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THE

ELECTRICAL RESEARCHES

OF THE

HONOURABLE HENRY CAVENDISH, F.R.S.

INTRODUCTION *.

So little is known of the details of the life of Henry Cavendish,
and so fully have the few known facts been given in the Life of
Cavendish by Dr George Wilson+, that it is unnecessary here to
repeat them except in so far as they bear on the history of his
electrical researches.

He was born at Nice on the 10th October, 1731, he became a
Fellow of the Royal Society in 1760, and was an active member of
that body during the rest of his life. He died at Clapham on the
24th February, 1810.

His father was Lord Charles Cavendish, third son of William,
second Duke of Devonshire, who married Lady Anne Grey, fourth
daughter of the Duke of Kent. Henry was their eldest son. He
had one brother, Frederick, who died 23rd February, 1812,

Of Lord Charles Cavendish we bave the following notice by
Dr Franklin!. After describing an experiment of his on the
passage of electricity through glass when heated to 400°F., he
8QyS,

“It were to be wished that this noble philosopher would communi-
“ cate more of his experiments to the world, as he makes many, and
‘“ with great accuracy.”

* By the Editor.

+ Published in 1851 as the first volume of the Works of the Cavendish Society.

+ Franklin’s Works, edited by Jared Sparks, Boston, 1856, Yol. v, p. 383. BSee
also Note 26 at the end of this book.
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Lord Charles Cavendish has also recorded a very accurate
series of observations® on the depression of mercury in glass tubes,
and these have furnished the basis not only for the correction of
the reading of barometers, &c., but for the verification of the
theory of capillary action by Young, Laplace, Poisson and Ivory.

I think it right to notice the scientific work of Lord Charles
Cavendish, because Henry seems to have been living with him
during the whole period of his electrical researches. Some of the
jottings of his electrical calculations are on torn backs of letters,
one of which 1s addressed,

[The Ho]n" M’ Cavendish
at the R' Hon"
The L? Charles

Cavendish’s
Marlborough Street.

These calculations relate to the equivalent values of his trial
plates when drawn out to different numbers of divisions. There
is no date nor any part of the original letter.

The memoranda of some experiments similar to those in Art.
588, on the time of discharge of electricity through different bodies,
are on the back of the usual Notice of the election of the Council
and Officers of the Royal Society on the Thirtieth of November,
1774 (being St Andrew’s Day) at Ten 0’Clock in the Forenoon at
the House of the Royal Society in Crane Court, Fleet Street.
The address on the back of this letter is

To
The Hon Henry Cavendish
Gr* Marlborough Street.

Dr Thomas Thomson, who was acquainted with Cavendish,
says in his interesting sketch of him+,

“During his father’s life-time he was kept in rather narrow circum-
“ gtances, being allowed an annuity of £500 only, while his apartments

* Phil. Trans., 1776, p. 382.

+ History of Chemistry, Yol. 1, p. 386, quoted in Wilson’s Life of Cavendish,
p. 159.
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“ were a set of stables, fitted up for his accommodation. It was during
“ this period that he acquired those habits of economy and those singular
‘ oddities of character which he exhibited ever after in so striking a
‘‘ manner.”

The whole of the electric researches of which we are to give an
account were made before the death of Lord Charles Cavendish,
which took place in 1783. We must therefore suppose that they
were made in Great Marlborough Street, and probably in the set
of stables mentioned by Dr Thomson. He speaks of a “fore room
and a back room ” in Art. 469, and in Art. 335 he compares the size
of the room in which he worked to that of a sphere 16 feet in
diameter. The dimensions of his laboratory are of some im-
portance in determining the electric capacity of bodies hung up in
it, and by the foot-note to Art. 335 it would appear that the room
was probably 14 feet high, which is somewhat lofty for “a set of
stables,” but I believe not much more than the height of some
of the rooms in the dwelling-houses in Great Marlborough
Street.

Let us then suppose that we have been admitted by Cavendish
into his laboratory in Great Marlborough Street, as it was arranged
for his electrical experiments in 1773, and let us make the best of
an opportunity rarely, if ever, accorded to any scientific man of his
own time, and examine the apparatus by which the electric fluid,
instead of startling us with the brilliant phenomena, new in-
stances of which were then every day being discovered, was
made to submit itself, like everything else which entered that
house, to be measured.

The largest piece of apparatus was the “machine for trying
simple bodies” of which we have a description and sketch in Art.
241, and plans at Arts. 265 and 273. The framework of the
machine is not represented in these figures.

We learn, however, from Dr Davy*, that

“ Cavendish seemed to have in view, in construction, efficiency
‘““ merely, without attention' to appearanee. @ Hard woods were never
“used, excepting when required. Fir-wood (common deal) was that
“ commonly employed.”

* Wilson’s Life, p. 178.
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The bodies to be “tried” and the wires and vials for trying
them were either supported on glass rods as shown in the sketch
at Art. 239, or else hung by silk strings from a horizontal bar
7 feet 3% inches from the floor as mentioned in Art. 466. The
electrical connexions were made and broken at the proper times
by means of silk strings passing over pullies attached to the hori-
zontal bar.

One of the bodies, the charges of which Cavendish com-
pared by means of this apparatus, was a globe 121 inches in
diameter covered with tinfoil. This globe has historical interest
as it was not only the standard of capacity with which Caven-
dish compared that of all other bodies, but it formed part of the
apparatus by which he established that the electric repulsion
varies inversely as the square of the distance.

There was also a set of circles of tin plate, one of 36 inches
diameter, one of 185 and two of 9'3; and also square and oblong
tin plates, and squared pieces of stone and slate, and a collection
of cylinders and wires of different sizes.

There was another “machine,” represented, with its frame-
work, in Fig. 20, Art. 295, “ for trying Leyden vials.”

The “Leyden vials” were most of them flat plates of glass with
circular coatings of tinfoil, one on each side. They were made in
sets of three, any one of each set being nearly equal in capacity to
the three of the former set taken together. Cavendish had thus a
complete set of condensers of known capacity by means of which
he measured the capacity of every piece of his apparatus, from the
little wire which he used to connect his coated plates, and which
he found to contain ‘28 ‘““inches of electricity,” up to his battery
of 49 jars, which contained 321000 “inches of electricity ” *.

These “inches of electricity” can be directly compared with
our modern measurements of electrostatic capacity. Indeed the
only difference is that Cavendish’s “ inches of electricity” express
the diameter of the sphere of equivalent capacity, while the
modern measurements express the capacity by stating the radius
of the same sphere in centimetres.

* About half a microfarad.
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Of each of these plates of glass Cavendish has given a most
minute description, so that each, if it were found, could be identi-
fied. Mr Cottrell, of the Royal Institution, has been kind enough
to examine the catalogue of apparatus there, which contains
Cavendish’s Eudiometer and Registering Thermometer. No trace,
however, of a set of glass plates could be found. It is possible,
however, that if the plates were neatly packed up, their small bulk
and their apparent uselessness may have enabled them to survive
the periodical overhaulings of some less celebrated repository, and
that they may yet gain an honourable place in the museum of
historical instruments.

But we need not expect ever to discover a piece of apparatus
of still greater historical interest—that by which Cavendish proved
that the law of electric repulsion could not differ from that
of the inverse square by more than 4; It consisted of a pair of
somewhat rickety wooden frames, to which two hemispheres of
pasteboard were fastened by means of sticks of glass. By pulling
a string these frames were made to open like a book, showing
within the hemispheres the memorable globe of 121 inches di-
ameter, supported on a glass stick as an axis. By pulling the
string still more, the hemispheres were drawn quite away from the
globe, and a pith ball electrometer was drawn up to the globe to
test its “ degree of electrification.” A machine so bulky, so brittle,
and so inelegant was not likely to last long, even in a lumber
room. A facsimile of Cavendish’s sketch of it is given at page
104. His own account of the experiment, in Arts. 217—234, is
one of the most perfect examples of scientific exposition.

We might also notice the different clectrometers, most of them
consisting of a pair of cork or pith balls, mounted on straws or on
linen threads, and some of them capable of having their weight
altered by means of wires run into the straws; but though Caven-
dish had a wonderful power of making correct observations and
getting accurate results with these somewhat clumsy instruments,
we must confess that in these, the most vital organs of electric
research, Cavendish showed less inventive genius than some of his
contemporaries. When Lane and Henly brought out their respec-
tive electrometers, Cavendish compared their indications, and by
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stating in every case the distance at which Lane’s electrometer
discharged, he has enabled us to calculate in modern units every
degree of electrification that he made use of What was really
needed for Cavendish’s experiments was a seusitive electrometer.
Cavendish did the best with the electrometers he found in ex-
1stence, but he did not invent a better one.

It was not till 1785 that Coulomb began to publish the won-
“derful series of experiments, in which he got such good results
with the torsion electrometer, an instrument constructed on the
same principle as that with which Cavendish afterwards measured
the attraction of gravitation; and it was not till 1787 that Bennett
described in the Philosophical Transactions the gold leaf electro-
meter, by means of which Volta afterwards demonstrated the
different electrification of the different metals.

The electrical machine, by Nairne, was one with a glass globe.

We should also notice the dividing engine, by Bird, for deter-
mining the thickness of the glass plates, and other small distances.

An attendant *, “Richard,” appears occasionally, to help in
turning the electrical machine, or in pulling the strings which
made or broke the electrical connexions ; and sometimes he is even
asked his opinion as to the comparative strength of two electric
shocks$. But there is no record of any other person having
being admitted into the laboratory during the series of experi-
ments to which we now refer.

The authority of Cavendish in electrical science was of course
established by his paper of 1771, and accordingly we find him
nominated by the Royal Society as one of a committee appointed
in 1772 “to consider of a method for securing the powder magazine
at Purfleet 1.”

A powder mill at Brescia having blown up in consequence of
being struck by lightning, the Board of Ordnance applied to Mr
Benjamin Wilson, F.R.S., who held the contract for the house-
painting under the Board§, and who had some reputation as an

* Arts. 242, 560, 565. + Art. 511.
1 See Franklin’s Works, Yol. v, p. 430, note.

§ He also painted portraits of Franklin and of Gowin Knight, as well as of
Garrick in various characters.
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electrician, for a method to prevent a hke aczdent to their maga-
zines at Purfleet Mr Wilson having advised a biznt cvontuctor.
and it being understood that Dr Frankkn's ¢pinicn. formed cpon
the spot, was for a pointed one. the matter was referred. In 13¢2.
to the Royal Society, and by them as usual 1o a committee. who
after consultation presented a method confermable to Dr Frank-
In’s theory ®.

The Committee consisted of Cavendish, Dr. afterwands Sir
William Watson; Dr Franklin. Mr J. Robertson Clerk and
Librarian to the Royal Society) : Mr Wilson and Mr Delaval.

Dr Franklin read to the Committee a paper which is printed
in his works, Vol v, p. 435, but is not referred to in the report of
the Committee, though the report is emtirely in conformity
with it+.

The Committee went down to Purfleet and examined all
the buildings together, but I cannot trace any evidence that
Cavendish did anything to modifv the repert, and Franklin does
not mention him in any part of his writings, as one of the
remarkable men with whom he was brought in contact.

The most noteworthy incident of the Committee was the
dissent! of Mr Wilson, to which Mr Delaval adhered as regards
that part of the report which recommended the conductors to be
pointed. Mr Wilson followed up his dissent by a paper§ in
which he gave his reasons for preferring blunt conductors ; but the
other four members of the Committee, Messrs Cavendish, Franklin,
Watson, and Robertson, having heard and considered these objec-
tions, found no reason to change their opinion or vary from their
Report ||.

But on the 15th May 1777, the Board House at Purfleet was
struck by lightning, and some of the brickwork damaged. This
being communicated by the Board of Ordnance to the Royal
Society ¥, a Committee was appointed to examine the effects of
the lightning and to report.

* Phil. Trans., 1772, p. 42.

+ The report is printed in Franklin’s Works, Vol. v, p. 430, and is there stated
to be ‘Drawn up by Benjamin Franklin, August 21, 1772.” The paper on the
utility of long, pointed rods is stated to have been read on August 27th, 1772.

t Ib., p. 48. ¢ Ib., p. 49. | Ib.,p.66. T« Ib., 1778, p. 232.
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The Committee consisted of Mr Henly, Mr Lane, Mr Nairne
and Mr Planta, Secretary of the Royal Society. They reported in
favour of making a channel all round the parapet and filling it
with lead, and connecting this in four places with the main con-
ductor on the roof of the building. )

Mr Wilson, however, dissented from this Report, and commu-
nicated to the Royal Society an account of a most elaborate and
indeed magnificent set of experiments conducted in the Pantheon,
in which a cylinder 155 feet long, composed of 120 drums, and
connected with a wire 4800 feet long, suspended on silk strings,
was electrified, and the discharge made to strike a model of the
Board House at Purfleet. The experiments were witnessed by
King George III, and seem to have been very brilliant. The
picture of the experiment, probably drawn by Mr Wilson, is, as a
work of art, considerably above the average of the plates in the
Philosophical Transactions.

The subject was referred to a larger Committee, consisting of
Sir John Pringle, President of the Royal Society, Dr Watson,
Henry Cavendish, W. Henly, Bishop Horsley, T. Lane, Lord
Mahon, Edw. Nairne, and Dr Priestley.

They reported® in favour of having an additional number of
conductors ten feet high, terminated with pieces of copper eighteen
inches long, and as finely tapered and acutely pointed as possible.

“We give these directions,” they conclude, ¢“being persuaded, that
¢ elevated rods are preferable to low conductors terminated in rounded
‘ ends, knobs, or balls of metal ; and conceiving, that the experiments
‘“and reasons made and alledged to the contrary by Mr Wilson, are
¢ inconclusive,”

I bave stated this incident at some length because it does
not appear to have been noticed by Cavendish’s biographers, and

because it shows him cooperating with Franklin and others in an
electrical investigation undertaken in the interest of the nation.
Cavendish’s researches on the electric current have been
hitherto very imperfectly known, as they are only alluded to
in his celebrated paper on the Torpedo. The private investi-
gations of Cavendish are contained in this volume, but the ex-

* Phil. Trans., 1778, p. 813.
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ternal events which were more or less connected with them,
were as follows:

On July 1, 1773, Mr Walsh communicated to the Royal
Society his paper “Of the Electric Property of the Torpedo.
In a Letter from John Walsh, Esq., F.R.S,, to Benjamin Franklin,
Esq., LL.D,, F.R.S,, Ac. R. Par.'Soc. Ext., &c.”

The following extracts will indicate the chief points of elec-
trical interest.

“The vigour of the fresh taken Torpedos at the Isle of Ré was not
““able to force the -terpedinal fluid across the minutest tract of air;
““not from one link of a small chain, suspended freely, to another ; not
“ through an almost invisible separation, made by the edge of a pen-
¢ knife in a slip of tinfoil pasted on sealing-wax.”

“The effect produeed by the Torpedo when in air appeared, on
‘“ many repeated experimeunts to be about four times as strong as when
“in water.”

“The Torpedo, on this occasion, dispensed only the distinct instan-
¢ taneous stroke, so well known by the naume of the electric shock.
“ That protracted but lighter sensation, that Torpor or Numbness which
‘““he at times induces, and from which he takes his name, was not then
¢ experienced from the animal ; but it was imitated with artificial elec-
“ tricity, and shewn to be producible by a quick succession of minute
“ghocks. This in the Torpedo may perhaps be effected by the suc-
¢ cessive discharge of his numerous cylinders, in the nature of a running
“ fire of musketry; the strong single shock may be his general volley.
¢ In the continued effect, as well as in the ipstantaneous, his eyes, usually
‘¢ prominent, are withdrawn into their sockets.”

Walsh shows that these phenomena “are in -no ways repug-
nant to the laws of electricity,” for “the same quantity of electric
matter, according as it i8 used in a dense or rare state, will pro-
duce the different consequences.”

“ Let me here remark that the sagacity of Mr Cavendish in devising
“and his address in executing electrical experiments, led him the first
“to experience with artificial electricity, that a shock could be recvived
“ from a charge which was unable to force a passage through the least
‘ space of air.”

Walsh concludes his letter to Franklin in the following
terms :—

“I rejoice in addressing these communications to You. He, wlo
“ predicted and shewed that electricity wings the formidable bolt of the
‘“ atmosphere, will hear with attention, that in the deep it speeds an

‘ humbler bolt, silent and invisible: He, who analysed the electrified
“ Phial, will hear with pleasure that its laws prevail in animate Phials :

M. d
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‘ He, who by Reason became an electrician, will hear with reverence
““of an instinctive electrician, gifted in his birth with a wonderful
“ gpparatus, and with the skill to use it*®.

“ However I may respect your talents as an electrician, it 18 cer-
‘ tainly for knowledge of more general import that I am impressed
 with that high esteem, with which I remain,

“ Dear Sir,
“Your affectionate
““And obedient servant,

“JOHN WALSH.”

This paper is followed in the Philosophical Transactions by
« Anatomical Observations on the Torpedo,” by John Hunter,
F.R.S, in which the great anatomist describes the structure of
the electric organs, in specimens of the fish furnished by Mr
Walsh,

Considerable interest seems to have been excited by this
account of the Torpedo, and several papers on the Torpedo and
the Gymnotus are in the Philosophical Transactions for 1775,
none of them, however, so valuable as the original one by

Walsh.
The practical electricians, however, were by no means satis-

* That the electrical fishes still possess the power of exciting the imagination
as well as the nerves of those who have felt their power may be seen from the
following passage with which Prof. Du Bois Reymond begins his account of ex-
periments on a living Malapterurus in the Monatsberichte d. k. Acad. Berlin, 28
Jan., 1858.

¢ Fast mochte man es, im Sinne Newton’s, eine Anwandlung der Natur nennen,
“dass es ihr gefallen hat, aus der Unzahl der Geschopfe drei Fische, und zwar
“der verschiedensten Art, nach Willkiir herauszugreifen, um sie mit elektromo-
“ torischen Vorrichtungen von furchtbarer Gewalt als eine Waffe auszustatten,
“ neben welcher der Giftzahn der Klapperschlange, ja die nordamericanische Dreh-
‘¢ pistole, als eine plumpe und armselige Erfindung erscheint; eine Waffe die, ohne
s jhren Triéger der Gefahr blosszustellen, lautlos und mit Blitzesschnelle in die
¢ Entfernung reicht, und minutenlang eine secundendicht gedringte Reihe von
s Geschossen schleudert, deren keines fehlen kann, weil alle auf allen Punkten des
« Raumes gleichzeitig vorhanden sind.”

In the Journal of Anatomy and Physiology for April, 1879, is a Note on a
Curious Habit of the Malapterurus Electricus, by A. B. 8tirling. The author at-
tempted to feed Joe (the Malapterurus) with fresh worms, but he would not look at
them. Another fish, however, called Dick (Clarias), swallowed them. When Joe
considered that Dick had enjoyed his breakfast long enough, he swam up to him
and gave him such a shock that the whole was disgorged, whereupon Joe swallowed
it himself. When Dick at last succumbed to this treatment, Joe could no longer
get his food prepared for him, and gave up eating altogether.
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fied that the effects of these fishes were really produced by
electricity.

“Mr Ronayne has made a curious remark upon the supposed elec-
“ tricity of the torpedo: he says, ‘if that could be proved, he does not
¢ ¢‘see why we might not have storms of thunder and lightning in the
“‘depths of the ocean. Indeed, I must say, that when a Gentleman
“““can so far give up his reason as to believe the possibility of an
“ ‘accumulation of electricity among conductors sufficient to produce
“ ¢the effects ascribed to the Turpedo, he need not hesitate a moment
“‘to embrace as truths the grossest contradictions that can be laid
¢ ¢ before him *.’ ” |

I am aware of only two occasions on which Cavendish, after he
had settled his own opinion on any subject, thought it worth his
while to set other people right who differed from him. One
of these occasions was in 1778, when his experiments on the
formation of nitric acid by the electric spark from phlogisticated
and dephlogisticated air (nitrogen and oxygen) had been repeated
without success by Van Marum with the great Teylerian electri-
cal machine, and by Lavoisier and Monge, and when Cavendish
“thought it right to take some measures to authenticate the truth
of it.” For this purpose he requested Mr QGilpin, clerk to the
Royal Society, to repeat the experiment, and desired some of the
gentlemen most conversant with these subjects to be present
at putting the materials together, and at the examination of the
produce.

The other occasion, with which alone we are now concerned,
is the only one in which the presence of visitors to Cavendish’s
laboratory is recorded. There can be no doubt that Cavendish
had completely satisfied not only Mr Walsh, but what was more
to the purpose, himself, that the electric phenomena of the
torpedo are such as might arise from the discharge of a large
quantity of electricity at a very feeble degree of electrification. -
It must therefore have been to satisfy other persons on this
point that he took the trouble to construct an artificial torpedo
of wood covered with leather, a rude model of the figure given

* Extract from MS. letter of W. Henly, dated 21 May, 1775, in the Canton
Papers in the Royal Society’s Library. Communicated to the editor by H. B.
Wheatley, Esq.

+ Phil. Trans. 1788.

d?2
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by Walsh, with electric organs of pewter supplied with electri-
city from a battery of Leyden jars, by wires protected by glass
tubes.

The accessories of this machine were equally unlike the kind
of apparatus which Cavendish made when working for himself.
The torpedo had a trough of salt water, the saltness of which
was carefully adjusted, so as to be equal to that of the sea.
It had also a basket to lie in, and a bed of sand to be buried
in, and there were pieces of sole-leather, well soaked in salt water,
which Cavendish placed between the torpedo and his hands, so
that he might form some idea of what would happen if a tra-
veller with wet shoes were to tread on a live torpedo half buried
in wet sand.

It was on Saturday, 27th May, 1775, that Cavendish tried
the effect of his Torpedo on a select company of men of science.
We find in the Journal (Art. 601), the names of John Hunter, the
great anatomist, Dr Joseph Priestley, chemist, electrician and ex-
pounder of human knowledge in general, Mr Thomas Ronayne,
from Cork, the disbeliever in the electrical character of the
torpedo, Mr Timothy Lane, apothecary and electrician, and Mr
Edward Nairne, the eminent maker of philosophical instruments.

They got shocks from the torpedo to their complete satis-
faction, and probably learnt a good deal about electricity, but it
was neither to satisfy them nor to communicate to them his
electrical discoveries, that Cavendish admitted them into his
laboratory on this memorable occasion, but simply to obtain
the testimony of these eminent men to the fact, that the shocks
of the artificial torpedo agreed in a sufficient manner with Walsh's
description of the effects of the live fish, to warrant the hypo-
thesis that the shock of the real torpedo may also be an electrical
phenomenon.

I have now related all that I have been able to ascertain of
the external history of Cavendish, in so far as it bears on his
electrical researches. We must in the next place consider the
record of these researches—the two papers in the Phtlosophical

Transactions, which are here reprinted, and the manuscripts now
first published.
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CAVENDISH'S WRITINGS ON ELECTRICITY.

In the Philosophical Transactions for 1771 there is a paper
entitled “An attempt to explain some of the principal Pheenomena
of Electricity by Means of an Elastic Fluid: By the Honourable
Henry Cavendish, F.R.S.” [Read Dec. 19, 1771, and Jan. 9,1772,
pp. 584—677.] This paper and that on the Torpedo (Phil. Trans.
1776) are the only publications of Cavendish relating to electricity.

Dr George Wilson, however, in his Life of Cavendish * says,

“ Besides his two published papers on electricity, Cavendish has
¢ left behind him some twenty packets of manuscript essays, more or
“less complete, on Mathematical and Experimental Electricity. These
“ papers are at present in the hands of Sir W. Snow Harris, who most
“kindly sent me an abstract of them, with a commentary of great
‘‘ value on their contents. It will I trust be made public.

“Sir W. states that Cavendish had really anticipated all those great
“facts in common electricity which were subsequently made known to
“ the scientific world through the investigations and writings of the
“ celebrated Coulomb and other philosophers, and had also obtained the
“ more immediate results of experiments of a refined kind instituted in
‘ our own day.”

Sir William Thomson, to whom Sir William Snow Harris
showed some of Cavendish’s results, thus speaks of them in a note
dated Plymouth, Monday, July 2, 1849,

“8ir William Snow Harris has been showing me Cavendish’s un-
‘ published MSS., put in his hands by Lord Burlington, and his work
‘“‘upon them; a most valuable mine of results. I find already that
¢ the capacity of a disc (circular) was determined experimentally by

“ Cavendish as 157 of that of a sphere of same radius. Now we
“ have capacity of disc =§a=ﬁ7—i—l”

“It is much to be desired that those manuscripts of Cavendish
‘ gshould be published complete ; or, at all events, that their safe keeping
¢ and accessibility should be secured to the world+.”

® Works of the Cavendish Society, Vol. 1. Life of Cavendish, by George
Wilson, M.D., F.R.8.E., London, 1851, p. 469.
+ Reprint of Papers on Electrostatics and Magnetism, § 285, foot-note.
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The Cavendish Society, for whom Dr Wilson prepared his Life
of Cavendish, with an account of his chemical researches, did not

consider that it came within their design to publish his electrical
researches,

Sir W. Harris, in whose hands the manuscripts were placed by
the Earl of Burlington, died in 1867. He makes several refer-
ences to them in his work on Frictional Electricity, edited after
his death by Charles Tomlinson, F.R.S, and published in 1867*,
but he did not live to edit the manuscripts themselves. Under
these circumstances it was thought desirable by Sir W. Thomson,
Mr Tomlinson, and other men of science, that something should be
done to render the researches of Cavendish accessible.

They accordingly represented the state of the case to the Duke

of Devonshire, to whom the manuscripts belong, and in 1874 he
placed them in my hands.

I could find no trace of Sir W. Harris’ commentary referred to

by Dr Wilson, except that Dr Wilson mentions having returned it
to Sir W. Harris.

On the i1nside of the lid of the box which contained the manu-

scripts was pasted a paper in the handwriting of Sir W. Harris, of
which the following is a copy.

¢ The several parcels of manuscript papers by the late Mr Cavendish,
“ which the Earl of Burlington did me the honor to place in my hands
“ with a view to an examination and report on their contents may be
“taken at 24 in number. Twenty of these contain sundry Philo-
“ gophical papers on Mathematical and Experimental Electricity, and
“ Four sundry other Papers relating to Meteorology.

¢“ All these Papers are more or less confused as to systematic arrange-
‘“ ment, and require some considerable attention in decyphering. They
“ are in many instances rather notes of experiments and rough drafts
“ intended as a basis for more perfect productions than finished Philo-
“ gophical Papers. |

“ They are nevertheless extremely valuable and most interesting as
“ evidence of Mr Cavendish’s great Philosophical t , and clearly
“ prove that he had anticipated nearly all those great facts in common
¢ electricity which at a later period were made known to the scientific
¢ world through the writings of Coulomb and the French philosophers.

* P. 28 (straw electrometer), p. 456 (globe and hemispheres), p. 58 (specific
inductive capacity), p. 121 (measures of electricity), p. 208 (law of force); p. 223
(induction at a great distance).

+ 8o in MS.
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Papers on Electricity.

“Of the 20 parcels of papers on electricity 18 belong to the years
“1771, 1772 & 1773, and have never yet appeared in print; the
“ two remaining parcels are dated 1775 and 1776, and are evidently
“ coonnected with the author’s celebrated paper on the Torpedo pub-
“lished in the Royal Society’s Transactions for 1776. The papers
“ belonging to the years 1771, 1772 & 1773 consist of six papers on
“ Mathematical Electricity, nine experimental papers, one of Diagrams
“and Figures, the remainder are of a miscellaneous character, and
‘ contain some interesting Notes and Remarks and Thoughts on
¢ Electricity.”

On examining the 20 parcels of manuscripts I found their con-

tents to be as follows:

No.1. MS. p. 1—10.
Apparently an early form of the “Preliminary Propositions.”

No. 2. MS. p. 1-31.
Draft of “ Preliminary Propositions” as far as Prop. XX111.

No. 3. MS. L. 3 to L. 23. Contains the same propositions in a
less complete form and not numbered, also two drafts of
the propositions on coated plates, each 12 pp., and 38 loose
pages of drafts of propositions, and jottings of algebraical
calculations.

No. 4. MS. p. 1—48. The fair copy of the “Preliminary Propo-
sitions.” Props. XXIX, to XXXVI, Refers to figs. 1 to 10 of
No. 15. See Arts. 140—174.

No. 5. MS. p. 1—20. “Appendix.” Refers to fig. 11. See Arts
175—194.

No. 6. “Computations for explanation of experiments.”
MS. p. 1—15. Drafts of the propositions.
16 pages of computations. “B. 17.” Charge of a sphere within

a concentric sphere. [This is placed here as a note at p. 166.]
“ Attractions of elect. bodies more accurate,” p. 1—4.

No.7. MS. D.1to D.13. Fair copy of First and Second Experi-
ments. Refers to Figs. 12, 13. See Arts. 217—235.
Draft of do marked “DIA.”
No. 8. MS. p. 1—7. Refers to Fig. 31. See Arts. 386—394.
No. 9. MS. p. 1—51. Continuation of Experiments. See Arts.
236—294.
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No. 10. MS. p. 52—132. Part® of Experiments. See Arts.
295—385.
No.11. MS. p.1—8: IA. p:10A.8,9. p. 29 A. p. 32 A.
1 and 2. p. 57—64. p. 85,86. p: 91—96. p. 103—108.
p. 119—126. p. 133—138. p. 141, 142. p. 156—166.
All drafts of portions of the Account of Experiments.

No. 12. “Experiments 1771,” MS. p. 1—24. See Arts. 438—
465, also 14 loose sheets of calculations and measurements.

No. 13. “Experiments 1772,” MS. p. 1—29. See Arts. 466—493.
M. 1 to M. 13. Measurements of glasses, &c. See Arts.

592—595.

No. 14. Experiment 1773, MS. p. 1—135. See Arts. 494—580.
Index to elect. exper. 1773 p. 1—8. See Contents.
Dimensions of trial plates, 4 pages.

No. 15. Figures and Diagrams.  °

1 to 10 refer to Preliminary propositions No. 4
11 Appendix No. 3
12',, 13 ,, ,, Exp. 1 No. 7
14 , 19 ,, ,, Experiments, Part 1 No. 9
20 , 27 , ' Part 2 No. 10

30 , , Electrometer No. 9
31 , , Repulsion No. 8

No. 16. “Result.” MS. p. 1—21. See Arts. 647—683.

No. 17. “Notes.” 4 pp. notes to “Thoughts concerning Electricity.”
These are inserted in their proper places, Arts. 196—216.

MS. p. 1 to 15. Drafts of propositions for the paper of 1771,
but founded on the theory stated in the “Thoughts.” They
are given in Note 18, p. 411.

No. 18. “Thoughts concerning Electricity,” MS. p. 1—16. See
Arts. 196—216.

No. 19. Resistance to Electricity, MS. p. 1—238. See Arts. 616—
631. “Res.” Results of ditto p. 1—4. See Arts. 684—696.
Resistance of Copper wire, p. 1—38. See Arts. 636—646.

No. 20. Experiments with the artificial Torpedo, p. 1—26. See
Arts. 576—615. M. 1 to M. 42. Measurement of Leyden

* So in MS.
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jars and batteries and of thickness of plates. See Arts.
581—592. “Extract from Dr Williamson's exper. on elect.
Eel made in july 1773” p. 1 to' 14+ 4 pp. (See Phil.
Trans., 1775, p. 94.)

In Art. 349, p. 172 of this book, Cavendish uses the expression
“when I wrote the second part®* of this work.” It appears from
this that he meant it for a book, not a paper to be communicated
to the Royal Society. Several portions of this book are contained
in the manuscripts, but the order in which they were intended
to be placed can be discovered only by help of the figures and
diagrams, which are numbered from 1 to 31.

From these it appears that we must begin with No. 4 and No. 5,
the Preliminary Propositions} and the Appendix}. The Prelimi-
nary Propositions refer to the printed paper of 1771. The last
proposition in that paper is numbered XXvIIL, and the first in the
MS. is XXIX., 80 that one proposition appears to be missing, but
as there are several drafts, in all of which the first proposition
is numbered XXIX, it i probable either that Prop. XXvIIL is not
lost, but must be sought for among the enunciations in the second
part of the printed paper, or else that Cavendish made a mistake
in numbering his propositions.

The Lemmas, however, are numbered consecutively, the last in
the printed paper being Lemma XI. and the first in the MS.
Lemma XII

The other mathematical manuscripts are either drafts of these
propositions or jottings of calculations not intended for publication.

The paper entitled “Thoughts concerning electricity”§ (No. 18)
is placed next. It forms a suitable introduction to the account of
the experiments, as it indicates the leading ideas of Cavendish’s
researches. The paper has no date, but its contents show that it
is an earlier form of the theory of electricity, which Cavendish had
already abandoned before he wrote the paper of 1771. The pro-

* This seems to refer to the second part of the paper in the Phil. Trans., 1771,
p. 670, or Art. 132 of this edition, and shows that this paper was intended to
form the first part of the ¢ Work.”
+ Arts. 140 to 174. 1 Arts. 175 to 194.
§ Arts. 195 to 216.
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positions in No, 17 belong to this form of the theory, and are given
in Note 18.
We have next the account of the experiments, the order of
which is
No. 7 Figs.12t013 Exp. I and IL Arts. 217 to 235

No. 9 [Figs.14 , 19 Exps. UL to viIL. Arts. 236 ,, 294
No. 10 Figs. 20 ,, 30 Arts. 295 ,, 385

No. 8 Fig 31 Arts. 386 ,, 394

The style in which these papers are written leaves no doubt
that they were intended to form a book, and to be published.
They are given here without any alteration except in the case of a
few abbreviations the meaning of which is either obvious or is
explained in some other part of the MS. I have also divided
them into articles for the sake of more convenient reference. All
additions to the MS. are enclosed in square brackets.

After this I have placed the paper on the Torpedo from the °
Philosophical Transactions for 1776. This, I think, is the whole
of the “work” which is extant, but it is by no means a complete ac-
count of Cavendish’s electrical researches. There are three forms
in which Cavendish recorded the results of his experiments:

1st. A Journal containing notes of every observation as it
was made, with the particulars of the experiments, and measure-
ments of the apparatus.

2nd. “Results,” containing a comparison of the different
measures of quantities as recorded in the Journal, and a deduction
of the most probable result. See Arts. 647—696.

3rd. An account of the experiments written for publication.

I have reproduced the journals for 1771* and 1772+ entire,
because they form a good example of Cavendish’s method of work,
. and because they contain all the data of some of the most import-
ant electrical measurements.

The journal for 17731 is much larger than the others, and gives
an account of many interesting and important researches.

Many pages of this journal, however, are filled with the details
of the experiments for the comparison of the coated plates which

* Arts, 438 to 465. + Arts. 468 to 493. 1 Arts. 494 to 580.
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Cavendish used as standards of capacity. These experiments differ
in no respect from those in the former journals, and all the conclu-
sions which Cavendish deduced from them are stated by himself in
the “Results.” I have therefore thought it best to omit them from
the journal, but to retain Cavendish’s heading of each experiment
and its date when known, and to make the numbers of the omitted
articles run on continuously with those retained.

Many of the entries in the journals give the day of the week
and of the month, but very few of them give the year. I have
therefore ascertained in what years the stated days of the week
and month coincided, and have inserted the most probable year
within square brackets. It thus appears that the journal entitled
“Experiments in 1773” begins with experiments made in October,
1772. Cavendish appears, however, to have got wrong in his
reckoning for a good many days together during that month.
See Art. 502.

It is somewhat difficult to account for the fact, that though
Cavendish had prepared a complete description of his experi-
ments on the charges of bodies, and had even taken the trouble to
write out a fair copy, and though all this seems to have been
done before 1774, and he continued to make experiments in
electricity till 1781, and lived on till 1810, he kept his manu-
script by him and never published it. It was not till 1784 that
he communicated to the Royal Society those ‘ Experiments on
Air,” including the production of water and of nitric acid, the
absorbing interest of which might perhaps account for some
neglect of his electrical writings. _

Cavendish cared more for investigation than for publication,
He would undertake the most laborious researches in order to
clear up a difficulty which no one but himself could appreciate, or
was even aware of, and we cannot doubt that the result of his
enquiries, when successful, gave him a certain degree of satisfac-
tion. But it did not excite in him that desire to communicate the
discovery to others which, in the case of ordinary men of science,
generally ensures the publication of their results. How completely
these researches of Cavendish remained unknown to other men
of science is shown by the external history of electricity.






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































