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| ;\‘laJ 10, 1894 O P
The LORD Km,vm, D.C.L., LLD, Prosident, -followed by Sir

JOHN EVANS, KC.B, D.C.L., ]LD Vice-Presndcnt and
Treasurer,in the Chair. RO

-

: l’nofessor Dmitri Ivanovntch Mcndclccﬂ who was eleoted a Foreign
Member in 1882, sizned the obhgahon m thc Chatter‘Eook and was
-admitted into the Society. I L
M. Bougauuu Neeve P 'wh (olcctcd 1892) \ms admitted into the
Nociety. . ‘ '

A}

A List of the I’:eecnts lecen ed was laid qQn tho table, and thanks
ordered for thcm ‘

In pursuance of thc Stmutcs the names of the Candidates recom-
mended for clcctnon into the Socxety were road from the Chair ns
follows :— : ] ' :

Bate on, William, M.A. -~ | Love, Augui‘stus Edwar_d Hough,
13- utenger, Gemge Albert. M.A.
Bradford, John Rose, M.D.” - . | Lydekker, Richard, BA
_Callendar, Pruﬁssor Ilugh Long- " Penrose, brancls Cranmer, M.A,,
bourne. F.RAS.: (
Lllc) ne, Profes-or Wlllmm Wat.’ Scott, ..:Dukinﬁeld ] em-y, M A,
son, M.B,, F.R.C.S. -t RLS
_ Froude, Robert Edmund. ' Smith, Rev. l"redoucl-. John, M.A.
Hill, ‘Professor M. J M, M.A., - Swan, "Joscph Wllgon, M.A.,
D.Se. F.LC. |
Jones, Professor Jolm Vummu, ‘Veley, Victor ll_e*rbert, MA,,
CM.A, BSe. - FCS [
~ The following Pnr)ersv were read :—_
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\I.a“ On Some Vo]tmc (,omlnnatlom wi lh a l:' {se(l ] lechol‘y(u

and a Gascous Depolariser.” By.J. W.f. WAN, M.A. Com-
T municated :by Lok Ravikicn,: Sco. R? Rccenvul 1*01)-
B nminS, 1894 DO : 3 .

3 It is well cpown that fuscd salts bchm. § anhy rcspccts like
cfccholytos n soluhon and Ahat vaéltaic dohﬂ.mlatl tis analogous. to
woll kngwn' voltaié. pells T mav be t?rmod w” fused lechol) tes.

Tho Npeumefxts of, Brownt hate rece f 1llus@'-1ted this qnojecl
“in relation to the Daniell type. of. cel g}“ o= various - reasons it
.3ppearcd to the wnter desirable to. aycert nithd b havnour of & cell
m.t}a fused- cloctrobtc and & gascous, &;polax‘xser @ d co'xcspondmg

in this last paihcular to the Upward eelt? - sl *
+The fo“o)\mg* i clneﬂy a xccorJ of someg of thé oxpcnmcnis nmdv
in connectlom\nth this leqealch L

v ﬁA cefl of this km& may be looked at fror:‘h -g thtoretical pomt of
view'as fo]l“ovus -m—A rod.of metpi, 4 M (fig. l) is impersed in a fused

chlomde of the" $amo mctal’ MCH, and a chemically inactivo conductm, ,

C, is also lmmgtscd in the fmedﬁsa]t ‘when M an% £ are connected
with aﬂ clccuostame \olt -meter ’\ﬂ)o mctalhc d]lorlde is nnmcd\ately

i * A portlo,n of t%xe expcnscs of tJNs wsoargh has - een defr
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= polarised, and an E.M. F. calculable from the Excﬁts oi combination,
~ M,Cl = MCl, is developed. - 1f Mand C are 1[pctall|c lly connected,
« moementary current paescs, but- the combination i lmmcdmtely
‘olarised by the opposing couple, formed by the cathion of the
.. .«leetrolyte M and the pole C. To provent this polarisption, chlorine
~has to be supplied at this pole. .Complete, dcpolax‘lsatlou shounld
*occur if the pole C consisted of a solid rod of chlorine} This is im. ~
. possible, but ‘gascous chlorine, used as a depolanacr, cqn be made to
¢fTect more or less complete: dcpolansahon, and should, theoretically,
yicld as the result of “its hcat of combination wnth leav]s an B.M.F. of
17942 volts. ~In experiments made with a view to realise as nearly
as possible the idcal condition for prov enting polarisation the cathode
was always molten lead. It was found that” hard gasirctort carbon
. had very little action upon molten alkaline chlorides and on chloride
¢ of lead, at the to.npmatum required for ‘their fusion.| Carbon was,_
therefore, employed as thc anodo or conductmg pole in most of the
combinations. , . ’
"The clectrolyte used was either the molten chlorldes f sodium and
- potassium mixed, or chloride of lead. As thcro is a co t[nuqus form-
ation of PbCl, dming the action of the cell, and as it lisa good con-
ductor, it alone was finally adopted as thc electpolyte. . As a -
depolariser, chlormc gas was used. Many experiments were made to
find a suitable \my of applying the ch]mm; The|following are
details of somc of the most suggestive of them, ' :
Ezp. 1.—A cell was constructed as shown in fig. 2. | The arrange-
ment consists of an outer iron vesscl, with a stratum of molten lead

\ .
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-=covering the bottom to some. (lcpth, over the loud is p. laycr of "NaCl

and KCI previously fused, into which is nunersed the lower and .

“closed end of a carbon tube, which forms the + pole “The mouth of
the carbon tube is closed by a fire-clay lid luted op, and through
which pass two small chy tubes for the inlet and outlet of chlorine.
~ The whole- -was heated in a small gas furnace. A b nding screw on
the iron vessel, which sery cd-as & connection with thelead, was used
as the. mgatwc terminal, and ‘another screw fixed on a copper ring
- surrounding the carbon tube, served as the positive pole connection,
Tho first trial was made without chlorine. Short cifcuited throagh
1,000 chms the cell doveloped an E.M.F. of 03 volt! A momentary
current of more than one ampéro was observcd wheu the cell was
short circuited -through a low resistance ammeter] . Chlorino was
then passed throngh the tubes inside the carbon pole) but w0 depolar- .
. ising effect was observed, gven when the chloring had a slightly
higher pressure than the atmosphere, yet the gas passed through the
cxposed sxdes of the carbon tube and, through the ce lnent at the top..
This expcnment was repeated several times thh carbon tubes of the
smallest possible thickness, and siways: with | ‘the satpe result., Itis
cvident, thex‘efore, that an absorption of chlon 1e smul T to that which
takes place in the Upward cell ‘does not oceur, when molten electro-
lyte of the kind employed in this expeument is used
Eap. 2.—As tlm method of applying chlonne whs unsuccessful,

another form of apparatus was adopted he poles were of the
' same material ag in tho plevxous cxpenme t, but {he carbon pol(
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was an open tube.  The electrolyte was a fused mixture of cquivalent (
proportions of NaCLKCl. A porous pot was introduced in order to
scparate tho products of electrolysis set free at the electrodes. The
‘chlorine gas was supplicd through a ‘clay tube, which passed down
the.centre of the carbon tube.  As before, an iron crucjble was used
as the containing vessel for the fused lead and the electrolyte, it also
cerved as a means of electrical conneetion with the lead; In relation
to the depolarisation effect of the chlorine, which it was{the principal
~ object of the experiment to observe, the interfering action of the iron .
“was found by comparison with porcelain to be practically nil; this no
‘doubt is & consequence of its becoming coated by local j'action witha

" film of lead. - The whole arrangement was heated in a reverberatory
furnace. - When the clectrolyto was perfectly fused, the element was
“short circuited through a volt-meter of 1000 ohms resistance. An -
E.M.F: ofs0'3 volt was observed, tho outsido current being from the
carbon to the lead.  This was the EM.F. after polgrisation. A
current of chlorine was then passed throngh the carthenware tube;
while the current of gas was slow thére was no effect, put when the
speed of the issuing gas was increased until tho gas passed in bubbles
along the side of the carbon, alternately surrounding it with chlorine .
and clectrolyte, tho E.M.F. rose to 1:25 volt. Tho actign of the eell
was. then similar to a completely depolarised cell. | When short
circuited through a low resistance ammeter, it produced a steady
current of 1'0 ampiro for three:quatters of an hour. he potential
difference betwcexﬂ tho poles was of course very smgll, whilo this
current was passing, the exterior resistance being very small com-
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'W}ien\}]o'wc\'cr, ‘the circujt was opened, it

pared with the interior. ,
almost instantly rose to 1-25 volt.” T S N
So far the experiments: shotved that, as chlorine is nearly or per-
foctly insoluble in fuseﬁ chloride of lead, or in fuscd chlorides of
sodiam and potassium, it is secessary in this case that the surface of the
carbon pole on which the ‘cathion is deposited be alternately exposed ‘o,
the action. of. the gas and clectrolyte. &Mangyzexperﬁ;ments confirmed
~ this conclusion. Tho cxposed surface of the carbon tabe in this
‘experiment amounted to only 10 or 12 sq. em.
Exp. 3.—As in the arrz‘{ngcmoixt last described, the usc of a porous .
pot and a clay tubo was found to be objectionable, through the action
" of the electrolyte upon them, an arrangement was devised by which
- the use of the porous po?, and tube were qi'oidcd_,. ' The details are
seen in fig. 4. The carbon-tube serves as an clect ode, and also for
conveying the chlorine to the electrolyte. ;h‘o render it impervious
to the gas, it was surrounded by a Q]ose-ﬁttijxg porcelain tube. - This
~ tube was closed at the top by a parafined cork, through which a.
. glass tubo in conncction with the chlorine :gupplyf\ta's passed. The

remainder of the apparatus was the same as in Experiment 2, but
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without the porous 'po}t;”f ~ This arrangement: gave “ the following
resdts.  The BME. ‘when ‘short:¢ircuited through' a voltmeter
(300 -ohms) gave 1'4 ‘volt,| the chlorine entering rapidly. Whén
short-circuited through 1 ohm, it gave a:constant '_c\f;hrent of 06

. ampére with a P.D. of 09 volt. The rather largo interior resistance
* of-1'3 ohm is duo'not to t.-he"}élect'rolyte, but to the greater length of
the carbon tubé,'mid»bad-po%tacts produced by the ‘c‘olfbsive action
of the chlorine.. No good results were obtained nntil'the ehlorine gas

. bubbled out of the carbon tube, thus realising the conditions before
mentioned, as necessary for the production  of any large elgctrical
cffects. R S PR S
Eap. 4. —Witha view to_obJaih»l‘arger effects, another form of cell was'-
" tried, as shown in fig. 5. ’l‘hj carbon pole C consisted of a thin rod of
* eleetric light carbon, 5 mm. diameter and 15 cm, long. It was passed

v
s

- F10.5.

through a cork fitted in a porcelain tube, 2'5 cm, diameter. A glass
tibo bent at right angles was passed through: the same| cork, to serve
for the delivery of the chlorine. The end of the carpon rod wasa

" little short (about 3 mm.) of the end of the porcelain tube. " The
containing vessel was a Berlin porcelain crucible, 7 em. diameter.

Tho conductor from the lead was an iron wire, protected from the .

action of the electrolyte by a surronnding porcelain t_ubéi.l The electro-
lyte was chlorido of lead: The whole was arranged as shown in fig. 5.
When the chlorine issued from the poreelain tube, the pecessary con-
‘ditions for depolarsation were in a large-degree realis d, the contact
between the clectrolyte and the carbon being a times 4lmost broken,
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and at other hmes the cﬂormc for mmg a. nearly comr»lcto cnvelopc
_ yound the carbon, these conditions - followmg in rapid altcrnation,
Tho highest K. '\I I. obseryed was 1-25 volt. The largest current given -
“was 0°0 ampére with a PD. of 0:25 volt. The current was fluctuat-
mg, owing to the varying condnhons at the carbon pale.
. Eap. 5. — he, followng f‘gure shows a. (‘onstrllctlo" &Imost identics;
-thh the last, differing o1 ly in & fow pr -actical dctalls, occasioned by
this cell being made larger than the last. The porcc]mn tube pre-
viously used was replaco ‘by an’ inverted pmcelan;lcrucnb!e, having
* two holes drilled in the bottom; the larger thole afforded a passage

for the conductor from wthe arbon pole ;. through the smaller one -
there passed a porcelain pipe for the chlorine supply The carbon
- pole was composod of a dfsc of gas retort caybon, pi¢reed with holes, -
_ as-shown in the figure. In the middle of the disc was serewed a tube
" of carbon, which p'\escd up through the larger hole in the bottom of
the crucnb]e and was sccm‘cd in this position by nuts of retort carbon.
The bottom of the carbon tubo was filled with fused |lead, iato which
dipped a thick copper \me that fonncd the positive| polo connexion.

W
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The conncxlons betwocn the carbon and poroel'un were luted witha .
mixtore of borax and ﬁxc-cla) fused at a bright red heat. The other
“vessel consisted of & short cylindrical plumbwo crugible. The fused
lead was, as. uaml on the bottom, connexio boing | made with it by
means of-a hc.;vy open iron ring, with its f1c¥ end turned up and bent

- over the rim of, the e acible.- The internal resistance was small,
owing to the lmprovcd contmt of the lC’ld! g wirejwith the carbon.
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pole. The clcctmlytc “as f scd PbCl, Thc \s hole W ‘s heated in a
- gas furnace, When theelectrolyte was. fused, the (,hloune was passed .
rapidly throngh, so that it n‘sucd from under the pmccham crucible.
The K.M.F. was then betwéen 094 and 096 \olt and ‘never rose
higher- th‘m 098 volt. _The| lower EM.F. was cvxdcntly duc to the
fact that part of the sulf'ace of the carbon pole was nnt; Fub_)cct to the
action of the chlorine, but llcmamcd polarised - b) deposition of lead. -
‘The behaviour was much hlge that of .a constant cell W {th an K.M.F.
of between 094 and 096 volt. The method of obscrlvdhon was to
alter the exterior resistance lmd then read the current-and P.D., then

break the circuit and’ read tho EM.F.

‘ ' ‘Caleulated internal resistance.

N | K MF. P.D. N
(ln clos:)drc)lruut) ' 3 v Ty Ty (calbu?a_te.d).
Yolt. . Ampcres , Ohm. ‘
026 ‘ 120 006 ]
: 024 100 o 007
062 40 1008
076 - . 1:26 o1
072 o @ 014
072 2:15 A 1 P
066 | 250 012

From these obser vahons 1t \nll be seen that ghe internal resmhncc
was.calculated, col, 3, in order to find whether polansat}on is greatest
“when a small or lalgc current is takcn from the cell. -From the
results it is apparent that the internal rcsnstance, anjl ‘at the same
time the polarisation, decrease when the current inereasés. This kind
of cell, thercfore, differs from those in which aqucous clectrolytes are
used, inasmuch as the polansatlon decreases with increased ‘electrical
output. The observations of P.D. and E.M. F were [taken almost

simultancously, and the variation of resistance as the gas bubbles -

passed out was thus avoided. As the internal resistince was. very
«mall the whole time, and femained almost constant during a varia-
tion of tho current from 1:26 to 2:5 ampéres; it may be said to be a.
constdnt battery, with an K.ALE. lower than the thepietical value.
'The reason of this lower E.M.F. is probably due to.solne part of the
large (mbon plate being covered with reduced Iead thys forming an
-opposmcr coup]c of smaller capacity and lower resistance than tho
primary elements, its effect being to reduce the main curicnt. The
E.M.F. of this opposmg couple is of nccessity trxe samelas that of tho
main current, but, owing to its lower internal resistance, its P.D. is
less; if it were not so, the cell would yield n& apprediable current.
This reasoning cxplains why the results obtained wnth sma,ll cells
were better than tlose obtained with large ones.
Besides the exp%nmcnts mentioned, trials have beén made, thb
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wmoro or less success; of many other forms of this combination, includ.
ing some in which very porous hollow carbon poles| were used, and
through which the chlorine was forced, but the effects obtained were
less than those recorded. | The reseaich has proved that it is possible
to form pyro-batteries of 'the Upward type, althoug h it is extremely
difficult to réalise the conditions required for effective action. In -
future communication I hope to record tho results of expcriments
- made, with a view to utiliso axygen as & depolariger in connexion

with cells with fused electrolytes. e : :

VII. Measurements of the Absolute Specific Repistance of Puii-
Electrolytic Copper.” By J. W. SwayN apd J. Ruobiy.
Communicated by Lord Ravyrewu, Sce. R.S.  Received
February 28, 1894, ' ' S E

At the beginning of 1893 it was resolved to make Lmo very carcfal
~ measurements of the specific resistance of pure elgctrolytic copper,
drawn into wire without previous fusion. Researches made during
~tho latter end of 1892 had shown that 'tilo specific resistance of
electrolytic copper .varics considerably. . The resistance of about
thirty wires of the same length and diameter, adg from specimens
" of electrolytic copper, prepared in dif’fér‘cnt1 ways in the laboratory,
showed differences of resistance amounting to a magimum of 14 per
cent, both when in a hard and when in a soft or annealed state, and
measured at the same temperature. S - _
- These preliminary measurements were made by means of a Wheat-
‘stone’s bridge, constructed for comparing the unk nqﬂ'n resistances of
short well-conducting wires with the resistance of a standardised
platinoid -wire, according to Thomson’s method. The accuracy ob-
. tainable by this mcthod was 0:25 per cent. " The Hest specimeus of
wire were subjected to a further’ and still more accufate examination.
~ The measurcments of the specific resistance and temperature co- .
efficient of one of -theso wires, and of some wire male from the same
copper, after undergoing & &econd clectrolytic refning, form the.
subject of this paper. It was resolved to make me lsurcments giving
an ultimate accuracy of 01 per cent. As they weyre intended to be
- absolute, the first- problem was the determination of the exact
dimensions of the wires to be measured. The mcgsurcraent of the
length was made by means of direct comparison [with a standard
metre rule; that of the diameter was deterpine by the specific
gravity method, which consists in finding the absglute weight of o’
known length of wire and its density or | unit vplume weight as
determined from its.specific gravity, and then calm’lating its average

diameter, y . .l
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]n the dvtcrnnnahon of the spomﬁc grav:ty, bothl 3 h)drostahc
balance method and. the pic ometer method were used, ~ The latter
method was found to give more accurate, rcsults A ‘point of great
importance was the oshmatm‘n of the t(‘mp(‘ra.tm‘e of t“ie specimens :
during measurement.  To obtain as great accumcy as possible in'tho
temperature veadings, an a;Lp‘uatuq similar to a calorimeter was
employed for enclesing the coil of wire whilst 1t was measured. A
standard thmmoz@”'tor divided in tenths of deglccq ce‘lh'rradc was
nsed, placed in the vessel containing the sample of wire. lt was read
at a distance by means of a telescope. 1

The mmn"cmcnt is r(‘prc{scnted by fig. l It cons sts of three

f . N b b
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L)lnmlnml tinned }lmn vessels ’llfﬂnf’(‘d ('onconlrically bne inside the
other.  Tho scction of the two outer vessels (fig. 1) is distinguished
. by the'sbading from that of vessel 3., The vessels formed three water-

VOL. LVI. e . ¥
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: hght r‘omp'utmcntq.. Jaé cets 1 and 2 were ﬁlled mtlL water, and the
vessel 3 with paraflin oil having a ﬂa%hmrr-pmnt of 150° C. To stir
the liquids, three circular rings‘of ivon wire were enclosed, one in
-each of the comp*ntments These rings. w clo suspended on the iron
wites, &, s% &e. The iyon ‘wires thcmsel\cs were fixed on a bar of
brass, b., By means of tlw}e crank of an o]ochomotor (m) and strings
and pulleys, the bar b could be moved up and down, stirring cach of
the ‘liquids smmltmeous.P'. ‘Mo make the inotlon casy a balance
weight, W, was used.  The coil to be: mmwrcd was enclosed in com.
_partment 3. This comp’ul tment was closed ‘\t% the top by a hollow lid
of tinned iron, picreed \\1th holes to allow for the| passage of the
stirring vods, &c. This hd effectually pmtcctul the paraftin oil from
surface cooling. The t\\o holes, h aud ', madc to allow the wires
'conncctmg the ends of the coil to pass out, w rere Jined with ebonite
to prevent contact with t]ne metal of the hid, T he thermometer, Iy
was let down threough a tube in the middle of the lid, Asa proof of
the cffectiveness of thc arrangement, it may b mcntloned thala small
Bunsen burner ‘when buvning at its full power, and placed under
comp‘lrtment “1 7 raised the temperature of /tlic inner one “3” only
0-1° C. in thirty scdonds, a length of time more than suflicient for
“making a resistance dctcmnnahon - When the temperature in 37
had been raised to 92° C. and then allowed to cool (being constantly
stirred), the temperature (in “3") only fell (0 40° C. in twenty-four

hom's, notw;thstandmg the tempcmturo of ch lab ratm) was only

15° C. : i
Another important dct’ul Was an anmw(mcnt fﬁ)r secring the
wires whilst they were measured. Fig. 2 1cprcsents this. It consists

.

of a picce of cbomte tube 5 cm. dmmetor, with a deep double screw
thread cut on the outside. It was picrced all over with large holes
1 cm. diameter, to allow the paraflin oil to freely circulate in the
inside; where th? thermometer was inserted.| A shoyt rod of cbonite
(p) was put through and across the eylinder at the bottom. T he
. wire to be mmsurcd was bont round tlns Cross: I(Ld -so that Cqml

e ‘




Immths worc ]nn(rmo' do\s n. 'I‘hc doublc bent w:rc wa
up.in the double serew thlmd apd sccured at lhe top

8"4 ] bpccr i Resz,_

string; the influence of self-induction was thus avmded‘. :

Iech oly ?w Cop]

by means of
Sach wire

had four terminals, the main current tcrmmals, and tl‘e shunt ter-

minals, which were soldered |
hetween which determined the Iength of the “n‘g under
These reels saved the wires from bcmg hardened or.
jured.
clectrical measurement. . In
strips were used fo¥ coiling the wire upon, great di
‘When the ebomtc recls were employed hard

Y

~obse rvod.
ence conld be observed.

The clectrieal )wflsmomentq were made by
method, refined as much as 1-; possible. - A D’ Arvsonval

. was employed as an mdxcdor of potentml difference;

heat " property of this ‘instrunient is an adva
class of measurement cannot be over-rated. Finding
t\pmnncnts “ntln the 1) Ar.\onval «ral\anomotm‘ that

to picces of stout coppor-

The length of the wire was taken both before
some earlier cxpénmcnt"

‘the distance

‘therwisc in-
and after the
‘when
crences were

ly any differ-

the fall‘ of potc’ntinl
ralvanometer
- The ** dead "

ntage- \Ihich' in this

in tﬂhe‘ first
qts sensitives.

ness was not sulficient for our purpose, the upper anpoxmon was

le nothened very considel abl‘)
upper wire, thc wire-below the coil being left s]racl\
the required degree of sensitiveness was obt'uncg The

The coil was mado to| hang on the
B) this means

gal\ anomeceter

readings were made by means of a telescepe and scale, 01 plane mirror

Leing attached to the gaulvanometer coil.

To. gain the advantage. of

using very small deflections, the scale and gal\ auomctc were widely
separated, the distance between them was 8 m.. The Iprgest detlec-

tions used were 600 divisions of the scale (mch divisio
corresponding to (at that distance from the mlu'or)
I 40, which falls within the limits for:—

(L)

The rcadm% of the deflections were found to be pr

the: P.D. by direct and carefully made measurements,

always read in two directions, and the sum takcn as t
the accuracy was thus doubled, and possnb]e error by di
thie zero point avmdcd C |

I'ho limit of sensitiveness of the (r.llmnomotu‘ was - »
1 scale division deflection = 35005000 ampuc (apprdximatély), or

= (-00000003101 ampére (accurately). | _

The resisiance of ' the suspended coil was 10 ohms.
quired  for the coil to come to rest was about two s
accompanying dmor.nn shows the mmnacmcnt for

measurements. ']hoy were made by direct (‘fmpans(

seconds.

== 1/30 in.),

an ‘angle of

tan 2 angle = 2 tan 'uwle 40001 x2 tan angle.

they were
he deflection ;
hp]gccmqnt of

I'he time re-
The
making the
n between a

| . :
standard ohm and the various ceils to be mea ured ajid in such a

I3

manier llmt crror due to thc rcxwhncc of thc mda w

s eliminated.
F2

<l then.wound

oxamination.’

mica’ -

oportional to’

ra
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The following is & dcxcrnpuon of the details: ~-]¥ wasy
lead peroxide clement, of a compqutnol) large cap
hours). Tt was found necessary to have the cal
tolerably large to avoid the necessity of making too

soliite .

asingle lead and

acity (30 ampere
sacity of the cdl

large cor rections

for the fall of potential in the cell itsclf between dnlft,lcnt. obscrva-

tions. By mcans of a mercury contavt ]\c‘), K, the

battery could pe

“short-cirenited through a nickel wire resistance r (of about 6 oluns),

the standard ohm R aml the resistance to bo measu
resistances were in series.  (The current in the mai
02 or 0°25 am pile, and did not produce m‘) sensib
various resistances.) By means of the cun‘qnt revel
switch), the cuwrcnt divection could be qull) chan
nometer, G, was conneeted with another mercury swi
of which it umM be put i shunt to the standard
nately in rapid succession.. In the galy an+mctcr
ance box, RB, \\fw inserted in order to render it pos
dC‘ﬂ(,CthIlQ nc'uly cqual \\hcn X differed cot Mdcmb

X

red X

1 circuit was only

Al these

¢ heating of the
ser, C (a wercury
U('u].

The galva-

tvh, C,, by means
olim and X alter-
¢ircuit the resist-
sible to'make the,
y from R.

Ny
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The. method of making a dctcx mnmtlon was as. follo
‘was placed in the position wl
shunt of the standard ohm. |RB was adjusted 50 a8 to
flection of a convenient amount by placing in a resis
having been determined by means of prehmumry experin
K was pressed down and a deflection of the galvanowet
The current was | then: ‘reversed, and a def
(u+1b) was then p aced in the obscrvntxon taly

The key npcnm . The tempcmturé of Ro
noted ('I'g). 2nd, C; was then placed in the posmon whj

sperved,
observed.
heading Gy,

fvs .-«lst ¢,

iich made the galyanometer circuit af

i\akc the de- -

atce R (R,
ients). Then
eér “a” ob-
ection "
le under the
ybserved and
ch made the

galvanometer circuit a shunt to X. RB adjusted tc
deflee tions of a suitable size wb) putting in a total resi
(determined by previous expe sriment).  Then 'K! was p
and the deflection 1, observec l, the current was then re
deflection by obsevved. (d-+ b‘i) was then put down in th
the heading Gy, The tcmpe;.\tuw of X observe
3rd observation. No. 1 upcmtcd ‘
. 4th " ' C 2 3
A sct of measurements like these were made i

" 1Y

in 20 se(f

make the
tance of Ry

-essed down,

rersed, and a
table under

; ted ('l‘x).

onds thanks

to the dead-beat qtmhu of the galvanometer; and the easy manipula-

y 1f the|
and if
be negl

tion of tlic mercury switches. IL is evident that
deflections were exa ‘thy /»u)pmlwnul to the current,
of the galvanommneter circui! was sufli eiently high to |

galvanometer

the resistance

cled, and als»

if the potential difference of ‘the accumnulator (ul‘nol alter beliwecn
chservalions 1 and 2, the rcslst‘mce X can be put.
. (1 R.+S
(2.) X = (Bt i
G Ry + +5)

S == resistance of the gal\'anomotcr + wsxshme of igalvanometer
leads. ‘ ' '
“The pxopntn)n'\hty of the gal\'\nomot(‘r d(ﬂectlo i¢ with the
Inmtcd range cmployed was, as previously stated, experimentally

proved.  The conduetivity of the galvanomoter as
negligible, as is evident from the fact that it was mo
ohms resistance (w lien a minimum), and then dmnmsl
resistance of the main eircuit about l/bOOO ohm (it
ronnd 1 ohm), the resistance of the main cirveuit am

'l he fall of potential of the accumulator was;
ciable during bne set of measurements. -
tw ‘.ch ohservations 1 and 3 and 2 and 4 ve

T
1

ohms,
. '\lb])l(_‘
- the identity be
“the tables.  When 'appreciable a correction wa
‘the arrangements Wero: completed, a determin
vesistance of tho best  specimen of copper
made. \

Origin ofllw C n‘«?n) Q»-—'l‘lnc copper was depom

ation o
(marke

ted in

|

‘s applicd.

ln shunt was .

¢ than 2000 -
ed tlﬂxe total
was shunted

ounting to 8

very seldom

This willlbe seen from

spectively in

When all
tho specific -
“AT) was

¥

]l
a!large rocking
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o

Coppers

tank from nrdimrx:s‘nl’y)]"mbe of copper solution 'f)reparcc[‘from pare
crystallised “sulphate of copper, . pure sulphuric acid, and distilled
water.  The anode was a larg p\atc of o‘r(linén-y ‘ieonin‘lérﬁ\i;xl clectro-
Iytic copper, and the cathode was a large polished plate of rolled
copper.  Before” placing the cathode in the bath it was |silvered by
riubbing it over with a solution of cyatliﬁdc"of'isil\’ci' in pota,ssitim'
cyanide.  This coating of silver was converted j(f‘nto iodide of silver
by means of a solution of iodine in potassium iodide./- As is well
known, this treatment renders the stripping of the deposit from the

[

ance of Pire Electrolytic

cathode an casy matter. On this cathode copper was: deposited to a

thickness of 2:5 mm., and then the deposit was stripped E}ﬁ Several
deposits were made and tested roughly, as statcdl in the beginning of
this paper.. The best of them was one marked “/A.”
~ Preparation of the "ll:'a'ro,»-/!( strip was cat from the de osited sheet
of copper, filed round, and then drawn through sapphire dies to a
diameter of approximately 002 in. e | .
These determinations were made by means of th hydrostatic
balance principle. - A re-determination of the slcéiﬁc gravity of the
_ copper 1 in the above table was made by means of a pichometer.

i
(O

Pienometer + distilled 11,0 at 15° C. ] ‘2'878 graws.
| ‘ 33562,

’ 4specimen+ " . o 12
361012,

$0328 . .

i

. S[)OCiII]Cll...‘....".......’...-.j.-
.+, weight of displaced 1§ 0 R I T
v Specitic gravity == 8:9519.

il
e

As is scen from the above numbers, the specific gravity of . copper

when it is_pure varies very little with hardness and other conditions,

the variations when at a maximum only amounting to -00U+ of the
whole. The mean of the above results may, thereforp, be taken as
the specific gravity of this copper at 15° C." The meanjis

8‘9-511{:.: the specifie grdvity.

'I'his value is nat the one required for the calculation pf the dimen-
“sion of wires; whatis rcquii'cd is the density or absolute weight of
an ideal cubic centimetre of the metal at 15° C. The weight of
1 cc. of water at 15° C. is, according to Kohlrausch ¢ Praktischo
- Physik, - - | :

_ 0-990915 gram. |

N d‘ho%pccilic gl'a:t\*jty of the copper dividcdv,by’j this figure gives the
density :— L. o , } .
Weight of 1 c.c. of copper at 15° C. = 8'9583 grams [8959).

Sp('a:ﬁ-c Resistance of l)eposft “A” (hard drawn) at {liflerent Tem-

| peratures befween 1297 (", and 90:2° C.—A- hard-drawn wire of the A

deposit was measured by the apparatus described.  For determining

v




.72 

the dmmetcr . pxcco 300 cm. ]unrr was hkcn.

to bc——- :

Mos%m. J \V b\\ay

56009 gr:\,ms.

..n(l.I Illﬂ»dxn.‘

zt-b;«?oz»zere C[May 24,

T he \kcight« was found

The accmt'nnod dmm(v of .the copper being 89059 indicates an

- average diameter of~—

3.) '( = -’\/31)0 x 89507 =

This same wire was fi
aitrd wound-on one of
placed in the circuit. A

different temperatures : they

-GUOY

005151

tted with sliunting
the previously described
large number of observations were m'xdc&
ave arranged in

e, at 15”7 (.
terminals 250 ¢, apart,

reels, and - ihen.

Table II. The follm\nw_

are the headings of-the columns :--T'y = tompc rature of the unknown

resistance ; Gy = deflection (proportional t
unknown resistarnice ; ('h = deflection when‘T tanda

Ty = temperature of standard ohm: Gy ==

resistance (supposing Gy to be always 12&0); Gy

o the current) with the
'd ohm ip cirenit ;
== deflection of unknown
(6th column) ix

deflection with unknown resistance (X) in cireuit corrccted, so as to,

compare with Gy at 1240 and T}, at 15°C.;
multiplied by a constant give the resistance

. | :
Co e Gy G
| 3
g e, i
129 1006 1250
1640 1047 - 1249
172 101855 1215
1815 10235 L0 1246
196 1027 RS Y2 I
20 % 10305, ¢ 12445
200 Sl033 T 124
226 1050 R -7 3 T
233 1043 R R )
|- 2k 10155 1243 -
L2502 10485 1242
bo26-2 1052 Co12a2
joo2T3 1056, S 4} i
A | 385" 4 128075
P20 1060 12385
b302 1085 - 1210
311 1060 <5 12895
L8 W35 J2w
{832 1477 S P
Coode2 19%0 7 L2375
353 1083 L1237
362 10865+ - 1236
372 5 1237

1Teu-

Table llﬂn

the figutes in this column
of the wire.
('\ H -l\ . . ((.;l' (;} )“)
‘('"::] ‘0) - T = ]JL;
f ¢, ) :
098 o 13 -5 097
1010 137 21010
1014 139 *Jolt
1019 " 1019
1022 R 1o22
1027 , - 1027
1030 13°8 1030
1036 by 10343
. 1039 115 1038
- 1043 J lo42
1047 « , . Luu.
1050 , 1049
BRI AN N 1o
1050 15 1058
I . b J0HO ;
1065 L 1064 i
1070 12°1 1069 ‘
I (Ire by 1073
1078 ., (¥ rin)
1082 125 1usl !
1086 , 1085 ,
1090 L 1089 i
1093 L, 1eo2 |




1804]  Specific Resistance

fPab]ebiI;—rbﬁtinﬁed.r'

{

bf Pure I léch%olyzti‘c; A' Copp 7,

Gy.
¢ .
382 0 100
302 e 1097
401 1101
41-2 - 1106
422 1108
435 1111
442 11145
452 f 111935
462 1123
172 1128
N2 1133
ou-2 11405
ol-2 k D36
32 a59-2
031 LN K
S5 0152
552 0919
o2 1] )
572 ash
o8t 2 U5
S92 S 0605
GU 2 963
A R aGe >
622 HIBURS
‘(}3 2 HrR]
i 2 976
652 [0t
G2 ak2 5
G722 9852
652 aS8°5
092 unl
02 Q04
e a7 5
722 - 1000
2 1003
T2 1006
702 10105
76020 01018
772 1017
N2 1020
o2 10232
SN0l 1027
ste2r 103l
822 1034
832 1087
St-2 10395
832 1043
862 1047
872 1050 -
882 1052

902

1060

[
te

§

a

P

1236/
1236
1237
C-1237
1233
1234
1231
1235

b2}

1236

¥y !
1013‘

3

10127
1013
10125
10125
1013
10115
101}
10115
T 1011
L3

‘,)

1012
1011

1011
1010

o
=
—
[N
(:l <1 I

(O =

i ]‘u == l:)‘ (‘). X
T e |
1097 L1125 1006
1or - . 1100 :
1104 { " 1103 |
1109 ; . JER § (1 JRA
1112:5 " L1111
11165 | . TTL1115
1120 ! BN B B R TUN ;
}}ﬁf é Cop ey
1133 | w1182

1137 : “ 1136
1144 12-8 | 1143
16 145 | 1146
154 o
ot - D
11575 DYS FR N Y
1162 “ 1162
1165 152 1165
11696 " 11696
- 1153 ; . 1173
1177 i . 157
1181 . i 1151
1185 : 1695 1185
1189 : 1180
o3 1103
1197 L te 1197
1200 Pl 1200
1204 j “ P 1200
12074 ‘ b 0Tt
12124 “ S b3 P S
2155 | . 12155 .
1219 1 . 1219 |
S R
1228 ! 223 :
12315 - a231°5
1235 : w1235 ;
124075 - N 2 TUR Y
1241 ; “ . 1244 ;
1249 : T f1249 ;
1252 J " 1252 i
1256 | . : 1256 :
_:%?g N - j ;§n9
«bd) . 200
1269 - 1269 -
1202 - o 1272 ]
1276 " 1276 ;
1280°3 " 12500
1285 - 285 i
1290 " 1200 ;
1203 " 1203 ;
1298 - 1208 i
1303 " 1303

iﬂm,:*?”ﬁ

Gix

Gy = 1290
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“The ¢ dbeolute spccnﬁg 1csxstancc in C.G. S units was calcuhtcd from

the above numbers as T)llows - The lcmsmncc in ohms of the
measured  wire at- _nay tcmpelature is fotmd by -using Kquation

N, 2.*“', | |
L SO (1 (R +S)
(+) N X == M OX .
: T e n(RR*‘S)
, F‘l"OH_l the definition of thc R, and that cf sbec'ilﬁé resistance’in -
C.G.S. units, formula 5 is deduced:— - 7 C e
(5') . . 0=4\’_""Z."109" r‘>‘ b ,3 . . E
‘where By == radius!of the wire in ccntlmct‘res.: -
o v = lcnu.h . sy VR

If the value of X as given in Equation No, 2 i$ substitated in -
Equation No. 5, the followin'g is obtaified i1, o

PN (r (Ry+8) R mrt e
6. R 0s.

L) TE TR +S) Ug U ;

In the pleviousAtable if Gi.is read’as in thn last tolurm;,,ﬂl.c follow-

Jing will bo the valuoe for tho various clemcntq of Kqation No. 6:-—
4 e

RR = 8000 1B:A. umts fm all obsnrvahone

Ry ==2000 ,, = - "]
S = ]73 " ) o sl‘
R = 1 ohm. - : s
VG == 1240, Scale divisions for all obsel vations. - ;
: , v LAt 15°C But accoulm(r to Mat- !
94 == 005151 cm. ) thiessen, no correctjon is made
1 = 250 . , ] for the variation of these con-
' ' stants. :

In KEquation No.’6 o\'el'y'thing is constant: except o and Gy, and the
cquation resalts in the following, when the numer_icaj values as a,bow
.are sub%ltutcd for the gencra\ expressions :— ; '

. ?' s (G Mmo
' (/-) : g = 1'690(—’0 ('PR l ‘C

10016906~02260 058

The specnﬁc msnstance in C.G.S. units of wthe Imrd drawn rocking
tank A deposit :‘M, any te'npcmturc can th rcfoxc ¢ calculated by
making usc of the values given in the above table. |In order to find

~ the specific resis fance at 0° C. it is necessary}o calculate the tempera-
 ture cocfhcncnt a;) from the above obscr ‘anons The mecthod of
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“Specific 1 ?e.éi.étauce

least squares is the one which v
“this coceflicient, but the calc
lmmson with the value of the
- toascertain which values coul(
coeflicient (Ay), the above obs
the co-ordinates being @ =t
in C G.S. units.

- .

As prevnous]y stated, the v
multipliecd by 1'6906 to give
-~ 1o save. lﬁbour the multipli
_ Table No: 1).

The resistances in colamn’

“meens of the gmplncal lab]c 1 -are’ tabnlate

eIy, atlons were plottod in tl‘e usuql \\a\,' :
cmperatare and y 3

alucs in colamn 6 of Ta de ]

cation was done g

(Tahle 111).

‘Phe graphic Table No. 2 is

the results of the ab()\e moasmemcnts
As the values formed so \cr) near l) a strmo

selected :-—
b T . 937 )
I‘heco gave the fullomnxr mpntlons -
T 107 =
1037 ==
- R £
y -

« is the speeitic rcsumnc

and y is the temperature coeflicient.

(\tmpolatlun was made from

1707 C. (1 S mnts at 16-0°

‘IOUK in come
Thorc oro, in order

i
=

‘specifie resistance

~

I h'mf‘(' to be
0.GLS, units
T 1y~ (Gmphw

nce in
raphic

the specitic resista

ed to C G S, umts by
d in T\othu tablc

6'01" Table 1 redué

a rc])“xci)('lnct‘ion of ’lable 11, and un(-i

ht line,/two only ave

"
51-9° !

) "

x(1 +10J)

(14 51°2y), from \\lnch

1603 C.G.S. umtqi
0001077, '

\wn‘) at 0°C., .
ese values an’
Table No. 2.

e of the A deposit (h.nd dr
By means of tl
0° to 16° C. in the gmpln

N -
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A similar wire to that used in the pru:ous i
annealed ina tubc of hard glass, through which was
,of dry CO; «ras, in order to prevent ‘oxidation.
moasmcments were made with it :—

o

Measurements ‘ll.‘l[h ]l()("\lllj ’lunk A Cnpp

Dens: ty at 15° C,,

])mmetér.
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Storia dell'elettricità
MEMORIA  DI J.W. SWAN DEL 17 MAGGIO 1897


Mr J W v' Swa.n St'ree.v mwl otker Efacts

We have shown that the colour was in proportion to the amount
‘of copper present, and that the ‘colourless leucocypes couta.med
only. traces of that metal. The deposition of the gopper in hE—=
large quantity appears to us to represent a degenerative reaction ;
it was accompanied by a most striking increase of leucocytes,
which tended to distend the vessels and to collect in clumps,
phenomensa which are abnormal in our experience in the oyster.
"The presence of the copper in the leucocytes in these cases might
be compared to that of the iron which is met with in some of the
leucocytes in cases of old hmmorrhages, pernicious angmiz, or in
other cases where iron.is set free. We are not prepared to state
_whether copperin the food can bring about the coxdition, but cer-
tainly we have abundant evidence to show that it can occur where
no copper mines or other evident sources of copper are present.

We are inclined to suggest that the increase of copper may be due
to a disturbed ‘metabolism, whereby the normal copper of the
hemocyanin, which is probably passing through the body in
minute amounts, ceases to be removed, and so becomes stored up in
certain cells.

Our results also show that hwmatoxylin is, & most valuable

- reagent not only as Macallum has shown in the case of iren, but also

in that of copper, and that care must be taken to distinguish between
the iwo reactions; and this must be especially the case in those
invertebrata where copper plays an xmportant réle in the’ physiology
of the blood.

f

“Stress and other Effects produced in Resin and in a Viscid
Compound of Resin and Oil by Electrification.” By J. W.
Swax, F.R.S. Received May 17 ,—Read June 17, 1897.

(Prares 1—4. )

While making an experiment with the object of finding the degree
of resistance to puncture offered by paper coated with a soft com-
pound of resin and oil, when placed between the secondary terminals
of an induction coil, the tension being regulated by a spark-gap in a
parallel branch of the circuit, observed that on the. passage of a
spark at the spark- gap, while no spark passed between the paper-
separated terminals, a sudden roughening or puckering of the
previously smooth surface of the ccating took place.

A number of experiments were made with the object of ascertain-
ing the nature of the action which produced this effect, and these led
to farther experiments and to results which, though closely related
to well-known phenomena, possess features of novelty a,nd interest.
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It was found that clear Bm deaux resin in a nscxd state (v1sc1d1ty

heing bronght about either by heat or by the addition of resin oil) is" .

- responsive to the mechanical stress consequent on electrification by
non-laminous discharges ; and 'if it is so acted wpon while. in the
solid state, and afterwards. superficially softened by heat, there
results o new kind of electric discharge fignre, analogous to the dust’
tigures of Lichtenborg and Lord Armstrong, but showing some remarks

" able peculiarities which throw additional light on the mechanism of air-
conveyed electrical discharges, and on the location and natare of the
stresses imparted to the diclectric. Iascertained that 8 smooth sur-
face of resin is retentive of an electric charge to an extraordinary degree,

_that after more than two months the lines of an electric discharge
figare, as developed by heat, and as further developed by the acci-
dental attraction of atmospheric dust to the electrified parts of the
surface, were still attractive of dust in a discriminative manner, no
change being observable upon: re-dusting either in the arrange:
ment or definition of the lines of electrification as originally
developed.

The apparatus employed consisted of an jnduction coil or 2 Wims-

- hurst machine, and a-supporting stand, the rod of which carried two
clips and a stage, the supporting part of the st’xge being made of -
strips of thick plate-glass, ‘and the rest of wood. The clips held
conducting wires, which passed through bent glass tubes, and wemt
to the secondary terminals of the induction coil, or to the conductors
of the Wimshurst machine; the discharging arms in either case con-
stituted an adjustable spark-gap in parallel with the wires ending
above and below the stage. The stage terminals were balls, discs, or
points; the pairs employed in different experiments varied in size and
form, and the "pair uscd together were sometimes dissimilar. The -
resin was the colour of amber; in some of the experiments it was
used in a solid state, but fused to the form required for experiment ;
in other experiments it was softened to semi-liquidity by the addition
of 20 per cent. or more of resin oil, the mixture being made by fusion-
together of the resin and oil. - The compound with 20 per cent. of
qil has the consistency of treacle at a temperiture of 20° C.; at
12° C. it is nearly solid, yet plastic enough to yield to the mechanical
stress-action generated by the projection’ upon its smface of jan
electric discharge of the kind employed in the experiments. At the
higher temperature the viscid liquid is well suited for showing the
great disturbance produced by repeated discharges, and when at the
lower temperature it is convenient for observing the more persistent
forms of the figures produnced on the surface by single discharges -
under various conditions. When it wus required that the stress
figures should be permanent, resin either alone or with not more than
-2 or 3 per cont. of resii oil was used. ‘
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The dle]ectnc was either contained in glass basins or spt‘end as a
coating of 0'5 to 1 mm. thick upon glass or mica plates, and:in a fe\w
cases On copper plates. Also plates cunsxstmg wholly of resm,,werc -
in some instances used. i

The effect of a spark passing at the spark gap, when one of -thii
stage terminals is suspended over, and at a certain distance from the
viscid resin and oil mixture contained in a basin, the other being in
contact with- a metallic .disc under it, is to prodnce an evanescent -
figure on the surface. :

The character of the figure depeuds on:—

1. Whether the terminal over the dielectric surface is positive or
negative. )

2. The form and'size of the + and — terminals. :

3. The.distance of the upper terminal from the surface of the
dielectric.

4. The potential and character of the spark at the spark-gap.

Typical Effects.—The most regular and characteristic stress figures
are obtained when the spark.gap is adjusted so as to prevent the
passage of a spark or visible brush through or over the dielectric,
but allow a non-luminous discharge to take p]ace of only slightly less
strenigth. than would be necessary to produce a brush discharge
visible in the dark. A typical effect is obtained when the spark-gap
is 26 mm., and the positive branch from it terminates in a brass ball of
8 mm. diameter hanging centrally over, and 4 mm. from the surface
of, the dielectric (80 per cent. resin and 20 per cent. resin oil at
20% C.) coutained in a glass basin 150 mm. diameter and 15 mmn.
deep, the negative wire being brought to a disc of metal 100 mm.
diameter under the basin, or to a disc of tinfoil attached to the
.onderside.  On breaking the primary circuit by means of a mercury
break with a trigger action (the spark-gap having been momentarily
short-circuited while the primary circuit was closed), and the ¢on-
sequent passing of a single spark at the spark-gap—no visible dis- -
charge occurring between the ball and the dielectric—there suddenly
breaks out on the surface of the viscous liquid a star-shaped figure
formed of deeply furrowed, closely clustered, ontward-branching rays,
extending from a circular frill near the centre to the margin of the
liquid. The figure gradually dies down, and on the surface becoming
smooth it can, with slight variations, be reproduced again and again_
by repeated bl‘edkh of the primary circuit.

If the commutator is reversed (the spark.gap being momentarily
closed vrhile the primary circuit is re-made), then on breaking the
primary circuit as before, a ﬁfrure characteristic of the negative con-
vective discharge is produced. This figure i3 much smaller and
weaker than the positive one; most .frequently it consists of a
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cireular, or nearly circular, band or ring, miore or Jess indented in
outlive, enclosing leaf-like rays which itend tgwards the ceintre.
These are relatively broader and less branching than the rays of the
positive ﬁgn‘re, and they are characterised by having their outlinés in”
relief, while the rays of the ‘positive figare are sunk below the plane
of the surface. When the electrification is strong; the ring enclosing
the rays stands up as a frill in considerable relief. S
Effect of the Form of the Terminal~~The character, both of the
positive and negative figures, is greatly affécted by the form of the
discharging electrodes. When the upper-terminal is a metallic disc.
of 25 mm. diameter, hanging in a pldne parallel to, and 2 mm.
above; the -dielectric-surface;—and- the other terminal is a 50-mm.
‘metallic disc supporting the basin, complicated, but nedrly symmetri-
cal, figures of great beauty are obtained. = A metal point opposed to a
metal point, or a metal point above and a small metal ball below,
. give smaller figures of more elementary forms, having the geueral
characteristics of the larger figures. -~
Balls and points as terminals tend to produce circular figures in
which the rays converge to, or diverge from, one centre. This rule
applies with fewer exceptions to the + figure. The negative figure,
even when produced by a discharge—from-a-hrags ball, is frequently a
combination of sectors, whose centres are not far apart, and are concen-- ~
trie with the centre of the group. The effect of this is to produce a R
figure of nearly circular outline broken by more or less regular inden-
tatious, ' . )
If the ordinary vibrating contact-breaker he employed instead of
the trigger-break used in the foregoing experiments, the rest of the
arrangement remaining as described. larger and more complicated
effects are obtained.  When the ball above the liquid is positive, the
resin and oil being at a temperature of 20° C., on breaking the
primary circuit the tirst effect of the make-and-break is the produc-
tion of the characteristic star with arborescent rays; the repetitions
of th# impact which instantly follow indent .the lines  of .the
figure more and more deeply, and result in the effacement -of the
more regular figure, and the development of a large and turbulent
movement of the liquid, tepding to its division into two masses: a
central mound with a flat or concave top and a concentric ring. At
first the two masses are joined by radial ridges. but these gradually
thin, and (if the discharges at the spark-gap are continued) eventually
break down and leave the central mound and the embracing ring com-
pletely separated. During the progress of the action the ring por-
tion is driven outwards; and when the limit of outward movement is
reached, there is a subsidence of the more violent agitation, the ounter
ring becomes someywhat smootherand flows inwards; this is followed
by a recurrence of the repellent action, and a repetition of the last

©
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phase of the phenomena déscribed. -Figs. 1 and 2 represent in proﬁle
the appearance at the middie and final stage of the action.

F16. 1.—Positive. N early Maximum Effect.

F1e. 2.—Positive. Maximum Effect.

If a metal ring (of 90 mm. diameter) is substituted for the dise,similar
but more sharply defined effects are obtained. When the arrangement
described is varied by making the ball over the basin negative, instead
of positive, on breaking theprimary-circuit-there is less displacement,
of the viscid material consequent on repeated interruptions of the
circuit. To obtain a characteristic effect of repeated ncgative dis-
" - charges, the spark.gap should be widened to 50 mm., and to prevent
- sparking over the edge of the basin, it should be at least 150 mm.

diameter, There is then formed, immediately under the ball, a
concavity the counterpart in size and curvature of the ball, and
outside this there is the general figure, somewhat faint and tremnlous,
which seems to be a complication of the positive and negative figures,
the characteristic positive figure encircling the more distinctly nega-
tive portion. Fig. 3 is a profile view of the negative displacement.
The extent of the effects described is considerably modified by the
degree of viscosity of the liquid, and this can b(, controlled by tem-
perature. .

- F1a@, 8.—Negative. Muximum Effect.

Corresponding but modified phenomeua are produced by means of
the Wimshurst induction machine. When, for example, an 8 mm.
metal ball connected to the + arm of tae discharger hangs' 15 mm. from
the surface of the resin and oil misture of the consistency of treacle
contained in a large basin, and the — arm of the discharger-is con-
nected to a metal disc of 100 m:n. diameter under the basin, the dis-
charger balls being 75 mm. apart, the result of continuously working
the machine is the production of a turbulent motion, attended by the



formation of vortices into which the uppe} stratum of the liquid .
pours downward, cairying adherent air with'it, while an ‘equal and
opposite movement takes place from below, producing worm-like
eruptions of spuall) twmtmg or wriggling jets of liquid at the sur-
face. If the margin of the dish beyond the surface of the liquid is
thinly smeared with the viscid liquid, the film breaks up into dew-like
beads.

With a metal ball of 150 mm. diameter,’6 mum. above the sarface of
the liquid and a proportionately larger disc basin and depth of liquid,
acted upon by a machine of moderate power, the spark-gap being
adjusted so as to prevent sparks passing from the ball to the liquid,
and the tension-such-as-to-keep-up a strength of electrification of the
surface ouly slightly less than that which would cause disruptive dis-

charges to pass, a columu of liquid rises'and connects the overhanging -

ball and the surface of the liquid in a manner strougly suggestive of
water-spout phenomena. The ascent of the column of liquid is
followed by the descent of wmumerouns thin surrounding streains,
and these keep up a regular system of upw ard and’ downward
circulation.

Firation of Characteris stic Effects.—In order to fix the various folms
produced in the viscous mixture of oil-and resin, an experiment was
made with nearly pure resin, renderced plastic by heat, and cooled to
solidity while under the action of electric discharges. It was found to
be difficult to carry this ont in a satisfactory manuner, but it suggested
a reversal of the procedure, viz., the electrification of a surface of
resin in a solid state, and the subsequent developmeut of the stress
effect by rendering the surface superficially plastic by heat. This
mode of operation resulted in the production of permanent relief and
intaglio figures, corresponding to Lichtenberg's dust figures, to
Brown's photographs,* and to the dust figures and photovmphs more
recently described by Lord Armstrong.f

The preparation of the resin surface for the production of the
permanent figures requires care. The method I employed is as
follows :—A thin glass basin was filled with a mixture of resin and
5 per cent, resin oil, the oil being added to lessen the tendency of the
resin to fracture on sudden change of temperature. The resin,
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melted in a metal pan, was poured through a filter of muslin into the

basin, while embedded in small shot and raised to the- fusion
temperature of resin.  On slowly cooling, the basin being meanwhile
covered with a plate of glass or an inverted basin, the resin solidifies
with a smooth bright surfacec. The resin-tilled basin was partly

covered, on the bottom, by a d‘isc of tinfoil; and was placed centrally

* ¢ Phil. Mag.,’ vol. 26, p. 502.
1 ¢ Electric Movements in Air and Water, with Theoretical Inferences,” by Lord
Armstrong, C.B., F.R.8. London : Smith, Elder and Co., 1897.
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on a metal disc in contact with one of the wires from the spar
of the induction. coil, the other wire, ending in a point, disc, or| ball,
overhanging the surface at the distance of a few millimetres as in the
experiments with the viscous material described. On the prodl&ctmn
of a smgle spark at the spark-gap by means of ‘the trigger-potion
mercury contact-breaker, a charge is conveyed to the resin. The
~ - peculiar distribution of this charge, and that it is attended by htrong
and enduring mechanical stress, can be made manifest either itnmedi-
ately, or many hours afterwards, by slightly warming the surfface of
the resin. The result is a deeply impressed figure, having the same
character as the figure produced on the viscid dielectric.’ These
~solid figures, if carefully developed, show much fine detail; unfortu-

nately, this is not capable of complete illustration by photographs.
Difference of depth in the grooves is not fully indicated, neither is ~°
there represented adequately a peculiar burring of the margin of the
grooves, especially in the negative figures, their edges rising slightly
above the plane surface, as though the resin had been finely carved.

Persistency of the Stresses.—The persistency and fixity of the
electrification of the resin surface, determining the form and
character of the eventual figure, are very remarkable. If the
development of the effect of t,@igbiarge is delayed for twenty-fonr
hours there is but little difference in the result from thnt which .
follows immediate development.

Dust Figures and Stress Figures combined.—I1t was found that the
heat-developed figures attracted dust from the atmosphere, and thus
formed, accidentally, a combination of & stress figure and a dust
figure. The attracted dust gave clear indications of electrification
beyond the limit of the stress figure, and brought out features of
detail which helped to explain the nature of the electrification.
Analysis of the character of the figures in this respect is still further
helped by combining a modification of the dust process of Lichtenberg
with the stress effect described in this paper. The modification
referred to consists in allowing the "dust—the mixture of red lead
*and sulphur proposed by Lichtenberg—to be drawn up to the elec-
trified surface from a cloud of dust. This assists in the selective _
appropriation of the two substances, giving a redder colour on the
negatively electrified portions of the figure, and a yellower colour on "
the positive portions; and showing what the stress figure alone does
not show with equal clearness, how ingeparable ave the + and — -
actions. The best effect is obtained by applying the dust process
before development by heat. Figs. 4 and 5 (Plate 1) represent
characteristic forms obtained by positive and negative discharges
with'a metal ball electrode above the surface and a metal disc beléw,
fig. 4 being.+ and fig. 5 —. Figs 6 and' 7 are correspondmg ﬁgnres
obtained with discs above and below, fig. 6 being + and fig. 7 —

. 3 .
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