and set the characters of
the signs to their proper lines, as in the figure.

The following Table shews the sun’s place and declination, in
degrees and minutes, at the noon of every day of the second
year after leap-year; which is a mean between those of leap
year itself, and the first and third years after it. Tt is useful
for inseribing the months and their days on sun-dials ; and also
for finding the latitudes of places, according to the methods
prescribed after the table.

5 The intermediate days may be drawn in by hand, if the spaces be large enough
to contain them.

4 In this edition, the table of the sun’s longitude and declination has been cal-
culated anew, and adapted to the present improved state of the solar tables. The
F.ditor has also added an accurate table of the equation of time, which will
be of great use to the practical diallist. The signs 4 and —, add and subfract,
at the head of the column, denote that the equation of time must be added to, or
subtracted from, the apparent time, or that which is deduced from the motion of
the sun, in order to obtain the equated or true time, as shewn by a well-regulated
clock or watch. The table is calculated for the second after leap year, and is as
aceurate as the difference between the civil and solar year will permit.—FEd.
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A Table shewing the Sun’s Place and Declination.

JANUALY. FEBRUARY. ‘ MARCH.
Sun’s | Sun's Sun’s | Sun’s I Sun’s | Sun’s
E:’ Place. | Declin. E Place. | Declin. | E Place. | Declin.
E E | %
 Imis: xime wm D. MiD. D. MNP
1 101327 1 (122 0175.18) 1 1015 7S.44
2 11 28 218 116 56/ 211 157 21
312 29 314 916 38| 312 156 58
4 18 31 415 316 20 413 156 35
514 32 516 416 @ 514 156 12
615 33 617 415 44 6|15 15 5 49
716 84 718 515 26| 7|16 15 5 26
8 17T 385 g8l19 615 5l 8N7 155 ¢
918 37 920 714 48] 9 |18 4 39
10 19 38 1021 44 28 10 (19 4 16
11 [20 39 11 22 s8l14 9| 11 |20 3 52
12 21 4021 12 |23 9)13 49| 12 |21 3 29|
13 22 41)21 13 24 918 29| 13 [22 g &
14 23 4221 14 25 1013 9f 14 [23 2 41
15 24 4321 15 26 1012 49! 15 |24 2 18
16 25 4421 16 27 1112 28| 16 25 1 54
17 26 4620 500 17 28 11|12 77| 17 |26 1080
18 27 4720 18 |29 1211 46| 18 |27 et e
19 [28 4820 19 | 0)12(11 25 19 128 0 43
20 129 49120 20 |1 1211 8 20 (29 0 19
21 | 02250120 21 |2 13010 42} 21 |0 ON. 4
22 11 51019 22 |3 1310 20f 2|1 0 28
23| 2 5219 23 |4 13/ 9 58] 23| 2 0 52
2 | 3 53 24 |5 149 36| 24 |3 1 15
25 |4 5419 419516 149 14 25 | 4 1 39
2 | 5 55|18 2|7 14/ 8 52 26| 5 Biir ol
27| 6 56(18 o7 |8 14/ 8 29| 27| 6 2 26
gggsﬂs 28 |9 158 7|28 |7 2 50
5818 ¢ Tl N o 129 | 8 3 13
30 | 9 5817 i v i 1 | S 3 36
31 110 5917 south, declination, 31 110 {3 59
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A Table shewing the Sun's Place and Declination.

AFPRIL. MAY. JOUNE. ]

un’s Sun’s Bun's un’s Sun’ Bun's
‘E %laca. Declin, E Place. ]fﬂieclin. g le:. Teclin.
e P e

. AL I AL, I .| D. M. . M. D. M.
1 11 1 105 2114N.57) 1 101112
2 |12 2 111 1915 2 |11
3 (13 3 112 1815 3 112
4 114 4 (13  16{15 4. (13
5 |14 5 |14 14-llﬁ 5 |14
6 (15 6 |15 Iﬂllﬁ 6 (14
T 116 7 116 Iglﬁ 7 (16
8 17 8 |17 16 S 116
9 |18 018 a7 9 Ny
10 (19 10 19 417 10 18
11 20 11 |20 ~ 207 19
12 |21 12 20 5918 20
15 |22 13 |21 5718 21
14 123 14 5518 22
15 |24 15 23 5318 25
16 |25 16 24 5119 24
17 |26 T 125 4819 25
18 o7 18 26 1619 2
19 28 19 27 4419 (&7
20 |29 20 28 4119 28
21 | 083811 21 (20 3920 29
Ll 2 | 0T3720 Dozl
23 | 2 23 |11 1
24 | 3 24| 2 2
25 | 4 25153 3
26 | 5 206 | 4 4
27 16 a7 1a 5
28 | 7 2B | 6 5
20 | 8 201 7 6
8019 30 | 8 i
891 1 9

|
|
|
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A Table shewing the Suw’s Place and Declination.

JULY. AUGUST. ‘l SEPTEMBER.
Sun's | Sun’s Sun’s ] Sun’s Suns | Sun's
‘g Place. | Declin. E Place. | Declin. E Place. | Declin.
. M.ID. ML D. M.|D. M. D. aLfD. M
1 | 851{23N.1 1 | 857,26/18N.1 1 8mp17| 8N.
219 4823 219 2417 5850 2|9 15 8
3 (10 4523 310 2117 3110 13} 7
4 111 42922 4 11 1917 2 411 117
512 4022 H(12 1617 8] 5 12 7
o6 18 87422 613 1416 5 6 13 6
i 14 3 22 T 14 16 3851 'V |14 6
8115 3l 8 15 16 191 8 (15 5
9 16 28722 9 16 16 28 9|16 5
10 17 2622 10 17 15 444 10 07 5
11 (I8 23922 11 18 15 27 11 (17 4
12 {19 2022 12 A8 5915 9 12 (18 4
13 20 17121 13 (19 5714 51) 13 (19 5
14 21 1421 14 20 14 33] 14 20 3
15 22 1221 1 15 21 14 144 15 |21 3
16 23 912 116 22 50138 55| 16 |22 2
17 24 M 17 23 4713 17 |23 2
18 25 18 24 4518 17§ 18 |24 2
19 26 3 19 125 12 58§ 19 25 1
20 126 | 20 126 41[12 58] 20 |26 1
21 27 21 BT 3912 18] 21 |27 0
22 128 52120 22 28 3611 58] 22 28 0
23 129 50 23 29 38411 23 1209 0
24 | 004720 24 | Onp32)11 18] 24 | 0=41| 0S.
2o 11 25|11 30110 5591251 0
26 | 2 26 |2 26(10 36| 26 | 2 1
27T 1 8 {2713 20610 15| 27| 3 j ERE. -
28 | 4 98 | 4 9 54 28 | 4 1 -ﬁﬂlr
291\ 5 M 29 | 5 9 831 29| 5 2 14
306 I 30 | 6 9 124 30| 6 R i
31 |7 ol | ¥ 8 bH0F
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LECT.

A Table shewing the Sun’s Place and Declination.

K.

OCTOBER. NOVEMBER. DECEMBER.
Sun's Sun's Sun's Sun’s Sun's Sun's
*? Place. | Declin. g Place. | Declin. E Place. | Declin.
D. M. D. D. M.|D. M. D M.D. M.
1 3s. 0 1|8m2214S.190 1| 8739218.46
» 3 219 221% 38 219 39“21 Eﬂ
3 3 g 10 2314 570 9 |10 4022
4 4 4 111 2315 16f 4 |11 41122 13
5] 4 o |12 2815 8 2 (12 42 21
6 4 618 2315 53] 6 |13 4822 28
T 5 T 114 2416 11] 7 (14 4422 35
8 5 B |15 2416 28| 8 |15 4582 42|
9 6 0116 2416 46/ 9 16 4622 48
10 G 10 1% qu'f 10 07 4722 54
11 £ 11 18 2517 20| 11 18 48283 0
12 " 12 |19 2517 36} 12 {19
13 T 13 20 26017 53| 18 20
14 7 14 21 2618 9 14 [21
15 5 15 22 2718 24 15 |22
16 8 16 [23 27118 39 16 |23
17 9 17 24 2818 54 17 [24
185 9 g1 18 |25
19 9 234 19 126
20 2310 371 20 127
21 Eﬁllﬂ 51§ 21 |28
a2 210 4 22 | 0y 023
23 2211 171 23 | 1
24 | om 22111 30 24 | 2
25 2211 4 513
26 22112 a3l 26 | 4
2 12 51 27 | 5
28 2212 16) 28 | 6
29 29(18 26/ 29 | 7
30 oma 36| 80 | 8
31 22113 3119
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T'able of the Eguation of Time.
- JANUARY.| FEB. MARCH. | APRIL MAY. JUNE.
=
M B. M. 8. M. 83 | M. 8 M 8 | M. 8
1 3448 | 13458 | 12445 44+ 7T | 3— 2| 2—42
2 4 16| 14 512 83|38 49 1% 1012 34
S 4 46414 12112 21|38 81|88 17| 2 24
4t 5 18|14 19112 £33 133 258|2 14
B 5 8094 18 24 0dd 542 B5| 83 £D |2 4
6! 6 6|14 28|11 40| 2 87|18 8|1 54
Tl 6 83|14 82|11 2612 “20|8 4|1 48
8| 6 69114 24|11 14|2 2|8 44|1 32
ol ¥ 24|14 B7|10 56 |1 45|88 481 21
10] 7 49114 88|10 41|11 28|98 51|1 10
11| 8 18|14 39|10 25|1 1213 5410 58
12] 8 87114 881 10 9]0 55|83 56|00 46
18] 9 0114 87 9 52|10 3913 5710 384
14| 9 22114 85 9 3510 23|13 658|0 22
15| 9 44|14 33| 9 18| 0 813 59|10 9
161 10 4| 14 29 9 110—%19 59 ﬂ-;- 3
17110 25|14 25| 8 43|10 2213 58|0 16
18| 10 44 | 14 20 8 2610 86 |3 57 |0 28
19| 11 8|14 15 8 T10 6013 55|0 41
20111 21|14 8] % 495|1 418 358|0 54
g1l a5 14 B4 8] |1 TR 601 4
22|11 55| 18 54 T 12|11 80|39 4611 20
93112 11 |13 46 6 54|1 421|8 42 |1 &3
24112 26|13 37| 6 35|1 54|33 38|1 46
5112 40|18 28| 6 17|2 5|8 33|1 59
26|12 55|18 18 5 a3 12 165613 2712 11
27118 6|18 8| 5 39|2 2|3 21 |2 24
28118 18 |12 57| 5 21 |2 36 |3 14| 2 387
29|18 29 5 212, 45158 7|28
30| 18 89 4 4412 53|83 59(3 1
31| 18 49 4 24 B |
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Table of the Equation of Time.

| VLY. |AUGUST.| SEPT. |OCTOBER. NOVEM. | DECEM.

eraiE R Tl TR e Pl | s TP M. B
1184+13 | 5457 | 0— 2 1 10—10 | 16—18 | 10—49
2|3 25| 6 540 20110 29116 14 | 10 27
3|8 3|5 50(0 39|10 47|16 14|10 5
418 48 |5 46|10 58|11 6|16 14 9 39
5 3 58|45 401 18|11 241 16 13 0 —h
6{4 5 9685811, 8% 11, 42116 11 3 50
Sldd 1945 2311 8711159 |16 8 8 24
814 2915 21 |2 18|12 16|16 4 T 58
gl 4 88 |5 14 |2 88112 82|16 0O T 3
10/4 47 |5 5|2 58112 48 | 156 54 7R !
11| 4 56 |4 573 19|18 4|15 48| 6 87
12|66 4|4 ' 47|88 40112 19|16 41| 6 9
181 5 A1 |4 8%l 4° 1113 84| 15 88 5 41
141 5 18| 4 2714 22| 13, 48 | 15 .25 5 18
15/ 5 5|4 16|4 43|14 . 2| 15 15 4 44
16| 5. 3L &4 a3 | 1416 | 16 . & 4 15
17|85 37 |8 52|86 25|14 27 |14 534 8 45
18| 5 42|13 89 |5 46|14 39| 14 41 2 16
195 4713 26|16 9|14 50|14 28| @ 46
2015 51|13 13|6 28|15 1|14 14| 2 16
2115 54125606 491 15 11 | 13 59 1 46
2215 5712 45 |% 10|16 20| 13 44 1 16
236 0|2 0|17 3I15 28115 29 0 46
2416 212 14|77 5|15 86|13 10 0 15
256 8|1 59|8 11|15 43|12 52| 0415
26 4|1 43| 8 82115 50| 12 83 0 45
o718 5k 26|68 16 55|17 14 i 15
2816 411 919 12116 0]11 54 1 456
2916 S$i10 52|19 811168 5|11 33 2 1%
30|16 210 - 314]9 51116 8|11 12 2 45
31| 6.~ DY T 16 11 3 13
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Eaplanation of the T'able of the Equation of T'une.

As our author has already given a familiar explanation of
the equation of time, it may be sufficient to observe, that the
preceding table contains the difference between true and ap-
parent time, for every day of the year at 12 o'clock noon,
when the sun is in the meridian ; and is adapted to the second
year after leap year. If apparent, or solar, time is to be con-
verted into true time, as shewn by a well regulated clock or
watch, the equation of time must be added to the apparent
time, if'it has the sign -, and subtracted from it if’ it has the
sign —: but if true is to be converted into apparent time, the
equation must be applied with contrary signs. If the equation
is required for any intermediate hour, take the difference du-
ring a day, and say, as 24 hours is to this difference, so is the
number of hours which the intermediate hour is from the pre-
ceding noon, to a third proportional, which, added to, or sub-
tracted from, the equation of time at noon, according as it is
mcreasing or decreasing, will give the equation of time for the
given hour. If the equation of time is wanted, at a time when
the signs change from - to —, or from — to -, the differ-
ence for 24 hours will be found by edding the equations of
time for the noon preceding and following the gmiven hour.
Thus, if the equation of time is required for the 24th Decem-
ber at 12 o’clock midnight, the equation for the 24th at noon
18 == 15", and for the 25th at noon - 15", the difference of
which 18 80”. Then, as 24": 30" = 12": 15, which, sub-
tracted from 15 seconds, because the numbers are decreasing,
the equation for the 24th noon, leaves 0, so that the hour,
as shewn by the sun and clock, 1s the same on the 24th Decem-
ber at micglight. The equation thus found will be accurate
for every second year after leap year, and in other years will
vary only a few seconds from the truth, In order, however,
to determine the equation of time, with accuracy for any other
year, find the difference between the equation of time for the
given day, and that which precedesit: then,

1. For leap year, take one half of this difference, and add
it to the equation for the given time 1f it inereases, but subtract
it if it decreases.

R. For the first.after leap year, take one fourth of the dif-
ference, and add it to the equation for the given time if it in-
ereases, but subtract it if it decreases.

3. For the third afler leap year, take one fourth of the dif-

ference, and subtract it from the equation for the ﬁgwen time, 1f
1t increases, but add it if it decreases. Thus, to find the equa-
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tion of time for the 2d May 1805, being the first after leap
year, the equation in the tagle 1s 8 10, the daily difference is
8", and the equation increases. Add, therefore, 2", which is
one fourth of the daily difference, to 8 10”, and the sum 3’ 12",
will be the true equation of time for the 2d May 1805.—Ed.

TO FIND THE LATITUDE OF ANY PLACE BY OBSERVATION.

The latitude of any place is equal to the elevation of the
pole above the horizon of that place. Therefore it is plain,
that if a star was fixed in the pole, there would be nothing re-
quired to find the latitude, but to take the altitude of that star
with a good instrument, But although there is no star in the
pole, yet the latitude may be found by taking the greatest and
least altitude of any star that never sets: for if half the differ-
ence between these altitudes be added to the least altitude, or
subtracted from the greatest, the sum or remainder will be
equal to the altitude of the pole at the place of observation.®

But because the length of the night must be more than 12
hours, in order to have two such observations; the sun’s me-
ridian altitude and declination are generally made use of for
finding the latitude, by means of its complement, which is
equal to the elevation of the equinoctial above the horizon ; and
if this complement be subtracted from 90 degrees, the remain-
der will be the latitude, concerning which, I think, the follow-
ing rules take in all the various cases.

1. If the sun has north declination, and is on the meridian,
and to the south of your place, subtract the declination from
the meridian altitude (taken by a good quadrant) and the re-
mainder will be the height of the equinoctial or complement of
the latitude north.

EXAMTLE.

The sun’s meridian altitude 42° 20 south.

S : i
SUPPOSE 3 And his declination, subtract 10 15 north.

Remains the complement of thelatitude, 82 5
Which subtract from - - 90 O

And the remainder is the latitude 57 55 north.t

® If the altitude of the pole star be taken six hours before, or after, it comes to
the meridian, or arrives at its point of greatest and least altitude, the latitude of the
place will thus be accurately obtained by only enc observation.— Ed.

¢ "The sun's meridian altitude, as taken by a quadrant, or any other instrument,
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2. If the sun has south declination, and is southward of your
place at noon, add the declination to the meridian altitude ; the
sum, if less than 90 degrees, 1s the complement of the latitude
north : but if the sum exceeds 90 degrees, the latitude is south ;
and if 90 be taken from that sum, the remainder will be the
latitude.

EXAMPLES.
The sun’s meridian altitude 650 10 south
The sun’s declination, add 15 30 south

Complement of the latitude 80 40
Subtract from - - g0 0

Remains the latitude - 9 20 north.

The sun’s meridian altitude 80 40 south
The sun’s deeclination, add 20 10 south

The sum is = - 100 50
From which subtract - 90 0

Remains the latitude K 10 50 south.

3. If the sun has north declination, and is on the meridian
north of your place, and the declination to the north meridian
altitude ; the sum, if less than 90 degrees, is the complement of
the latitude south; but if the sum is more than 90 degrees,
subtract 90 from it, and the remainder is the latitude north.

EXAMTLES.

Sun's meridian altitude = 60° 30’ nerth
Sun'’s declination, add - 20 10 north

Complement of the latitude 80 40
Subtract from - - 90 0

Remains the latitude - 9 20 south.

Sun’s meridian altitude - 70° 20’ north
Sun’s declination, add - 93 20 north

The sum is & - 0938 40
From which subtract - Q0 O
Remains the latitude - 3 40 north.

must be corrected by the application of parallax and refraction. As the sun is ele-
vated by refraction and depressed by pavallax, his apparent meridian altitude must
be diminished by the difference between the refraction and parallax.— Ed.
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4. If the sun has south declination, and 1s north of your
place at noon, subtract the declination from the north meridian
altitude, and the remainder is the complement of the latitude
south.

EXAMPLE.
Sun’s meridian altitude - 52° 30" north
Sun’s declination, subtract 20 10 south

Complement of the latitude 32 20
Subtract from - - 90 0

And the remainder is the latitude 57 40 south.

5. If the sun has no declination, and is south of your place
at noon, the meridian altitude 1s the complement of the latitude
north : but if the sun be then north of your place, his meridian
altitude is the complement of the latitude south.

EXAMPLES.
Sun’s meridian altitude - 38> 30’ south
Subtract from - - Q0 0
Remains the latitude - 51 30 north.
Sun’s meridian altitude 38" 30 north
Subtract from - - g0 0
Remains the latitude - 51 30 south.

6. If you observe the sun beneath the pole, subtract his de-
clination from 90 degrees, and add the remainder to his alti-
tude ; and the sum is the latitude.

EXAMPLE.

Sun’s declination - 20 30
Subtract from - - g0 0

Remains » " - 69 30 14
Sun’s altitude below the pole 10 20 *

The sum is the latitude 70 50

Which is north or south, according as the sun’s declination is
north or south ; for when the sun has south declination, he is
never seen below the north pole ; nor is he ever seen below the
south pole, when his declination is north.

7. If the sun be in the zenith at noon, and at the same time
has no declination, you are then under the equinoctial, and so
have no latitude.
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If the sun be in the zenith at noon, and has declination, the
declination is equal to the latitude, north or south. "These two
cases are so plain, that they require no examples.’

LECTURE XI.

OF DIALLING.

H avine shewn in the preceding Lecture how to make sun-
dials by the assistance of a good globe, or of a dialling-scale,
we shall now proceed to the method of constructing dials arith-
metically, which will be more agreeable to those who have
learned the elements of trigonometry, because globes and
scales can never be so accurate as logarithms, in finding the
angular distances of the hours. Yet, as a globe may be found
exact enough for some other requisites in dialling, we shall take
it in occasionally.

The construction of sun-dials on all planes whatever, may he
included in one general rule : intelligible, if that of a horizontal
dial for any given latitude be well understood. For there is
no plane, however obliquely situated with respect to any given
place, but what is parallel to the horizon of some other place ;
and therefore, if we can find that other place by a problem on
the terrestrial globe, or by a trigonometrical caleulation, and
construct a horizontal dial for it; that dial, applied to the
plane where it is to serve, will be a true dial for that place.—
T'hus, an erect direct south dial in 51} degrees north latitude,
would be a horizontal dial on the same meridian, 90 degrees
southward of 514 degrees north latitude; which falls in with
384 degrees of south latitude : butif the upright plane declines
from facing the south at the given place, it would still be a ho-
nzontal plane 90 degrees from that place, but for a different
longitude ; which would alter the reckoning of the hours ac-
cordingly.

7 The latitude of a place may be found with equal facility and accuracy, by taking
the meridian altitude of the planets and fixed stars, and observing the same direc-
tions which are given by our author in the case of the sun. When fixed stars, how-

ever, are employed, their altitude must be corrected by refraction only, as their pa-
rallax is not sensible,— Ed.
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CASE I.

1. Let us suppose that an upright plane at London declines
86 degrees westward from facing the south; and that it is re-
quired to find a place on the globe, to whose horizon the said
plane is parallel ; and also the difference of longitude between
London and that place.

Rectify the globe to the latitude of London, and bring Lon-
don to the zenith under the brass meridian, then that point of
the globe which lies in the horizon at the given degree of de-
clination (counted westward from the south point of the hori-
zon) is the place at which the above mentioned plane would be
horizontal. Now, to find the latitude and longitude of that
place, keep your eye upon the place, and turn the globe east-
ward until it comes under the graduated edge of the brass meri-
dian ; then the degree of the brass meridian that stands directly
over the place, is its latitude ; and the number of degrees in the
equator, which are intercepted between the meridian of London
and the brass meridian, is the place’s difference of longitude.

Thus, as the latitude of London is 514 degrees north, and
ihe declination of the place 1s 86 degrees west; I elevate the
north pole 514 degrees above the horizon, and turn the globe
until London comes to the zenith, or under the graduated edge
of the meridian ; then, I count 36 degrees on the horizon west-
ward from the south point, and make a mark on that place of
the globe over which the reckoning ends, and bringing the mark
under the graduated edge of the brass mendian, T find it to be
under 30} degrees in snuth latitude : keeping it there, I count
m the equator the number of degrees between the meridian of
London and the brazen meridian (which now becomes the meri-
dian of the required place) and find it to be 427. Therefore
an upright plane at London, declining 36 degrees westward
frgqm the south, would be a horizontal plane at that place;
whose latitude is 30} degrees south of the equator, and longi-
tude 424 degrees west of the meridian of London.

Which difference of longitude being converted into time, is
2 hours 51 minutes.

The vertical dial declining westward 86 degrees at London,
1s therefore to be drawn in all respects as a horizontal dial for
south latitude 80} degrees; save only, that the reckoning of
the hours is to anticipate the reckoning on the horizontal dial,
by 2 hours 51 minutes: for so much sooner will the sun come



LECT. XI. ARITHMETICAL CONSTRUCTION OF DIALS. 267

to the meridian of London, than to the meridian of any place
whose longitude is 427 degrees west from London.

9 But to be more exact than the globe will shew  ppye X,
us, we shall use a little trigonometry. Fig. 10-

Let NE S W be the horizon of London, whose zenith is Z,
and P the north pole of the sphere; and let Z % be the posi-
tion of a vertical plane at Z, declining westward from .5 (the
south) by an angle of 36 degrees ; on which plane an erect dial
for London at Z is to be described. Make the semidiameter
Z D perpendicular to Z &, and it will cut the horizon in D, 36
degrees west of the south 8. Then, a plane in the tangent
H D, touching the sphere in D, will be parallel to the plane
Z k; and the axis of the sphere will be equally inclined to both
these planes.

Let W Q E be the equinoctial, whose elevation above the
horizon of Z (London) is 384 degrees; and £ K D be the
meridian of the place D, cutting the equinoctial in £.  Then,
it is evident, that the arc R D is the latitude of the place D
(where the plane Z & would be horizontal) and the are £ Q is
the difference of longitude of the planes Z & and D H.

In the spherical triangle W D R, the arc W D is given, for
it is the complement of the plane’s declination from § the south ;
which complement is 54° (viz. 90°—367) : the angle at R, in
which the meridian of the place D) cuts the equator, is a right
angle ; and the angle R W D) measures the elevation of the
equinoctial above the horizon of Z, namely 38} degrees. Say,
therefore, as radius is to the co-sine of the plane’s declination
from the south, so is the co-sine of the latitude of Z to the sign
of B D the latitude of D ;' which is of a different denomination
from the latitude of Z, because Z and D are on different sides

of the equator.

As radius - - - - -  10.00000
To co-sine 36° o0 = R@ 0.9079

So co-sine H1V 8 =R ¥ 09.70415
To Sine 8 14 = DR 0.70211=

the latitude of D, whose horizon is parallel to the vertical plane
Zhat Z,

N. B. When radius is made the first term, it may be omit-
ted, and then, by subtracting it, mentally, from the sum of the

! See Playfair’s Elements of Geometry, Spher. Trig. Prop, XIX.—Ed.
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other two, the operation will be shortened. Thus, in the pre-
sent case,

To the logarithmic sine of W R = 54° 0 0.90796

Add the logarithmic sine of B D = 3 380 30" 0.79415

Their sum minus radius - s 0.70211
gives the same solution as above. And we shall keep to this
method in the following part of the work,

To find the difference of longitude of the places D and Z,
say, as radius is to the co-sine of 88} degrees, the height of the
equinoctial at Z, so is the co-tangent of 36 degrees, the plane’s
declination, to the co-tangent of the difierence of longitudes.
Thus,

To the logarithmic sine of 510 30° 0.80304
Add the logarithmic tangent of ° 54° 0° 10.13874

Their sum minus radius - - 10.03238
1s the nearest tangent of 47° 8 — W R ; which is the co-tangent
of 42° 52 = R Q, the difference of lon gitude sought. Which
difference being reduced to time, is 2 hours 511 minutes.

3. And thus having found the exact latitude and longitude
of the place D, to whose horizon the vertical plane at Z is paral-
lel, we shall proceed to the construction of a horizontal dial for
the place D, whose latitude is 30° 14 south; but anticipating
the time at 1) by 2 hours 51 minutes (neglecting the } minute
in practice) because D) is so far westward in longitude from the
meridian of London ; and this will be a true vertical dial at
London, declining westward 36 degrees.

Assume any right line €' S'L (Fig. 11.) for the substile of
the dial, and make the angle & C P equal to the latitude of the
place (viz. 30° 14) to whese horizon the planc of the dial is
parallel 5 then €' R P will be the axis of the stile, or edge that
c the shadow on the hours of the day, in the dial. This
done, draw the contingent line £ @, cutting the substilar line
at right angles in & ; and from &K make K R perpendicular to
the axis C R P. Then & G (= K R) being made radius, that
15, equal to the chord of GO” or tangent of 45°, on a good sector,

? The eo-sine of 36° O, or of R Q.

5 The co-sine of 51° 30, or of @ Z.

4+ Playfair’s Geom. Spher. Trig. Prop. XVI11L.—Ed.
5 The co--ine of 382 30", orof W D R.

& "T'lie co-tangent of 36°, or of D IW.
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take 42° 52 (the difference of longitude of the places Z and D)
from the tangents, and having set it from A to M, draw C M
for the hour-line of XII. Take K N equal to the tangent of an
angle less by 15 degrees than K& M ; that is, the tangent 27° 5% ;
and through the point N draw C N for the hour-line of L
The tangent of 12° 52 (which is 15° less than 27° 52) set off
the same way, will givea pont between A and NV, through which
the hour-line of 11 is to be drawn. The tangent of 2° 8 (the
difference between 45° and 42° 52') placed on the other side of
¢ L, will determine the point through which the hour-line of
111 is to drawn: to which £° 8, if the tangent of 15° be added,
it will make 17° 8 ; and this set off from A toward Q on the
line £ Q will give the point for the hour-line of IV : and so of
the rest. The forenoon hour-lines are drawn the same way, by
the continual addition of the tangents 157, 30°, 45° &ec. to 49°
5% (= the tangent of K M) for the hours of X1, X, IX, &e.
as far as necessary ; that is, until there be five hours on each
side of the substile. The sixth hour, accounted from that hour
or part of the hour on which the substile falls, will be always
in a line perpendicular to the substile, and drawn through the
centre (.

4. In all erect dials, C M, the hour-line of XII is perpen-
dicular to the horizon of the place for which the dial is to serve
for that line is the intersection of a vertical plane with the plane
of the meridian of the place, both which are perpendicular to
the plane of the horizon: and any hine 7 O, or ko, perpendi-
cular to € M, will be a horizontal line on the plane of the dial,
along which line the hours may be numbered : and €' M being
set perpendicular to the horizon, the dial will have its true
position.

5. If the plane of the dial had declined by an equal angle
toward the east, its description would have differed only in this, «
that the hour-line of XII would have fallen on the other side
of the substile C' L, and the line & @ would have a sub-con-
trary position to what it has in this figure.

6. And these two dials, with the upper points of their stiles
turned toward the north pole, will serve for the other two planes
parallel to them ; the one declining from the north toward the
east, and the other from the north toward the west, by the same
quantity of angle. The like holds true of all dials in general,

whatever be their declination and obliquity of their planes o
the Lorizon.
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CASE II.

7. If the plane of the dial not only declines, (Fig. 12) but also
reclines, or inclines.  Suppose its declination from fronting the
south .S be equal to the arc .5 1) on the horizon ; and its recli-
nation be equal to the are D d of the vertical circle D Z ; then
it is plain, that if the quadrant of altitude Z d D, on the globe,
cuts the point D in the horizon, and the reclination is counted
upon the quadrant from D to d; the intersection of the hour-
circle P R d, with the equinoctial W Q £, will determine R d,
the latitude of the place d, whose horizon is parallel to the
given plane Z % at Z ; and R Q will be the difference in longi-
tude of the planes at d and Z.

Trigonometrically thus: let a great circle pass through the
three points W, d, E ; and in the triangle W D d, right-angled
at D, the sides W .D and D d are given ; and thence the angle
D W d is found, and so is the hypothenuse W d. Again, the dif-
ference, or the sum, of D W d and D W R, the elevation of the
equinoctial above the horizon of Z, gives the angled W R ;
and the hypothenuse of the triangle W R d was just now found ;
whence the sides £ d and W R are found, the former being the
latitude of the place d, and the latter the complement of R ,
the difference of longitude sought.

Thus, if the latitude of the place Z be 52° 10’ north ; the
declination & D of the plane Z & (which would be horizontal
at d) be 86°, and the reclination be 15°% or equal to the arc
D d; the south latitude of the place d, that is, the arc R d,
will be 15° 9 ; and R Q the difference of the longitude, 36° 2.
From these data, therefore, let the dial (Fig. 13) be deseribed,
as in the former example.

8. Only it is to be observed, that in the reclining or inelin-
g dials, the horizontal line will not stand at right angles to
the hour-line of XII, as in erect dials ; but its position may be
found as follows.

To the common substilar line €' X L (Fig. 13), on which the
dial for the place d was described, draw the dial C»p m 12 for
the place 1), whose declination is the same as that of d, viz. the
arc S D; and H 0, perpendicular to C m, the hour-line of
XII on this dial, will be a horizontal line on the dial C P R M
XII. For the declination of both dials being the same, the
horizontal line remains parallel to itself, while the erect position
of one dial is reclined or inclined with respect to the position of
the other.
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Or, the position of the dial may be found by applying it to
its plane, so as to mark the true hour of the day by the sun, as
shewn by another dial ; or, by a clock regulated by a true me-
ridian line and equation table.

9. There are several other things requisite in the practice of
dialling ; the chief of which I shall give in the form of arith-
metical rules, simple and easy to those who have learned the
elements of trigonometry. For, in practical arts of this kind,
arithmetic should be used as far as it can go ; and scales never
trusted to, except in the final construction, where they are abso-
lutely necessary in laying down the calculated hour distances
on the plane of the dial. And although the inimitable artists of
this metropolis have no occasion for such instructions, yet they
may be of some use to students, and to private gentlemen, who
amuse themselves this way.

Rure L—T7% find the angles which the howr-lines on any dial
make with the substile.

To the logarithmic sine of the given latitude, or of the stile’s
elevation above the plane of the dial, add the logarithmic tan-
gent of the hour distance? from the meridian, or from the sub-
stile ;% and the sum minus radius will be the logarithmic tan-
gent of the angle sought.

For, in Fig. 11, K Cisto K M m the ratio compounded of
the ratio of K C to K G (=K R) and of X G to K M ; which
making C' K the radius, 10,000,000, or 100,000, or 10, or 1,
are the ratio of 10,000,000, or of 100,000, or of 10, or of 1, to
KGx KM

Thus, in a horizontal dial, for latitude 51° 30/, to find the
angular distance of XT in the forenoon, or I in the afternoon,
from XII.

To the logarithmic sine of 51° 300 - - 0.80354°
Add the logarithmic tangent of 51° 0 = - 0.42805

The sum minus radius is - - - - 9.32159;
the logarithmic tangent of 11° 50, or of the angle which the
hour-line of XI or I makes with the hour of XII.

* That is, of 15, 30, 45, 60, 75°, for the hours of I, IL, ITI, IV, V, in the
afternoon ; and XI, X, IX, VIII, VII, in the forenoon.

% In all horizontal dials, and ercct north or south dials, the substile and meridian
are the same; but in all deelining dials, the substile line makes an angle with the
meridian.

? In which case, the radius CK is supposed to be divided into 1,000,000 equal parts.
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And by computing in this manner, with the sine of the lati-

tude, and the tangents of 80, 45, 60, and 75° for the hours of

I1, II1, IV, and V, in the afternoon ; orof X, IX, VIII, and
VII, in the forenoon; you will find their angular distances
from XII to be 24° 18, 88° &', 53¢ 85, and 71° (' : which are
all that there is occasion to compute for. And these distances
may be set off from XII by a line of chords; or rather, by
taking 1,000 from a scale of equal parts, and setting that ex-
tent as a radius from C to XII: and then, taking 209 of the
same parts, (which, in the tables, are the natural tangent of
11° 50), and setting them from XII to XI and to I, on the
line % o, which is perpendicular to € XII (Fig. 11) : and so
" for the rest of the hour-lines, which in the table of natural tan-
gents, against the above distances, are 451, 782, 1,355, and
2,920 of such equal parts from XII, as the radius €' XII con-
tains 1,000. And lastly, set off 1,257 (the natural tangent of
51° 30) for the angle of the stile’s height, which is equal to
the latitude of the place.

"The reason why I prefer the use of the tabular numbers, and
of a scale decimally divided, to that of the line of chords is be-
cause there is the least chance of mistake and error in this
way ; and likewise, because in some cases it gives us the advan-
tage of a nonius division.!

In the universal ring-dial, for instance, the divisions on the

! This scale, for subdividingjthe limbs of quadrants, and the divisions of other
mathematical instruments, is improperly called Noniws, from one Nonius, who is

supposed to be its inventor. The honour of the invention is due to Peter Vernier, a

French gentleman, from whom it frequently receives its name. "The Vernier scale
consists of a piece of brass or ivory, which moves along the limb of the quadrant. A
space, equal to any number of degrees in the cireular arch, 10°, for example, is trans-
ferred to this piece of brass, and divided into 10 parts, so that each division of the
vernier will exceed each division of the limb by J; of a degree. Suppose the
plumb-line of the quadrant to fall between the ‘25th and 26th degree, and that the
degrees run from right to left. "T'hen, in order to find the number of minutes above
25°, move the vernier till the plumb.line falls on the beginning of its scale, and find

what division of the vernier coincides with any division on the limb ; and by so |
many 10ths of a degree will the angle exceed 25° If the 7th division of the vernier, |

for instance, coincides with a division on the limb, then, ;" of a degree, or 42
minutes, must be added to 25 degrees, and the angle will bhe 25° 42.— Nonius's
method consisted in drawing a number of concentrie circles, the outermost of which
was divided into 90 parts ; the next into 80 ; the next into 88, &c. so that the
plumb-line was sure to coincide with some division in one of these circles, and the
angle could be easily deduced, from the number of parts into which that circle was
divided. Nee Ferguson's dstrememy.  Appendix, Vel. I, p. 319.—EJ.
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axis ave the tangents of the angles of the sun’s declination placed
on either side of the centre. But instead of laying them down
from a line of tangents; I would make a scale of equal parts,
whereof 1,000 should answer exactly to the length of the semi-
axis, from the centre to the inside of the equinoctial ring ; and
then lay down 484 of these parts toward each eund from the
centre, which would limit all the divisions on the axis, because
434 is the natural tangent of 23° 29. And thus, by a nonius
affixed to the sliding piece, and taking the sun’s declination
from an ephamens, and the tangent of that declination from the
table of natural tangents, the slider might be always set true to
within two minutes of a degree.

And this scale of 434 equul parts might be placed right
against the 234 degrees of the sun’s declination, on the axis,
instead of the sun’s place, which is there of very little use. For
then, the -slider might be set in the usual way, to the day of
the month, for common use ; but to the natural tangent of the
declination, when great aceuracy is required.

The like may be done wherever a scale of sines or tangentsis
required on any instrument.

Rure I1.—T%e latitude of the place, the sun's declination, and
his hour-distance from the meridian, being given, to find,
1, his altitude ; 2, his azimuth.

1. Let d (Plate X, Fig. 12) be the sun’s place, d R his decli-
nation : and in the triangle P Z d, P d the sum, or the difference,
of d R, and the quadrant P R being given by the supposition, as
also the complement of the latitude P Z, and the angle d P Z,

~which measures the horary distance of d from the meridian ;

we shall (by case 4, of Keill's Gbicqw Spheric Trigonometry)
find the base Z d, which is the sun’s distance from the zenith,
or the complement of his altitude.

And, 2, as sine Zd : sinePd :: smedPZ : dZ P,
or of its supplemen;t D Z 8, the azimuthal distance from the
- south.

Or, the practical rule may be as follows:

Write 4 for the sine of the sun’s altitude, L and [ for the
sine and co-sine of the latitude, D and d for the sine and co-

sine of the sun’s declination, and # for the sine of the horary
distance from VI,

VoL, L I
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Then the relation of H to 4 will have three varieties.

1. When the declination is toward the elevated pole, and
the hour of the day is between XII and VI; it is
A=LD 4 Hld md B =25LD:
2. When the hour is after VI, itis d =L D—=H 1l d, and .

H o L D —_&‘.
= LE=
3. When the declination is toward the depressed pole, we
have 4 = H1d— L D,and H = 2+L D

‘Which theorems will be found useful, and expeditious enough
for solving those problems in geography and dialling, which
depend on the relation of the sun’s altitude to the hour of the
day.

EXAMPLE I.

Suppose the latitude of the place to be 514 degrees north ;
the time five hours distant from XTI, that is, an hour after VI
in the morning, or before VI in the evemng; and the sun's
declination 20° north.  Regquired the sun’s altitude #

Then, to log. L. = log. sine 51° 38’ 1.89354 1
Add log. D = log. sine 20° 0’ 1.53405
Their sum - 1. 4&?'59
gives L D = logarithm nf 0. 26'?’664 in the natural sines.
And, to log. H = log. sme 15« ¢ 1.41300
dd log. I. = log. sme 38° ¢ 1.79414
= log. d. = log. gine® 70 O 1.97300
Their sum - - 1.18014

gives H I d = logarithm of 0. 1514{}3, in the natural sines.

And these two numbers of (0.267664 and 0.151408) make
0.419072 = A4 ; which, in the table, is the nearest natural sine
of 24° 47", the sun’s altitude sought.

The same hour-distance being assumed on the other side of
VI, then L D — H I d is 0.116256, the sine of 6° 404'; which
is the sun’s altitude at V in the morning, or VII in the even-
ing, when his north declination is 20°,

2 Here we consider the radius as unity, and not 1,000,000, by which, instead of
the index 9, we have —= 1, as above : which is of no further use, than making the
work a little easier.

3 The distance of one hour from VI. ¢ The co-latitude of the place.

® The co-declination of the sun.
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But when the declination is 20° south (or toward the de-
pressed pole), the difference H Zd — L D becomes negative,
and thereby shews that an hour before VI in the morning, or
past VI in the evening, the sun’s centre is 6 40’ below the

horizon.

ExamrrLe IL—1In the same latitude and north declination from
the given altitude, to find the howr.

Let the altitude be 48°; and because, in this case H =

A "‘;dr D it A (the natural sine of 48°) = .748145, and
L D= 2067664, 4 — L D will be 0.475481, whose logarithmic
sine is - - - 16771331

from which taking the logarithmic sine of I + d = 1.7671354

Remains - - - - - 1.9099977
the logarithmic sine of the hour-distance sought, viz. of 54° 22 ;
which, reduced to time is 3" 374™; thatis, IX® 37I™ in the
forenoon, or IT" 221™ in the afternoon.

Put the altitude = 18°, whose natural sine is .5090170 ; and
thence 4 — L D will be = .0491958 ; which divided by I + d,
gives .0717179, the sine of 4° 64, in time 164 minutes nearly,
before VI in the morning, or after VI in the evening, when
the sun’s altitude 1s 18°,

And, if the declination 20° had been toward the south pole,
the sun would have been depressed 18° below the horizon at
161 minutes after VI in the evening; at which time the twi-
light would end ; which happens about the 22d of November,
and 19th of January, in the latitude of 514° north. The same
way may the end of twilight, or beginning of dawn, be found
for any time of the year.

Note 1. If in theorem 2 and 3 (page 274) 4 is put = 0,
and the value of H is computed, we have the hour of sun-rising
and setting for any latitude and time of the year. And if we
put H = 0, and compute 4, we have the sun’s altitude or de-
pression at the hour of VI. And lastly, if H, 4, and D are
given, the latitude may be found by the resolution of a qua-
dratic equation; forl = 5 i 5T,

Note 2. When 4 is equal 0, H is equal %? —TLYXTD,

the tangent of the latitude multiplied by the tangent of the de-
clination. | =
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As, if it was required, what is the greatest length of day in
latitude 51° 80 ¢
To the log. tangent of 51°80' -  0.0095048
Add the log. tangent of 23° 39’ - 1.6579563

Their sum - - - 1.7373511
1s the log. sine of the hour-distance 33° 7' ; in time 2" 124™
The longest day therefore is 12" 4 4" 25™ = 16" 25™. And
the shortest day is 120 — 40 25™ — 7h g5m,

And if the longest day 1s given, the latitude of the place is
H
g
is 134" = 2 % 6" 4 45™, and 45™ in time being equal to 11}

degrees,

f-:rund;l

being equal to 7" L. Thus, if the longest day

From the log. sine of 11° 15 - 1.2002357
Take the log. tang. of 23= 20 - 1.6379562
Remains - - - - 16522795

== the logarithmic tangent of lat. 24° 11",

And the same way, the latitudes, where the several geo-
graphical climates and parallels begin, may be found; and the
latitudes of places, that are assigned in authors from the length
of their days, may be examined and corrected.

Tote 3. The same rule for finding the longest day, in a
given latitude, distinguishes the hour-lines that are necessary
to be drawn on any dial from those which would be super-
fluous. .

In lat. 52°10' the longest day is 16" 32”, and the hour-lines
are to be marked from 44™ after ITI in the morning, to 16™
after VIII in the evening.

In the same latitude, let the dial of Art. 7, Fig. 13, be pro-

cod ; and the elevation of its stile (or the latitude of the
place d, whose horizon is parallel to the plane of the dial) being
150 9"; the longest day at d, that 15, the longest time that the
sun can illuminate the plane of the dial, will (by the rule H
— T L X T' D} be twice 6" 27 = 12" 54™. The difference
of longitude of the plangs d and Z was found in the same ex-
ample to be 86° 2'; in time, 2" 24™; and the declination of
the plane was from the south toward the west. Adding there-
fore 20 24m to 5" 337, the earliest sun-rising on a horizontal
dial at d, the sum T 57 shews that the morning hours, or the
parallel dial at Z, ought to begin at 37 before VITI. And to
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the latest sun-setting at d, which is 6" 27, adding the same
oh 94m. the sum 8" 51™ exceeding 6" 16™, the latest sun-setting
at Z, by 85", shews that none of the afternoon hour-lines are
superfluous. And the 4" 15™ from III" 44m the sun-rising
at Z, to VII® 57" ; the sun-rising at d, belong to the other
face of the dial ; that is, to a dial declining 36° from north to

east, and inclining 15°.

Exauwrere IIL.—From the same data to find the sun’s azimuth.

If H, L, and D, are given, then (by Art. 2, of Rule IT)
from H having found the altitude and its complement Z d ; and
the are P D (the distance from the pole) being given, say, as
the co-sine of the altitude is to the sine of the distance from the
pole, so is the sine of the hour-distance from the meridian to
the sine of the azimuth distance from the meridian.

Let the latitude be 51° 80 north, the declination 15 9
south, and the time II" 24™ in the afternoon, when the sun
begins to illuminate a vertical wall, and it is required to find
the position of the wall.

Then, by the foregoing theorems, the complement of the al-
titude will be 81° 324, and P d the distance from the pole
being 109° 5, and the horary distance from the meridian, or
the angled P Z, 36°,

To log. sine 74° 51/ = - - 1.08404

Add log. sine 36° o - - 1.76022
And from the sum = - 5 1.75386
Take the log. sine 81° 321/ - 1.99525
Remains - . = - 1.75861

= log. sine 85°, the azimuth distance south.

When the altitude is given, find from thence the hour, and
proceed as above, !

This praxis is of singular use on many occasions : in finding
the declination of vertical plaues more exactly than in the com-
mon way, especially if the transit of the sun’s centre is observ-
ed by applying a ruler with sights, either plane or telescopical,
to the wall or plane, whose declination is required ;—in draw-
ing a meridian-line, and finding the magnetic variation i—in
findmg the bearings of places in terrestrial surveys, the tran-
it of the sun over any place, or his horizontal distance from it
being observed, together with the altitude and hour ; and -
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thence determining small differences of longitude ;—in observ-
ing the variation at sea, &ec. ]

The learned Mr. Andrew Reid invented an instrument se-
veral years ago, for finding the latitude at sea from two alti-
tudes of the sun, observed on the same day, and the interval of
the observations, measured by a common watch. And this
instrument, whose only fault was that of its being somewhat
expensive, was made by Mr. Jackson. Tables have been lately
computed for that purpose

But we may often, from the foregoing rules, resolve the same
problem without much trouble ; especially if we suppose the
master of the ship to know within 2 or 8 degrees what his la-
titude is,~Thus, assume the two nearest probable limits of

: 44+ LD h
the latitude, and by the theorem H = —— compute the

hours of observation for both suppositions. If one interval
of those computed hours coincides with the interval observed,
the question is solved. If not, the two distances of the in-
tervals computed, from the true interval, will give a propor-
tional part to be added to, or substracted from, one of the
latitudes assumed. And if more exactness is required, the
operation may be repeated with the latitude already found.

But whichever way the question is solved, a proper allow-
ance is to be made for the difference of latitude arising from the
ship’s course in the time between the two observations.

Of the double horizontal Dial, and the Babylonian and Italian
Dials.

To the gnomonic projection, there is sometimes added a ste-
reographic projection of the hour-circles, and the parallels of
the sun’s declination, on the same horizontal plane ; the upright
side of the gnomon being sloped into an edge, standing perpen-
dicularly over the centre of the projection : so that the dial be-
ing in its due position, the shadow of fhat perpendicular edge
1s a vertical circle passing through the sun, in the stereogra-
phie projeetion,

The months being duly marked on the dial, the sun’s decli-
nation, and the length of the day at any time, are had by
inspection ; as also his alt;tude, by means of a scale of tan-
gents. But its chief property is, that it may be placed true
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whenever the sun shines, without the help of any other instru-
ment.

Let d (Fig. 12), be the sun’s place in the stereographic pro-
jection,  d y % the parallel of the sun’s declination, Z d a ver-
tical circle through the sun’s centre, P d the hour-circle ; and
it is evident, that the diameter V.S of this projection being
placed duly nerth and south, these three circles will pass through
the point d. And therefore, to give the dial its due position,
we have only to turn its gnomon toward the sun, on a horizon-
tal plane, until the hour on the common gnomonie projection
* coincides with that marked by the hour-circle P d, which passes
through the intersection of the shadow Z d with the circle of the
sun's present declination.

The Babylonian and Italian dials reckon the hours, not from
the meridian, as with us, but from the sun’s rising and setting.
Thus, in Italy, one hour before sun-set is reckoned the 23d
hour, two hours before sun-set the 22d hour, and so of the rest.
And the shadow that marks them on the hour-lines, is that of
the point of a stile. This occasions a perpetual variation be-
tween their dials and clocks, which they must correct from time
to time, before it arises to any sensible quantity, by setting their
clocks so much faster or slower. And in Italy they begin their
day, and regulate their clocks, not from sun-set, but from about
mid-twilight, when the Ave Mariais said; which corrects the dif-
ference that would otherwise be between the clock and the dial.

The improvements which have been made in all sorts of in-
struments and machines for measuring time, have rendered such
dials of little account. Yet, as the theory of them is ingenious,
and they are really, in some respects, the best contrived of any
for vulgar use, a general idea of their description may not be
unaceeptable.

Let Fig. 14 represent an erect direct south wall, on which a
Babylonian dial is to be drawn, shewing the hours from sun-
rising ; the latitude of the place, whose horizon is parallel to
the wall, being equal to the angle X C' R. Make, as for a com-
mon dial, K G = K R, (which is perpendicular to C R) the
radius of the equinoctial /£ Q, and draw R ' perpendicular to
C X for the stile of the dial; the shadow of whose point R is
to mark the hours, when .S R is set upright on the plane of the
dial.

Then it is evident, that in the contingent line ./ Q, the spaces
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K1, K2, K38, &c. being taken equal to the tangents of  the
hour-distances from the meridian, to the radius X G, one, two
three, &c. hours after sun-rising, on the equinoctial day ; the

shadow of the point R will be found at these times respee-

tively in the points 1, 2, 3, &e.
Draw, for the like hours after sun-rising, when the sun is in
the tropic of Capricorn 1§ v, the like common lines C D, C E,

C F, &c. and at these hours the shadow of the point R will be |

found in those lines respectively. Find the sun’s altitudes above
the plane of the dial at these hours, and with their co-tangents
S'd, 8e, Sf. &e. to radius § R, describe arcs intersecting the:
hour-lines in the points d, ¢, f; &c. so shall the right lines 1 d,
R e, 8 f; &c. be the lines of I, II, ITI, &c. hours after sun-rising.

The construction is the same in every other case, due regard
being had to the difference of longitude of the place at which
the dial would be horizontal, and the place for which it is to
serve.. And likewise, taking care to draw no lines but what are
necessary ; which may be done, partly by the rules already given
for determining the time that the sun shines on any plane, and
partly from this, that on the tropical days the hyperbola de-
seribed by the shadow of the point R limits the extent of all the
hour-lines.

The most useful, however, as well as the simplest, of such
dials, is that which is deseribed on the two sides of the meri-
dian plane.

That the Babylonian and Italic hours are truly enough mark-
ed by right lines, is easily shewn. Mark the three points on a
globe, where the horizon cuts the equinoctial, and the two tro-
pics, toward the east or west: and turn the globe on its axis 157,
or 1 hour; and it is plain that the three points which were in
a great circle (viz. the horizon) will be in a great cirele still ;
which will be projected geometrieally into a straight line. But
these three points are universally the sun’s places one hour after
sun-set (or one hour before sun-rise) on the equinoetial and sol-
stitial days. The like is true of all other circles of declination,
beside the tropics ; and therefore, the hours on such dials are

truly marked by straight lines limited by the projections of the

tropics; and which are rightly drawn, as in the foregoing ex-
ample. _

Note 1.—The same dials may be delineated without the hour-
- lmes, C D, CE, C F, &c. hy setting off the sun’s azimuths on

ol o
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the plane of the dial, from the centre S, on either side of the
substile C'§ K, and the corresponding co-tangents of altitude
from the same centre 8, for I, 11, 111, &c. hours before or after
the sun is in the horizon of the place for which the dial is to
serve, on the equinoctial and solstitial days.

9. One of these dials has its name from the hours being reckon-
ed from sun-rising, the beginning of the Babylonian day. But
we are not thence to imagine that the egual hours, which it
'shriws, were those in which the astronomers of that country

marked their observations. These, we know with certainty,
were unequal, like the Jewish, as being twelfth parts of the
natural day : and an hour of the night was, in like manner, a
twelfth part of the night; longer or shorter, according to the
season of the year. So that an hour of the day, and an hour
of the night, at the same place;, would always make !, of 24,
or 2 equinoctial hours. In Palestine, among the Romans, and
in several other countries, 3 of these unequal nocturnal hours
were a vigilia, or watch. And the reduction of equal and un-
equal hours into one another is extremely easy. If, for instance,
it is found, by a foregoing rule, that in a certain latitude, at a
given time of the year, the length of a day is 14 equinoctial
hours, the unequal hour is then {§ or § of an hour, that is, 70
minutes; and the nocturnal hour is 50 minutes. The first
watch begins at VII (sun-set) ; the second at three times 50
minutes after, viz. IX" 80™; the third always at midnight ;
the morning watch at half an hovr past 1L

If it were required to draw a dial for shewing these unequal
hours, or twelfth parts of the day, we must take as many de-
clinations of the sun as are thought necessary, from the equator
toward each tropic: and having computed the sun’s altitude
and azimuth for /', %, 7 th parts, &e. of each of the diurnal
arcs belonging to the declinations assumed : by these, the several
points in the eireles of declination, where the shadow of the stile’s
pomt falls, are determined ; and curve lines drawn through the
points of a homologousdivision will be the hour-lines required.®

® For the description of a new dial, invented by Lambert, and of a curious Ana-
lemmatic dial, which can be propedy placed without a mariner’s needle, or a meri-
dian line, and which can be drawn in a garden, the spectator being its stile, gee Ap-
pendix.—Ed.



282 OF DIALLING. LECT. XI.

OF the right placing of dials, and having a true meridian line
Jor the regulation of clocks and watches.” :

The plane on which the dial is to rest, being duly prepared,
and every thing necessary for fixing it, you may find the hour
tolerably exact by a large equinoctial ring-dial, and set your
watch to it.  And then the dial may be fixed by the watch at

your leisure.

If you would be more exact, take the sun’s altitude by a good
quadrant, noting the precise time of observation by a clock or
watch. Then, compute the time for the altitude observed (by
the rule, page 275), and set the watch to agree with that time,
according to the sun. 'A Hadley's quadrant is very convenient
for this purpose; for, by it you may take the angle between
the sun and his image, reflected from a bason of water: the
half of which angle, subtracting the refraction, is the altitude
required. This is best done in summer, and the nearer the
sun is to the prime vertical (the east or west azimuth) when
the observation is made, so much the better.

Or, in summer, take two equal altitudes of the sun in the
same day ; one any time between seven and ten in the morning,
the other between two and five in the afternoon; noting the
moments of these two observations by a clock or watch: and
if the watch shews the observations to be at equal distances

7 In another work, when speaking upon the placing of sun-dials, our author ob-
serves, ¢ that if the dial be made according to the strictest rules of caleulation, and
be truly set at the instant when the sun's centre is on the meridian, it will be a
minute too fast in the forenoon, and a minute too slow in the afternoon, by the
shadow of the stile; for the edge of the shadow that shews the time is even with
the sun’s foremost edge all the time before noon, and even with his hindermost all
the afternoon on the dial. And it is the sun's centre that determines the time in
the supposed hour-circles of the heavens. And as the sun is half a degree in
breadch, he takes two minutes to move through a space equal to his breadth, so
that there will be two minutes at noon in which the shadow will have no motion
at all on the dial ; consequently, if the dial be set true by the sun in the forenoon,
it will be two minutes too slow in the afternoon; and, if it Le set true in the af-
ternoon, it will be two minutes too fast in the forenoon. "The only way that I
know of to remedy this is, to set every hour and minute division on the dial one
minute nearer 12 than the caleulation makes it to be.”” Tables and Tracts, 2d edit.
p- 7% These ohservations are new, and just enough in themselves ; but the evil
which the author points out may be remedied by observing the middle of the sha-
dow's penumbra, which corresponds with the sun’s centre, instead of the border of
the real shadow; and I believe it will be found, that every person naturally does
this when he determines the hour of the day upon a aun-dial.—Ed.
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from noon, it agrees exactly with the sun; if not, the watch
must be corrected by half the difference of the forenoon and
afternoon intervals; and then the dial may be set true by the
watch.

Thus, for example, suppose you have taken the sun’s alti-
tude when it was twenty minutes past VIII in the morning by
the watch, and found, by observing in the afternoon, that the
sun had the same altitude ten minutes before IV, then it is
plain, that the watch was five minutes too fast for the sun:
for five minutes after XII is the middle time between VIII"
20™ in the morning, and ITI* 50™ in the afternoon; and
therefore, to make the watch agree with the sun, it must be '
set back five minutes.®

A good meridian line, for regulating clocks or A meridian
watches, may be had by the following method. line.

Make a round hole, almost a quarter of an inch diameter,
in a thin plate of metal; and fix the plate in the top of a south
window, in such a manner, that it may recline from the zenith
at an angle equal to the co-latitude of your place, as nearly as
you can guess; for then the plate will face the sun directly
at noon on the equinoctial days. Let the sun shine freely
through the hole into the room ; and hang a plumb-line to the
ceiling of the room, at least five or six feet from the window,
in such a place as that the sun’s rays, transmitted through the
hole, may fall upon the line when it is noon by the clock § and
having marked the said place on the ceiling, take away the

- line.

Having adjusted a sliding bar to a dove-tail groove, in a
- piece of wood about eighteen inches long, and fixed a hook in
' the middle of the bar, nail the wood to the above-mentioned
 place on the ceiling, parallel to the side of the room in which
 the window is ; the groove and bar being toward the window.
' Then hang the plumb-line upon the hook of the bar, the weight

¥ The above method of finding the hour of the day by eorresponding altitudes of
| the sun or stars, is the easiest and most correct that can be employed. Owing, liow-
| ever, to the change that takes place in the sun's declination before the afternoon al-
I titude is taken, it is liable to an error, which, at a maximum, amounts to 30” in the
| time of the equinoxes. A table containing this eorrection, which depends upon the
| interval between the altitudes, and upon the declination of the sun, may be scen in

| the Astronomie de la Lande, edit, 3d, tom. i, Tubles, p. 37, and in the Tables de
| Berlin, tom. i, p. 291, =Ed.
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or plummet reaching almost to the floor ; and the whole will
prepared for farther and proper adjustment.

This done, find the true solar time by either of the two |
methods, and thereby regulate your clock. Then, at the m
ment of next noon by the clock, when the sun shines, mov
the sliding bar in the groove until the shadow of the plum
line bisects the image of the sun (made by his rays transmit
through the hole) on the floor, wall, or on a white screen plac
on the north side of the line; the plummet or weight at th
end of the line hanging freely in a pail of water placed belo
it on the floor. But because this may not be quite correct fi
the first time, on account of the plummet not settling imme-
diately, even in water ; it may be farther corrected on the fol--
lowing days, by the above method, with the sun and clock, )
and so brought to a very great exactness.

N. B. The rays transmitted through the hole will cast but a /|
famnt image of the sun, even on a white sereen, unless the room
be so darkened that no sun-shine may be allowed to enter but
what comes through the small hole in the plate. And always, |
for some time before the observation is made, the plummet
ought to be immersed in a jar of water, where it may hang
freely ; by which means the line will soon become steady, which
otherwise would be apt to continue swinging.

As this meridian line will not only be sufficient for regulat-
ing clocks and watches to the true time by equation tables, but
also for most astronomical purposes, I shall say nothing of the
magnificent and expensive meridian lines at Bologna and Rome, |
nor of the better methods by which astronomers observe pre- |
cisely the transits of the heavenly bodies over the meridian.®

® For farther information upon dialling, the reader may consult Orontii Iinei
Opera, fol. 1ib, ili.—I)e Horologiis Sciothericis a Joanne Voello, Tureni 1608.—
Horologiographia per Schastianum Munsterum 1533.—Christ, Clavii Bambergen-
sis Horologiorum Nova Deseriptio.—Demonstratio et Constructio Horologiorum
Novorum, avetore Georgio Schombergero.—Gnomenice Schoner, 4to.—The Gno-
mosague of De La Hive—Kastner's Guomonica Universalis.—Horsley On the Pro-
jection of the Sphere—Wolfii Oper. Mathemat. tom. ii, p. 787, Ferguson's Select
Exercises, Leybourn’s Dialling, Leadbetter’s Dialling, and an excellent treatise by
the celebrated Deparcieux, published at the end of his Traité de Trigonometrie
ﬂ:rtfﬁgm £F .!'Fhrfgﬂ-&. This subject is treated more meoumin b_? M. Sejour, in
his Recherehes sur la Gm}mouiqu, 1761, and in his Traiie Analytique, tonw. i, pe
705.—Sce also The Edinburgh Enryﬂf‘.}pﬁﬂﬁu, vol. vii, p. 691.
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LECTURE XII.

| AaHEWING HOW TO CALCULATE THE MEAN TIME OF ANY NEW

. OR FULL MOON, OR ECLIPSE, FROM THE CREATION OF THE
WORLD TO THE YEAR OF CHRIST 5800.
]

Ix the following tables, the mean lunation is about Gilaiation
a 20th part of a second of time longer than its mea- of new and
sure, as now printed in the last edition of my Astro- T oon.
nomy ; which makes the difference of an hour and thirty mi-
nutes in 3000 years. But this is not material, when only the
mean times are required.

Precrrrs.—To find the mean time of any new or full moon
in any given year and month after the Christian era.

1. If the given year be found in the third column of the
table of the moon’s mean motion from the sun, under the title
years before and after Christ : write out that year, with the
mean motions belonging to it, and thereto join the given month
with its mean motions. But, if' the given year be not in the
table, take out the next lesser one to it that you find, in the
same column ; and thereto add as many complete years, as will
make up the given year : then, join the month and all the re-
spective mean motions.

2. Collect these mean motions into one sum of signs, de-
grees, minutes, and seconds ; remembering that 60 seconds (")
make a minute, 60 minutes (") a degree, 30 degrees (°) a sign,
and 12 signs (*) a cirele.  When the signs exceed 12, or 24, or
36 (which are whole circles), reject them, and set down only
the remainder; which, together with the odd degrees, minutes,
and seconds, already set down, must be reckoned the whole
sum of the collection.

3. Subtract the result, or sum of this collection, from 12
signs 3 and write down the remainder. Then look in the table
under days, for the next less mean motions to this remainder,
and subtract them from it, writing down their remainder.

T'his done, look in the table under Zowrs (marked H) for the
next less mean motions to this last remainder, and subtract them
from it, writing down their remainder.

Then look in the table under minutes (marked M) for the
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next less mean motions to this remainder, and subtract them
from it, writing down their remainder.

Lastly, look in the table under seconds (marked S) for the
next less mean motion to this remainder, either greater or less;
and against it you have the seconds answering thereto.

4. And these times collected, will give the mean time of the
required new moon ; which will be right in common years ; and
also in January and February in leap years; but always one
day too late in leap years after February.

Exaurce L—Required the time of new moon. in September
1764 7

(A year not inserted in the table.)
Moon from sun.

To the year after Christ'’s birth 1758 - - 10 9 24 56
Add complete years - 11 = = 010 14 20

(sum 1764)
And join September - -

The sum of these mean motions is - - 112 0 24
Which, being subtracted from a circle, or - 12 0 0 ©

e 2 92 21 8

Leaves remaining - - - - 10 27 59 36
Next less mean motion for twenty-six days, sub-

trﬂ.ct. - - - - - ]ﬂ ]ﬁ 5T 34.
And there remains - - - - -
Next less mean motion for two hours, subtract - 1 0 57
And the remainder will be - - = 1 B
Next less mean motion for two minutes, subtract  leed |

Remains the mean motion of twelve seconds - 4

These times, being collected, would shew the mean time of
the required new moon in September 1764, to be on the 29th
day at 2" 2™ 12 past noon. But, as it is in a leap year, and
after February, the time is one day too late. So, the true
mean time is September the 25th, at 2™ 12* past ILin the after-
noon.

N. B. The tables always begin the day at noon, and reckon
thenceforward, to the noon of the day following.

To find the mean time of full moon in any given year and
month after the Christian era. -

Having collected the moon’s mean motion from the sun for
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the beginning of the given year and month, and subtracted

their sum from twelve signs (as in the former example), add
six signs to the remainder, and then proceed in all respects as

above.
Ex. I1.—Required the mean time of full moon in September

17647
Maon from sun,
To the year after Christ’s birth 1753 - - 10 9 24 56
Add complete years - 11 - - 0 10 14 20
(sum 1764)
And jl}lﬂ SEPtE]]'lb'EI' - - - - Qa3 aj 8
The sum of these mean motions is = - - 112 0 24

Which, being subtracted from a circle, or - 12 0 0 O

Leaves remaining - - - - 10 17 59 36
To which remainder add . - - - - 6 0 0 0O
And the sum will be - - - - 4 17 59 36
Next less mean motion for eleven days, subtract 4 14 5 54
And there remains - - - - 3 58 42
Next less mean motion for seven hours, subtract 3 83 20
And the remainder will be R m - 20 22
Next less mean motion for forty minutes, sub-

tract - - - = = & 20 19
Remains the mean motion for eight seconds = 3

So, the mean time, according to the tables, is the 11th of
September, at 7" 40™ 8* past noon. One day too late, being
after February in a leap year.

And thus may the mean time of any new or full moon be
found, in any year after the Christian era. ~

To find the mean time of mew or full moon in any given year
and month before the Christian era.

If the given year before the year of Christ 1 be found in the
third column of the table, under the title of years before and
after Christ, write it out, together with the given month, and
Jon the mean motions. But, if the given year be not in the
table, take out the next greater one to it that you find ; which
being still farther back than the given year, add as many com-
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plete years to it as will bring the time forward to the given
year ; then join the month, and proceed in all respects as above,.

Ex. III.—Required the mean time of new moon in May, ﬂ'w
year before Christ 585 ¢
The next greater year n the table 1s 600; which being 15
years before the given year, add the mean motions for 15 years
to those of 600, toge ther with those for the beginning of May.

Moon from sun.

L] L] ' e
To the year before Christ 600 =5 SIS 511 6 16
Add complete years motion 15 - - - 6 05524
And the mean motion for May . - - - 0 2253 328
The whole sum is - - - - 0 4 55 8
Which, being subtracted from a cirele, or - 12 0 0 O
I.eaves remaining - - - - 11 25 4 57
Next less mean motion for twenty-nine daya, sub-
tract - - - - 11 28 31 54
And there remains - - 1 83 &-
Next less mean motion for tl1ree hours, subtrat:t 1 31 26
And the remainder will be - - - 1 87
Next less mean motion for three minutes, subtract 1 31
Remains the mean motion of fourteen seconds 6

So the mean time, by the tables, was the 29th of May, at
3" 8™ 14° past noon : a day later than the truth, on account of
its being in a leap year. For, as the year of Christ 1 was the
first after a leap year, the year 585 before the year 1 was a leap‘
year of course.

If the given year be after the Christian cra, divide its date
by 4, and if nothing remains, it is a leap year in the old stile.
But if the given year was hefore the Christian era (or year of
Christ 1), subtract one from its date, and divide the remainder
by 43 then, if nothing remains, it was a leap year ; otherwise
not.

To find whether the sun is eclipsed at the time of any given
change, or the moon at any given full.

From the table of the sun’s mean wmotion (or dis-
tance) from the moon's ascending node, collect the

i 4
|
i

& |

Of eclipses.
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mean motions answering to the given time; and if the result
shews the sun to be within 18° of either of the nodes at the time
of new moon, the sun will be eclipsed at that time. Or, if the
result shews the time to be within 12° of either of the nodes at
the time of full moon, the moon will be eclipsed at that time,
in or near the contrary node ; otherwise not.

Ex. IV.— The moon changed on the 26th of September 1764,
at 2" 2" (neglecting the seconds) afternoon. (See Ex. I).
Qu. Whether the sun was eclipsed at that time ?

Sun from node.

I

To the yvear after Christ’s birth & - 1753 128 016

Add complete years, - - - 11 7, .2 . 356
(sum 1704)

September - - - - - - B 1292 49

% S 26 days - - - - - 27 0 13

2 hours - - - - - 512

2 2 minutes - - - - - 5

Sun’s distance from the ascending node - 6 9 32 34

Now, as the descending node is just opposite to the aseend-
mg (viz. six signs distant from it), and the tables shew only
how far the sun has gone from the ascending node, which, by
this example, appears to be 67 0° 32" 347, it 1s plain that he
must have then been eclipsed ; as he was then only 9° 32" 34"
short of the descending node.

Ex. V.—The moon was fidl on the 11th of September 1764,
at 7" 40" past noon. (See Example I1).  Qu. Whether she
was eclipsed at that time ¢

Bun from node.

= o r o

To the vear after Christ’s birth - 1758 128 019
Add complete years - - - 11 8 L1
(sum 1764)

Septemifpmer- . LU SL WL g 13 gaidp

11 days - - - - - 111 25 29

And y :
7 hours - - - - - 18 11

40 minutes - - - - - 1 44

Sun’s distanee from the ascending node - 5 24 12 28

Which being subtracted from six signs, leaves only 5° 47 32~
¥OL. L ' U
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remaining ; and this being all the space that the sun was short
of the descending node, it is plain that the moon must then have
been eclipsed, because she was just as near the contrary node.

Ex. VL—Qu. Whether the sun was eclipsed in May, the year
before Christ 585 ¢  (See Example 111.)

Sun from node,

I £

To the year before Christ GO0 - - - 9 0 23 51
Add the mean motion of 15 complete years - 9 19 27 49
May - - - - - - - 4 4 37 57
S0.days el IR AR T e R

And 3 hours - * - - - - 7 48
% minutes (neglecting the seconds) - 8

Sun’s distance from the ascending node - 0 3 44 43

Which being less than 18 shews that the sun was eclipsed
at that time.

Thales’s This eclipse was foretold by Thales, and is thought
eclipse. to be the eclipse which put an end to the war be-
tween the Medes and Lydians,

When The times of the sun’s conjunction with the nodes,

eclipses must  and consequently the eclipse months of any given
S year, are easily found by the Tables of the sun’s
mean motion _from the moon's ascending node ; and much i the
same way as the mean conjunctions of the sun and moon are
found by the table of the moon’s mean motions from the sun.
For, collect the sun’s mean motion from the node (which is the
same as his distance gone from it) for the beginning of any
given year, and subtract it from 12 signs; then, from the re-
mainder, subtract the next less mean motions belonging to
whatever month you find them in the table; and from the re-
mainder subtract the next less mean motion for days, and so on
for hours and minutes: the result of all which will shew the
time of the sun’s mean conjunction with the ascending node of
the moon's orbit.

Ex. VIL.—Required the time of the sun's conjunction with the
ascending node in the year 1764 2

Sun from node.

i # L r "

To the year after Christ's birth - 1758 128 019
Add complete years - - - 1 7.8 356

Mean distance at beginning of a. . 1764 - ‘g 0 4 15
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Sun from node.

i o T ]
Mean distance at beginning of 1764 (brought overy 9 0 4 15
Subtract this distance from a circle, or - - 120 0 o0
And there remains - - - 4 2 29 55 45
Next less mean motion for March, subtmct - 2 116 %9
And the remainder will be - - - - 28 30 6
Next less mean motion for 27 days, subtract - 28 2 39
And there remains - - - - - 36 34
Next less mean motion for 14 hours, subtract - 36 21
Remains, nearly, the mean motion of 5 minutes - 13

Hence it appears, that the sun will pass by the moon’s ascend.-
ing node on the 27th of March, at 14" 5™ past noon, viz.
on the 28th day, at 5™ past II in the morning, according
to the tables; but this being in a leap year, and after Fe-
bruary, the time is one day too late. Consequently, the true
time is at 5™ past II in the morning on the 27th day; at
which time the descending node will be directly opposite to the
sun.

If 6 signs be added to the remainder arising from the first
subtraction (viz. from 12 signs) and then the work carried on
as in the last example, the result will give the mean time of the
sun’s conjunction with the descending node. Thus, in

Ex. VIIL—=T0 find when the sun will be in conjunction with
the descending node in the year 1764 ?

Sun from node.

To the year after Christ’s blrth - 1753 128 019
Add complete years e - 11 T2 856
Mean distance from ascending node at be-

ginning of - i - - - 1764 9 0 415
Subtract this distance from a circle, or = - 12 0 0 0
And the remainder will be - = - = 2 20 55 45
To which add half a circle, or - - = 6 o O 0O
And the sum will be - - - - - 8 20 55 45
Next less mean motion for September subtracted 8 12 22 49

And there remains - - - - = 17 32 56
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A4 Table of mean Lunations. y

This table is made by the continual addition of a mean luna-

tion, viz. 209 12" 44™ 3* 6™ 12 147 24~ (i,
Lun. Days. H. M. 8. Th)  In 100000 mean lunations
there are 8085 Julian vears
1 29 12 44 3 6| j2 days 21 hours 36 mi-
2| 59 128 613 putes 30 seconds
g E 88 14 12 9 19 | 2953059 days 3 hours 36
4| g 118 256 12 25 | pninutes 30 seconds.
5 fj 147 15 40 15 89
0] 177 4 24 18 38
7 206 17 8 21 44 Proof of the Table.
8 236 5 52 24 51 =g s :
9 265 18 86 27 57 | e
() L -
B ol o o sl T 1 14 22 12
e 290 s 2 e s Ndani 114 22 12
30 38522 188 11| = 2% )
40 1181 5 22 4 14 | = = 5" nalat
¥ = 5 10 0 18 28
a0 1476 12 42 35 18 E 1; 4 26 17 20
100 2953 1 25 10 35 H“J"“ 1
200 5006 2 50 91 11 | HowrsEl 1o 4ps 2
Min. 36 18 7
300 8850 4 15 31 46 g 20 15
400 | 11812 5 40 42 22 | 2%¢
500 14756 7 5 52 57 | M.fr.sun, 0 0 0 O
1000 20530 14 11 45 54 -
2000 | 59661 4 23 81 48 | Having by the former precepts
3000 88501 18 35 17 42 | computed J‘{E“T“rn:"'ﬁ of new
oL maoon in ven
AU00 G talse By 8 36 year, it is easy.}r'i:y this tihlgc, to
5000 | 147652 22 58 49 30 | jind the mean time of new moon in
10000 | 295305 21 57 39 O | January for any number of years
20000 500611 19 55 18 0O ﬂﬂta?;r:lii“ﬂ!‘fllﬂbﬁ Fﬂﬁalﬂ; t:ll'l;
20000 | 885017LF 08 7. 0 |8 e ke o ginird L
*mnﬂ IIHIEES 15 5':} Slﬁ G El;it:g,ﬂiﬂ mean tjng'l: of new ﬂrfu]]
50000 | 1476529 13 48 15 O | yoon in any given year and month
100000 | 2953050 8 356 39 0O | whatever.
D. H M. 5 Th
In 11 lupations thereare . : . . 324 20 4 34 10
In12lonetionts . . . . . . 354 8 48 37 16
In 13 lunations . . . £ 383 21 352 40 23
But then it would be best tn begin the year with March,
avoid the inconvenience of losing a day by mistake in ]eap
year.
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A Table of the Moow's mean Motion fiom the Sun.

a}ﬂﬁt‘l: l}"e:hr: E;E::-‘I:;;ﬂ Moon from sun. ;;i::- Moon from sun.
Julian | World, Christ. st i i YEars. Al
period.
TO6 0 | 4008 | 5 28 1 17 11| 0 10 14 20
t 714 8 4000 | 5 9 23 24 IgiFedEy a2 8 11
1714 | 1008 | 5 8000 | 11 20 28 57 13| 9 11 40 35
a714 | 2008 | £ 2000 | 6 1 34 30 14| 1 21 18 O
3714 | 3008 E 1000 012 40 3 15| 6 055 24
3814 | 3108 5’ 900 | 10 19 46 36 16 | 10 22 44 15
S914 | 3208 | 8 800 8 206 53 9 17| 3 221 89
4014 | 3308 | 5 00| 7 3 59 43 18| 711 59 4
4114 | 3408 |2 600 | 511 6 16 19 | 11 21 36 27T
4214 | 3508 | & 500 | 3 18 12 49 20 | 4 13 25 19
4314 | 3608 | ¥ 400 | 1 25 19 28 40 | 8 26 50 37
4414 | 3708 | & 800 | 0 22556 60| 11015 56
4514 | 3808 | & 200 |10 9 32 29 80| 528 41 15
{4614 3008 |9 100| 81639 3| 100]10 7 6 33
4714 | 4008 1| 623 4586| 200]| 8 14 13 7
4814 | 4108 | Y 101 | 5 052 9§ 300]| 6 21 19 40
4914 [ 4208 [ .2 201 | 8 7 58 43| 400 | 4 28 26 13
5014 | 4308 | 5 301 | 115 516 500 | 8 5 32 47
5114 | 4408 | . 401 | 11 22 11 49 | 1000 G 11 5 388
5914 | 5508 | & 501 | 0 20 18 23 | 2000 | 0 22 11 6
5714 | 5008 | =< 1001 | 1 451 9| 3000 7 316 39
G414 | 5708 17001 | 024 37 2] 4000 1 14 22 12
6466 | 5760 1758 | 10 9 24 56
Fﬂl‘i‘ dSﬂ-ﬂ ISﬂl ’G o ﬂf} 15 Months.
S o ﬁ mplele
"8 ES C;uplr: Jan. | 0 0 0 ©
g5 o Feb. | 0 17 54 48
e el BT 1] 4 987 24| Mar. | 11 29 15 16
efag2 He 21 419 14 8| April] 0 17 10 3
e o MBS 51 028 52 13 May | 0 22 53 28
ST o = &
BEo< ©% 4| 52041 4| June| 1 10 40 11
BSEg B %< 5|10 01828 | July | 116 31 32
n2 8 [EE8® 6| 2 95552 )| Aug.| 2 4 620
%3 (875 7| 61983 17 || Sept. | 22221 8
Sw & EH 8111122 7 Oct. | 2.28 429
ﬁ;ﬁgd £ 35 0| 32059 32 || Nov. | 3 15 59 17
= SZE |2 10| 8 03655 | Dec. | 321 42 7
= 'E % = = | i =
204 £ 8 | This table agrees with the ofd style until the year
- ! 1753 ; and after that with the nen.

s m—
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Sun from node,

Remainder (brought over) - - - - 17 32 56
Next less mean motion for 16 days subtracted 16 37 4
And the remainder will be - - - - 55 52
Next less mean motion for 21 hours subtracted 54 52
Remains, nearly, the mean motion of 31 minutes 1 20

So that, according to the tables, the sun will be in conjunc-
tion with the descending node on the 16th of September, at 21
hours 31 minutes past noon : one day later than the truth, on
account of the leap year.

The limitsof V¥ hen the moon changes within 18 days before or
eclipses. after the sun’s conjunction with either of the nodes,
the sun will be eclipsed at that change : and when the moon is
full within 12 days before or after the time of the sun’s con-
junction with either of the nodes, she will be eclipsed at the
full : otherwise not.

Their period If to the mean time of any eclipse, either of the
and restitu-  sun or moon, we add 557 Julian years 21 days 18
tou. hours 11 minutes and 51 seconds (in which there
are exactly 6890 mean lunations) we shall have the mean time
of another eclipse.! For at the end of that time the moon will
be either new or full, according as we add it to the time of new

¥ Dr. Halley's period of eclipses contains only 18 years 11 days 7 hours 43 mi-
nutes 20 seconds ; in which time, according to his tables, there are just 223 mean
lunations ; but as in that time, the sun’s mean motion from the node is no more
than 11* 29¢ 31* 49", which wants 28’ 11" of being as nearly in conjunction with
the same node at the end of the period as it was at the beginning, this period cannot
be of constant duration for finding eclipses, because it will in time fall quite without
their limits. The following tables make this period 31" shorter, as appears by the
caleulation annexed.®

The period. Moon from the sun.  Sun from node.

i @ ¥ i 5 L] ¥ i

Cﬂmpim Fﬂm’ltll"-llwi‘n""lri+|r-lrr---lﬂ-? l’ 59 4—1] i? dﬁ Iﬂ-
Ila}'ﬁ}------nr---*-----n-n-i-4|.||+|.]1—4 lI-"I' :l‘ 54— 11 ﬂlﬁ E'u'

]WUTS-J Sedsus En e RER SN R EER RN A ?—llli' 3 33 ﬂn— Iﬂ Il

]Tlin“tﬂ, I‘l++lilliI'Illtill“‘llllldﬁ-‘ 2' 2“- 1 49

m‘ls} ."..‘_-...‘..|"'.l'"'..'|lld4— 22— 2
hlmmuﬁm]51+-||...|lni--..-.......i.i...... 1—{, ﬂ “ “—li 2‘9 31 'i“

* By computing from the new solar tables of De Lambre, and the lunar tables of Mayer, as im-
proved by Masen, this short period of eclipses, which Iz generally ealled the period of Fliny, or the
Chaldsie period  will amount only to 18 years 11 days 7 Irmu-n 4% mimutes and 51 seconds; and the
+un’s distanee from the moon's node 1o 287 107 —=Ed.
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or full moon ; and the sun will be only 45" farther from the
same node, at the end of the said time, than he was at the be-
ginning of it ; as appears by the following example.?

The period. Moon from sun.  Sun from node.

] L] r L ] -] F "
300—3 5 32 47—10 14 45 8

Complete years< 40--8 26 50 87— 1 23 58 49
17—3 2 21 39—10 28 40 55

da}fs - = 2l 16 0 21— 21 48 58
hoive - .- M= 'O\ '8 85 146 44
minutes - 11— 5 85— 29
gsecontdls < 51— 206 — 2
Mean motions —0 0 0 0— 0 0 0 45

And this period is so very near, that in 6000 years it will
vary no more from the truth as to the restitution of eclipses,
than 8! minutes of a degree ; which may be reckoned next to
nothing. It is the shortest in which, after mauny trials, I can
find so near a conjunction of the sun, moon, and the same node.

* The period here mentioned by Mr. Ferguson amounts only to 537 years 21
days 18 hours 4 minutes 47 seconds ; and the sun’s distance from the moon’s node
is fully 1" 41".—Ed
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A Table of the Moons mean Motion from the Swn.

Moon from sun. Moon from sun. Moon from sun.
Days.
[ & F a
H. " B M. R
Ib‘[' ¥ TR S. i FIT T
1 012 11 97 S. oo Th. | ™ mw
a 0 24 22 53
3 1- 6 84 20 1 0 30 29 31 15 44 47
4 1 18 45 47 2 1 10 8 a2 16 15 16
5 2 0 57 IE 3 1 31 26 33 16 45 44
i} 2 13 8§ 40 4 g 1 54| 84 |17 1618
T 2 o8 an 5 2 33 9f 35 17 46 42
8 3 T 81 34 (i 8 2 52| 86 18 17 10
9 319 43 0O i 3 33 20 37 18 47 39
10 4 1 54 27 8 4 349 | 38 19 18 7
11 4 14 554 9 4+ 34 18 39 19 48 36
12 4 26 17 20 10 5 4 46 40 20 19 5
13 5 8 28 47 11 585 15| 41 20 49 38
14 5 20 40 14 12 6 548 | 42 |21 20 2
15 6 2 51 40 i 6 36 12 43 21 50 31
16 G 15"y 7 14 7T 641 | 44 | 22 20 59
17 6 27 14 34 15 T8 9| 45 |22 51 928
18 7T 926 0 16 8 T38| 46 | 23 21 56
19) v 9] 87 27 1% 888 6| 47 | 23 52 25
20 8 8 48 54 18 Qg 835 48 | 24 22 54
21 8 16 0 21 19 0 30 4 44 94 58 99
29 B 28 11 47 20 10 9 382) 50 | 25 25 51
23 901092314 | 21 |1040 1| 51 |25 54 19
24, 0 22 34 41 29 11 10 80| 52 | 26 24 48
25 10 4 46 7 23 11 40 58 538 26 55 17
26 | 10 16 57 34 94 |12 11 27| 54 | 27 25 45
2T 1029 9 1 95 12 41 55 55 a7 56 14
28 11 11 20 27 20 i3 12 24 | 56 | 28 206 43
20 11 23 31 5¢ | 27 13 42 58 57 |28 57 11
30 0 5 45 21 28 14 18 21 58 20 27 #0
51 0 17 54 48 210) 14 43 50 59 | 29 58 8
32 1 0 614 30 1514 18 | GO | 30 28 37

1™ 147 247 g™

1 Lunation = 2¢* 12" 44™ 3* 6™

In leap years, after February, a day and its motion must be
added to the time for which the moon’s mean distance from the
sun is given. But when the mean time of any new or full
moon is required in leap year after February, a day must be
subtracted from the mean time thereof, as found by the tables.
In common years they give the day right.
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A Tuble of the Suw's mean Motion from the Moon's as-
cending node.

Y ears

This table agrees with the old style until the year

b the Emu Yem; !:;_[cfnm Sun from node. Cumplml Sun from node.
duian | TO0 | Che |+ oo s [Tl o L.
Period. 3

706 0 4008 | 7 617 9 ¥ -2 8 56
714 8 4000 [ 0 11 4 55 12 | 7 22 11 39
1714 | 1008 | = 3000 9 10 85 11 138|811 17 2
2714 | 2008 | & 2000 | 6 10 5 28 i 14|90 022 25
3714 | 3008 | £ 1000|383 985 44| 15|09 19 27 49
3814 | 5108 | = 900 | 7 24 32 46 16 {10 9 35 31
3914 | 8208 | ° 800 |0 9 29 48 17 |10 28 40 55
4014 | 3308 | S 700 | 4 24 26 49 | 18 |11 17 46 18
4114 | 3408 | = 600 |9 9 238 51 19| 0 6 51 48
4214 | 3508 | 2 500 | 1 24 20 53 20 | 0 26 59 24
4814 | 3608 | L 400 |6 9 17 54 40 | 1 28 58 49
4414 | 3708 | 5 300 [10 24 14 56 60 | 2 20 58 13
4514 [ 3808 | 2 200 |3 9 11 58 80 | 8 17 57 87
4614 | 3908 100 | 724 8 59 100 | 4 14 57 2
4714 | 4008 1107 95 6H: 1 200 | 8 20 54 3
4814 | 4108 | £ 101 |4 24 3 3| 800|114 51 &
4914 | 4208 | E 201 |9 9 0 4| 400 | 5 29 48 7
5014 | 4308 | © 301 |1 23 57 6| 500 |10 14 45 8
5114 | 4408 g 401 | 6 8 54 8| 1000 |8 29 30 17
5214 | 4508 | & 501 |10 23 51 9 | 2000 | 5 29 0 33
5714 | 5008 1001 | 9 8 36 18 || 8000 | 2 28 30 50
G414 | 5708 1701 | 4 28 15 80 | 4000 |11 28 1 6
(466 | 5760 1758 | 1 28 0 19

6514 | 5808 1801 | 8 25 44 44 §aronehs.

G- -] Complete

i-g,u; yul;]s. Jan. |0 0 0 0
R Feb. | 1 2 11 48
g - ST 1|019 523 | Mar. |2 1 16 39
e_=2 |E% 2|1 81047 April| 8 3 28 27
“EHL Fa 3|1271610| May |4 4 37 57
ExT g ST 4|217 2353 June |5 649 45
2YE"< “¥3 5|8 62916 | July |6 7 59 14
TEw s £2% 63253440 | Aug. |7 911 1
?’E“E $9:= 7141440 3| Sept. |8 12 22 49
e & - @F 815 44746 | Oct. | 913 32 18
2 "2 (588 952358 9| Nov.|101544 5
So288 | 2" "10|6 12 58 33 | Dec. |11 16 53 34
3T RS

Theae

SDE &S

-

753 : and after that, with the nen.
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A Table of the Sun’s mean Motion from the Moon's ascend-

ing node.
Sun from node. Sun from node. Sun from node.
Days.
. o ] I =
H' @ ¢ £M» L.[. f £ L
L{_ L oo S_ " MR 1A
1 g 3 = 19 8. R Th. TR
2 0 2 4 38
3 0: 8.0 57 1 0 2 36 31 1 20 31
& 0 4 916 2 D 512 32 128 7
5 0 511 36 3 0 7 48 33 1 25 43
6 0 6 13 54 4 0 10 23 54 128 9
T 0 716 18 5 0 12 5¢ 35 1 81 55
8 0 B8 18 32 6 0 15 35 36 1 33 31
0 0 9 20 51 7 0 18 11 37 1 36 6
10 0 10 23 10 8 0 20 47 g8 1 38 42
11 0 11 25 29 9 0 23 28 39 1 41 18
12 O 12 27 48 10 0 25 58 40 1 43 54
13 018 30 7 11 0 28 33 | 41 1 46 36
14 0 14 32 26 12 08t 9 42 1 49 5
15 015 34 15 13 0 33 45 43 1 51 41
16 016 37 4 14 0 36 21 44 1 54 17
17 0 17 39 23 15 0 38 57 45 1 56 538
18 0 18 41 41 16 0 41 32 46 1 59 29
19 019 44 0 17 044 8 || 47 A L
20 0 20 46 19 18 0 46 44 48 2 4 41
2] 0 21 48 38 19 0 49 20 49 e T iy
22 022 50 57 20 0 51 56 50 2 0958
23 0 23 53 16 21 0 54 82 51 2 12 29
24 0 24 55 35 22 D ST a2 215 5
25 0 25 57 54 23 0 50 43 a8 2 17 41
20 027 013 24 1 219 54 2 20 17
27 028 2 32 25 1 4 55 a5 .28 58
28 020 4 51 20 i | 56 2 256 29
20 G el gl i, 27 I | a7 2 28 4
30 L fglt) R I 28 112 43 58 2 50 40
31 1 2 11 48 20 1 15 9 50 2 38 16
32 1 8 14 47 30 1 17 &5 h 60 2. 35 52

In leap years, after February, add one day and one day’s mo-
tion to the time at which the sun’s mean distance from the as-

cending node is required.




A SUPPLEMENT
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MECHANICS.

THE DESCRIPTION OF A NEW AND SAFE CRANE, WHICIH HAS FOUR
DIFFERENT POWERS, ADAITED TO DIFFERENT WEIGHTS.!

Tue common erane consists only of a large wheel Desérigiion
and axle ; and the rope, by which goods are drawn of a new

up from ships, or let down from the quay to them, “*"*
winds or coils round the axle, as the axle is turned by men
walking in the wheel. But, as these engines have nothing to
stop the weight from running down, if any of the men happen
to trip or fall in the wheel, the weight descends, and turns the
wheel rapidly backward, and tosses the men violently about
within it ; which has produced melancholy instances, not only
of limbs broke, but even of lives lost, by the illjudged con-
struction of cranes. And besides, they have but one power
for all sorts of weights; so that they generally spend as much
time 1n raising a small weight as in raising a great one.

These mmperfections and dangers imduced me to think of a
method for remedying them. And for that purpose, I con-
trived a crane with a proper stop to prevent the danger, and
with different powers suited to different weights; so that there
might be as little loss of time as possible : and also, that when

I Our author received a reward of ﬁi'l}r Puumls for the invention of this crane,
from the Society for the encouragement ef Arts; and a description of it was ho-

noured with a place in the Transactions of the Royal Society of London. Sce vol.
xlv, p. 42, =Eil.
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heavy goods are let down into ships, the descent may be regu-
lar and deliberate.

This crane has four different powers: and, I believe it might
be built in a room eight feet in width : the gib being on the
outside of the room.

Three trundles, with different numbers of staves, are applied
to the cogs of a horizontal wheel with an upright axle ; and the
rope that draws up the weight coils round the axle. The wheel
has ninety-six cogs, the largest trundle twenty-four staves, the
next largest has twelve, and the smallest has six. So that the
largest trundle makes four revolutions for one revolution of the
wheel : the next makes eight, and the smallest makes sixteen. A
winch is oceasionally put upon the axis of either of these trundles,
for turning it ; the trundle being then used that gives a power
best suited to the weight : and the handle of the winch describes
a circle in every revolution equal to twice the circumference of
the axle of the wheel. So that the length of the winch doubles
the power gained by each trundle.

As the power gained by any machine, or engine whatever, is,
in direct proportion, as the velocity of the power is to the ve-
locity of the weight ; the powers of this crane are easily esti-
mated, and they are as follows.

If the winch be put upon the axle of the largest trundle, and
turned four times round, the wheel and axle will be turned once
round : and the circle deseribed by the power that turns the
winch, being, in each revolution, double the circumference of
the axle, when the thickness of the rope is added thereto; the
power goes through eight times as much space as the weight
rises through : and therefore (making some allowance for fric-
tion) a man will raise eight times as much weight by the crane
as he would by his natural strength without it: the power, in
this case, being as eight to one. :

If the winch be put upon the axis of the next trundle, the
power will be as sixteen to one, because it moves sixteen times
as fast as the weight moves.

If the winch be put upon the axis of the smallest trundle,
and turned round, the power will be as thirty-two to one.

But if the weight should be too great, even for this power
to raise, the power may be doubled by drawing up the weight
by one of the parts of a double rope, going under a pulley in
the moveable block, which is hooked to the weight below the
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arm of the gib; and then the power will be as sixty-four to
one. That is, a man could then raise sixty-four times as much
weight by the crane as he could raise by his natural strength
without it ; because, for every inch that the weight rises, the
working power will move through sixty-four inches.

By hanging a block with two pullies to the arm of the gib,
and having two pullies in the moveable block that rises with
the weight, the rope being doubled over and under these pullies,
the pmfer of the crane will be as 128 to one. And so, by in-
creasing the number of pullies, the power may be increased as
much as you please : always remembering, that the larger the
pullies are, the less is their friction.

While the weight is drawing up, the ratch-tecth of a wheel
slip round below a catch or click that falls successively into
them, and so hinders the crane from turnming backward, and
detains the weight in any part of its ascent, if' the man who
works at the winch should accidentally happen to quit his
hold, or choose to rest himself before the weight be quite drawn
up.

In order to let down the weight, a man pulls down one end
of a lever of the second kind, which lifts the catch of the
ratchet-wheel, and gives the weight liberty to descend. But,
if the descent be too quick, he pulls the lever a little farther
down, so as to make it rub against the outer edge of a round
wheel ; by which means he lets down the weight as slowly as
he pleases: and, by pulling a little harder, he may stop the
weight, if needful, in any part of its descent. If he acciden-
tally quits hold of the lever, the catch immediately falls, and
stops both the weight and the whole machine.

This crane is represented in Plate XI, Fig. 1, where 4
i1s the great wheel, and B its axle on which the rope C winds.
This rope goes over a pulley D in the end of the arm of the
gib £, and draws up the weight #, as the winch G is turned
round. 1 is the largest trundle, 7 the next, and & is the axis
of the smallest trundle, which is supposed to be hid from view
by the upright supporter L. A trundle M is turned by the
great wheel, and on the axis of this trundle is fixed the ratchet-
wheel IV, into the teeth of which the catch O falls. P is the
lever, from which goes a rope Q Q, over a pulley R to the
catch ; one end of the rope being fixed to the lever, and the:
other end to the catch. = S is an elastic bar of wood, one end of

¢

\
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which is serewed to the floor : and from the other end goes a
rope (out of sight in the figure) to the further end of the lever,
beyond the pin or axis on which it turns in the upright sup-
porter T The use of this bar is to keep up the lever from
rubbing against the edge of the wheel U7, and to let the catch
keep in the teeth of the ratchet-wheel: but a weight hung
to the farther end of the lever would do full as well as the
elastic bar and rope.

When the lever is pulled down, it lifts the catch out of the
ratchet-wheel, by means of the rope @ Q, and gives the weight
F liberty to descend : but if the lever P be pulled a little far-
ther down than what 1s sufficient to lift the catch O out of the
ratchet wheel N, it will rub against the edge of the wheel U,
and thereby hinder the too quick descent of the weight; and
will quite stop the weight if pulled hard. And if the man
who pulls the lever, should happen inadvertently to let it go,
the elastic bar will suddenly pull it up, and the catch will fall
down and stop the machine.

W W are two upright rollers above the axis or upper gud-
geon of the gib E ; their use is to let the rope C bend upon .
them, as the gib is turned to either side, in order to bring the
weight over the place where it is intended to be let down.

N. B. The rollers ought to be so placed, that if' the rope €
be stretched close by their utmost sides, the half thickness of
the rope may be perpendicularly over the centre of the upper
gudgeon of the gib. For then, and in no other position of the
rollers, the length of the rope between the pulley in the gib
and the axle of the great wheel will be always the same, in all
positions of the gib: and the gib will remain in any position to
which it is turned.

When either of the trundles is not turned by the wineh in
working the crane, it may be drawn off from the wheel, after
the pin near the axis of the trundle 1s drawn out, and the thick
piece of wood 15 raised a little behind the ontward supporter of
the axis of the trundle. But this is not material ; for, as the
trundle has no friction on its axis but what 1s oceasioned by its
weight, 1t will be turned by the wheel without any sensible re-
sistance In working the crane.”

* A full account of various new and ingenious cranes, particularly Bramah's Hy.
drostatic Crane, will be found in the Edinburgh Encyclopedia, Art. Crane, vol. vii,
pe 312,
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A FYROMETER, THAT MAEKES THE EXPANSION OF METALS BY
HEAT VISIBLE TO THE FIVE-AND=-FORTY THOUSANDTH PART

OF AN INCH.

The upper surface of this machine is reprfzaenbed Desatplion
h}r Fig 2 of Plate XI., Its frame 4 B CDas made of anew
of mahogany wood, on which is a circle divided in- Pyrometer.
to 860 equal parts; and within that eircle is another, divided
into eight equal parts. If the short bar E be pushed one
mch forward (or toward the centre of the circle) the index ¢
will be turned 125 times round the circle of 360 parts or de-
. grees.  As 125 times 360 1s 45,000, it is evident, that if the
bar E be moved only the 45,000th part of an inch, the index
will move one degree of the circle. But as in my pyrometer
the circle is nine inches in diameter, the motion of the index is
visible to half a degree, which answers to the ninety thousandth
part of an inch in the motion or pushing of the short bar E.

One end of a long bar of metal ¥ is laid into a hollow place
in a piece of iron (7, which is fixed to the frame of the machine ;
and the other end of this bar is laid against the end of the short
bar E, over the supporting cross bar H I': and, as the end _fof
the long bar 1s placed close against the end of the short bar,
it is plain, that if " expands, it will push ¥ forward, and turn
the index e.

"The machine stands on four short pillars, high enough from
a table to let a spirit-lamp be put on the table under the bar
F'; and when that is done, the heat of the flame of the lamp
expands the bar, and turns the index. :

There are bars of different metals, as silver, brass, and iron,
all of the same length as the bar F, for trying experiments on
the different expansions of different metals, by equal degrees of
heat applied to them for equal lengths of time; which may be
measured by a pendulum, that swings seconds. Thus, Method of
put on the brass bar F, and set the index to the vsing it
360th degree : then put the lighted lamp under the bar, and
count the number of seconds in which the index goes round the
plate, from 360 to 960 again ; and then blow out the lamp, and
take away the bar, :

"This done, put on an iron bar #' where the brass one was be-
fore, and then set the index to the 360th degree again. Light
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the lamp and put it under the iron bar, and let it remain just
as many scconds as it did under the brass one; and then blow
it out, and you will see how many degrees the index has moved
in the circle ; and by that means you will know in what propor-
tion the expansion of ironis to the expansion of brass; which I
find to be as 210 is to 360, or as seven is to twelve. By this me-
thod, the relative expansions of different metals may be found.

The bars ought to be exactly of equal size; and to have them
so, they should be drawn, like wire, through a hole.

When the lamp is blown out, you will see the index turn
backward : which shews that the metal contracts as it cools.

The inside of this pyrometer is constructed as follows : —

In Fig. 3, Plate XI, 4ais the short bar which moves be-
tween rollers ; and, on the side a it has fifteen teeth in an inch,
which take into the leaves of a pinion B (twelve in number)
on whose axis is the wheel C of 100 teeth, which take into
‘the ten leaves of the pinion D, on whose axis is the wheel & of
100 teeth, which take into the ten leaves of the pmion F, on
the top of whose axis is the index above mentioned.

Now, as the wheels € and E have 100 teeth each; and the
pinons D and F* have ten leaves each, it is plain, that if the
wheel C turns once round, the pimmion F and the index on its
axis will turn 100 times round. But, as the first pinion B has
only twelve leaves, and the bar A4 a that turns it has fifteen teeth
m an inch, which is twelve and a fourth part more; one inch
motion of the bar will cause the last pinion ¥ to turn a hundred
times round, and a fourth part of a hundred over and above,
which 1s twenty-five. So that if 4 @ be pushed one inch, F will
be turned 125 times round.

A silk thread & is tied to the axis of the pinion D, and wound
several times round it ; and the other end of the thread is tied
to a piece of slender watch-spring G, which is fixed into the stud
H. Sothat as the bar f'expands, and pushes the bar 4 a forward,
the thread winds round the axle, and draws out the spring:
and as the bar contraets, the spring pulls back the thread, and
turns the work the contrary way, which pushes back the short
bar 4 a against the long bar 2 This spring always keeps the
teeth of the wheels in contact with the leaves of the pinions,
and so prevents any shake in the teeth. '

1In Fig. 1, the eight divisions of the inner circle are so many
thousandth parts of an inch in the expansion or contraction of

[l oy
L
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the bars: which is just one thousandth part of an inch for each
division moved over by the index.

A WATER-MILL INVENTED BY DR. BARKER, THAT HAS NEITHER
WHEEL NOR TRUNDLE.

This machine is represented by Fig. 4 of Plate Barkers wa-
X1, in which 4 is a pipe or channel that brings wa- ter-mill.
ter to the upright tube B. The water runs down the tube,
and thence into the horizontal trunk €, and runs out through
holes at d and e near the ends of the trunk on the contrary sides
thereof.

The upright spindie D 1s fixed in the bottorm of the trunk,
and screwed to it below by the nut g ; and is fixed into the
trunk by two cross bars at f: so that, if the tube B and trunk
C be turned round, the spindle D will be turned also.

The top of the spindle goes square into the rynd of the up-

mill-stone H, as in common mills; and, as the trunk, tube,
and spindle, turn round, the mill-stoneis turned round thereby.
The lower, or quiescent, mill-stone is represented by 7; and K
is the floor on which it rests, and wherein is the hole L for
letting the meal run through, and fall down into a trough,
which may be about M. The hoop or case that goes round the
mill-stone rests on the floor &, and supports the hopper, in the
common way. The lower end of the spindle turns in a hole in
the bridge-tree G #, which supports the millstone, tube, spindle,
and trunk. This tree is moveable on a pin at 4, and its other
end is supported by an iron rod N fixed into it, the top of the
rod going through the fixed bracket 0, and having a screw nut
o upon it, above the bracket. By turning this nut forward or
backward, the mill-stone is raised or lowered at pleasure.

While the tube B is kept full of water from the pipe 4, and
the water continues to run out from the ends of the trunk ; the
upper mill-stone H, together with the trunk, tube, and spindle,
turns round. But, if the holes in the trunk were stopped, no
motion would ensue ; even though the tube and trunk were full
of water. For, if there were no hole in the trunk, the pressure
of the water would be equal against all parts of its sides within.

But, when the water has free egress through the holes, its pres-
VOL. I. X
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sure there is entirely removed : and the pressure against the purtl
of the sides which are opposite to the holes, turns the machine.*

HYDROSTATICS.

A MACHINE FOR DEMONSTRATING THAT, ON EQUAL BOTTOMS,
THE PRESSURE OF FLUIDS 18 IN PROPORTION TO THEIR PER-
PENDICULAR HEIGHTS, WITHOUT ANY BEGARD TO THEIR
QUANTITIES.

Hydrostati- This is termed the Hydrostatical Paradox : and the
cal Paradox. ymachine for shewing it is represented in Fig. 1 of
Plate XII. In which 4 is a box that holds about a pound
of water, a b ¢ d ¢ a glass tube fixed in the top of the box, hav-
ing a small wire within it; one end of the wire being hooked
to the end F of the beam of a balance, and the other end of
the wire fixed to a moveable bottom, on which the water lies,
within the box ; the hottom and wire being of equal weight with
an empty scale (out of sight in the figure) hanging at the other -
end of the balance. If this scale be pulled down, the bottom
will be drawn up within the box, and that motion will cause the
water to rise in the glass tube.

Put one pound weight into the scale, which will move the
bottom a little, and cause the water to appear just in the lower
end of the tube at @; which shews that the water presses with
the force of one pound on the bottom ; put another pound into
the scale, and the water will rise from @ to & in the tube, just
twice as high above the bottom as 1t was when at @; and then,
as 1ts pressure on the bottom supports two pound weight in the
scale, it is plain that -the pressure on the bottom is then equal
to two pounds. Put a third pound weight in the scale, and the
water will be raised from 4 to ¢ in the tube, three times as high
above the bottom as when it began to appear in the tube at a;
which shews, that the same quantity of water that pressed but
with the force of one pound on the bottom, when raised no
higher than @, presses with the force of three pounds on the
bottom when raised three times as high to ¢ in the tube. Put
a fourth pound weight into the scale, and it will cause the wa-

See the “ppendix for farther information on the construction of Dr. Barker's
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ter to rise in the tube from ¢ to d, four times as high as when
it was all contained in the box, which shews that its pressure
then upon the bottom is four times as great as when it lay all
within the box. Put a fifth pound weight into the scale, and
the water will rise in the tube from d to e, five times as high as
it was above the bottom, before it rose in the tube ; which shews
that its pressure on the bottom is then equal to five pounds,
seeing that it supports so much weight in the scale. And so on,
if the tube was still longer; for it would still require an addi-
tional pound put into the scale to raise the water in the tube to
an additional height equal to the space d¢; even if the bore of
the tube was so small as only to let the wire move freely within
it, and leave room for any water to get round the wire.

Hence we infer, that if a long narrow pipe or tube was fixed
in the top of a cask full of liquor, and if as much liquor was
poured into the tube as would fill it, even though it were so
small as not to hold an ounce weight of liquor; the pressure
arising from the liquor in the tube would be as great upon the
bottom, and be in as much danger of bursting it out, as if the
cask was continued up in its full size, to the height of the tube,
and filled with liquor,

In order to account for this surprising affair, we Solution of
must consider that fluids press equally in all manner the paradox.
of directions : and consequently that they press just as strongly
upward as they do downward. For, if another tube, as £, be put
into a hole made into the top of the box, and the box be filled
with water ; and then, if water be poured in at the top of the tube
a bede, it will rise in the tube / to the same height as it does in
the other tube: and if you leave off pouring, when the water is
at ¢, or any other place in the tube abede, you will find it
just as high in the tube f: and if you pour in water to fiil tha
first tube, the second will be filled also.

Now, it is evident, that the water risesin the tube £, from the
downward pressure of the water in the tube a b ¢ d ¢, on the sur-
face of the water, contiguous to the inside of the top of the box ;
and as it will stand at equal heights in both tubes, the upward
pressure in the tube fis equal to the downward pressure in the
. other tube. But, if the tube_# were put in any other part of
the top of the box, the rising of the water in it would still be
the same: or, if the top was full of holes, and a tube put into
each of them, the water would rise as high in each tube as it
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was poured nto the tube abe¢de; and then the moveable bot-
tom would have the weight of the water in all the tubes to bear,
beside the weight of all the water in the box.

And seeing that the water is pressed upward into each tube,
it is evident that, if they be all taken away, excepting the tube
abcde, and the holes in which they stood be stopped up; each
part, thus stopped, will be pressed as much upward, as was
equal to the weight of water in each tube. So that, the upward
pressure against the inside of the top of the box, on every part
equal in breadth to the width of the tube a b ¢ d e, will be pressed
upward with a force equal to the whole weight of water in the
tube. And consequently, the whole upward pressure against
the top of the box, arising from the weight or downward pres-
sure of the water in the tube, will be equal to the weight of a
column of water of the same height with that in the tube, and
of the same thickness as the width of the inside of the box : and
this upward pressure against the top will re-act downward
against the bottom, and be as great thereon, as would be equal
to the weight of a column of water as thick as the moveable
bottom is broad, and as high as the water stands in the tube.
And thus, the paradox is solved.

The moveable bottom has no friction against the inside of the

box, nor can any water get between it and the box. The me-
thod of making it so, is as follows : —
Construction 11 ¥1g- 2, 4 B C D represents a section of the
of themove.  box, and a b ¢ d is the lid or top thereof, which goes
s g o tight, like the lid of a common paper snuff-box.
£ is the moveable bottom, with a groove around its edge, and
it is put into a bladder_fg, which is tied close around it in the
groove by a strong waxed thread ; the bladder coming up like
a purse within the box, and put over the top of it at a and d
all round, and then the lid pressed on. So that, if water be
poured in through the hole 7 of the lid, it will lie upon the bot-
tom FE, and be contained in the space £ E g & within the blad-
der; and the bottom may be raised by pulling the wire é, which
i1s fixed to it at £ ; and by thus pulling the wire, the water will
be lifted up in the tube k, and as the bottom does not touch the
inside of the box, it moves without frietion.

Now, suppose the diameter of this round bottom to be three
inches (in which case, the area thereof will be nine circular
inches), and the diameter of the hore of the tube to be a quarter
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of an inch ; the whole area of the bottom will be 144 times
as great as the area of the top of a pin that would fill the tube

like a cork.

And hence it is plain, that if’ the moveable bottom be raised
only the 144th part of an inch, the water will thereby be raised
a whole inch in the tube; and consequently, that if the bottom
be raised one inch, it would raise the water to the top of a tube
144 inches, or twelve feet in height.

N. B. The box must be open below the moveable bottom,
to let in the air. Otherwise, the pressure of the atmosphere
would be so great upon the moveable bottom, if it be three inches
in diameter, as to require 108 pounds in the scale, to balance
that pressure, before the bottom could begin to move.

A MACHINE, TO BE SUBSTITUTED IN PLACE OF THE COMMON
HYDROSTATICAL BELLOWS.

In Fig. 8 of Plate XII, A BC'D is an oblong g e oo
square box, in one end of which is a round groove, the hydrosta-
as at a, from top to bottom, for receiving the upright e
glass tube I, which is bent to a right angle at the lower end
(as at i in Fig. 4), and to that part is tied the neck of a large
bladder & (Fig. 4), which lies in the bottom of the box. Over
this bladder is laid the moveable board L (Fig. 8 and 5), in
which is fixed an upright wire M ; and leaden weights N N,
to the amount of sixteen pounds, with holes in their middle,
which are put upon the wire, over the board, and press upon it
with all their force.

The cross bar p is then put on, to secure the tube from fall-
ing, and keep it in an upright position: and then the piece E I' G
is to be put on, the part G sliding tight into the dovetailed
groove I, to keep the weights N IV horizontal, and the wire M
upright ; there being a round hole ¢ in the part E F for receiv-
ing the wire.

There are four upright pins in the four corners of the box
within, each almost an inch long, for the board L to rest upon:
to keep it from pressing the sides of the bladder below it close
together at first.

The whole machine being thus put together, pour water into
the tube at top; and the water will run down the tube into the

bladder below the board ; and after the bladder has been filled
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up to the board, continue pouring water into the tube, and the
upward pressure which it will excite in the bladder, will raise
the board with all the weight upon it, even though the bore of
the tube should be so small, that less than an ounce of water
would fill it.®

"This machine acts upon the same principle as the one last de-
seribed, concerning the Hydrostatical paradox. For, the up-
ward pressure against every part of the board (which the blad-
der touches), equal in area to the area of the bore of the tube,
will be pressed upward with a force equal to the weight of the
water in the tube; and the sum of all these pressures against
so many areas of the board, will be sufficient to raise it with all
the weights upon it.

In my opinion, nothing can exceed this simple machine, in
making the upward pressure of fluids evident to sight.

THE CAUSE OF RECIPROCATING SPRINGS, AND OF EBBING AND
FLOWING WELLS, EXPLAINED.?

Camme.af voi L Fig_. T of Plate X1II, let @b ¢ d be a hill, with-
ciprocating  1n which 1s a large cavern 4 4 near the top, filled or
PELL. fed by rains and melted snow on the top @, making
their way through chinks and crannies into the said cavern,
from which proceeds a small stream C € within the body of the
hill, and issues outin a spring at G on the side of the hill,
which will run constantly while the cavern is fed with water.

3 Upon this principle, it has been justly affirmed by some writers on natural phi-
losophy, that a certain quantity of water, however small, may be rendered capable of
exerting a force equal to any assignable one, by increasing the height of the column,
and diminishing the base on which it presses. Dr. Goldsmith observes, that he has
seen a strong hogshead split in this manner. A small, though strong tube of tin,
twenty feet high, was inserted in the bung-hole of the hogshead. Water was then
poured into the tube till the hogshead was filled, and the water had reached within
a foot of the top of the tintube. By the pressure of this column of water, the hogs-
head burst with incredible force, and the water was scattered iu every direction. By
diminishing the area of the tube one half, or doubling its height, the same quantity
of water would have a double force.— Ed.

* Dr. Atwell of Oxford seems to have been the first person that pointed out the
cause of reciprocating springs. 'The theory of this gentleman, of which the article
i the text is an abridgment, was published in Number 424 of the Philosophical
Transactions, and was suggested by the phenomena of Lagywell spring, at Brizam,
in Devonshire. See Desagulier’s Experimental Fhilosophy, vol. ii, p. 173, and
p- 92 of this work.— FEd.,
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From the same cavern 4 4, let there be 4 small channel D,
to carry water into the cavern B ; and from that cavern let there
be a bended channel E ¢ F, larger than D, joining with the
former channel C C, as at f before it comes to the side of the
hill ; and let the joining at # be below the level of the bottom
of both these caverns.

As the water rises in the cavern B, it will rise as high in the
channel E ¢ F: and when it rises to the top of that channel at
e, it will run down the part ¢ F' G, and make a swell in the
spring G, which will continue till all the water is drawn off from
the cavern B, by the natural syphon E e F' (which carries off
the water faster from B than the channel D brings water to it),
and then the swell will stop, and only the small channel C' C
will carry water to the spring G, till the cavern B is filled to B
~again by the rill D; and then the water being at the top e of
the channel £ ¢ F, that channel will act again as a syphon, and
carry off all the water from B to the spring G, and so make a
swelling flow of water at G as before.

To illustrate this by a machine (Fig. 8), let 4 be Inustrated by
a large wooden box, filled with water ; and let a small # machine.
pipe C C (the upper end of which is fixed into the bottom of
the box) carry water from the box to &, where 1t will run off
constantly, like asmall spring. Let another small pipe D carry
water from the same box to the box or well B, from which let
a syphon E ¢ F' proceed, and join with the pipe C C at f: the

- bore of the syphon being larger than the bore of the feeding-
+ pipe D. As the water from this pipe rises in the well B, it will
. also rise as high in the syphon E ¢ #'; and when the syphon is
+ - full to the top e, the water will run over the bend e, down the
part e F, and go off at the mouth & ; which will make a great
- stream at G : and that stream will continue, till the syphon has
carried off all the water from the well B ; the syphon carrying
- off the water faster from B than the pipe D brings water to it :
and then the swell at G will cease, and gnly the water from the
small pipe C' C will run off at G, till the pipe D fills the well B
again ; and then the syphon will run, and make a swell at G as
before.

And thus, we have an artificial representation of an ebbing

and flowing well, and of a reciprocating spring, in a very natural
and simple manner.

-
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HYDRAULICS.

AN ACCOUNT OF THE PRINCIPLES BY WHICH MR. BLAKEY PRO-
POSES TO RAISE WATER FROM MINES, OR FROM RI‘TE‘RS, TOr
SUPPLY TOWNS, AND {‘-EHTLEHEH*S BEEATS, BY HISE NEW-IN=
YENTED FIRE-ENGINE, FOR WHICH HE HAS RECEIVED HIS
MAJESTY S LETTERS PATENT.

Blakey’s fire- Axrrrover T am not at liberty to describe the whole
ety of this simple engine, yet I have the patentee’s leave
to deseribe such a one as will shew the prineiples by which it
acts.

In Fig. 6 of Plate XII, let 4 be a large, strong, close ves-
sel, immersed in water up to the cock &, and having a hole in
the bottom, with a valve @ upon it, opening upward within the
vesse. A pipe B C rises from the bottom of this vessel, and
has a cock ¢ in it near the top, which is small there, for playing
a very high jetd. E isthe little boiler (not so big as a common
tea-kettle), which is connected with the vessel 4 by the steam-
pipe ¥ ; and G is a funnel, through which a little water must
be occasionally poured into the boiler, to yield a proper quan-
tity of steam ; and a small quantity of water will do for that
purpose, because steam possesses upward of 14,000 times as
much space or bulk as the water does from which it proceeds.

The vessel 4 being immersed in water up to the cock b, open
that cock, and the water will rush in through the bottom of the
vessel at a, and fill it as high up as the water stands on its out-
side : and the water, coming into the vessel, will drive the air
out of it (as high as the water rises within it) through the cock
6. When the water has done rushing into the vessel, shut the
cock b, and the valve a will fall down, and hinder the water
from being pushed out that way, by any force that presses on
its surface.  All the part of the vessel above & will be full of
common air when the water rises to &.

Shut the cock ¢, and open the cocks d and ¢ ; then pour as
much water into the boiler & (through the funnel ) as will
about half’ fill the boiler; and then shut the cock d, and leave
the cock ¢ open. :

This done, make a fire under the boiler £, and the heat
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thereof will raise a steam from the water in the boiler ; and the
steam will make its way thence, through the pipe F, into the
vessel 4 ; and the steam will compress the air (above b) with
a very great force upon the surface of the water in A.

When the top of the vessel 4 feels very hot by the steam
under it, open the cock ¢ in the pipe C; and the air being
strongly compressed in 4, between the steam and the water
therein, will drive all the water out of the vessel 4, up the pipe
B C, from which it will fly up in a jet to a very great height.
In my fountain, which is made in this manner after Mr. Bla-
key’s, three tea-cup-fulls of water in the boiler will afford steam
enough to play a jet thirty feet high.

When all the water is out of the vessel 4, and the compressed
air begins to follow the jet, open the cocks & and d to let the
steam out of the boiler F and vessel 4, and shut the cock ¢ to
prevent any more steam from getting into 4 ; and the air will
rush into the vessel 4 through the cock &, and the water through
the valve a: and so the vessel will be filled with water, up to
the cock & as before. Then shut the cock &, and the cocks ¢
and d, and open the cock ¢; and then the next steam that riscs
n the boiler will make its way into the vessel 4 again; and the
operation will go on, as above.

When all the water in the boiler is evaporated, and gone off
_into steam, pour a little more into the boiler, through the fun-
nel G.

In order to make this engine raise water to any gentleman’s
house, if the house be on the bank of a river, the pipe B C may
be continued up to the intended height, in the direction H 1.
Or, if the house be on the side or top of a hill, at a distance
from the river, the pipe, through which the water is forced up,
may be laid along on the hill, from the river or spring to the
house.

The boiler may be fed by a small pipe K, from the water
that rises in the main pipe B C H I: the pipe K being of a very
small bore, so as to fill the funnel & with water in the time that
the boiler E will require a fresh supply. And then, by turn-
ing the cock d, the water will fall from the funnel into the boiler.
The funnel should hold as much water as will about half 1]
the boiler.

When either of these methods of raising water, perpendicu-
larly or ﬂb]iqiucl}r, is used, there will be no occasion for having
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the cock ¢ in the main pipe B € H I: for such a cock is requi-
site only when the engine is used as a fountain.

A contrivance may be very easily made, from a lever to the
cocks &, d, and ¢; so that, by pulling the lever, the cocks b and
d may be opened when the cock ¢ must be shut ; and the cock e
be opened when & and d must be shut.

The boiler E should be inclosed in a brick wall,
at a little distance from it, all around; to give li-
berty for the ames of the fire under the boiler to ascend round
about it. By which means (the wall not covering the funnel
() the force of the steam will be prodigiously increased by the
heat round the boiler; and the funnel and water in it will be
heated from the boiler ; so that the boiler will not be chilled
by letting cold water into it ; and the rising of the steam will
be so much the quicker.

Mr. Blakey is the only person who ever thought of making
use of air as an intermediate body between steam and water :
by which means, the steam is always kept from touching the
water, and consequently from being condensed by it. And on
this new principle he has obtained a patent: so that no one
(vary the engine how he will) can make use of the air between
steam and water, without infringing on the patent, and being
subject to the penalties of the law.

This engine may be built for a trifling expense, in compa-
rison of the common fire-engine now in use. It will seldom
need repairs, and will not consume half so much fuel. Asit
has no pumps with pistons, it is clear of all their friction: and
the effect s equal to the whole strength or compressive force of
the steam ; which the effect of the commeon fire-engine never is,
on account of the great friction of the pistons in their pumps.?

Boiler.

ARCHIMEDES'S SCREW-ENGINE FOR RAISING WATER.

o= In Fig. 1 of Plate XIII, 4 B C'D is a wheel,
des's screw-  which is turned round, according to the order of
S e the letters, by the fall of water E F, which need
not be more than three feet. The axle G of the wheel is
elevated so as to make an angle of about 44° with the hori-
zon ; and on the top of that axle is a wheel H, which turns

& A full account of steam-engines on the newest construction will be found in the
Appendiz, Vol. I1.—Fd,

L "
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such another wheel I of the same number of teeth: the axle
K of this last wheel being parallel to the axle G of the two
former wheels.

The axle Gis cut into a double-threaded screw (Fig. 2),
exactly resembling the screw on the axis of the fly of a com-
mon jack, which must be (what is called) a right-handed screw,
like the wood-serews, 1f the first wheel turns in the direction
A BCD; hut must be a left-handed screw, if the stream turns
the wheel the contrary way. And, whichever way the screw
on the axle G be cut, the screw on the axle & must be cut
the contrary way ; because these axles turn in contrary direc-
tions.

The screws being thus cut, they must be covered close over
with boards, like those of a cylindrical cask ; and then they
will be spiral tubes. Or, they may be made of tubes of stiff
leather, and wrapt round the axles in shallow grooves cut
therein, as in Fig. 8.

The lowerend of the axle G (Fig. 1) turns constantly in the
stream that turns the wheel, and the lower ends of the spiral
tubes are open into the water ; so that, as the wheel and axle
are turned round, the water rises in the spiral tubes, and runs
out at L, through the holes M N, as they come about below
the axle. These holes (of which there may be any number, as
four or six) are in a broad close ring on the top of the axle,
into which ring the water 1s delivered [mm the upper open ends
of the screw-tubes, and falls into the open box 0.

The lower end of the axle A turns on a gudgeon, in the wa-
ter in O ; and the spiral tubes in that axle take up the water
from O, and deliver it into such another box under the top of
K; on which there may be such another wheel as I, to turn a
third axle by such a wheel upon it. And in this manner, wa-
ter may be raised to any given height, when there is a stream
sufficient for that purpose to act on the broad float-boards of the
first wheel.®

® As Mr. Ferguson has not explained the reason why the water rizes in the spirals
of the serew engine, we hope the reader will understand it from the following re-
marks. When the screw B F, in Fig, 3, Plate X111, is in a vertical position, the
spiral excavations will be inclined to the horizon, and if a portion of water be in-
troduced at the top A4, it will descend to F, the bottom of the tube. If the screw
be in a horizontal position, and the water introduced at B, it will fall to C, and re-
main there. But if the screw be turned upon its axis from B towards A, so that
the lowest point C of the tube may ascend to D, while the point B is depressed to
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A QUADRUPLE PUMP-MILL FOR RAISING WATER.

Quadruple This engine is repwsented in Plate XI1II, Fig. 4,

pump-mill. i which 4 B C D is a wheel, turned by water ac-
cording to the order of the letters. On the horizontal axis are
four small wheels, toothed almost half round : and the parts of
their edges on which there are no teeth are cut down so as to
be even with the bottoms of the teeth where they stand.

The teeth of these four wheels take alternately into the teeth
of four racks, which hang by two chains over the pullies Q
and L; and to the lower ends of these racks there are four
iron rods fixed, which go down into the four forcing pumps,
S, R, M, and N. And, as the wheels turn, the rack and
pump-rods are alternately moved up and down.

Thus, suppose the wheel G has pulled down the rack I, and
drawn up the rack K by the chain; as the last tooth of G just
leaves the uppermost tooth of I, the first tooth of H is ready
to take into the lowermost tooth of the rack &, and pull it down
as far as the teeth go; and then the rack 7is pulled upward
through the whole space of its teeth, and the wheel & is ready
to take hold of it, and pull it down again, and so draw up the

', the water will, by its own gravity, move from C to B, where it will be dis-
charged : so that water introduced into one extremity of the screw-engine, in a ho-
rizontal position, will be discharged at the other. Now, let the end B of the screw
B F, be elevated so as to be inclined to the horizon, and the same effect will be pro-
duced : the water at ' will rise towards B, till the angle of inclination which the
“machine makes with the horizon is equal to the angle formed by the spirals with the
axis of the engine. At this particular angle the water will have as great a tendency
to fow towards I as towards (7, because the surface of the tube between these two
points is parallel to the horizon ; but at a greater angle, the fluid will descend to-
wards I, and flow out at the extremity F. The ascension of the water, therefore,
in the Archimedean screw-engine arises from its tendency to occupy the lowest parts
of the spiral, while the rotatory motion withdraws this part of the spiral from the
fluid, and eauses it to ascend to the top of the tube. By wrapping a right-angled
triangle round a eylindrical pin, so that the hypothenuse may form a spiral upon its
surface, and by attending to the position of the spirals at different angles of inclina-
tion, the preceding observations will be easily understood. In practice, the angle
of inclination should be about 50°, and the angle which the spirals form with the
axis should exceed the angle of the engine’s inclination by about 15° The theory
of this engineis treated at great length by Hennert, in his Dissertation sur la vis
I Archimede, Berlin, 1767 ; and by Euler, in the Nov. Comment Petrop. tom. v.

Ree also Gregory's Mechanics, vol. ii, p. 343, aud the Edinburgh .Euc;yciqpmdm, Art.
Hydrodynamics, vol. xi, p. H62.—Ed. i

*
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the other. In the same manner, the wheels E and F work the
racks O and P.

These four wheels are fixed on the axle of the great wheel in
such a manner, with respeet to the positions of their teeth, that
while they continue turning round, there is never one instant
of time in which one or other of the pump-rods is not going
down, and forcing the water. So that, in this engine, there is
no occasion for having a general air-vessel to all the pumps, to
procure a constant stream of water flowing from the upper end
of the main pipe.

The pistons of these pumps are solid plungers, the same as
deseribed in Lecture fifth. See Plate 4, Fig. V, with the de-
seription of the figure.

From each of these pumps, near the lowest end, in the wa-
ter, there goes off a pipe, with a valve on its farthest end from
the pump : and these ends of the pipes all enter one close box,
into which they deliver the water: and into this box, the lower
end of the main conduit-pipe is fixed ; so that, as the water is
forced or pushed into this box, it is also pushed up the main
pipe to the height that it is intended to be raised.

There 1s an engine of this sort, described in Ramelli’s work :
but I can truly say, that I never saw it till some time after I
had made this model.

The said model is not above twice as big as the figure of it,
here described. T turn it by a winch fixed on the gudgeon of
the axle behind the water wheel ; and when it was newly made,
and the pistons had valves in good order, T put tin pipes 15
feet high upon it, when they were joined together, to see what
it could do; and T found, that in turning it moderately by the
winch, it would raise a hogshead of water in an hour to the
height of 15 feet.

DIALLING.

THE UNIVERSAL DIALLING CYLINDER.

IN_ Fig. 1, of Plate XIV, 4 BC D represents a Universal
cyhndrical glass tube, closed at both ends with brass dialling cy-
plates, and having a wire or axis E F G fixed in the

7 For the proper form which must be given to the teeth of the wheels and racks,
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centres of the brass plates at top and bottom. 'This tube is
fixed to a horizontal board H, and its axis makes an angle
with the board equal to the angle of the earth’s axis with the |
horizon of any given place, for which the cylinder is to serve
as a dial. And it must be set with its axis parallel to the axis
of the world in that place; the end E pointing to the elevated
pole. Or, it may be made to move upon a joint; and then it
may be elevated for any particular latitude.

There are 24 straight lines, drawn with a diamond, on the
outside of the glass, equi-distant from each other, and all of
them parallel to the axis. These are the hour-lines; and the
hours are set to them as in the figure: the XII next B stands
for midnight, and the opposite XII, next the board H, stands
for mid-day or noon.

The axis being elevated to the latitude of the place, and the
foot-board set truly level, with the black line along its middle
in the plane of the meridian, and the end IV toward the north ;
the axis £ F' G will serve as a stile or gnomon, and cast a
shadow on the hour of the day among the parallel hour-lines
when the sun shines on the machine. For, as the sun’s appa-
rent diurnal motion is equable in the heavens, the shadow of
the axis will move equably in the tube; am_:l will always fall
upon that hour-line which is opposite to the sun at any given
time.

The brass plate 4 D, at the top, is parallel to the equator,
and the axis £ F' G is perpendicular to it. If right lines be
drawn from the centre of this plate to the upper ends of the
equi-distant parallel lines on the outside of the tube; these
right lines will be the hour-lines on the equinoctial dial 4 D,
at 15° distance from each other: and the hour letters may be
set to them, as in the figure. Then, as the shadow of the axis
within the tube comes on the hour-lines of that tube, it will
cover the like hour-lines on the equinoctial plate 4 D,

If a thin horizontal plate ¢ ' be put within the tube, so that
its edge may touch the tube all around; and right lines be
drawn from the centre of the plate to these points of its edge
which are cut by the parallel hour-lines on the tube; these
right lines will be the hour-lines of a horizontal dial, for the

in order to produce an equable and uniform motion, see Appendiz. This method
of moving the pistons is preferable to the crank motion employed in the engine which
is represented in Plate V, Fig. 5.FEd.
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latitude to which the tube is elevated. For, as the shadow of
the axis comes successively to the hour-lines of the tube, and
covers them, it will then cover the like hour-lines on the ho-
rizontal plate ¢/, to which the hours may be set, as in the
figure.

If a thin vertical plate g C, be put within the tube, so as to
front the meridian, or 12 o'clock line thereof, and the edge
of this plate tuuch. the tube all around : and then, if right lines
be drawn from the centre of the plate to those points of its
edge which are cut by the parallel hourlines on the tube;
these right lines will be the hour-lines of a vertical south dial ;
and the shadow of the axis will cover them at the same times
when it covers those of the tube.

If a thin plate be put within the tube so as to decline, or
meline, or recline, by any given number of degrees ; and right
lines be drawn from its centre to the hour-lines of the tube;
these right lines will be the hour-lines of a declining, inclining,
or reclining, dial, answering to the like number of degrees,
for the latiiude to which the tube is elevated.

And thus, by this simple machine, all the principles of dial-
ling are made very plain and evident to the sight. And the
axis of the tube (which is parallel to the axis of the world in
every latitude to which it is elevated) is the stile or gnomon for
all the different kinds of sun-dials.

And, lastly, if the axis of the tube be drawn out, with the
plates 4 D, ¢ f; and o C upon it; and set it up in sunshine,
in the same position as they were in the tube; you will have
an equinoctial dial 4 D, a horizontal dial ¢ £ and a vertical
south dial g C; on all which the time of the day will be shewn
by the shadow of the axis or gnomon E F G.

Let us now suppose that, instead of a glass tube, 4 B C D
is a cylinder of wood, on which the 24 parallel hour-lines are
drawn all around, at equal distances from each other; and
that, from the points at top, where these lines end, right lines
are drawn toward the centre, on the flat surface 4 D : these
right lines will be the hour-lines on an equinoctial dial, for the
latitude of the place to which the eylinder is elevated above
the horizontal foot or pedestal H ; and they are equi-distant
from each other, as in Fig. 2, which is a full view of the flat
surface or top 4 D of the cylinder, seen obliquely in Fig. 1.
And the axis of the cylinder (which is a straight wire £ F G
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all down its middle) is the stile or gnomon, which is perpendi-
cular to the plane of the equinoctial dial, as the earth’s axis is
perpendicular to the plane of the equator.

"To make a horizontal dial, by the cylinder, for any latitude
to which its axis is elevated ; draw out the axis and cut the
cylinder quite through, as at ¢ & fg, parallel to the horizontal
board H, and take off the top part ¢ 4 D fe; and the section
e hfge will be of an elliptical form, as in Fig. 8. Then,
from the points of this section (on the remaining part ¢ B C f),
where the parallel lines on the outside of the cylinder meet it,
draw right lines to the centre of the section ; and they will be the
true hour-lines for a horizontal dial, as @ & ¢ da in Fig. 3, which
may be included in a circle drawn on that section. -Then put
the wire into its place again, and it will be a stile for casting
a shadow on the time of the day on that dial. So E (Fig. 3)
1s the stile of the horizontal dial, parallel to the axis of the
eylinder.

To make a vertical south dial by the cylinder, draw out the
axis, and cut the cylinder perpendicularly to the horizontal
board H, as at g~i C' k g, beginning at the hour-line (Bge 4)
of XII, and making the section at right angles to the line
& H N on the horizontal board. Then, take off the upper
part & 4 D C, and the face of the section thereon will be el-
liptical, as shewn in Fig. 4. From the points in the edge of
this section, where the parallel hour-lines on the round surface
of the cylinder meet it, draw right lines to the centre of the
section ; and they will be the true hour-lines on a vertical di-
rect south dial, for the latitude to which the cylinder was ele-
vated ; and will appéar as in Fig. 4, on which the vertical dial
may be made of a eiteular shape, or of a square shape, as re-
presented in the figure ; and F will be its stile parallel to the
axis of the-eylinder.

Ane_l-.tl'iﬁs, by cutting the cylinder any way, so that its section
may éither cline, or decline, or recline, by any given number
of degrees; and from those points in the edge of the section,
where the outside parallel hour-lines meet it, draw right lines
to the centre of the section; and they will be the true hour-
lines for the like declining, reclining, or inclining, dial : and
the axis of the cylinder will always be the gnomon or stile of
the dial; for, whichever way the plane of the dial lies, its stile
(or the edge thereof that casts the shadow on the hours of the
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- day) must be parallel to the earth’s axis, and point toward the
clevated pole of the heaven.

-

TO DELINEATE A SUN-DIAL ON PAPER, WHICH, WHEN PASTED
ROUND A CYLINDER OF W0OD, SHALL SHEW THE TIME OF THE
DAY, TIE S8UN'S PLACE IN THE ECLIPTIC, AND HIS ALTITUDE,
AT ANY TIME OF OBSERVATION.

Draw the right line @ 4 B, parallel to the top of Plte X1V,
the paper ; and with any convenient opening of the  Yig 5
compasses set one foot in the end of the line at a, as a centre,
and with the other foot describe the quadrantal are 4 F, and
divide it into 90 equal parts or degrees. Draw the right line
4 C, at right angles to @ 4 B, and touching the quadrant 4 E
at the pomt 4. Then, from the centre a, draw right lines
through as many degrees of the quadrant as are equal to the
sun’s altitude at noon, on the longest day of the year, at the
plat:e for which the dial 1s to serve:; which altitude at London
is 62 degrees: and continue these right lines till they meet the
tangent line 4 C, and from these points -of meeting, draw
straight lines across the paper, parallel to the first ught line
A B, and they will be the parallels of the sun’s altitude, in
whole degrees, from sun-rise till sun-set, on all the days of the
year. These parallels of altitude must be drawn out to the
right line B D, which must be parallel to 4 C, and as far from
it as is equal to the igtended circumference of the eylinder on
which the paper is to be pasted, when the dial is drawn upon it,

Divide the space between the right lines 4 C' and B D (at
top and bottonr) into twelve equal parts, for the twelve signs of
the ecliptic ; and, from mark to mark of these divisions at top
and bottom, draw right lines parallel to 4 Cand B D ; and
place the characters of the twelve signs in these twelve spaces,
at the bottom, as in the figure; beginning with 1§ or Capri-
corn, and ending with )¢ or Pisces. The spaces including the
signs should be divided by parallel lines into halves; and 1if the
breadth will admit of it without confusion, into quarters also,

At the top of the dial, make a scale of the months and days
of the year, se that the dm,.s. may stand over the sun’s place for
each of them i the signs of the ecliptic. The sun’s place, for

VOL. I. &
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every day of the year, may be found by any common ephe-
meris : and here it will be best to make use of an ephemeris
for the second year after leap year ; as the nearest means for
the sun’s place on the days of the leap year, and on those of
the first, second, and third year after.

Compute the sun’s altitude for every hour (in the latitude of
your place), when he is in the beginning, middle, and end, of
cach sign of the ecliptic; his altitude at the end of each sign
being the same as at the beginning of the next. And, in the
upright parallel lines, at the beginning and middle of each sign,
make marks for those computed altitudes among the horizontal
parallels of altitude, reckoning them downward, according to
the order of the numeral figures set to them at the right
hand, answering to the like division of the quadrant at the left ;
and, through these marks, draw the curve hour-lines, and set
the hours to them, as in the figure, reckoning the forenoon
hours downward, and the afternoon hours upward. The sun’s
altitude should also be computed for the half hours; and the
quarter-lines may be drawn, very nearly in their proper places,
by estimation and accuracy of the eye. Then, cut off the
paper at the left hand, on which the quadrant was drawn, close
by the right line 4 C, and all the paper at the right hand close
by the right line B D ; and cutit also close by the top and
bottom horizontal lines; and it will be fit for pasting round
the eylinder. ‘

This cylinder 1s represented in miniature by Fig. 1, Plate
XV. It should be hollow, to hold the stile 2 E when it
15 not used. The crooked end of the stile is put into a hole
in the top 4 D of the eylinder ; and the top goes on tightish,
but must be made to turn round on the eylinder, like the lid
of a paper snuff-box. The stile must stand straight out, per-
pendicular to the side of the cylinder, just over the right line
4 B in Plate IX, where the parallels of the sun’s altitude
begin: and the length of the stile, or distance of its point e
from the eylinder, must be equal to the radius a 4 of the qua-
drant 4 E in Plate XIV, Fig. 5.

Plate XV, The method of using this dial 1s as follows. Place

Fig-1. * the horizontal foot B C of the cylinder on a level
table where the sun shines, and turn the top 4 D tll the stile
stands just over the day of the then present month. Then
turn the evlinder about on the table, till the shadow of the stile

e N
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falls upon it, parallel to those upright lines, which divide the
signs, that is, till the shadow be parallel to a supposed axis in
the middle of the cylinder: and then, the point, or lowest end
of the shadow, will fall upon the time of the day, as it is before
or after noon, among the curve hour-lines ; and will shew the
sun’s altitude at that time, among the cross parallels of his al-
titude, which go round the eylinder : and, at the same time, it
will shew in what sign of the ecliptic the sun then is, and you
may very nearly guess at the degree of the sign, by estimation
of the eye. _

When a level table cannot be had, the dial may be hung by
the ring F at the top ; and when it is not used, the wire that
serves for a stile may be drawn out, and put up within the cy-
linder ; and the machine carried in the pocket.

TO MAKE THREE SUN-DIALS UPON THREE DIFFERENT FPLAXNES,
50 THAT THEY MAY ALL SHEW THE TIME OF THE DAY DY
ONE GHNOMOXN.

On the flat board 4 B C, deseribe a horizontal pgexv,
dial, according to any of the rules laid down in the Fig. 2.
Lecture on Dialling : and to it fix its gnomon F G H, the
edge of the shadow from the side # G being that which shews
the time of the day :

To this horizontal or flat board, join the upright board
E D C, touching the edge G H of the gnomon. Then, making
the top of the gnomon at G the centre of the vertical south
dial, deseribe a south dial on the board F D (.

Lastly, on a cireular plate 7 & deseribe an equinoctial dial,
all the hours of which dial are equidistant from each other ; and
making a slit ¢ d in that dial, from its edge to its centre, in the
XII o'clock line, put the said dial perpendicularly on the
gnomon F' G, as far as the slit will admit of; and the triple
dial will be finished ; the same gnomon serving all the three,
and shewing the same time of the day on each of them.®

® This dial may be converted into a portable and universal one by a very simple
contrivance. Remove the stile F T G and the dial K, and make E D € wrn upon
H C as a hinge, so that it may fold down upon A B, and thus go into very small
compass when not used. Fix a silk thread at F, and having divided the line G i
continued, into a line of tangents for the radius F H, make a small hole through the
board ai every degree of thelinc of tangents.  Fixtend the silk thread from F rowards
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AN UNIVERSAL DIAL ON A PLAIN CROSS.

Universal This dial is represented by Fig. 8, of Plate XV,
- and is moveable on a joint C, for elevating it to any
given latitude, on the quadrant €' 0 90, as it stands upon the
horizontal board 4. The arms of the cross stand at right
angles to the middle part ; and the top of it from a to n, is of
equal length with either of the arms n e or m k.

Having set the middle line ¢ u to the latitude of your place,
on the quadrant, the board 4 level, and the point NV northward
by the needle; the plane of the cross will be parallel to the
plane of the equator ; and the machine will be rectified.

Then, from III o’clock in the morning till VI, the upper
edge k I of the arm ¢ o0 will cast a shadow on the time of the
day on the side of the arm ¢ m : from VI till IX the lower
edge i of the arm i o will cast a shadow on the hours on the side
0 ¢. From IX in the morning till XTI at noon, the edge a b
of the top part @ n will cast a shadow on the hours on the arm
n ¢ f: from XII to III in the afternoon, the edge ¢ d of the
top part will cast a shadow on the hours on the arm kIm;
from IIT to VI in the evening, the edge o & will cast a shadow
on the hours on the part p s ; and from VI till IX, the shadow
of the edge ¢ f will shew the time on the top part a n.

The breadth of each part a b, ¢f; &c. must be so great as
never to let the shadow fall quite without the part or arm on
which the hours are marked, when the sun is at his greatest de-
clination from the equator.

To determine the breadth of the sides of the arms which con-
tain the hours, so as to be in just proportion to their length,
make an angle 4 B C (Fig. 4) of 231° which is equal to the
sun's greatest declination : and suppose the length of each arm,
from the side of the long middle part, and also the length of the
top part above the arms, to be equal to B d.

G, making it pass through the hole at the degree of the line of tangents answering to
the latitude of the place. The thread will then be the gnomon of the horizontal dial
A B €, which is set due south, by means of a small mariner’s compass placed be-
wween Fand I, allowanee being made for the variation. ‘The vertical south dial
E ' serves only for a place, the tangent of whose latitude is equal to /7 G, This
dial is not altogether correct, but is remarkably convenient for carrying in the

kaﬂ.-—-—Ed-
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Then, as the edges of the shadow from each of the arms, will
be parallel to B o, making an angle of 231° with the side B n
of the arm when the sun’s declination is 28°; it is plain, that
if the length of the arm be Bn, the least breadth that it can
have, to keep the edge B o of the shadow B ogd from going off
the side of the arm n o before it comes to the end on thereof,
must be equal to o n or d B. But in order to keep the shadow
within the quarter divisions of the hours, when it comes near the
end of the arm, the breadth thereof should be still greater, so
as to be almost doubled, on account of the distance between the
tips of the arms.

To place the hours right on the arms, take the following me-
thod :—Lay down the cross a b ¢ d (Fig. 5) on a sheet of paper ;
and with a black lead pencil, held close to it, draw its shape and
size on the paper. Then, taking the length a ¢ in your compasses,
and setting one foot in the corner a, with the other foot describe
the quadrantal arc ¢f. Divide this arc into six equal parts, and
through the division marks draw right lines @ g2, a %, &c. con-
tinuing three of them to the arm ¢ ¢, which are all that can fall
upon it; and they will meet the arm in these points through
which the lines that divide the hours from each other (as in
Fig. 8.) are to be drawn right across it.

Divide each arm, for the three hours it contains in the same
manner ; and set the hours to their proper places (on the sides
of the arms), as they are marked in Fig. 3. Each of the hour
spaces should be divided into four equal parts, for the half hours
and quarters, in the quadrant ¢ f; and right lines should be
drawn through these division marks in the quadrant, to the arms
of the cross, in order to determine the places thereon where the
sub-divisions of the hours must be marked.

This is a very simple kind of universal dial ; it is very easily
made, and will have a pretty uncommon appearance in a gar-
den, I have seen a dial of this sort, but never saw one of the
kind that follows.
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AN UNIVERSAL DIAL, SHEWING THE HOURLS OF THE DAY BY A
TERRESTRIAL GLOBE, AND BY THE SHADOWS OF SEVERAL
GNOMONS AT THE SAME TIME: TOGETHER WITH ALL THE
PLACES OF THE EARTH WHICH ARE THEN ENLIGHTENED BY
THE SUN ; AND THOSE TO WHICH THE SUN I8 THEN RISING,
OR ON THE MERIDIAN, OR SETTING.

Universal This dial 1s made of a Iihick square +piece of .w:md,
dial by a ter- or hollow metal.  The sides are cut into semicircu-
ﬁ;":el feﬁl lar hollows, in which the hours are placed ; the stile
gnomons,  of each hollow coming out from the bottom thereof,
Plate XVI. g5 far as the ends of the hollows project. The corners
Fig. 1. . - T LR :

are cut out into angles, in the insides of which, the
hours are also marked; and the edge of the end of each side
of the angle serves as a stile for casting a shadow on the hours
marked on the other side.

In the middle of the uppermost side or plane, there is an
equinoctial dial : in the centre whereof an upright wire is fixed,
for casting a shadow on the hours of that dial, and supporting
a small terestrial globe on its top.

The whole dial stands on a pillar, in the middle of a round
horizontal board, in which there is a compass and magnetic needle,
for placing the meridian stile toward the south, The pillar has
a joint with a quadrant upon it divided into 90 degrees (sup-
posed to be hid from sight under the dial in the figure), for
setting it to the latitude of any given place, the same way as al-
ready deseribed in the dial on the cross.

The equator of the globe is divided into 24 equal parts, and
the hours are laid down wpon it at these parts. The time of
the day may be known by these hours, when the sun shines
upon the globe,

To rectify and use this dial, set it on a level table, or sole of
a window, where the sun shines, placing the meridian stile due
south, by means of the needle; which will be, when the needle
points as far from the north fleur-de-lis toward the west, as it
declines westward, at your place® Then bend the pillar in the

? As the declination of the needle is very uncertain, and varies even at the same

place, the dial should be rectified by means of a meridian line, drawn upon the side
of the window.—Fd.
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joint, till the black line on the pillar comes to the latitude of
~ your place in the quadrant.

The machine being thus rectified, the plane of its dial-part
will be parallel to the equator, the wire or axis that sup-
ports the globe will be parallel to the earth’s axis, and the
north pole of the globe will point toward the north pole of the
heaven.

The same hour will then be shewn in several of the hollows,
by the ends of the shadows of their respective stiles. The axis
of the globe will cast a shadow on the same hour of the day, in
the equinoctial dial, in the centre of which it is placed, from the
20th of March to the 22d of September ; and, if the meridian
of your place on the globe be set even with the meridian stile,
all the parts of the globe that the sun shines upon, will answer te
those places of the real earth which are then enlightened by the
sun. The places where the shade is just coming upon the globe,
answer all to those places of the earth to which the sun is then
setting ; as the places where it is going off, and the light com-
ing on, answer to all those places of the earth where the sun is
then rising. And, lastly, if the hour of VI be marked on the
equator in the meridian of your place (as it 1s marked on the
meridian of London in the figure), the division of the light and
shade on the globe will shew the time of the day.

The northern stile of the dial (opposite to the southern or
meridian one) is hid from sight in the figure, by the axis of the
globe. The hours in the hollow to which that stile belongs,
are also supposed to be hid by the oblique view of the figure ;
but they are the same as the hours in the front hollow. Tlmm
also in the right and left hand semicircular hollows are mostly
hid from sight ; and so also are all those on the sides next the
eye of the four acute angles.

The construction of this dial is as follows. (See Plate X VI,
Fig. 2))

On a thick square piece of wood, or metﬂ] draw the hnes a ¢
and b d, as far from each other as you intend for the thickness
of the stile @ b ¢ d, and in the same manner, draw the like thick-
ness of the other three stiles, ¢ fo b, i k1 m, and n 0 p g, all stand-
ing outright as from the centre.

With any convenient opening of the compasses, as a 4 (so as
to leave proper strength of stuff when K 7 is equal to a A) set
one foot in @, as a centre, and with the other foot describe the
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quadrantal arc 4e. Then, without altering the compasses, set
one foot in & as a centre, and with the other foot describe the
quadrant ¢ B. All the other quadrants in the figure must be
described in the same manner, and with the same opening of
the compasses, on their centres ¢, f'; 4, k' ; and n, o: and each
quadrant divided into six equal parts, for so many hours, as in
the figure; each of which parts must be subdivided into four,
for the half hours and qguarters.

At equal distances from each corner, draw the right lines 1 p
amd Kp, Lqgand Mg, Nr andOr, Ps and Q s; to form the
four angular hollows ! p K, L g M, Nr O, and P s Q : making
the distances between the tips of the hollows, as I K, L M,
N 0, and P Q, each equal to the radius of the quadrants; and
leaving sufficient room within the angular points, p, g, 7, and s,
for the equinoctial cirele in the middle.

To divide the insides of these angles properly for the hour-
spaces thereon, take the following method.

Set one foot of the compasses in the point I, as a centre: and
open the other to K, and with that opening describe the are
K t: then, without altering the compasses, set one foot n K,
and with the other foot describe the are 7¢. Divide each of
these arcs, from J and K to their intersection at ¢, into four equal
parts; and from their centres I and K, through the peints of
division, draw the right lines I3, I'4, I5, I6,I'7; and K 2,
K1, K12, K11; and they will meet the sides K p and 1 p of
the angle I p K where the hours thereon must be placed. And
these hour-spaces in the arcs must be subdivided into four equal
parts, for the half hours and quarters. Do the like for the
other three angles, and draw the dotted lines, and set the hours
in the insides where those lines meet them, as in the figure : and
the like hour-lines will be parallel to each other in all the qua-
drants and in the angles.

Mark points for all these hours, on the upper side, and cut
out all the angular hollows, and the quadrantal omes, quite
through the places where their four gnomons must stand ; and
lay down the hours on their insides, as in Plate X1II, and then
set in their four gnomons, which must be as broad as the dial
is thick ; and this breadth and thickness must be large enough
to keep the shadows of the gnomons from ever falling quite out
at the sides of the hollows, even when the sun’s deelination is at
the greatest.
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Lastly, draw the equinoctial dial in the middle, all the hours
of which are equidistant from each other ; and the dial will be
finished."

As the sun goes round, the broad end of the shadow of the
stile @ & ¢ d will shew the hours in the quadrant A ¢, from sun-
rise till VI in the morning ; the shadow from the end M will
shew the hours on the side L g from V to IX in the morning ;
the shadow of the stile ¢ £k in the quadrant D g (in the long
days) will shew the hours from sun-rise till VI in the morning ;
and the shadow of the end N will shew the morning hours, on
the side O, from III to VIL

Just as the shadow of the northern stile a b ¢ d goes off the
quadrant 4 ¢, the shadow of the southern stile ¢ & m begins to
fall within the quadrant ¥/, at VI in the morning ; and shews
the time, in that quadrant, from VI till XII at noon; and from
noon till six in the evening in the quadrant m . And the
shadow of the end O shews the time from XI in the forencon
till IIT in the afternoon, on the side » N ; as the shadow of the
end P shews the time from IX in the morning till I o'clock in
the afternoon, on the sides Q s.

At noon, when the shadow of the eastern stile e f o' & goes off
the quadrant % C (in which it shewed the time from six in the
morning till noon, as it did in the quadrant g D from sun.rise
till VI in the morning) the shadow of the western stile nopg
begins to enter the quadrant H p; and shews the hours there-
on from XII at noon till VI in the evening ; and after #hat till
sun-set, in the quadrant ¢ G ; and the end Q casts a shadow on
the side P s from V in the evening till IX at night, if the sun
be not set before that time.

The shadow of the end 7 shews the time on the side X p from
I1I till VII in the afternoon ; and the shadow of the stile e b e d
shews the time from VI in the evening till the sun sets.

The shadow of the upright central wire, that supports the
globe at top, shews the time of the day, in the middle or equi-
noctial dial, all the summer hall' year, when the sun is on the
north side of the equator.

I'x this Supplement to my Book of Lectures, all the machines
that I have added to my apparatus, since that book was printed,
are described, excepting two; one of which is a model of a
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mill for sawing timber, and the other is a model of the great
engine at London Bridge, for raising water. And my reasons
for leaving them out are as follows.

First, I found it impossible to make such a drawing of the
saw-mill as could be understood ; because in whatever view it
be taken, a great many parts of it hid others from sight. And,
in order to shew it in my lectures, I am obliged to turn it into
all manner of positions."

Secondly, because any person who looks on Fig. 5 of Plate V.
in the book, and reads the account of it in the fifth Lecture
therein, will be able to form a very good idea of the London
Bridge engine, which has only two wheels and two trundles
more than tliere are in Mr. Aldersea’s engine, from which the
said figure was taken.

10 For the plan and elevation of a Saw-mill, see Gray’s Experienced Millwright,
p- 68.  For the method of constructing one, see Wollii Opera Mathematica, tom. i,
p- 694, and Boecklerus's Theatrum Mackinarum. An excellent saw-mill was in-
vented by Mr. James Stanfield, in the year 1765, for which he received a reward
of one hundred pounds from the Society for the Encouragement of Arts. The
original mill which Mr. Stanfield constructed, was worked for five successive years, -
in consequence of successive premiums offered and paid by the society, amounting,
in all, to two bundred and twenty pounds. A description of this machine, illus-
trated by five folio plates, will be found in Bailey's Designs of Mackines, &e. ap-
proved and adopted by the Society for the Encouragement of Avrts, vol. i, p. 137.
Saw.-mills of a very superior kind have been erccted by that celebrated mechanic
Mr Brunel, in different parts of the kingdom. See the Edinlurgh Encyclopedia,
Arts. Bloek Machinery, and Saw-mills.— I2d.
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AnvrrERaTion of metals, how to de-
tect, page 119,

Air, properties of, 126. Component parts
of, mate, 132. Elasticity of, 146.

Aliir-pump, 136. Experiments on it, 138.
Haas's, note, 161, Smeaton’s, note,
th. Frince’s, mote,i. Cuthbertson’s,
note, ih. Ldelerantz’s, nofe, éb, Men-
delsshon’s, note, ib.

Air-gun, note, 152,

m“m?ﬁ Mr. his engine for raising wa-
ter, 98.

Altitude of the sun, to find it by trigono-
mmi m'

Amplifying . sote, 169.

Angle of incidence, 156. Iefraction, ib.

Antipodes, note, 206,

Antaeed, note, th,

Archimedes, his psition for finding
the deceit in King Hiero’s crown, 115.
His proposition for finding the area of

a circle, and the solidity of a cylinder
raised upon that circle, 109, His serew-
ﬂlgiﬂe-, d14. Mode of ils Dpﬂfﬂﬁm:
nate, 315,

Arithmetic, mechanical, note, 40.

Armillary sphere, 235,

Atmosphere, its whole weight upon a
man, 129, Its whole weight upon the
earth, zh.

Attraction of cohesion, 5. Of aggrega-
tion, note, ib. ﬂf,mnpnsitim, note,
ib. Capillary, nofe, ib. OF gravita-
tion, 8. Of magnetism, 15. Of Llee-
tricity, 16.

Atwood’s machine, note, 24.

Azimuth, 216,  Of the sun, to find it by

trigonometry, 275, 277.

B

Balance, 40. Felsham’s of the,
note, b, H}'ﬂ:‘mﬁhﬂ?

Barker’s water-mill, without wheel or
trundle, 305,

Barometer, 150,

Bellows, hydrostatical, 85,

Rlakey's hydraulic engine, 312.

Bodiez moving in orbits have a tendency
to ily off from them, 25. Move faster
in small orbits than in large ones, ib.
Their centrifugal force, 2.

Boscovich’s theory, note, 13.

Durning glasses, the force of their heat,
L5

Butterfly valve, note, 93,

Button valve, note, ib.

C

Camera obscura, 184,

Cartesian vortices, 29,

Caustic eurves, note, 173.

Celestial globe, use of, 224.

Centre of gravity, 11. The curves de-
scribed by bodies moving round it, 21.

Central forces, 17.

Centrifugal forces, note, 26, 28.

Circles of the sphere, 105.

Clack valve, 93,

Climates, 219.

Clocks and watches, how to regulate them,
282,

Cohesion, 5.

Colours, theory of, 188. Prismatic make
a white when blended together, 190.
Transparent become opaque if put to-
gether, .

Colures, note, 225.

Combined forces, their offect, 180,

Compressibility of water, notey 0.

Conjugate foci, note, 160,

Constellations, 224, :

Cranes, 68. Description of a new and
safe one, invented by the author, 2099.

Cylindrical sun-dial for shewing the time
of the day, the sun’s p and alti-
tude, 321, Method of usinf it, 322.
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Damps, 133.

Danger of people’s rising hastily in a coach
or boat, when it is likely to be over-
set, 12.

Days lengthened by the refraction of the
sun's rays, 153,

Declination of the sun, &e. how to find
it, 227,

Declining dials, 240.

Descending velocity gives a power of equal
ascent, 11. Direction line of, 12.

Dial, horizontal, 239, 241, 248. Ve
tical, 239. South, 248. Inclining,
240, 270. Reclining, ib. i Declin-
ing, fb. ib. Frect direct south, 244.
Erect declining, 6. On a card, 250.
Pardie's umiversal, 252. Douhle hori-
zontal, 278. Babylonian, ¢4, Italian,

1

Dials, method of placing them, 282, To
make three on three different planes
with one gnomon, 323. Universal, on
a plain cross, 324. Bya terrestrial
globe, and the shadows of several gno-
mons at the same time, 326.

Dialling-lines, how constructed, 249. By
trigonometry, 266. Principles and art
of, 238. By the terrestrial globe, 241.
Cylinder, universal, 317.

Diving-bell, note, 127.

Divisibility of matter, 3. Example of,
¢h. Infinite, illustrated, 4.

Double projectile force, a balance toa
quadruple power of gravity, 22.

E

Farth, proof of its being globular, 192,
Moation of the, demonstrated, 56,

Earthquakes, 136.

Ecliptic, 193, 187.

Eclipses, 288. Limits of, 202,
of, ih.

Flectricity, 16.

Engine (any mechanical) how to compute
its power, 39. For working pumps by
water, 98. For raising water by horses,
99. Newsham's, for extinguishing
fire, 9.

Equation of time, 233, 250,

Equator, 193,

E.quinoctial, 193,

Erect direct south dial, 244.
dial, zb.

Expansion of metals, 13.

Eye described, 161. Accommodation of
to different distances, nofe, 162, 1)i-
mensions of, noie, 163,

Period

Declining

INDEX.

P‘

Face of the heaven and earth, how repre.
sented in a machine, 193, 228.

Fermentation, 134.

Fire damps, note, 135.

Fire-engine, or Steam-engine, 110.

Fluid, definition of, 79.

Fluids press as much upwards as downs
wards, #0.

Forces, central, 17. Combined, 18.

Foundation of all mechanics, 38.

Fountain at comimand, 91,

Frigid zone, note, 200,

G

Glass, the shapes into which it is gene-
rally ground for optical uses, 157.

Globe, terrestrial, use of, 192, 201. Ce-
lestial, use of, 224.

Globes, directions for choosing them, 202.

Gold, how much heavier than its bulk of
water, 1 16. Gold-beaters, towhat a pro-
digiousextent they can hammer out gold,
3. Transparent and coloured, note, ib.

Grravity, 8. Decreases as the square of
the distance increases, 9.

H

Halley's, Dr. period of eclipses, note, 202,

H and-mill, 65.

Harvest-moon, 238,

Heavens, their apparent motion, 194.

Horizon, sensible and rational, 195.

Horizontal dial, how to construct it, 239,
241, 248.

Horse-mill, 67.

Hour of the day, to find it by trigonome-
try, 2756.

Huygenian eye-piece, note, 177.

Hydraulic engine, Blakey's, 312.

Hydraulics, note, 79.

H ydrodynamics, note, 79.

I}ilydmmﬂttr, sz,
ydrostatic bellows, substitute for them,
300,

H?ﬂ]‘l:llﬁtﬂ.ﬁl:ﬂl balance, 116, 306, Bel-
lows, 85. Paradox, 82.
H ydrostatics, 79.

Inactivity of matier, 1, 24.
Inclined plane, 48.

Inclining dials, 240, 270.
Infinite divisibility of matter, 4.
Intermitting springs, 92.
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K
Kepler's problem, 27.

L

Latitude, how to find it, 228, Ofa place,
rules for finding it, 262.

Laws of the planetary motions, 20,

Lead, how it may be made to swim in wa-
ter, BG.

I_.EI!IBE’-I, different kinds of, 157. Proper-
ties of, 158.

Lever, its use, 30,

Leewenhoek, his account of the number
and size of the small animals in the
milt of a cod-fish, 3.

Light, the amazing smallness of its par.
ticles, 153. , 154, Reflect-
el, éb.  Colours of; 188.

Lightning, 134.

Limits of Eclipses, 292.

Line of direction, 12.

Lloyd's hand-mill, nate, 66.

Loadstone, its ies, 1G.

Long (Rev. Dr.) his curious experiment
with a concave mirror, 175. 1lis glaes
sphere, 235.

Looking-glass, 186. Need be only half
the length and half the breadth of a man,
to shew him his whole image, 187.

Lunations, table of mean, 204,

M

Magdeburg hemispheres, 144.

Magic lantern, note, 170,

Magnetism, law of action in, 16, Ac-
cording to Helsham, 16.

Man, how he maymiie himself up by
his breath, 86.

Matter, its properties, 1.

Mechanical powers, 38. All mmbmed
In one engine, 56, Arithmetic, note,
4.

Meridian line, how to draw one, 283.

Metals expand by heat, 13. Their spe-
cific gravities, 116.

Microscope, single, 167.  Method of
making it, nate, ib. Double, 168.
Bolar, 169. Imprn-.rmnmt upon, note,

170, » Bir I. Newton's,
note, 171.  Dr. Smith's, wnote, ib.
Amici’s, 1b.

Mills, water, 58. Breast, note, ih. Una
dershot, note, i,  Overshot, note, i
Driven by hand, 65. Driven by
horses, 67. ‘ﬁ":.mt,ﬁ. Double, G6.
Corn, 58,
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Mill.wright's table, 64.

Mirrors, how they reflect the light, 172.
Parabolic reflect rays exactly to the fo-
cus, note, 172,

Mobility, 2.

Momentum, 38,

Monsoons, 131.

Moen, the law of her motions, 30.

Motion, all naturally rectilineal, 17.

Multiplying glass, 184,

N

Newsham’s water-engine, 98.

New and full woons, how to calculate
the mean time of, 285,

Nonins, See Vernier.

0

Objects, how their images are formed by
means of glasses, 158. Why they
appear erect, notwithstanding their
images are inverted in the eye, 164.
Why they appear coloured when seen
through some telescopes, 179,

Opera-glass, 186.

Oiptics, 153,

Optic nerve, why that of the im
which falls upen it mt, 164, i

P

Padmore, Mr. his improvement of cranes,
7l.

Paradox, hydrostratical, 82, 306.

Period of eclipses, .

Periaeci, 2006.

Peritrochio, axis in, nofe, 44.

Persian wheel, 114.

Precepts for calculating the mean time of
new and full and new moons,

Phantasmagoria, note, 170.

Pile-engine, 77.

Pipes, bursting of, method of preventing,
note, B9, method of measuring
their contents, note, 105. DMethod of
finding the thickness of their materials,
naote, 1.

Planetary motions, laws of, 20.

Planets, five, lately discovered, nofe, 226.

Pneomatics, 126.

Poles of the earth and heavens, 195.

Polar circles, 194.

Porosity of bodies, 13.

Prism, 188.

Prismatic spectrum, discoveries concern-
ilng it by Herschel and Kiter, note,

aa.
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Projectile foree, 22.

FPulley, 46. White's improvement on,
note, 47. Smeaton’s ditto, ditto, note,
b,  Gamett's ditto, ditto, note, ib.

Pump, common, 92, Forcing, 97. En-
gine to work by water, 98. By horses,
HH S

Pump-mill, quadruple, 316.

Pump-makers, table for, 106.

Pyrometer, 14. Ramsden’s, &c. &c. nofe,
;‘33' Description of an accurate one,

Q

Quadruple pump-mill, 316,

Quantity of matter in bodies in exact
propertion to their weight, 13,

Quicksilver, its weight, 117.

R

Rainbow, solar, 191. Lunar, note, ib.

Rays of light, 153. Invisible, note, 189,

Reciprocating springs, 310.

Redining dials, 240, 270.

Remmgtbﬂlty of hglzt, 188.

[

Light aseension of the sun, &c. how to
find it, 227.

Rope l'na.clli.nc-, nafe, 30,

Running water, its weight, 100.

5

Sails of a wind-mill, their proper form
and inclination, 67, Their incredible
veloeity, .

Saw-mill, rnote, 330,

Serew, 54,  Hunter’s improvement on,
note, 53 Its power, ib. Shewn by
a machine, b,

Serew-engine, Archimedes’s, 314.

Seasons, how they may be shewn by a
small globe, 199,

Ships how to estimate its weight, 122,

Signs of the zodiac, 197.

Silver, how much heavier than its bulk
of water, 120.

Siroc wind, note, 132,

Slare, Dr. his dangerous experiment, 152,

Solanos, note, 132,

Solidity, 1.

Sphere, armillary, 235.

Specific gravities of bodies, 116. Tables
of, 118.

Spectacles, why some eyes require them,
166.  For divers, note, ib.

Spirituous liquors, how to try, 120,

sSpouung fluids, velocity of, 87,

INDEX.

Springs reciprocating, 310. Laywell,
- naote, 310, a o

tars, their latitu longitude, 225.
Statera, Roman, 41. A
Steam-engine, DBeighton’s, 110.
Steelyard, Roman, 41.

Strength of materials, table of, 57.
Sun, 194. Appears above the horizon
S'ﬂhmg. 90.

T

Table of the strength of materials, note,

e

57. Formill-wrights, 64. Forpump-

makers, 96. Of sines for the eleva-
tion of water-pipes, 104. OF the quan-
tity and weight of water in a pipe of
a given length, with 4 feet diameter of
bore, 106, Bﬂfﬁpmfmﬂm-
engine, 113. ific gravities,
.'I]Ii. Of troy weight n]dumd.g::aw'm
dupeis, 124. Of avoirdupois weight
uced to troy, 125. the rarity

and expansion of air, 128. Of the
force and velocity of winds, nofe, 132.
Of refractive powers, wmote, 157. Of

the miles in a degree of longitude in

all latitudes, the earth being a s
roid, 208, Of the sun’s placeand de-
clination, 253. 'For calculating new
and full moons and eclipses, 204. Of
the equation of time, 2560, Of mean
lunations, 254.

Tantalus’s cup, 91.

Telescope, refracting, 176. Galilean,
nofe, ib. Astronomical, note, 176,
177. For terrestrial objects, 178.
ltcﬂw.mg, 180. Gregorian, ib. Cas-

, note, ib. ]\ewtnnmn} note,
182. La Maire’s, note, i Her-
schel's, note, ib. Methed of finding
their mugmfj'mg power, note, 178.

Temperate zones, .

Thales’s eclipse, 290. :

‘T'hermometer, 121. Fahrenheit’s, note, ih.
Reaumur’s, note, ib. Celsius's, note, b,
De la Hires, note, ib. Amonton’s,
notey . Crucquius’s, note, ih. New-
ton's, note, ib,

Thunder, 134.

Tuﬂ:l;a, 33, St Pierre’s theory of, note,

Torricellian experiment, 128.

Tornadoes, note, 132,

Tornd zene, 209,

Tropies, 198.
U

Universal dialling eylinder, 317.
Up and down, enly relative terms, 192.
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