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S1R,

AM glad to hear from you, that
the ftudy of the Mathematicks is

Promoted and Encouraged among
the Youth of your Unzverfity. The
great influence, which thefe Sezences
have on Philofophy and all ufeful
Learning, as well as the Concerns of the
Publick,may {ufficiently recommend them
to your choice and confideration: and
the particular advantages, which You of
that place enjoy, give Us juft reafon to
‘expect from You a fuitable improve-
ment in them. I have here{ent you {fome
fhort refleGtions upon the UVfefulnefs of
Mathematical Learning, which may ferve
as an argument to incite you to a clofer
and more yigorous purfuit of it,
A2 In




2 An Eﬂ'&y on the “Ofefulnefs

In all Ages and Countries, where
Learning hath prevailed, the Mathe-
matical Sciences have been looked upon
as the moft confiderable branch of it.
The very name MaYyzs implies no lefs;
by which they were called either for their
excellency, or becaufe of all the Sczences
they were firft taught, or becaufe they
were judg'd to comprehend miyme = Ma-
Snuarz.  And amongft thofe, that are
commonly reckoned to bethe feven Li-
beral Arts, four are Mathematical, to
wit, Arithmetick, Mufick, Geometry, and
Aftronomy.

But notwithftanding their Excellency
and Reputation, they have not been
taught nor ftudy’d fo univerfally, as fome
of the reft; which I take to have pro-
ceeded from the following caufes: The
averfion of the greateft part of Mankind to
Jerious attention and clofe arguing ; Their
a0t comprebending. [ufficiently the neceffity
or great ufefulnefs of thefe in other parts of
Learning s An Opinion that this fludy re-
quires a particular Genius and turn of Head,
which few are fo happy as to be Born with 5
And the want of Publick Encouragement,
and able Mafters. For thefe, and perhaps
{fome other reafons, this ftudy hath been

- generally



Of Mathematical Learning. 3

generally neglected, and regarded only

y flome few perfons, whofe happy Ge-
nius and Curiofity have prompted them
to it, or who have been forced upon it
by 1ts immediate {ubferviency to fome
particular Art or Office. .

Therefore I think Icannot do better
fervice to Learning, Youth, and the Na-
tion in general, than by thewing, That the
Mathematicks of all parts of humane know-
ledge, for the improvement of the Mind, for
thewr [ubferviency to other Arts, and their ufe-
fulne[s to the Common-wealth, deferve moft
to be encouraged. 1 know a difcourfe of
this nature will be offenfive to fome,
who, while they are ignorant of Mathe-
maticks, yet think themfelves Mafters
of all valuable Learning: but their dil-
pleafure muft not deterr me from de-
livering an ufeful truth.

The advantages, which accrue to the
Mind by ﬁfaﬁem&tim! ffudies, confift
chiefly in thefe things: 1ff. In accuftom-
ing 1t to attention. 13&. In giving it a ha-
bit of clfe and demonftrative reafoning.
3dly. In freeing it trom prejudice, credu-
lity, and fuperftstion.

Firft, the Mathematicks make the
Mind attentive to the objects, which it
2 A 3 confiders.
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confiders. Thisthey do by entertaining
it with a great variety of truths, which
are delightful and evident, but not ob-
vious.” Truth is the fame thing to the
underftanding, as Mufick to the ear, and
Beauty to the eye. The purfuit of it
-does really as much gratifie a natural
faculty 1mplanted in us by our wife
Creator, as the pleafing of our Senfes:
only in the former cafe, as the Object
and Faculty are more Spiritual, the de-
Light 15 the more pure, free from the re-
gret, turpitude, laffitude, and intempe-
rance, that commonly attend {enfual
pleafures. The moft partof other S&cz-
ences confifting only of probable rea-
{fonings, the Mind has not where to fix ;
and wanting {uficient principles to pur-
fue its {earchesupon, gives them over as
impoffible.  Again, as in Mathematical
nveftigations truth may be found, fo it is
not always obovzous : This {purs the
Mind, and makes 1t diligent and atten-
tive. In Geometria fays Quinctilian, (lib,
1. cap. 10.) partem fatentur effe utilem te-
nerss etatibus : agitar: namque animos, atque
acur ingenia, € celerstatem perciprends ve-
azre inde concedunt. And Plato (in Repub.
Ith, V11.) obferves, that the Youth, who

are
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are furnithed with Mathematical know-
ledge, are prompt and quick at all other
Sciences, és miye w Mabiualy ofes Qajroy-
7. LTherefore he calls it xara 7ydeay
¢dev. And indeed Youth 1s generally {fo
much more delighted with Mathematical
ftudies, than with the unpleafant tasks,
that are {fome times impofed upon them,
that I have known {fome reclaimed by
them from 1dlenefs and negle¢t of learn-
ing, and acquire in time a habit of
thinking, diligence, and attention; qua-
lities, which we ought to ftudy by all
means to beget in their defultory and
roving Minds.

The fecond advantage,which the Mind
reaps from Mathematical knowledge, is
a habit of clear, demonftratve, and metho-
dical Reafoning. We are contrivd by
Nature to learn by Imitation more than
by Precept: And I believe in that re-
fpect Reafoning is much like other in-
feriour Arts (as Dancing, Singing, &c.)
acquired by practice. By accuftoming
our felves to Reafon clofely about quan-
tity, we acquire a habit of doing {o in
other things. It 1s furprizing to ice,
what {uperficial, incmﬂgquential Rea-

{onings, fatisfic the moft part of Man-
Ag kind.
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kind. A piece of wit,a jeft, a fimile, or
a quotation of an Author, pafles for a
mighty Argument: with {uch things as
thefe are the moft part of Authors
fiuffed: and from thele weighty pre-
mifes they infer thewr conclufions. This
weaknefs and effeminacy of Mankind in
being perfwaded where they are delight-
ed, have made them the fport of Ora-
tors, Poets, and Men of wit. Thole /z-
mina Oratuonss are indeed very good di-
verfion for the Fancy, but are not the
proper bufinels of the Underftanding ;
and where a Man pretends to write on
abftract fubjelts 1n a Scientifical method,
he ought not to debauch 1a them. Lo-
gical precepts are more ufeful, nay, they
are ablolutely neceffary for a rule of
formal arguing in publick difputations,
and confounding an obftinate and per-
verfe adverfary, and expofing him to
the audience, or readers. But in the
fearch of truth, an imitation of the me-
thod of the Geometers will carry a Man
further than all the Dialeélical rules.
Their Analyfis is the proper model we
ought to form our {elves upon, and imi-
tate 1n the regunlar difpofition and gra-
dual progrefs of our enquiries ; and even

he,



Of Mathematical Learning. 7

he, who 1s ignorant of the nature of Ma-
thematical Analyfis, ules a method fome-
what Analogous to it. The Compofitzon
of the Geometers, or their method of de-
nmonftrating truths already found out,
viz. by Defimtions of words agreed z;;an, by
Self-evident truths,and Pr;pqﬁ}éam that have
been already demonftrated, 1s practicable
i other {fubjects, tho not to the fame
perfection, the natural want of evidence
in the things themielves not allowing
it ; but it 1s imitable to a confiderable
degree. 1dare appeal to fome writings
of our own Age and Nation, the Au-
thors of which have been Mathematically
inclined. I fhall add no more on this
head, but that one, who is accuftomed to
the methodical Syftems of truths, which
the Geometers have reared up in the fe-
veral branches of thofe Sezences, which
they have cultivated, will hardly bear
with the confufion and diforder of other
Sciences, but endeavour as far as he can
to reform them.

Thirdly, Mathematical knowledge adds
a manly vigour to the Mind, frees it
from prejudice, credulity, and fuperftition.
This 1t does two ways, 1ff. by accuftom-
1ng us to examine, and not to take things

upon
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upon truft. 24ly. By giving us a clear
and extenfive knowledge of the Syftem
of the World; which, as it creates in us
the moft profound reverence of the Al-
mighty and wife Creator; fo it frees us
from the mean and narrow thoughts,
which ignorance and fuperftition are agn:
to beget. How great an enemy Mathe-
maticks are to {uperftition, appears from
this, That in thofe Countries, where Ro-
mifl Priefts exercife their barbarous T'y-
ranny over the minds of Men, 4ftrono-
mers, who are fully perfwaded of the mo-
tion of the Earth, dare not {peak out:
But tho' the Inguifition may extorta Re-
cantation, the Pope and a general Coun-
cil too will not find themielves able to
perfwade to the contrary Opinion. Per-
haps, this may have given occafion to a
calumnious fuggeftion, as if Mathematicks
were an enemy to Religion, which is a
{candal thrown both on the one and the
other; for truth can never be an enemy
to true Religion, which appears always
to the beft advantage, when it 1s moft
examined.
— 8t propius ftes,
Te capret magrs, ——— :
On the contrary, the Mathematicks are
triends
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friends to Religion; inafmuch as they
charm the paflions, reftrain the impetu-
ofity of imagination, and purge the Mind
from error and prejudice.  Vice is error,
confufion and falfe Reafoning; and all
truth is more or lefs oppofite to it. Be-
fides, Mathematical ftudies may {erve for
a pleafant entertainment for thofe hours,
which young Men are apt to throw away
apon their Vices; the delightfulnefs of
them being fuch, asto make folitude not
only eafy, but defirable.

What I have {aid may ferve to recom-
mend Mathematicks for acquiring a vi-
gorous Conftitution of Mind; for which
purpofe they are as ufeful,as exercife 1s for
procuring Health and Strength to the
Body. 1 proceed now to fhew their vaft
extent and Ufefulnefs in other parts of
knowledge. And here it might futhce
to tell you, that Mathematicks is the Scz-
ence of quantity, or the Art of Reafon-
ing about things that are capable of more
and /efs, and that the moft part of the ob-
jects of our knowledge are fuch: as mat-
ter, {pace, number, time, motion, gra-
vity, &c. We have but imperfeét ideas
of things without quantity, and as 1m-
perfect a one of quantity it {elf without

the
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the help of Mathematicks. All the vi-
fible works of God Almighty are made
in number,, weight, and meafure ; therefore
to confider them, we ought to under-
ftand Arithmetick, Geometry, and Staticks -
and the greater advances we make in
thofe Arts, the more capable we are of
confidering {uch things, as are the ordi-
nary objects of our Conceptions. But
this will farther appear from particulars,
And firfty if we confider, to what per-
fection we now know the Courfes, Pe-
riods, Order, Diftances, and Proportions
of the feveral great Bodiesof the Uni-
verfe, at leaft fuch as fall within our
view ; we fhall have caufe to admire the
Sagacity and Induftry of the Mathema-
ticzans, and the power of Numbers and
Geometry well apply'd. Let us caft our
Eyes backward,and confider Affronomy in
its Infancy : or rather let us fuppole it
ftill to begin; for inftance, a Colony of
Rude Country people, tranfplanted into
an Ifland remote from the commerce of all
Mankind, without fo much as the know-
ledge of the Kalendar, and the Periods of
the Seafons, without Inftruments to make
Oblervations, or any the leaft notion of
Obfervations or Inftruments, When is it,
we
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we could expect any of their pofterity
fhould arrive at the Art of predicting an
Eclipfe? Not only fo, but the Art of
reckoning all Eclipfes that are paft or to
come, forany numbér of Years? When
is 1t, we could fuppofe, that one of thofe
Hlanders tranfported to any other place
of the Earth, fhould be able by the in-
{pe&tion of the Heavensto find how much
he were South or North, Eaft or Weft of
his own Ifland, and to conduct his Ship
back thither?” For my part, tho I know
this may be, and i1sdaily done, by what
is known in Aftronomy ; yet when I con-
fider the vaft Induftry, Sagacity, multi-
tude of Obfervations, and other extrin-
fick things neceffary for {fuch a fublime
piece of knowledge, I fhould be apt to
pronounce it impoflible, and never to be
hoped for. Now we are let fo much in-
to the knowledge of the Machine of the
Univerfe, and motion of its parts by the
Rules of this Sezence, perhaps the inven-
tion may feem ealy. But when we re-
flect, what Penetration and Contrivance
were neceflary to lay the foundations of
{o great and extenfive an Art, we cannot
but admire its firft Inventors:" as Thales
Milefrus, who, as Diogenes Laertius and

: Pliny
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Pliny {ay, firlt predi@ed Eclipfes; and
his Scholar Anaximander Milefius, who
found out the Globous Figure of the
Earth, the Bquino&ial Points, the Obli-
quity of the Ecliptick, the principles of
Gnomonicks, and made the firft Sphere
or Image of the Heavens ; and Pythagoras,
to whom we owe the difcovery of the
true Syftem of the World, and order of
the Planets. Tho' it may be, they were
aflited by the Egyptians and Chaldeans.
But whoever they were, that firt made
thefe bold fteps in this Noble Art, they
deferve the praife and admiration of all
future Ages.

Felices anime, quibus hec cognofcere primus,
I?i?rze domos [uperas [candere cura fut.
Credibile eft zllos pariter vitifque joctfque
Altzus humanis ex/ferusffe caput.
Non Venus & vinum [ublimia peilora fregat,
Officiumque fori, mulitieque labor.
Non levis ambitio, perfulaque gloria fuco,
Magnarumque fames follicitavit opum.
Admovere oculs diftantia fidera noftrss,
Aitheraque ingenzo fuppofuere fuo.
Ovid. in I° Faft,
But tho the induftry of former Ages
had difcovered the Periods of the great
Bodies



Of Mathematical Learning, I3

Bodies of the Univerfe, and the true
Syftem and Order of them, and their
Orbits pretty near; yet was there one
thing ftill referved for the glory of this
Age, and the honour of the Englt/b Na-
tiwon, The grand fecret of the whole Ma-
chine; which, now itisdifcovered, proves
to be (like the other contrivances of In-
finite Wifdom) fimple and natural, de-
pending upon the moft known and moft
common property of matter, Viz. gravsty.
From this the incomparable M". Newzon
has demontftrated che Theories of all the
Bodies of the Solar Syftem, of all the
primary Planets and their {econdaries,
and among others, the Moon, which
feem'd mott averfe to nambers : And not
only of the Planets, the floweft of which
compleats its Period in lefs than half the
Age of a Man, but likewife of the Co-
mets, fome of which its probable fpend
more than 2000. years in one Revolution
about the Sun ; for whofe Theory hehas
laid fuch a foundation, that after Ages
affifted with more Obfervations, may be
able to Calculate their returns. In a
word, the preceflion of the Aquinoctial
Points, the Tydes, the unequal Vibration
of Pendulous Bodies in different Lati-
tudes,
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tudes,&c. are no more a queftion to thofey
that have Geometry enough to underftand,
what he has delivered on thofe Subjects -
A perfection in Philefophy,that the boldeft
thinker durft hardly have hoped for ;
and, unlefs Mankind turn barbarous, will
continue the Reputation of this Nation,
as long as the Fabrick of Nature {hall en-
dure. After this, what 1s 1t, we may not
expect from Geometry join'd to Objervatz-
ons and Experiments ?

The next confiderable objeét of Na-
tural knowledge, I take to be ZLzght.
How unfuccefsful enquiries are about
this Glorious Body without the help of
Geometry, may appear from the empty
and frivolous difcourfes and difputations
of a {ort of Men,that call themfelves Phz-
ZFELD}BE?‘J ; whom nothin(? will ferve for-
ooth, but the knowledge of the very
Nature, and intimate Caufes of every
thing: while on the other hand, the
Geometers not troubling themfelves with
thofe fruitlefs enquiries about the Na-
ture of Light, have dilcovered two re-
markable properties of it, in the refle-
¢tion and refration of its beams: and
from thofe, and their ftreightnefs in
other cales, haye inyented the noble

Arts
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Arts of Opticks, Catoptricks,and Dioptricks 3

“teaching us to manage this {ubtile Body
for the improvement of our knowledge,
and ufeful purpofes of Life. They have
likewife demonftrated the caufes of fe-
veral Cceleftial appearances, that arife
from the infleCtion of its Beams, both
in the Heavenly Bodies themielves and
other Phoenomena, as Parbelia, the Irs,
&c. and by a late Experiment they have
difcovered the celerity of its motion.
And we fhall know yet more furprizing
properties of Light, when M". Newton
thall be pleas'd to gratifie the World with
his Book_of Light and Colours,

The Fluds which involve our Earth,
viz. A and Water, are the next great
and confpicuous Bodies, that Nature pre-
{fents to our view : And I think we know
little of either, but what 1s owing to
Mechanicks and Geometry. The two
chiefeft properties of Azr, its Gravity
and Elaftick force, have been difcovered
by Mechanical Experiments. From
thence the decreafe of the Air's denfity
according to the increafe of the diftance
of the Earth has been demonftrated by
Geometers, and confirmed by Experiments
of the fubfidence of the Mersury in the

B Torrs-



16 An Effay on the Ufefulnefs

Torricellian Experiment. From this like-
wife, by affiftance of Geometry, they have’
determined the height of the Atmo-
{phere, as far as it has any fenfible den-
fity ; which agrees exactly with another
Obfervation of the duration of the Twi-
light. Air and Water make up the object
of the Hydroftaticks, tho denominated
only from the latter, of which the prin-
ciples were lan% fince fettled and demon-
ftrated by Archimedes, in his Book =&
v Oxsudvwy, where are demonftrated the
caufes of feveral furprizing Phoenomena
of Nature, depending only on the £qus-
librium of Fluds, the relative Gravities
of thefe Fluids, and of Solids {wimming
or finking therein. Here alfo the Ma-
thematicians confider the different Pref-
fures, Refiftances, and Celerities of So-
lids moved in Fluids: from whence they
explain a great many appearances of
Nature, unintelligible to thofe who are
1gnorant of Geometry.

Next, if we defcend to the Ammal
Kingdom, there we may fee the brighteft
ftrokes of Divine Mechanicks. And whi-
ther we confider firft the dnimal Occonomy
in general, either in the internal motion
and circulation of the Juices forced

| through
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through the {feveral Canals by the motion
of the Heart, or their external motions,
and the Inftruments wherewith thefe are
performed, we muft reduce them to Me-
chanical Rules, and confefs the ne-
ceflity of the knowledge of Mechanicks
to underftand them, or explain them to
others. Borellz in his excellent Treatife
de motu Animalium, Steno 1n his admirable
Myologre [peczmen, and other Mathema-
tical Men on the one hand, and the non-
{fenfical, unintelligible ftuft that the com-
mon Writers on thefe Subjects have filled
their Books with on the other, are {uf-
ficient inftances to fhew, how neceflary
Geometry 1s 1n fuch {peculations. The
only Organ of an Animal Body, whole
ftructure and manner of operation is ful-
ly underftood, has been the only one,
which the Geometers have taken to their
fhare to confider. It's incredible, how
fillily the greateft and ableft Phyficians
talked of the parts of the Eye and their
ufe, and of the modus wvifionss, before
Kepler by his Geometry tound it out, and
put it paft dipute, tho they applyd
themf{elves particularly to this, and va-
lued themfielves on 1it: and Galen pre-
tended a particular Divine Commiflion

B2 to
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- to treat of it. Nay, notwithftanding the
full difcovery of it, fome go on in co-
pying their Predeceﬂbrs, and talk as “On-
geometrically as ever. 1t's true, we can-
not reafon f{o clearly of the internal mo-
tions of an Animal Body, as of the ex-
ternal, wanting fufficient data and de-
cifive Experiments: But what relates to
the latter (as the Articulation, Structure,
Infertion, and Vires of the Mulicles) 1s as
fubject to firict Mathematical difquifi-
tion, as any thing what{oever ; and even
in the Theory of Difeafes and  their
Cures, thofe, who talk Mechanically, talk
moft mtelhglbly Which may be the
reafon for the Opinion of the ancient
Phyficians, that Mathematicks are necef-
far for the ftudy of Medicine it felf, for
which I could bring long quotatiuns out
of their works. Among the Letters that
are afcribd to Hippocrates, there is one
to his Son Theffalus, recommending to
him the ftudy of Arszhmetick and Geome-
try, as neceflary to Medicine. Galen 1n his
Book intituled ¢n &rg,:gng m*rpr:a; #;_c;q ®iNdoz=
@@‘ begins, 0isv 1 wemorJeecw oi mMai T by
Tr‘.’silf, c)?nﬂv‘uéimg p&u Dhulwmomxm -ﬁuasﬁzq, lmﬁ eV
9 m,’m’ﬂﬁr, ws rzm X c}?nmd‘eumﬂss', T TIY
T € 70is MRS TAY iuTpa VUGG EmRyvET
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of the reafons of the Ancients for this
be now {fomewhat unfafhionable, to wit,
becaufe they thought a Phyfician fhould
be able to know the fitnation and afpects
of the Stars, which they believed had in-
fluence upon Men and their Difeafes, (and
]F:Of itively todeny it, and fay, that they
ave none at all, 1s the effect of want of
Obfervation) we have a much better and
undoubted one 1n 1ts room; vzz. That
Mathematicks are found to be the beft
Inftrument of promoting natural know-
ledge. 2dly. 1f we confider, not only
the Animal Oeconomy in general, bat:
likewife the wonderful frruure of the
different {orts of Animals, according to
the different purpofes for which they
were defign'd, the various Elements they
mnhabit, the feveral ways of procuring
their nuartfhment and propagating their
kind, the different enemies they have,

and accidents the: y are {ubjeét to, here 1s
B3 {t:ll
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ftill a greater need of Geometry. 1t 1s
pity, that the qualities of anexpert Ana-
tomift and skillful Geometer have feldom
met in the {ame perfon. When {uch a
one fhall appear, there i1s a whole Terra
wncognata of delightful knowledge to em-
ploy his time, and reward his induftry.
As tor the other two Kingdoms; Be-
rells and other Mathematical Men, {eem to
have talked very clearly of Vegetatzon: and
Steno another Mathematician,in his excel-
lent Treatiic de Solido intra Solzdum natura-
liter contento, has apply'd this part of learn-
g very handfomely to Foffiis and {fome
other parts of Natural Hiftory. I fhall
add only one thing more, That if we
confider motion it{elf, the great Inftru-
ment of the Actions of Bodies upon one
another, the Theory of it i1s entirely
owing to the Geometers; who have de-
monftrated its Laws both in hard and
claftick Bodies; fhew'd how to meafure
its quantity, how to compound and re-
{olve the feveral forces, by which Bodies
are agitated, and to determine the Lznes,
which thofe compound forces make
them defcribe: of fuch forces gravity,
being the moft conftant and uniform,
affords a great variety of ufeful know-
| ledge,
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fedge, in confidering feveral motions
that happen upon the Earth; »z3. As to
the free defcent of heavy Bodies; The
curve of projectiles; The defcent and
weight of heavy Bodies when they lye on
inclined plains ; The Theory of the mo-
tion of Pendulous Bodies, &c.

From what I have faid, 1 {hall draw
but one Corollary, That a natural Phi-
lofopher without Mathematicks is a very
odd fort of a perfon, that reafons about
things that have Bulk, Figure, Motion,
Number, Weght, &c. without Arithme-
tuck , Geometry, Mechanicks, Staticks, &c.
I muft needs {ay, I have the laft con-
tempt for thofe Gentlemen, that pretend
to explain how the Earth was framed,
and yet can hardly meafure an Acre of
Ground upon the f{urface of it: And as
the Philofopher {peaks, Quz repente ped-
bus tllotis ad Philofophos divertunt, non hoc
eft fatis, quod fint omnino alewpnve, apsoun,
ayewpitprs, fed legem etiam dant, qui Phi-
lofopharz difcant.

The ufefulnefs of Mathematicks in {e-
veral other Arts and Sciences 1s tfully as
plain. They were looked upon by the
ancient Philofophers as the key to all
knowledge. Therefore Plato wrote upon

B 4 his
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his School, ovdes apewpérpmms aorw, Let
none unskilled in Geometry enter ; and Xeno-
eraies told one ignorant in Mathematircks,
who defired to be his Scholar, that he
was fitter to Card Wooll, raGas jep #x
sxes Siroosias, you want the bandle of Phi-
fofophy, viz. Geometry. ‘There 1s no un-
derttanding the works of the ancient
Philofophers without it.  Theo Smyrneus
has wrote a Book entituled, An explana-
tion of thofe things in Mathematicks,
that arc necefiary for the reading of Pla-
to: Ariffotle illuftrates his precepts and
other thoughts by Mathematical exam-
ples, and that not only in Legick, &c.
but even in Ethwcks, where he makes ufe
of Geometrical and Arithmetical pro-
portion, to explain commutative and dif-
tributive juftice. i
Every body knows, that Chronology and
Geography arc indifpenfable preparations
for Hiftory : a relation of matter of fact
being a very lifelefs intipid thing with-
out the circumftances of time and place.
Nor 1s 1t {ufficient for one, that would
underftand things thoroughly, that he
knows the Topography, that 1s, the
name of the Country, where fuch a place
lies, with thof¢ of the near adjacent

places,
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places, and how thefe lie in refpe&t of
one another; but it will become him
likewife to underftand the Scientifical
principles of the Art: thatis, to havea
true Idea of a place, we ought to know
the relation it hasto any other place, as
to the diftance and bearing, its Climate,
Heat, Cold, length of days, &c. which
things do much enliven the Readers no-
tion of the very action it {elf. Juft {o,
it 18 neceflary to know the Technical or
Doctrinal part of Chronology, if a Man
would be throughly skilld in Hiftory,
it being impoflible without it, to unravel
the confufion of Hiftorians. I remem-
ber M". Hally has determin’d the day and
hour of Fulius Cefar s Landing in Britain,
from the circamftances of his relation.
And every body knows, how great ufe
our incomparable Hiftorian M. Dodwell
has made of the Calculated times of E-
clipfes, for fettling the times of great
Events, which before were as to this
effential circamftance almoit fabulous.
Both Chronology and Geography, and allo
the knowledge of the Sun’s and Moon’s
motions, fo far as they relate to the
conftitution of the Kalendar and Year,
are neceffary to a Divine, and how fadly

- {fome
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fome otherwife Eminent have blunder’d,
when they meddled with things that re-
late tothefe, and border on them, is too
apparent.

No body, I think, will queftion the in-
tereft, that Mathematicksiaﬁfe in Paint-
angy Mufick, and Architelture, which are
all founded on numbers. Per{pective
and the Rules of Lightand Shadows are
owing to Geometry and Opiwks: And 1
think thole two comprehend pretty near
the whole Art of Pamtng, except deco-
rum and ordinance ; which are only a due ~_
obfervance of the Hiftory and Circum-
ftances of the fubject, you reprefent. For
by Perfpeive, may be underftood the
Art of defigning the outlines of your
folid, whether that be a Building, Land-
skip, or Animal : and the draught of a
Manis really as much the Perfpective of
a Man, as the draught of a Building is
of a Building ; tho for particular 1'eaigns,
as becaufe it confifts of more crooked
lines, &c. it is hard to reduce the Perfpe-
¢tive of the former, to the ordinary E:E
blifhed Rules.

If Mathematicks had not reduced Mu-
Jick to a regular Syftem, by contriving its
Scales, 1t Ead been no Arty but Enthuafi-

aftick

-
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aftick Rapture, left to the roving fancy
of every Practitioner. ‘This appears by
the extraordinary pains, which the Anci-
- ents have taken to fit numbers to three
forts of Mufick, the D:iatonick, Chroma-
tack, and Enbarmonick : which if we con-
fider with their nicety in diftinguifhing
their feveral Modes, we fhall be apt to
judge, they had {fomething very fine n
thewr Mufick, at leaft for moving the paf-
fions with fingle Inftruments and Voices.
But Mufick had been imperfect ftill, had
not Arithmetick ftepped in once more,
and Guido Aretmus by inventing the
temperament, making the Fifth falfe by
a certain determined quantity, taughtus
to Tune our Organs, and intermix all
the three kindsof the Ancients; to which
we owe all the Regular and Noble Har-
mony of our modern Mufick.

As for CGuil Architellure (of Mlitary I
fhall {peak afterwards) there 1s hardly
any part of Mathematicks, but 1s {ome
way {ubfervient to it. Geometry and
Arithmetick for the due meafure of the
{feveral parts of a Building, the Plans,
Models, computation of Materials, time
and charges: for ordering right its
Arches and Vaults, that they mayl; ble

oth
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both firm and beautiful :  Mechanicks
for its ftrength and firmnefs, tranfport-
ing and raifing materials: and Opticks
for the Symmetry and Beauty. And I -
would not have any affume the character
of an Architeft without a competent
skill in all of thefe. You {fee that 7z-
truvies requires thefe and many more
for making a compleat Architeft. 1 muft
own, that fhould any one fet up to
practice in any of the fore-mentioned
Arts, furnifhed only with his Mathema-
tical Rules, he would produce but very
clumf{y pieces. He, that fhould pretend
to draw by the Geometrical Rules of Per-
{pective, or Compofe Mufick meerly by
his skill in Harmonical numbers, would
thew but aukward performances. In thofe
Compos'd Subjects, befides the ftiff Rules,
there muft be Fancy, Genius, and Habit,
Yet neverthelefs thefe Arts owe their
being to Mathematicks, as laying the
foundation of their Theory, and afford-
ing them Precepts, which being once
invented, are fecurely rely’d upon by
Practitioners. ‘Thus many defign, that
know not a tittle of the reafon of the
Rules, they practice by; and many no
better qualify'd in their way Compofe

Mufick,
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Mufick , better perhaps than he could
have done, that invented the Scale, and
the Numbers upon which their Harmony
18 founded. As Mathematicks laid the
foundation of thefe Arts, {fo they muft
improve them: and he,that would invent,
muft be skill'd in Numbers. Befides it
1s fita Man fhould know the true grounds
and reafons of what he ftudies: and he
that does{o, will certainly practice in his
Art with greater judgement and variety,
where the ordinary Rules fail him.

I proceed now to thew the more 1m-
mediate ufefulnels of Mathematicks in
Crvdl Affarrs. Tobegin with Arithmetick,
1t were an endlefs task to relate 1ts {eve-
ral ufes in publick and private bufinefs.
The regulation and quick difpatch of
both, feem intirely owing to it. ‘The
Nations, that want 1t, are altogether bar-
barous, as fome Americans, who can
hardly reckon above twenty. And1I be-
lieve 1t would go near to ruine the Trade
of the Nation, were the eafy pracice of
Arithmetick_abolifhed: forexample, were
the Merchants and Tradefmen oblig'd
to make ufe of noother than the Roman
way of notation by Letters, inftead of

our prefent. And if we fhould feel the
want
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want of our Arithmetick in the eafieft
Calculations, how much more in thofe,
that are fome thing harder ; as Intereft
fimple and compuund Annuities, &c. 1
which, it 1s incredible, how much the or-
dmary Rules and Tables influence the
difpatch of bufinefs. Arithmetick is not
only the great Inftrument of private
Commerce, but by it are (or ought to
be) kept the publick Accounts of a Na-
tion : I mean thofe, that regard the whole
State of a Common-wealth, as to the
number, fructification of its people, in-
creafe of Stock , improvement of Lands
and Manufactures, Ballance of Trade,
Publick Revenues, Coynage, Military
power by Sea and Land, &c. Tholfe, that
would judge or reafon truely about the
State of any Nation, muft go that way
to work, fubjecting ‘all the fore-menti-
oned particulars to Calculation. This 1s
the true Polstzcal knowledge. In this
refpect the affairs of a Common-wealth
dlﬁer from thofe of a private Family,

only in the greatnefs and multitude c:uf
particulars, that make up the accounts.
Machiavel goes this way to work in his
account of different Eftates. What Sir
William Petty and {eyeral others of our

Country-
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Country-men have wrote in Polstical
Arithmetick, does abundantly fhew the
pleafure and ufefulnefs of fuch Specula-
tions. It istrue, for wantof good infor-
mation, their Calculations {ome times
proceed upon erroneous f{uppofitions:
butthat is not the fault of the Art. But
what 1s 1t, the Government could not
perform in this way, who have the com-
mand of all publick Records ?

Laftly, Numbers are applicable even to
{uch things,as feem to be govern'd by no
rule, 1 mean {uch as depend on Chance -
The quantity of probabuility and propor-
tion of 1t in any two propofed cales being
{ubject to Calculation as much as any
thing elfe. Upon this depend the princi-
ples of Game. We find Sharpers know
enough of this, to cheat fome men that
would take it very ill to be thought Bub-
bles: And one Gamefterexceedsanother,
as he has a greater {agacity and readinefs
in Calculating his probability to win or
lofe n any propofed cafe. To under-
ftand the Theory of Chance throughly,
requires a great knowledge of Numbers,
and a pretty competent one of Agebra.

The feveral ufes of Geometry are not
much fewer than thole of Arithmetick,

It
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It 1s neceflary for afcertaining of pro-
perty both in Plains and Solids, or in
Surveying and Guaging. By it Land 1s
fold by the meafure as well as Cloth:
Work-men are pay’'d the due price of
their labour, according to the {uperficial
or {olid meafure of their work: and the
quantity of liquors determined for a due
regulation of their price and duty. All
which do wonderfully conduce to the
ealy difpatch of bufinefs, and the pre-
venting of frauds and controverfies. I
need not mention the Meafuring di-
ftances, laying down of Plans and Maps
of Countries, in which we have daily
Experience of its ufefulnefs. Thefe are
fome familiar inftances of things, to
which Geometry is ordinarily applyd: of
1ts ufe in Crvil, Military, and Naval Ar-
chitecture we fhall {peak afterwards.
From Aftronomy we have the regular
difpofition of our time, in a due fuccef-
fion of years, which are kept within
their limits as to the return of the Sea-
{ons, and the motion of the Sun. This
1s no {mall advantage for the due repe-
tition of the fame work, Labour and
Actions. For many of our Publick, Pri-
vate, Military, and Country Affairs, Ap-
@ polntments,
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pointments, &c. depending on the pro-
ducs of the Ground, and they on the
Seafons; It is neceflary, that the returns
of them be adjufted pretty near to the
motion of the Sun: and we fhould quickly
find the inconveniency of a vague unde-
termined year, if we ufed that of the
Mabumetans, whofe beginning and every
month wanders through all the days of
ours or the Solar year, which fhews the
Seafons, Befide, the adjufting of the
Moon's motion to the Sun’s is required
for the decent Obfervation and Celebra-
tion of the Church-Feafts and Fafts accord-
ing to the Ancient Cuftom and Primitive
Inftitution; and hkewife for the know-
ing of the Ebbing and Flowing of the
Tides, the Spring and Neap Tides, Cui-
rents, &c. So that what-ever {ome peo-
ple may think of an Almanack where all
thefe are fet down, it is oftentimes the
, moft ufeful paper that is publithed the
{ame vyear with it: Nay, the Nation
could better {pare all the Voluminous
Authors in the Term-Catalogue, than that
fingle fheet. Befides, without a regular
Chronology , there can be no certain
Hiftory ; which appears by the confufion
amongft Fuftorians before the right dif-

| C pofition



32 An Effay on t& Uﬁfufﬂ%’ |

pofition of the year, and at prefent a-
mong the Turks, who have the fame
confufion in their Hiftory as in their Ka-
lendar. Therefore a matter of {fuch im-
portance might well deferve the care of
the Great Emperour, to whom we owe
our prefent Kalendar ; who was himfelf
a great proficient in Affromomy. Phny
has quoted feveral things from his Books
of the Rifing and Settzng of the Stars,
Lzb. XVIL. cap. 25,26, &c. and Lucan
makes him fay,

Media inter prelia femper _
Stellarum,Celique plagss, fupertfque vacavz,

The Mechanicks have produced {o many
ufeful Engines, {fubfervient to conveni-
ency, that it would be a task too great to
relate the feveral {orts of them: %ume of
them keep Life it {elf from being a bur-
den. If we confider fuch, asare invented
for raifing weights, and are employ'din
Building and other great works, in which
no impediment 1s too great for them;
ot Hydraulick Engines for raifing of Wa-
ter, {erving for great ufe and comfort to
Mankiad , where they have no other
way to be fupply'd readily with that ne-
ceflary Element s or fuch as, by making

| Wind
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Wind and Water work for us, fave Ani-
mal force and great charges, and per-
form thofe actions, which require a vaft
multitude of hands, and without which
every Man's time would be too little to
prepare his own Aliment and other ne-
ceflaries; or thofe Machines, that have
been invented by Mankind for delight
and curiofity, imitating the motions of
Animals, or other works of Nature 5 we
Thall have reafon to admire and extoll fo
excellent an Art. What {hall we {fay of
the feveral Inftruments, which are con-
triv'd to meafure time ? Wefhould quick-
ly find the value of them, if we were re-
duced to the condition of thofe barba-
rous Nations, that want them. The
Pendulum-Clock invented and compleated
by that famous Mathematician Monfieur
Hugens is an ufeful invention. Is there
any thing more wonderful than feveral
Planetary Machines, which have been in-
vented to fhew the motions of the Hea-
venly Bodies, and their places at any
time? Of which the moft Ifigenious, ac-
cording to the exacteft Numbers and
true Syftem, was made by the {fame M.
Hugens: to which we may very juftly
apply Claudian s noble Verfes upon that of
Archimedes, C2 Fupiter
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SFupiter in parve cum cerneret Athera vitro,
Rafit, & ad fuperos talia dicta dedst :
Huccine mortalss progrefJa potentia cure ?
Fam meus in fragil luditur orbe labor.
Fura pols, rerumque fidem, legefque Deorum
Ecce Syracufins tranftulit arte fenex.
Inclufus variis famulatur [piritus aftres,

Et vivum certis motibus urget opus.
Percurrit proprium mentitus fignifer annum,
Et fimulata nova Cynthia menfe redit.
Famqs; fuum volvens audax induftria mundum

 Gaudet, & humanéd fidera mente regit,
wid falfo infontem tonitru Salmonea miror
Emula nature parva reperta manus,

Here T ought to mention the Sczathe-
rical Inftruments, for want of which there
was a time, when the Greczans themfelves
were forced to meafure the Shadow, in
order to know the Hour 5 and as Pliny
(cap. ult. lih. VIL.) tells us, the Romans
made ufe of an erroneous Sun-dial for
ninety nine years, till Q. Marcins Philip-
pus their Cenfor fet up a better; which
no doubt at that time was thought a
Jewel. And at laft, that famous Pyramid
was fet up in the Campus Martius, to {erve

for a Gnomon to a Dial marked on the
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ftreet, ‘To this {ort of Engines ought to
be referved Spheres, Globes, Aftrolabes, Pro-
jetions of the Spherey, &c. ‘Thefe are fuch
ufeful and neceflary things, that alone
may recommend the Art, by which they
are made. For by thefe weare able in
our Clofet to judge of the Celeftial mo-
tions, and to vifit the moft diftant places
-of the Earth, without the fatigue and
.danger of Voyages; to determine con-
cerning their diftance, Situation, Climate,
Nature of the Seafons, length of their
days, and their relation to the Celeftial
Bodies, as much as if we were Inhabi-
tants, ‘To all thefe I might add thofe
Inftruments, which the Mathematicians
have invented toexecute their own pre-
cepts, for making Obfervations either at

Sea or Land, Surveying, Gauging, &¢.
The Catoptricks and Dioptricks furnifh
us with variety of ufeful mventions,
both for the promoting of knowledge,
and the conveniencies 0? Life ; whereby
Sight, the great Inftrument of our per-
ception, is fo much improv'd, that nei-
ther the diftance, nor the minutenefs of
the Object areany more impediments to
it. The Telefcope 15 of {o vaft ule, that,
befides the delightful and ufeful purpofes
C3 1t
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it is apply'd to here below, as the def-
crying Ships, and Men, and Armies at
a diftance, we have by its means difco-
vered new parts of the Creation, frefh
inftances of the furprizing Wifdom of
the Adorable Creator. We have by it
difcovered the Satellstes of Fupiter, the
Satellites and Ring ot Saturn, the Rota-
tion of the Planets about their own
Axcs; befides other appearances, where-
by the Syftem of the World 1s made
plain to fenfe, asit was before to reafon.
The Telefeope has al{o improv'd the man-
ner of jftronomical Qbfervations, and
made them much more accurate, thanit
was pofiible for them to be before. And
thefe improvements in Aftronomy, have
brought along with them (as ever) cor-
refpondent improvements in Geography.
From the Obfervation of Fupiter's Satel-
lites, wehave a ready way to determine
the Longitude of places on the Earth.
On the other hand, the Microfcope has
not been lefs ufeful in helping us to the
fight of fuch Obje&s, as by their mi-
nutenefs efcape our naked eve. By it
Mer: have purfued Nature into its moft
retir'd recefles ; fo that now it can hard-
ly any more hide its greateft Myficries

from
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from us. How much have we learned
by the help of the Microfcape of the
contrivance and ftru¢ture of Animal and
Vegetable Bodies, and the compofitien
of Fluids and Solids? But 1if thefe Scz-
ences had never gone further, than by
their fingle Specula and Lentes to give
thofe furprizing appearances of Objects
and their Images, and to produce heat
umimitable by our hotteft Furnaces, and
to furnifh infallible, eafy, cheap, and
fafe remedies for the decay of our Sight
arifing commonly from old Age, and for
purblindnefs; they had merited the great-
eft efteem,and invited to the clofeft {tudy:
efpecially if we confider, that {uch asna-
turally are almoft blind, and either know
not their neareft acquaintance at the
diftance of a rooms breadth, or cannot
read in order to pafs their time pleafant-
ly, are by Glafles adapted to the defe&
of their Eyes fet on a level again with
thofe that enjoy their Eye-fight beft, and
that without danger, pain, or charge.
Again,Mathematicks are highly fervice-
able to a Nation in Military Afawrs. 1
believe this will be readily acknowledg'd
by every body. The Affairs of War

take in Number, Space, Force, Diftance,
Cs Time,
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Time, &c. (things of Mathematical con-
fideration) m all its parts, in Taétucks,
Caftrametation, Fortifying, Attacquing, and
Defending. 'The Ancients had more oc-
cafion for Mechanicks in the Art of War
than we have: Gun-powder readily pro-
ducing a force far exceeding all the En-
gines, they had contrivid for Battery.
And this I reckon has loft us a good
occafion of improving our Mechanicks :
the cunning of Mankind never exerting
it {elf fo much, as in their Arts of de-
ftroying one another. But,as Gun-powder
has made Mechanicks lefs ferviceable to
War; it has made Geometry more necef-
{ary : There being a force or refiftance
in the doe meafures and proportions of
the Lines and Angles of a Fortification,
which contribute much towards its
ftrength, This Art of Fortification has
been much ftudy'd of late, but I dare
not affirm, thatit hasattaind its utmoft
perfection, And tho', where the ground
1s regular, it admitsbut of {mall variety,
the meafures being pretty well deter-
mined by Geometry and Experience, yet
where the ground 1s made up of natu-
val Sirengths and Weakneffes , 1t affords
{ome {cope for thinking and contrivance,

But
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But there is another much harder piece
of Geometry, which Gun-powder has
given us occafion to improve, and that
* 1s the doétrine of Projectiles; whereon
the Art of Gumnery is founded. Here
the Geometers have invented a beautiful
Theory, and Rules and Inftruments,
which have reduced the cafting of Bomibs
to great exactnefs. As for ’ﬁz&ic@ and
Caftrametation, Mathematicks rerain the
fame place in themas ever. And {ome
tolerable skill in thefe are neceffary ior
Officers, as well as for Engineers. An Of-
ficer, that underftands Fortification, will
caterss partbus much better defend his poft,
as knowing, wherein its- ftrength con-
fifts, or make ufe of his advantage to
his Enemy’s Ruine, than he that does not.
He knows, when he leads never {o {inall
a party, what his advantages and difad-
vantages in Defending and Attacquing
are, how to make the beft of his Ground
&c. And hereby can do truely more
fervice than another of as much Cou-
rage, who, for want of fuch knowledge,
it may be, throws away hiumfelf and a
number of brave Fellows under his
Command : and it'swell, if the mifchief
reaches no further.,  Asfor a competent
skill
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skill in Numbers, itis fo neceffary to Of-
ficers, that no Man can be {afely trufted
with a Company, that has it not. All
the bufinefs is not to fire Mufquets; the -
managing of Affairs, the dealing with
Agents, &c. happen more frequently.
And the higher the Command is, the
more skill in all the aforefaid things 1s
required. And I dare appeal to all the
Nations in Europe, whether caterss pari-
bus. Officers are not advanced in pro-
portion to their skill in Mathematical
Learming 5 excépt, that fome times Great
Names and Quality carry it; but ftill {o,
as that the Prince depends upon a Man
of Mathematical Learning, that is put as
director to the Quality, when that Learn-
ing is wanting init.

Laftly, Navigation which is made up
of Aftronomy and Geometry, is {o noble an
Art, and to which Mankind owes fo
many advantages, that upon this fingle
account thofe Excellent Sciences deferve
moft of all to be ftudy'd, and merit the
greateft encouragement from a Nation,
that owes to it both its Riches and Se-
curity. And not ounly does the Com-
mon Art of Navsgation depend on Ma-

thematicks, but whatever improvements
fhall
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fhall be made in the Architebtura Navalss
or Building of Ships, whether they are
defign'd for Merchant-Ships, or Ships of
War, whether {wift running, or bearing
a great fail, or lying near the wind be
defired, thefe muft all be the improve-
ments of Geometry. Ship-Carpenters in-
deed are very intfz;ﬂ:rimis; but in thefe
things they acknowledge their inability,
confefs that their beft productions are
the effets of chance, and implore the
Geometers help. Nor will common Geo-
metry do the bufinefs; it requires the
moft abftrufe to determine the different
fections of a Ship, according asit 1s de-
fign'd for any of the forefaid ends, A
French Mathematician P. Le Foffe has
lately endeavoured {fome thing in this
way : and tho it is not free from errors,
as requiring a fuller knowledge in Geo-
metry 5 yet 1s the Author much to be
commended for this, as having bravely
defignd, and pavd the way for other
Mathematicians; and al{o for the tormer
and bigger part of his Book, whoreia
he brings to a fyftem the working of
Ships, and the Naval Tacticks, or the rc-
gular difpofition of a Lleet in "Attac-
quing, Fighting and Retieating, accord-

1ng
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ing to the different circumftances of
Wind, Tides, &c.

The great objection, that is made a-
gainft the neceflity of Mathematicks, in -
the fore-mention'd great Affairs of Na-
-vigation, the Art Military, &c. 1s, that
we -fee thofe Affairs are carry'd on and
managed by {uch, as are not great Ma-
thematicians; as Sea-men, Engineers,
Surveyers, Gaugers, Clock-makers, Glafs-
grinders, &c. and that the Mathemati-
cians are commonly Speculative, Retir'd,
Studious Men, that are not for an active
Life and bufinefs, but content themfelves
--to fit in their Studies, and pore over a
- Scheme or a Caleulation. ‘To which there
15 this plain and : eafy anfwer : The Ma-
thematicians have not only invented and
orderd all the Arts above-mentioned,
by which thofe grand Affairs are ma-
naged ; but have laid down. Precepts,
contrivd Inftrumentsand Abridgements
+1o plainly, that common Artificers are
capable of practifing by them, tho™ they
underftand not a tittle of the grounds,
on which the Precepts are built. And
in this they have confulted the good
and neceffities of Mankind. Thofe Af-
fairs demand fo great a number of peo-

ple
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ple to manage them, that it is impofiible
to breed {o many good or even tole-
rable Mathematicians. 'The only thing
~ then to be done was to make their Pre-
cepts {o plain, that they might be under-
ftood and practifed by a multitude of
Men. This will beft appear by exam-
ples. Nothing is more ordinary than
difpatch of bufinefs by common Arith-
metick, by the Tables of fimple and com-
pound Intereft, Annuities &c. Yet how few
Men of bufinefs underftand the reafons
of common Arithmetick, or the contri-
vance of thofe Tables, now they are
made ; but fecurely rely on them as
true.- They were the good and the
Thorough-Mathematicians , that made
thofe Precepts {o plain, and Calculated
thofe Tables, that facilitate the pra&ice
fo much. Nothing 1s more univerfally
neceflary, than the meafuring of Plains
and Solids : And it is impoflible to breed
fo many good Mathematicians, as that
there may be one, that underftands all
the Geometry requifite for Surveying, and
meafuring of Prifms and Pyramids, and
their parts, and meafuring Fraftums of
Conoids and Spheroids, in every Market-
‘Town, where {uch work 1s neceﬁ'ar;l; :

| the
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the Mathematicians have therefore in-
fcribd fuch Lines on their common
Rulers, and Slipping Rulers, and adapted
{o plain Precepts to them, that every
Country-Carpenter, and Gauger, cando
the bufinefs accurately enough ; tho he
knows no more of thofe Inftruments,
Tables, and Precepts he makes ufe of,
than a Hobby-horfe. So in Navigation,
it is impoflible to breed {o many good
Mathematicians, as would be neceflary
to {ail the hundredth part of the Ships
of the Nation. But the Mathematicians
have laid down fo plain and diftinét
Precepts, Calculated neceffary Tables,
and contrivid convenient Inftruments,
fo that a Sea-man, that knows not the
truths, on which his Precepts and Tables
depend, may pracice fafely by them.
They refolve Triangules every day, that
know not the reafon of any one of their
Operations. Sea-menin their Calculations
make ufe of artificial Numbers or Loga-
rathmes, that know nothing of their con-
trivance: and indeed all thofe great
inventions of the moft famous Mathema-
ticians had been almoft ufelefs for thofe
ccmmon and great Affairs, had not the
practice of them been'made ealy to thofe
who
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who cannot underftand them. From
hence it 1s plain, that it1s to thofe Spe-
culative Retir'd Men, we owe the Rules,
the Inftruments, the Precepts for ufing
them, and the Tables which facilitate the
difpatch of {fo many great Affairs, and
{upply Mankind with {fo many conveni-
encies of Life. They were the Men, that
taught the World to apply Arithmetick,
Altronomy, and Geometry to Sasling, with-
out which the needle would be ftill ufe-
lefs. Juft the fame way in the other
parts of Mathematicks, the Precepts that
are practifed by multitudes, without be-
ing underftood, were contrivd by fome
few great Mathematicians.

Since then it has been thewn, how much
Mathematicks 1mprove the Mind, how
fubfervient they are to other Arts, and
how immediately ufeful to the Common-
wealth, there needs no other arguments
or motives to a Government, to encou-
rage them. This 1s the natural conclu-
fion from thefe premifes. Plato in his
Republick (lzb. V11.) takes care, That, who-
ever is to be Educated for Magiftracy, or
any confiderable Poft in the Common-ealth,
may be inftrutled firft in Arithmetick, then
in Geometry , and thirdly in Aﬂmnam;g

An
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And however neceflary thofe Arts were
in Platos time, they are much more fo
now : The Arts of War and Trade re-
quiring much more the afliftance of thole
Sczences now, than they did then; asbe- -
ing brought to a greater height and per-
fection. And accordingly we fee, thefe
Sczences are the particular care of Princes,
that defign to raife the Force and Power
of their Countries. It is well known,
that this is none of the leaft Arts, where-
by the French King has brought his fub-
jeéts to make thatFigure at Sea, which
they at this time do; I mean, the care
He takes for Educating thofe appointed
for Sea-fervice in Mathematical Learning. -
For in the Ordonnance Marine Tatle VIII,
¢He orders, that there be Profeffors to
¢ teach Navigation publickly in all the
¢Sea-port Towns, who muft know de-
¢ figning, and teach it to their Scholars,
¢in order to lay down the appearances
¢ of Coafts, &c. They are to keep their
¢ Schools open, and read four times a
¢ week to the Sea-men, where they muft
¢have Charts, Globes, Spheres, Com-
¢ pafles, Quadrants, Aftrolabes, and all
“Books and Inftruments neceflary to
teach theiwr Art. The directors of Hof-

¢pitals
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¢ pitals are oblig'd to fend thither yearly
¢ two or three of their boys to be taught,
“and to furnifh them with Books and
© ¢Inftruments. Thofe Profeflors are

‘oblig’d to examine the Journals depo-
¢fited in the Office of Admiralty, in the

¢ place of their eftablifhment ; to correct
¢ the errours in prefence of the Sea-men,

“and to reftore them within amonth, &c.
King Charles the {econd, who well un-
derftood the importance of Eftablifh-
ments of this nature, founded one fuch
School in Chrift s Hofpztal London ; which,
1 believe, is inferiour to none of the
French : but 'tis to be wifhed there were
many more {uch. His prefent Mayefty,
during the time of the late War, efta-
blifhed a Mathematical LeSure to breed
up Engineers and Officers, as knowing
very wellthe importance thereof. And
this continued fome time after the Peace.
And it i1s worthy the confideration of the
Wifdem of the Nation,whether the reftor-
ing and continuing thls, even 1 Peace, be
not expedient for the breeding of En-
gineers, who are {o ufeful and valuable,
and {o difficult to be had in time of W'.ar:Jr
and fo lictle dangerous in times of

Peace.
D Befides
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Befides the crowd of Merchants, Sea-
men, Surveyors, Engineers, Ship-carpenters
Artzfans, &c. that are to be initruéteci
in the practice of {uch parts of Mathe- -
maticks, as are neccflary to their own
bufinefs refpectively, a competent nums-
ber of able Mathematicians onght to be
entertained, in order to apply them{elves
to the practice ; not only to inftruct the
former fort, but likewile to remove
thofe obftacles, which fuch, as do not
think beyond their common Rules, can-
not overcome. Andno doubt it 1s no
imall impediment to the advancement of
Aris, that Speculatzve Men and good Ma-
thematiczans are unacquainted with their
particular defe¢ts, and the feveral cir-
cumftances 1n them, that render things
praéticable or empraélicable. But if there
were publick encouragement, we fhould
have skilful Mathematicians employed
in thofe Arts, who would certainly find
cut and remedy the imperfections of
~ them. The prefent Lords Commiffio-
ners of the Admiralty knowing, that
there are ftill two great Defiderata 1n Na-
vigation, to wit, The Theory of the varia-
tion of the magnetical Needle, and a method

of finding out the Longitude of any pﬁ;}rﬂ,
that
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that may be practicable at Sea by Sea-
men, and being {enfible; of what im-
portance 1t would be to find out either
. of them, have imployed a very fit per-
fon, the ingenious M'. Hally, who has
joyn'd an entire acquaintance in the
practice, to a full and thorough know-
ledge of the more abftrufe parts of Ma-
thematicks. And now that he is return-
ed, it is not doubted, but he will fatisfy
thofe, that {fent him, and in due time the
World too with his difcoveries in both
thofe particulars, and in many other,
that he has had occafion to make. And
where a long feries of Obfervations and
Experiments 1s neceflary, he has no
doubt laid fuch a foundation, as that
After-Obfervers may gradually perfect
them. 1If it were not for more than
the correting the fituation of the Coalfts,
where he touched, and by them others,
whofe relation to the former is known,
the Nation is more then triply payd;
and thofe, who fent him, have by this
Miffion fecured to themfelves more true
Honour and lafting Fame, than by
Actions, that at ﬁr%t view appear more
Magnificent,

D2 The
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The next thing, that 1s neceffary for
the improvement of Mathematical Learn-
g, 15, That Mathematicksbe more ge-
nerally ftudy'd at our “Unsverfitres than
hitherto they have been. From thofe
Seminaries the State juftly expeds and
demands thofe, who are acquainted both
with the Speculation and Praiice. In
thofe are all the encouragements to them
1maginable, Leifure and Afliftance. There
are {hill at hand Books and Inftruments,
as alflo other Scholars that have made
equal progrefs, and may be Comrades
in ftudy, and the direction of the Pro-
feflors.  There are alfo in perfection all
the incitements to this ftudy, and elpeci-
ally an acquaintance with the works of
the Ancients, where this Learning 1s 1o
much recommended : There other Facul-
ties are ftudy’d, to which it is fubfervient.
There alio arethe Nobility and Gentry
bred, who, in due time muft be called
to their fhare in the Government of the
Fleets, Army, Treafury, and other Publick
Employments,where Mathematical Learn-
ng 15 abfolutely neceffary, and without
which, they, tho of never fo great
Natural parts, muft be at the mercy and
difcretion of their Servants and Depu-

: f1€s ;
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ties ; who will firft cheat them, and then
laugh at them. And not only Publick
Employments, but their Private Con-
cerns demand Mathematical knowledge.
If their Fortunes lie in Woods, Coal,
Salt, Manufactures, &c. the neceflity of
thisknowledge 1s open and known : and
even i Land-Eftates, no undertaking
for improvement can be fecurely rely'd
upon without it. It not only makes a
Man of Quality and Eftate his whole
Life more llluftrious, and more ufeful
tor all Affaire, (as Hippocrates {ays, 15~
emns 9 peritw oo @ oy, Tewpstemns X Agsd=
pnoies 8 9O pivew, gt gy v Biov euxAéa Koy
Jit mRa xprapev e arbpumls poipky Jm-
Nges, ala xgy tlw vyl efvrply T % -
Aawpesiolo &c;) but 1n particular, 1t 1s the
beft Companion for a Country Life.
Were this once become a falhionable
ftudy (and the Mode exercifes its Em-
pire over Learning as well as other
things) it 1s hard to tell, how far it
might influence the Morals of our No-
bility and Gentry, in rendring them Se-
rious, Diligent, Curious, taking them
off from the more fruitlefs and airy exer-
cifes of the Fancy, which they are apt

to_run into.
D3 The
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The only Objection, I can think of,
that 1s brought againft thefe ftudies,
is, that Mathematicks require a parti-
cular turn of Head, and a happy Genius
that few people are Mafters of, without
which all, the pains beftowed upon the
ftudy of them arein vain: They ima-
gine that a Man muft be Born a Mathema-
tician. 1 anfwer, that this Exception is
common to Mathematicks and other Arts.
That there are perfons, that have a par-
ticular capacity and fitnefs to one more
than another, every body owns: And
from experience I dare {ay, 1t 1s not 1n
any higher degree true concerning Ma-
thematicks than the others. A Man of
good fenfe and application 1s the per-
fon, that 1s by nature fitted for them :
efpecially if he begins betimes; And if
his circamftances have been fuch, that
this did not happen, by prudent directi-
on the defect may be fupply’d as much
as mm any Art whatfoever. The only
advantage this Objection has, is, that it
15 on the fide of foftnefs and idlenefs,
thoie powerful Allies.

There 1s nothing further remains, Sir,
but that I give you my thoughts in ge-
neral concerning the Order and Method

of
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of ftudying Mathematicks ; which 1 fhall
do very fhortly, as knowing that you
are already acquainted with the beft me-
thods, and others with you may have
them eafily from the beft and ableft
hands.

Firft then, I lay down for a princi-
ple, thatno body atan Unwverfity is to
be taught the practice of any rule
without the true and folid reafon and
demonftration of the fame. Rules with-
out demonftration muft and ought to
be taught to Sea-men, Artifans, &c. as
I have already faid ; and Schools for fuch
people are fit in Sea-ports and Trading-
Towns; but it 1s far below the dignity
of an Unmzverfity, which 1s defign'd for
folid and true Learning, to do this. It
1s from the Univerfities, that they muft
come, who are able to remedy the de-
fects of the Arts: and therefore no-
thing muft be taken on troft there.
Sea-men and  Surveyors, &c. remember
their Rules, becaufe they are perpetu-
ally practifing them: But Scholars, who
are not thus employ'd, if they know not
the demonftration of them, prefently
forget them.

D 4 Secondly,
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Secondly, no part of Mathematicks
ought to be taught by (ompendiums.
This follows from the former. Compen-
diums are fit to give a general and fu-
perficial knowledge, not a thorough one.
It's time, and not the bulk of Books, we
ought to be {paring of: And I appeal to
any perfon of Experience, whether fo-
hid knowledge 1s not acquird m fhorter
time by Books treating fully of their
fubjects, than by Compendiums and A-
bridgements.

From hence it follows, that the Fle-
ments of Arithmetick and Geometry are
to be taught. ZEwchid in his thirteen
Books of Elements gives us both : but
our prefent way of Notation fuperfedes
{fome of thofe of Arithmetick , as demon-
ftrating the Rules from the Operations
themfelves. There remain then the
firft fix Books for the Geometry of Plains,
and the lalt three for Stereometry. The
reft ought to be read in their own place
for the perfection of Arithmetick. In
teaching thefe, care ought to be taken
to make ufe of fuch Examples, as fuit
with the condition of the Scholar. For
miance, Merchants Aceounts and Aﬁz}{r.f

or
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for Examples of the Operations of 4-
rithmetick, to one that 1s afterwards to
have a concern that way; whereas toa
Man of the firft Quality, examples
from the encreafe and decreafe of the peo-
pley or from Land or Sea-Force, and from
the Taiticks ought to be propofed. For
it is certain, nothing makes one tyrd
{fooner, than the frivolous and trifling
examples, that are commonly brought
for the exercife of the Rules of Arah-
metick and Geometry: tho' this 1s com-
mon to them with the other Arts, as
Grammar, Logick , &c.

The manner of Writing of the Ma-
thematicians of this and the former
Age makes Trigonometry, with the man-
ner of conftructing its Tables, &c. al-
moft Elementary ; and the praélical Geo-
metry commonly fo call'd, 1s very fit to
come next, as an elegant application
of the Elements of Geometry to Bufinefs,
as Surveying, Gauging, &c.

After the Elements of Sphericks, which
are perfectly well handled by Theodofius,
a full infight into the principles of Aftro-
nomy will be neceffary.

Mecha-
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Mechanicks come next to be read,
which are the Ground of a great part
of Natural Learning : and afterwards 0p-
tacks, Cataptrét? and Dazoptricks.

But none of thefe except the Elements
canbe fully underftood until one is pret-
ty well skill'd in Conick-feitions : Andall
thefe are made more eafy by fome to-
ferable skill in Algebra, and its applica-
tion to Geametry.

Thefe foundations bemg laid, any
one may with great eafe puorfue the
ftudy of the Mathematicks, as his occa-
fions require: either in its abftract parts,
and the more recondite Geometry, and its
application to Natural knowledge; or
in Mechanicks, by profecuting the Sta-
tacks, Flydroftaticks, Ballfficks, &c; or in
Aftrenomy, by its application to Geogra-
phy, Navigation y Gnomonicks , Aftrolabes,
&c. But in moft of thefe a particular
order 1s not neceflary. Any one may
take that firft, which he is moft ncli-
ned to.

I fhall not offer yon any advice con-
cerning the choice of Books, but refer
you (if you want any) to the direGtion
of thofe, who are Eminent among you

m
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in this part of Learning. T ask your
pardon for the omiflion of Ceremony in
thefe papers, having followed rather the
ordinary way of Effay than Letter : and
wifhing you good fuccefs in your ftudies,
I am,

i,
Your Friend and Servant.

25. Novemb,
1700,
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