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Edinburgh, 16th September, 15827,

My Dear MorHER,—I was very anxious to hear from Clover-
Bank till T received Margaret’s letter yesterday morning. You
see I send in another statement—as it is certainly the best policy
to do so as often as possible—sufficiently imaginative like the
rest.  We are well here and exceedingly comfortable, The
weather has been rather broken here for a week or two, so that
the laboratory, with its little furnace, is the most comfortable
room in the house. I have scanned off my allowance two very
fine thermometers of great accuracy and beauty made by Dunn,
and some other things, so that T now go on pretty smoothly.

Robert Logan of Eastwood has heen here for a few days, he
promised to call up immediately and to convey this parcel, so that
I am, as usual, pressed for time. By way of ballast T send you a
couple of letters, and the scrawl of one of mine. Johnston had
sent up a paper, that I should deliver for him to the R. Society,
upon which he had been working away for two years, for he has
never published anything. I at once detected a serious oversight
which pervades the whole of it, and will expose him to a severe
basting if he publish it. T accordingly wrote him as you have it
in the scrawl. His letter is an answer to mine—a good deal
nettled, you will see, and talking nothing to the purpose. I have
also answered that, and shown him to be wrong by experiment.
The other letter is a curiosity, in so far as it has been in the penny
post, and trying all the Grahams in Edinburgh since June. Tt is
from Dr. Thomson’s nephew, Steel. The whole address originally
was “ Mr. Thomas Graham,” till at last it had fallen into the hands
of some person who knew me and completed the address. The
postman delivered it last night with that account.

Edinburgh, 1 W. Richmond Street, 4th October, 1827.

My DEar JonnstoN,—Your paper I received last night, after
it had been opened by a person of the same name who resides at
I 'W. Nicholson Street. To-day (Thursday), with the intention
of delivering it, T have called twice on Dr. Turner without finding
him.  Nevertheless, trusting to your friendly indulgence, T have
at last concluded, after a severe struggle, to retain the paper and
take no further step till T have communicated with you. T
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tions as possible to save blotting):—Heated in a glass tube they
give off no water. In @ platinum crucible, as the heat approaches
to redness, the salt is partially decomposed, giving oft hydrocyanic
acid and ammonia. At a bright red heat it blackens and melts,
and is at last totally decomposed, leaving Potash and earburet of
iron. Here the underlined parts are the corrections. The
substitution of perowide for carburet has, 1 suppose, arisen
from thinking at the moment of the green sediment, which,
when heated in an open crucible, gives peroxide of iron. Now,
you will see at once the source of the hyd. Potassium, when
heated in contact with air, burns and becomes potash; hydrogen
therefore will be evolved in proportion to the quantity of the
oxygen it obtains which is due to the decomposition of moisture.
You say its decomposition if anhydrous should be analogous to
that of cyanide of mercury; and so it is—heat eyanide of mer-
cury in the open air—it blackens, melts, and gives off white
fumes of hydrocyanate of ammonia. Whence comes the hyd.—is
it from water in the cyanide? As to the absence of water in this
salt, Gmelin and I agree ; it is not, however, beyond dispute, but
the contrary is unsupported evidence.

I copy the following experiment from my note-book. I wish it
could be inserted in a note; it would show how difficult it is to
decompose the salt entirely, and that the iron is in the metallic
state:—“5 grns. heated to redness in a platinum crucible over a
spirit lamp first decrepitated, giving off hydroeyanic acid ; ammonia
was then evolved in considerable quantity, and this continuing,
the crucible was covered and exposed to a strong red heat. Re-
moved from the fire, a greyish black powder remains, which
appeared to have been in fusion. With dilute muriatic acid it
effervesces strongly, giving off the smell of hydroeyanic acid. The
solution obtained gave a precipitate of iron with benzoate of
ammonia, the previous filtration having left a slight blue sediment
on the filter, There remained undissolved a shining black matter
at the bottom of the crucible, which, by repeated digestion with
nitric and muriatic acid, was partially decomposed, and in solution
gave the precipitate characteristic of iron. 1t was, therefore, car-
buret of iron, and the metal taken up by the dilute muriatic acid
was probably in the state of carbonate. The blue sediment shows
a portion to have been still undecomposed.”

This experiment is dated 18th December, 1826, and was made
in Thomson’s laboratory. If you think it is of any service, I will
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member, where he was proposed by Dr. Turner, at his own urgent
request, I had a great deal of talk with Dr. Hope as to John-
ston’s merits, and kept him up as well as I could, but tono purpose.
It was Dr. Hope who oceasioned his rejection in the Council, he
being, as Miss Cameron says, “no poor man'’s friend.” . o
Hope told me that he had repeated my alcohol process, which he
fancied,” before his class with success—it takes a week, so that it
is no bad advertisement—and added, with a pomposity which was
almost too much for my gravity, “and may I be allowed to ask,
Sir, was this beautiful discovery the result of accident or of
research?” Humbug.

[Graham was occupied with three papers in 1828, viz.:—(1)
** Experiments on the Absorption of Vapours by Liquids;” (2)
“On the Influence of Air in determining the Crystallization of
Saline Solution;” (3) “ A Short Account of Experimental Re-
searches on the Diffusion of Gases.”]

The poverty of Graham at this period is illustrated by the
following curions aneedote communicated by his sister, Mrs.
Reid:—“1I dare say you know of his taking a very poor little
“room at Portobello, and laying wires in the sea, mostly after it
“was dark, but moonlight perhaps, for his experiments. His
*“landlady found some of his things below the bed in his room, and
“told him she did not like to see such things, she doubted he was
“after no good, and he had better take his leave. She put his
*“wires, ete., out at the door and bid him walk, she would rather
“ want a week’s rent than let him in again ; so poor Tom had to
“hide his things and walk back to Edinburgh that night. The
“rent of the room was 3s. per week, without fire, which was a
* great deal more than he could spare at that time.” Graham
then returned to Glasgow, where he taught Mathematics for some
time at the suggestion and under the patronage of the late Dr.
Meikleham, Professor of Natural Philosophy in the University
of Glasgow. Subsequently he had a Chemical Laboratory in
Portland Street, where he also delivered lectures, and for the year
1829-30 did similar work in the Mechanics’ Institution. In 1830
he was appointed Professor of Chemistry in the Andersonian
University.

[During the next six years Graham worked hard in Glasgow—
lecturing, teaching, and sending out workers from the Andersonian
University. |
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Oct. 29, 1844,

To Joux Gramam, Esq.—I have had a bustling week
owing to Liebig’s return to London, and second visit. He
saw 10 company except private friends, and did not visit out
last week (except once) till we left for Oxford together on
Friday after my lecture. This was a long promised visit
for me to Dr. Daubeny, and I remained there till Monday,
occupying Felton’s chambers in the Dr.’s college (Magdalen) for
three nights. This being term time, I saw Oxford, as you may
suppose, to great advantage. The Doctor had his sister and two
nieces on a visit to him in his official residence in the Botanic
Garden, one of the said nieces is not quite a beauty, but every-
thing else, and very dangerous.

Liebig returned before me on Saturday evening, accompanied
by Dr. Buckland, who consented to remain with him at No. 9,
and did the honours of the house till the retwrn of the usual
occupant. I wish Margaret had been here to have met the
Doctor, his good nature and humour or rather classical drollery
are quite overpowering.

Liebig had a very satisfactory interview with Sir Robert |Peel]
after church on Sunday—Buckland introducing. Among other
things, the Professor was asked his opinion of the new (proposed)
College of Chemistry. He said that its character and success
would depend entirely upon the chemist who should undertake its
management, and that not being settled he could not give any
opinion, although he thought favourably of the principle. It is,
Liebig really believes, at present a job of certain parties, but 1
would not be surprised to see it taken out of their hands. Sir
Robert enquired why not attach it to one of the existing institu-
tions— University College or King’s College. This Liebig thought
the proper plan.

Dr. Buckland has much of the premier’s confidence, and is, 1
can easily see, his principal scientific adviser., I have no wish to
be encumbered with the new college, and believe that the means
of teaching chemical analysis in London are sufficiently ample and
cheap, -more than the public will take advantage of. The best
locale for a Giessen school is not London, but some country town,
and it might be well connected with an agricultural college. 1T
have no wish to meddle with such a speculation or be any way
responsible for it ; foreseeing, as I do, great perils and chances of
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14th Dec., 1861, from London.

To Miss Granaym, Pau.—The bulletin of the Prince Consort’s
health is favourable this afternoon. Dr. Arnott says that all
ground for uneasiness has ceased. Lord Monteagle, with whom I
was talking, says that so serious did things appear yesterday that
the Duke of Cambridge was called away from parade.

Miss Coutts has been to Compeigne, and reports the Emperor
as speaking strongly against the Americans. He wished they had
tried it on one of his ships.

16th Jan., 1862, from London.

To Miss Granay, Pau.—Doctor Hoffinann has had a tempting
offer of a Chemical Professorship at Bonn. His countrymen are
anxious to have him back, which T can well understand. T was
telling him his countrymen must look upon him as the *missing
planet” between the orbits of Bunsen and Strecker. He was
much shaken by the offer for several days, but he is too well
situated in every respect here to make a change.

James Young, with John Thom, Dr. Angus Smith of Manchester,
Dugald Campbell, and John, dined here the day before yesterday.
The gathering was due to Mr. Young's friendly anxiety to support
the claims of Dr. Smith to the Chemical Chair in Aberdeen, which
has become vacant by the death of Dr. Fyfe.

In case the Rev. Mr. Yorke should be disposed to look into a
correspondence on the glacier question, I beg to enclose a letter
from Professor Hopkins, the eminent Mathematician and Physical
Geologist, who is to lecture on the subject at the Royal Institution
- on the 31st., with my explanatory reply. I do not éare to publish
more on the subject till T have had an opportunity of making a
few experiments to illustrate the subject.

PRS- =

Jrd February, 1862, from London,

To Miss Granay, Pau.—Since I had your last favour, Professor
Hopkins’ lecture on the glacial theories came off at the Royal
Institution. Tt was very clear and satisfactory so far as it went,
but of too elementary a character to take up such a point as the
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therefore be loose, and probably not altogether shut, although
sufficiently so to retain the powder. A sudden plunge into the
water would therefore be unfailingly attended by a considerable
insinuation of the liquid into the neck of the bag, the valve yield-
ing inwards to the stroke. But the moment that water comes in
contact with the powders they violently react upon each other, pro-
ducing a copious evolution of incoercible air [carbonic acid gas],
which would violently press down the valve, and inflate the bag
with considerable force. We have found by experiment that the
bag, in such circumstances, is filled with air to the extent of at
least one-third, which is enough to render a man buoyant within
ten seconds ; in twenty seconds the bag is more than half-filled,
and within a minute it is completely filled, and all perceptible
action at an end. Should a person invested with such a preserver
be accidentally thrown into water, the air-producing apparatus
would be brought immediately into action, and the bag foreibly
inflated, although previously it had been flaccid, and had occupied
very little space,

“ The collar which is appended to the bag, and the valve or lid,
which are the most important parts of this apparatus, might be con-
structed of various materials, and of any shape which was found
most convenient. The most important circumstances to attend
to are, that the neck or collar be_of such materials as would not
readily collapse or close together from external pressure, and that
the valve be of considerable size, and such as would admit the
water with ease.  Should it be thought advantageous to admit
more water than has entered at the first rush, the valve could be
pushed inwards by the hand near it, and more water would enter;
or, if it was perceived that more air would be produced than was
necessary to inflate the bag to its full dimensions, from too great
a quantity of the powders being employed, a momentary opening
of the valve would remove the injurious excess. From the con-
struction of the apparatus, and the manner in which it is attached
to the body, it is evident that when in actual use in the water,
the inflated bag would rise and maintain a superior position,
while the collar and valve would be eonstantly under water—an
arrangement which would secure the retention of the air in the
bag. The air, too, within the bag would not be in immediate
contact with the wvalve, which would be protected and made
certainly air-ticht by the water which had entered and induced
the action.”
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hydrogen. Passage of gases into vacuum in time through a stucco
plug, not in direct proportion to pressure.

Tables of the times. The kind of gas in the receiver did not
alter the velocity with which hydrogen entered under a certain
pressure,

Dry sound corks answer well as a substitute for stucco-plugs.
This passage of hydrogen is against Dalton’s opinion that one gas
is vacuum to another. Diffusion of carbonic acid. The gas
confined over a solution of common salt.

Chlorine, Sulphurous acid, protoxide of nitrogen, Cyanogen.

Muriatic acid, ammoniacal gas, sulphuretted hydrogen.

Oxygen, Nitrogen, olefiant gases, carbonic oxide.

Carburetted hydrogen of marshes. General table. In the
volumes of oxygen, nitrogen, and carbonic oxide, theory and
experiment agree as closely as could be desired.

Density of any gas diffused into air, both being in the same
state as to aqueous vapour, is obtained by the formula D=
(L )* where G is the volume of the gas diffused, and A the returned
air, It is possible to come within 100th part of the specific gravity
by operating on a cubic inch of gas.

Nitrogen and carbonic oxide diffuse without any contraction on
either side, Same density. Inequality of density not essential
requisite in diffusion. Plugs not used for some days did not
diffuse. Hydrogen opened a passage in a few minutes, and they
went on as before. Heat also restored the action; dust the cause
of stoppage. Evaporation may be explained on the principle of
diffusion.

Mechanism of respiration. Carbonic acid being earried out from
the air-cells, oxygen is carried in.

Heavy carbonie acid exchanged for a larger amount of oxygen,
and may explain inflation of the minute tubes. To insect respir-
ation most distinetly perceived applicable. Diffusion takes place
by interchange of position of indefinitely minute volumes of the
«as, not between sensible masses. The law not provided forin the
corpuscular philosophy of the day. Supplementary observations
on the law of diffusion of gases.

Some gases mix more rapidly than others, still keeping in
conformity with the law. This is connected, in the case of
hydrogen, with the apparent deviation from the law of diffusion,
mentioned p. 53. [t is there shown that more hydrogen passes

out than the exact quantity proportional to the return air.
R
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hydrogen; cause of its being found in coal mines. Resists the
action of platinum black, but permits other gases to be oxidated.

XIV.—O0n the Motion of Gases. Part 1.—1846.
From Phil. Trans. iv., 1846, pp. 573-632; ii., 1549, pp. 349-362.

Necessary to keep apart the phenomena of the passage of a gas
through a small aperture in a thin plate, and its passage through
a tube of sensible length. Rate of discharge independent of the
material of the tube,

Rate of discharge of gases by tubes bas no uniform relation to
the density of the gases. Passage of gas through a thin plate.
Effusion tube. Transpiration.

Part 1.—Effusion of Gases.—Effusion of hydrogen into a
vacuum by a glass jet.

Effusion of oxygen and nitrogen; of carbonic oxide; of car-
buretted hydrogen of marsh gas.

Effusion of carbonic acid and nitrous oxide; of olefiant
gas.

Effusion into a vacuum by a perforated brass plate A, with
results.  Different gases pass through minute apertures into a
vacuum in times which are as the square roots of their specific
gravities. For a proper effect the plate ought to have no sensible
thickness,

Tubularity of the opening quickens the passage of carbonic acid
and nitrous oxide in reference to air, they being more transpirable
and less diffusive than air. Effusion of nitrogen and oxygen, and
of mixtures of these gases under different pressures, by a second
perforated brass tube B,

Table of effusion of air, nitrogen, oxygen, and mixture.

Effusion of air, carbonic acid, oxygen, and mixture, at different
pressures, by plate B,

Effusion of carbonic acid, air, and of mixtures of carbonic acid
and air, at diffevent pressures, by plate B,

Effusion of mixtures containing hydrogen.

Effusion into a sustained vacuum by platinum plate E.

Effusion of air of different elasticities or densities by brass plate
B. The effusion time of air of two atmospheres falls below that
of air of one atmosphere.

Effusion of air of different temperatures by plate F.
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Permeation through the graphite plate into a vacuum, and the
diffusion into a gaseous atmosphere due to the same inherent
mobility of the gaseous molecule. The diffusive mobility is a
property of matter fundamental in its nature,

The physical basis is the molecular mobility.

Diffusion of mixed gases into a vacuum with partial separation
—Atmolysis.

Oxygen and hydrogen, amount of separation in proportion to
the pressure.

Oxygen and nitrogen, separation of.

All porous masses will have some effect in separating mixed
gases. The tube atmolyser—a clay tube within a glass or metal
one to increase rapidity.

Separation of oxygen from hydrogen and nitrogen.

Interdiffusion of gases—double diffusion, Remarks on Bunsen’s
results,

Interdiffusion without an intervening septum,

A portion of carbonic acid travelled at an average rate of 73
millimetres per minute, of hydrogen a third of a metre in one
‘minute

XVII—O0n the Absorption and Dialytic Separation of Gases by
Colloid Septa.

From ¢ Phil. Trans.,” 1866, pp. 399-439.

Part L.—Action of a Septum of Caoutchoue—Dr, Mitchell’s
experiments,

Important to remember the complete suspension of the gaseous
function during the transit through the colloid membrane,

Passage of gases through caoutchoue.

The relation not that of diffusion. The first absorption of the
gas by the rubber must depend on a kind of chemical affinity.

A film of caoutchouc has no porosity, and resembles a film of
liquid in its relation to gases.

Liquids and Colloids have an unbroken texture, and afford no
opportunity for gaseous diffusion.

Penetration of varnished silk.

Absorption of gases by a block of caoutchoue. Dialytic
separation of oxygen from atmospheric air (1) by means of other
gases; (2) by means of a vacuum,
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8. Diffusion of one salt into the solution of another salt. Chlo-
ride of sodium does not resist carbonate of soda diffusing into it.
Sulphafe of soda does. Nitrate of potash is not resisted by nitrate
of ammonia, although isomorphous, They are inelastic to each
other, like two gases.

At a certain pressure attraction impairs the elasticity of a gas,
. 80 at a certain saturation the salt molecules tend to crystallize,

Further analogy between liquid and gaseous diffusion.

Diffusion of salts of potash and ammonia. Vials for diffusion
holding 2,080 grains (134°74 grammes), outside vessel or water
atmosphere 8,750 grains (or 571'1 grammes). Density 2, 4, 63,
and 10 to 100 water by weight. Some at two temperatures.

Diffusion of carbonate of potash, sulphate of potash, and sulphate
of ammonia. Sensibly equal except at the densest point.

Diffusion of chromate of potash and acetate of potash, Close
correspondence, even to the 10 per cent. solution.

Diffusion of bicarbonate of potash and bichromate of potash.
Close approximation: so that equality is not confined to isomorphous
salts,

Diffusion of nitrate of potash and nitrate of ammonia. A slight
superiority in the latter.

Diffusion of chloride of potassium and chloride of ammonium.
Agree well: related to the preceding nitrates. Crystallizing
attraction in strong solutions resisting diffusion.

Diffusion of chlorate of potash. Inferior to the nitrate. Tts less
solubility may be connected with a tendency to crystallize,
uniformity of diffusion greater in weak solutions.

Diffusion of salts of the sulphate of potash class. Diffusion of
1 per cent. solutions, Ferrocyanide and ferrieyanide of potassium,

Diffusion of salts of the nitre class,

Nitrate of potash and carbonate of potash.

Times of equal diffusion. A 4 per cent. solution of nitrate of
potash diffused for 7 days, or as 1 to 14142, the square root of 2,
Leading to the idea of solution densities, and further analogy
with gases. Further trials,

Hydrate of potash, Compared with nitrate and sulphate.

Diffusion of salts of soda,

Diffusion of sulphate and carbonate of soda. Nitrate of soda.

Relation of salts of potash to salts of soda. Times of equal
diffusibility as the square root of 2 to that of 3.

Diffusion of sulphate of magnesia.






























APPENDIX,.

—_—

CRITICAL REMARKS ON THE FOREGOING PAPERS OF THOMAS
GRAHAM, BEING PREFACE BY DR. R. ANGUS SMITH T0
“PHYSICAL RESEARCHES OF THOMAS GRAHAM,” PUBLISHED
FOR PRIVATE CIRCULATION BY DR. R. ANGUS SMITH AND
JAMES YOUNG IN 1576,

GRAHAM AND OTHER ATOMISTS,

Aroms and eternal motion are amongst the first known scientific ideas.
We find them discussed with full keenness of insight by the earliest
Greeks of whom we have received definite accounts. If the opinions did
not spring from Hellenic soil they certainly found themselves in a land
well fitted for their development; but so many of the thoughts of men have
come from the East that it is natural to suppose that both had their origin
there. India has had several atomic systems and acute discussions on
atoms and matter. I shall leave it to others to decide at what time the
earliest known were written, but it is at least clear that the subject was
thought out in a peculiar method, with occasional logic of the keenest
known, moving forward into regions where reasoning is difficult and
mysticism reigns. There we may find thoughts, the same apparently as
led to the centres of force of Boscovich and original fluid or universal
ether, as well as the various atoms of the Greeks, or the clearest ideas of
moderns, too clear at times to be sufficiently comprehensive. It is said
that Leucippus obtained his opinions from a Phenician called Moschus
(and Mochus), and it is pleasant to think of this earlier name of an atomist
to whom it seems unnatural to deny existence, even if he be little known.
And although Zeller! tells us that the roots of the ideas lay in the earlier
Greek mode of thought, this scarcely is sufficient for separating the East
and the West, since tradition in very remote times led to the belief in
frequent and interesting communication. Such names are not forged, and
when characters are invented we find them rarely to be men of science.
Still, the accounts are vague, and Indian literature waits arrangement.
Althongh Kapila as a philosopher is almost lost as a personality, his
system® shows a long train of successfully cultivated thought. How and
when did Cindde’s notion arise that an atom was the sixth part of a mote
in a sunbeam ? 1If, however, we turn to the second idea, namely, * eternal
motion,” we must claim for it decidedly an Eastern origin, and perhaps it
is still to be found among the remnants where Chaldmans or Accadians
may have recorded their thoughts, when their astronomers and astrologers
sought wisdom out of the heavens. Science seems to have begun amongst

r In fie Philogophie der (friechen, p, G658,
z Colebrooke’s Essays on the Religion and Philesophy of the Hindus,
Lt
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the heavenly bodies, and even amongst the Greeks Anaximander brought
forward his mystic idea of the immeasureable, before the smaller move-
ments in matter were considered. To follow a late writer,! even the idea
of eternal motion, as held by that early Greek speculator, referred only to
the motion of the stars and the unceasing changes of the sun and moon.
When Leucippus gave his mind to the study of atoms he saw there also the
need of movement, and the restlessness of all ereation in detail was thus
early expressed by him. It was the result of a process of reasoning, hegun
by observing objects that strike all men unceasingly, and ending amongst
those too small to be visible; it began with what to us is infinitely great,
and ended with what to our senses is infinitely small. Leucippus seems to
have concluded, as so many thinkers have since done, that arguments con-
cerning the infinite divisibility of matter must end in empty words, or in
thoughts of awe regarding the unlimited, which we cannot comprehend.
To assume an actual end of division was to take a basis of thought; without
such a foundation where would he stand to observe the building up of the
world? The assumption, if it be one, formed the atom of science, and its
study, although without a distinet advance for ages, has richly rewarded
the student of the present century, giving us the basis of a rational view of
matter, as the atoms are the basis of the matter itself. In the mind of this
early Greek, first or not, the action of the atom, as one substance taking
various forms by combinations unlimited, was enough to account for all the
phenomena of the world. By separation and union, with constant motion,
all things could be done.

These great thonghts, the oneness of matter and the power of motion and
combination, were given to gifted men of the early days, and, like some
other great thoughts, they have been misunderstood or neglected to a very
late time. It iz because Graham took a similar view, and advanced the
idea of atomic motion with unity of material to that which might be fairly
called its utmost limit, that he is brought forward here with Leucippus,
The Greek told us that all was in motion. Graham conceived the idea that
the diversity in the motion was the only basis of the diversity of the
material, or, in other words, that an atom constituted an element of a
special kind, according to rate or peculiarity of its movements. To the
study of the motion of atoms, or at least of molecules, the practical atom
of our chemistry, or that which although in a sense divisible is not known
to be divided, Graham gave all the leisure of a thoughtful life. When he
came to the subject it had advanced far beyond the early stage, notably by
the thoughts of Dalton and the chemists of the earlier part of this century.
To pass over more than two thousand years in a bound is apparently to
forget the effect these thoughts had on mankind; but it cannot be denied
that no important results followed for the human race, and only a few men
seemed seriously to think on the subject until very modern times. A glance
at a few of the more striking halting-places will help us to see better the
relative position of Graham as an atomist and a philosopher, words which
suit his character better than chemist, although chemistry was bis pro-
fession and the source of all his speculations and reasoning.

1 Gustay Teichmiiller, Studien Geschichte der Begrigfe. Berlin, 1874,
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Leucippus was soon ahnost forgotten, until a time came when men gladly
treasured the little that was remembered of him; but his successor was
better known, and Democritus has obtained much of the honour of the
acute thoughts that taught us atomic motion. It is said that Xerxes him-
self stayed, when at Abdera, with the father of Democritus, who was very
wealthy, and that the magi in the great king’s train taught the theory of
atoms to the young man. It may be true, for the East ever appears at the
beginning of things, and the fresh minds caught up the richest crops as they
showed themselves on the face of the creation, expanding before men's eyes.
A few words, quoted from Lange,! give the position of Democritus so far as
we are here eoncerned :—

“The difference of substances arises from the difference in the number,
size, shape, and arrangement of the atoms, The atoms have no internal
conditions; they act by pressure and percussion only.”

These words express the early theory with great beauty and precision.
We do not say here with Aristotle, ** Matter cannot move itself,” and so
inquire further into the subject; for us it is enough to remember the
physical theory. So far as is apparent, Democritus left the pure physical
theory of oneness of atom, and he makes many varieties, so that at last it
is said that ** the soul consists of round atoms, fine and smooth like those
of fire, and by their motion, which penetrates the whole body, the whole
phenomena of life are produced.” But although this theory leaves the
oneness of atoms, it keeps closely to the idea of motien as the only one
phenomenon conceivable for matter or mind, and it is without much doubt
the origin of the saying that life is motion, the great thought of Heraclitus.
All life consists of this constant moving, nothing is but as a movement. If
we care to view the subject very strictly, we may say that the simplicity of
the atom is gone even at this early stage; but if the simplicity of the atom
is gone, the age of the molecule commences, a body composed of bodies not
to be separated ; and although the atom of Democritus is spoken of as one
in quality, its diversity of size gives it a composite character, and one might
even choose to find in him the germ of an opposition to the theory showing
itself during the very building.* The peeuliar soul-atoms® destroy even the
supposed qualitative uniformity of atoms; but Leucippus is said to have
had the same opinion. At best this early atom is a practical onve, like that
of Newton's, not an intelligible one, an idea that has still to be imagined in
a reasonable manuver. This difficulty produces the non-atomists, hut the
atomist may see it quite as clearly, and leave the reasoning for a stage,
since he cannot proceed with any firmness of step. A consistent atomist
of the Dalton type may be a thorough non-atomist when he breaks up in his
mind the present elements.

We do not find that anything fitting our present purpose was added to
the theory of atoms until the time of Lucretius, if indeed he can be said to
have added anything. He, however, as the only full expositor of the
doctrine among the ancients, must be viewed with attention. As a philo-
sophic poet, Lucretius is interesting, it ought rather to be said interesting

1 F. A, Lange, Geschichte des materialismgs. 1870,
= Zeller, vol. i, 600 Aristotle quoted in the note. N L
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for the time in which he lived, but he contradicts himself more than the
early Greeks in his theories, and his explanations, that are so satisfactory
to himself, seem to many men to explain little. Nevertheless he deserves o
full share of honour.

If it is attempted to give by quotations from Lucretius a good idea of his
system, we get rather into confusion. The reason probably is that he had
not thought out the details clearly in his own mind, and indeed every man
who has attempted consistency in this department has failed; but it may
be said that his atoms are solid and eternal, with some unalterable motion,
and a tendency downwards as well as to the side, easily agitated also
by many forces. They are made of parts, which parts cannot exist by
themselves, the atoms are partly like our molecules, but the parts seem
hypothetical existences, conceived apparently in order to bridge over the
distance between nothing and something, a difficulty frequently attempted
by those who reason outside the atomic idea. Motion is to him everything
that ean be found in life and thought, which are only the clashing of atoms,
light or heavy, round or smooth, made by more or fewer of the combinations
of small points that do not exist by themselves. This theory allows of any
shape of molecules, even hooked ones, which are spoken of as explaining
combination both in Lucretius and more modern writers, and to which the
name of atom is applicable only with suitable explanation.

In reality, Lucretius sometimes loses the clear meaning of the atom he
admires; as he loses also and objects to the idea of centres in the universe,
preferring up and down as fundamental ideas.  After the first great thoughts
are uttered, the rudest ideas come into play, and the carpenter and hammer
seem to be set to do the whole work as was done by his predecessors, and
which his successors continue to admire.

The alchemists got rid of this, but lost also the idea of atoms. They re-
tained, however, the one fundamental matter of which they were composed ;
with a loss of clearness they gained in breadth. Roger Bacon, so much
superior to the most, may be looked on as an ideal one. He says logically :
““The elements are made of ylé.! Barley is a horse by possibility, that is
oceult nature, and wheat is a possible man, and man is possible wheat.”—
De Arte Chymice.

1f, however, we come to the atom which has done most good work in
modern chemistry, we are after all obliged to turn back to one of the
deseriptions of it by Lucretins in one of his best moments, and after it has
been modified by the powerful hand of Newton, and freed from connecting
obscurities. Lucretius says, book i. line 603, ** Primordial bodies are solid
in their simplicity, and consist of the smallest parts closely united, not
combined by a union of others, but vather endowed with eternal simplicity:
from them nature allows nothing to be taken away or to be diminished,
reserving them as seeds for bodies.” *

i Or the one eriginal matter.

= " Sunt igitur Selida Primordia simplicitate,
ﬂu.m minimis stipata cohmrent partibus arcie;
on ¢x ullorum conventu coneiliata,
Sed magis mterna pollentia Simplicitate:
Unde neque avelli quicquam, neque diminui jam
Coneedit natura, reservans semina rebus.™
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Newton's well-known words may be quoted, since they form an era in
the theory of atoms, not so much by new ideas as by distinctness, and the
elimination of much confusion:—** It seems probable to me that God in the
beginning framed matter in solid, massy, hard, impenetrable moveable
particles, of such sizes and figures, and with such other properties, and in
such proportion to space, as most conduced to the end for which He formed
them; and that these primitive particles being solid, are incomparably harder
than any porous bodies compounded of them; even so very hard as never
to wear or break in pieces; no ordinary power being able to divide what
God himself made one in the first creation. While these particles continue
entire, they may compose bodies of one and the same texture in all ages;
but should they wear away, or break in pieces, the nature of things de-
pending on them would be changed. Water and earth composed of old
worn particles would not be of the same nature and texture now with water
and earth composed of entire particles in the beginning. And, therefore,
that nature may be lasting, the changes of corporeal things are to be placed
only in the various separations and new associations and motions of these
permanent particles; compound bodies being apt to break, not in the midst
of solid particles, but where those particles are laid together, and only
touch on a few points.”

Here, then, is the real atom of the chemist—explaining a mode of combin-
ation which Bergman, Wenzel, and Richter laboriously tried to understand,
which Higgins reached but did not see with vigour—the atom which Dalton
madle his fertile discovery—the atom which has built up the modern science
of chemistry, and from which our most precise ideas of the constitution of
matter have been acquired, one which must remain probably without
fundamental alteration until a new mode of analysis is found, and one
which probably is in principle true even at stages considerably below that
which contains our unaltered elements. This atom, however, is by no
means of necessity indivisible in every sense; it is enly indivisible by us,
although some chemists may have different views. It may be in a striet
sense a molecule, but it is much better to keep that word for a combination
of atoms of known bodies rather than of hypothetical existences, a double
atom of hydrogen or other element being our gimplest molecule.

When we arrive at this point we pass to the next important stage, namely,
the motion of gaseons molecules, if not of atoms, and the beginning of the
attempt to define it precisely, The first definite ideas are by D, Bernoulli.
They are explained in his Hydrodynamics,! which, although published in
Strasburg in 1738, were previously worked at when he was Professor in
St. Petersburg.

D. Bernoulli says,—*‘ The chief peculiarities of fluids are these: 1st, they
are heavy; 2od, they expand in all directions unless they are confined; and
3rd, they allow themselves to be compressed more and more, according to

1 Danlelis Bernoulli, Joh. Fil., Med. Prof. Basil. Hydrodynamics, sive oe viribus &f molibus
HAuidorum Commentarsi (Argentorati, 1758}, p. 200. Sectlo decima ;—

** Fluida nunc elastica conslideraturis licebit nobis talem iis affingere constitutionem, qua
enm omnibus adhue cognitis conveniat allectionibus, ut sic ad reliquas etinm nondum satis
cxploratas detur aditus.”
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compressed state the number of atoms striking against a given portion of
the containing vessel must be augmented, and the space in which the atoms
have to move being less, their motions or periods must be shorter, and the
number of them in a given time consequently greater; on both of which
accounts the elasticity is greater the greater the compression, Besides,
when other things are the same, the elastic force augments with an augmen-
tation of temperature and diminishes with a diminution; for an increase of
temperature, according to our theory, must necessarily be attended with an
increase of velocity, and therefore with an increase in the number of
collisions.”

Joule took up the subject immediately after Hevapath, and says: ** Since
the hypothesis of Herapath, in which it is assumed that the particles of a
gas are constantly flying about in every direction with great velocity, the
pressure of the gas being owing to the impact of the particles against any
surface presented to them, is somewhat simpler, I shall employ it in the
following remarks on the constitution of elastic fluids,” ete.” Dr. Joule
continued the subject, and introduced it into the region of experiment and
observation, or, in other words, to the science of modern times.® Joule
might have added that the view he adopted is not only in accordance with
the known laws of the elasticity of gases, but conforms to the ratio of the
specific heats of gases. The mathematical development continued to make
progress in the hands of Clausius, Clerk Maxwell, Holtzmann, and others,
taking us to new fields, and outside the region of Graham’s activity.

Graham is as strict an atomist as perhaps can be found. We have seen
how difficult it has been to hold the doctrine pure, how even Demoeritus
looked on the atoms as containing parts, and to get rid of the difficulty,
Lucretius makes the parts incapable of existence par se,—thus introducing
the inconceivable ; even, with Newton, and decidedly with Dalton, hitherto
the greatest of atomists, because his system has had the most substantial
results, the atoms are either compounded of matter, besides many properties
which for want of a better name we might call metaphysical, or are sur-
rounded with forces which act very independently, and attach themselves
to the atoms doing apparently most of the work.

It was a true movement in the dirvection of atomism, when Davy gave his
ideas; and one may almost say that it was the object of Graham’s life to
find what the movement of an atom was, Davy does not define his vibratory
motion, which could scarcely be imagined in an unconfined space unless the
body had parts; for fluids he gives a motion of rotation making thereby a de-
finite boundary; but we do not see in his opinions what an atom, say of iron,
would do when alone. He would probably in such a case give it the same
revolving motion as he gives the parts of gas, Graham aveids picturing the
most primitive motion in all its character, but he seems to indicate one of
revolution as he brings in the similarity to the orbit of a planet, and in this
way with Davy connects in an interesting manner the very first speculations
on the eternal motion of the heavens with those movements the smallest

conceivable of atoms.

1 Memoirs of Lit. and Phil. Soc. of Manches{er, vol, Iv. 1851, y. 111. Read in 1845,
2 Sea Math, Physics, vol. i, p. 264,
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valuable truths. We see in the inguiry how carefully Graham thought on
the internal constitution of bodies, by examining the motion of the parts,
and from the most unpromising and hopeless masses under the chemist’s
hands—amorphous precipitates of alumina or of albumen—bronght out
analogies which connected them with the most interesting phenomena of
organic life. Never has a less brilliant-looking series of experiments been
made by a chemist, whilst few have been so brilliant in their results or
promise more to the inquirer who follows into the wide region opened.

It is easy to see that, however various the subject on the surface of his
writings, Graham’s inguivies all led to one end, namely the condition and
motion of the molecule or atom. In using the word nfom chemists seem to
think that they bind themselves to a theory of indivisibility. This is a
mistake. The word atom means that which is not divided, as easily as it
may mean that which cannot be divided, and indeed the former is the prefer-
able meaning. Even when Lucretius speaks of primordial bodies that
cannot be divided, he does not deny that they have parts, although these,
as we have seen, cannot exist by themselves, and Graham, as well as cther
atomists, give a similar opinion, that is, that the original atom may be far
down. Graham speaks of this in more than one place. There comes to us
a something indivisible by us, and it is consistent to call it an atom, as it is
consistent to call the smallest particle of alum, with its twenty-four equi-
valents of water, an atom, simply because it is the smallest possible portion
of alum, which to divide would be to destroy.

Some have preferred to leave the atom without believing in infinite
divisibility, and it is strange that when we come to the point of deciding
on the existence of atoms the mind insists on going further and finding of
what the atom is composed. By doing this the atomist often ends by being
a non-atomist, and probably this is the necessary double conclusion: we
believe in atoms because Nature seems to use them, and we break them up
continuously because we know not when to stop. There are various methods
of spanming the distance from nothing to something. Boscovich, by his
centre of force, forms an atom, but it differs in nowise from Newton’s but
in name. Newton and Dalton, and all others, would allow all the forces
that Boscovich can desive. Sir W, Thomson has made a vortex atom in the
perfect fluid described by Helmholtz, and some such fluid is much required
for the explanation of many phenomena.

In 1868 Graham acknowledged the possibility of the vortex atom when
he said, *We may imagine the same result from atoms and from a fluid
medium to a position of which a special rate of pulsation is imparted,
enlivening that portion of matter into an individual existence and con-
stituting it a distinet substance or element.”

Davy’s revolving atom has been more fully considered by Czirnianski,
but our real success is confined to the fuller development of the idea of
motion in gases and in solutions.

We see, then, that Graham advances the idea of atomic motion, and
teaches us also how to observe it. The aceuracy of his method, as well as
of his work, is proved by the results; and it is not without reason that he
is placed in that chain of eminent thinkers which has been represented by
such as Leucippus, Lucretius, Newton, Higgins, and Dalton.
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