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T H E  DISCUSSION ON STOIZAGE-BAT 
CONFERENCE I N  

TIIE sudden outburst of interest in secondary 
batteries at  the time tlie Paure battery was first in- 
troduced in England led to some unfortunate results 
in the shape of bankrupt electric companies. The 
first hope was that sufficient electricity to do mosc 
of the household work, and give all needed light, 
mould be left at one's door each morning. The idea of 
'bottled electricity' was a taking one with the public, 
especially as i t  was introduced with tlie best of in- 
clorsemerits; but the secondary battery has lotp proved 
to be such a boon as was expected. I n  view of this 
great public interest, the discussion on the subject 
by many of the leading electricians of England and 
America at  the electrical conference was of especial 
importance. This discussion slioms, as well as any 
thing can, the present state of opinion among those 
most capable of judging of the secondary battery. 
The discussiou was opened by Mr. W. H. Preece. 

Professor W. H. PI~EECE,London, England. -I 
have been called upon somewhat unexpectedly to  
open a discussion on this question of storage-bat-
teries; and I regret very much that I have no notes 
with me to refer to, and that I shall have to trust a 
good deal to my memory. As I an1 rlot possessed 
of a poor memory, 1 don't thinlc I sllould develop 
any serions error, although Mr. Ediso~i himself has 
declared that this question of storage-batteries has 
developed the most rernarlcable power of man's latent 
capacity for lying. [Laughter.] 

I very tuucll agree with Mr. Edison's definition, 
for I thinlr there has been more lying and more 
swindling and more rascality done over this ques- 
tion of storage-batteries than over any other depart- 
m a l t  of electrical science. Now, storage-batteries 
have been very improperly called storage-batteries, 
and I very much prefer to call them secondary bat- 
teries. I t  is quite true that this subject of storage- 
bat,teries is one upon which there is a good deal of 
misconception, which has arisen from the introduc- 
tion of the word 'st,orage.' Now, tliese secondary 
batteries have been before tlie world for over twenty 
years; and all the physicists who go to Paris alrnost 
invariably meet witli I'lant6 himself, tlie father of 
this instrument. For the past tweuty years, nearly, 
it lras been one of my great pleasures, when I visited 
Payis, to pay a visit to Xr. I'larrt6, who has shown 
me, as he  always shows everybody who sees him, 
the progress that  he has made. Mr. Camille 
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Paure, conceived the notion of coating the plates of 
lead with the oxide of lead. These secondary bat- 
teries had riot attracted much attention, although 
l'laiat6's papers deserve the most careful considera- 
tion from all electricians; but Mr. Faure found that 
by coating the positive plate of the secolrdz~ry cell 
with a layer of minium,-red oxide of lead, -he 
considerably hastened tlie production of the plate. 
Plant6 simply depended upon tlie electrolytic action 
of tlie current in peroxidizing his plate. This is an  
operation that sometimes irlvolves months. Paure's 
battery fell into the hands of a rnan who put for- 
ward one of the most diabolical schemes that Paris 
has ever produced. A man by the nanie of I'hillippart 
placarded all Paris with the most outrageous notices 
of what this great battery was going to do. Batteries 
mere to be distributed, like milk and ice, at  onr doors; 
so that motor power could be obtained and used in our 
houses, and light could be obtained from thern. The 
result was, that a considerable sensation was created, 
and an attempt was made to bring out an official swin- 
dle; but it did not succeed. Another gentleman was 
associated witli him by the name of Mali. They be- 
came associated in London with a gentleman who 
holds a very high position, and occupies in the finan- 
cial world a very important place indeed, as tlie head 
of the great firm of Mathie, Johnson, & Go., ~ v h o  are 
large metallurgists. Mr. Sellon joined himself with 
a Mr. Volckmar. They brought out a compound 
battery; and a corrlpany was formed in London to  
develop this scherne, arid a great deal of rnoriey was 
collected, but all of it has been lost. Mr. Volckmar 
himself succeeded in playing his part of a plunderer 
sufficiently to ridc about Londoil in a niallner indicat- 
ing a person of great wealth. The fate of this nian 
was sad indeed, for his body mas found in the Seine 
with a bullet rhrough the forehead. Now, two or 
three other men had been working at  this idea, --Mr. 
Tribe and Professor Bridgetoll. Tiiey approaclled the 
matter in a truly scientific spirit; and the result 
has been, that IIr. Tribe has brought out a form of 
secondary cell, although it is not yet in the market, 
that is a great improvement upon any thing that 
has ever been brought out before. But all tliese 
persons have been ~ ~ o r k i ~ l g  silently upon this subject, 
and have gone back to PlantB's original work, and 
they have followetl PlantB's original methods. The 
batteries that I am going to speak about are Iiollo~v, 
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aiid the modification of Plant6's simple lead cells; the 
siniple cell being two plates placed in a dilute sul- 
phuric acid, one plate oxidized, and the otller plate 
pure. Now, as regards the uses, I have made a great 
many experirrients with these secondary batteries; 
and first I -will speak of the exp,erinients made of 
their use in telegraphy. Soine time ago the idea mas 
mooted tliat a considerable econorny might be effected 
in the working telegraph if dynamos were used for 
that  pnrpose. The dyriarno-machines are used by the 
Western union company, and they eniploy them for 
their circuits; but they are not used in England, and 
we have failed to use them for a very obvious reason, 
~vhich  is simply this, tliat in England we do not work 
~vit11 'closed circuits.' We work our i~istruinerits 
with rapid reversals; our auto~iiatic system, which 
is so very extensive, sornetiines giving us the result 
of the transmission of three hundred words per 
minute, with very rapid reversals of very rninute 
currents. I t  is absolutely essential that these currents 
should be uniform in their character. Now, tile cur- 
rents produced by the dyliamo-machines are not 
uniform. If a telephone be inserted in a secondary 
circuit, you mill invariably find tliat you can hear 
sounds mliicll are intiicative of variations of t l ~ e  cur-
~ , en t ,and these variations are fatal to a fast speed of 
working. But when you use a dy~iarno, and utilize 
the current of the dynamo in preparing a secondary 
battery, you then get a Illeans by ~vhicll you can pro- 
duce currents of absolute uniformity. Tlie second- 
ary-battery cnrrent flows out absolutely unifonn. 
And, again, it has the great advantage of giving you 
a battery with a very lorn resistance. The electro- 
motive force of an ordinary cell is as low as two 
volts. You iriay take it as a rule to be two volts. 
I t s  internal resistance may be made whatever you like. 
Now, I liad three s e~ ie s  of cells made, one set being 
Dr. Tribe's, and another PlantB's: arid from each 
of these sets - there were eight cells to each set -
from each of these sets forty circuits were worlied; 
tliat is, each battery had forty distinct and separate 
circuits, so that  practically me liad a hundred arid 
twenty circuits rurining from these three secondary 
batteries. Although all worked for about three 
months, I think the exact time was ninety-six days, 
all these circuits ~vorl;ed uniforruly and perfectly, 
gave no trouble that would necessitate even the glan- 
cing at  them dnring tliis whole period of three 
months, arid witliout any attention; when suddenly 
one failed, and inlrnediately afterward another failed, 
and then the third failed. They were charged up 
again, and then they went on for another three 
months. And they have bel~aved as well as one could 
possibly wish; so much so, that one of the first cluties 
that  I wisll to discharge, on lily retnrn to Englarid, 
will be to arrange for a large supply of these second- 
arycells, and a further use on a large scale at  our bat- 
tery for the post-office. We have in use, a t  the general 
post-ofrice in London, six hurldred and fifty circnits 
centralizing there; and n-e are novv u t i l i z in~  about 
twe~ity-two tliousand cells. I think it more tlian 
lilcely we shall be able to work the whole with proba- 
bly nol more than five thousand cells. 

Now, as regards electric lighting. I have already 
used secondary batteries for electric lighting: I have 
used thern in tlie post-office, and I have used them 
for Iny opvn honse. RIy honse is in a portion of the 
country through which no lines p a s  for the purpose 
of electric liglltii~g, and they cannot be found within 
areasonable distance: so, if 1wanted to light my house 
by electricity, I must be dependent on my orvn supply 
of electricity. I light my honse by gas: but I burn 
my gas in my garden, and I extract froin i t  that which 
I want, namely, liglit; arid I discharge into the air of 
my garden that which I do not want, namely, poison. 
N y  gas is employed in working a s~nal l  gas-engine of 
two-horse power. I t  is the gas-engine which works a 
srnall Grarnme dynamo, which, wlien worked at its full 
power, gives me forty-two volts and fifty-two amp'eres. 
These fifty-two amp'eres are directed into seventeen 
cells. The cells are Plant6's original cells. Tlle plates 
themselves are two feel square, and in each cell tlicre 
are twelve of these little lead plates. The lead plates 
are made up of four thin sheets of lead, each sheet be- 
ingabout one thirty-second of an inch tliiclr; and they 
are perforated in squares regularly all over, and these 
four thin plates are tied together-they are almost 
woven together-they are tied together with thick 
worsted. They are arranged in pairs; six on one side 
forrning one pole, and six on the other side forming 
the other pole. They are placed inside of an ordinary 
pitch-pine box, and the insulation of the cell is main- 
tained by a thin India-rnbber bag which e~ivelops it. 
I t  is a loose India-rubber bag of abont thesarne shape, 
and, wlien the plates are put in, it forces tlie India- 
rubber out, arid the  bag talies the exact form of the 
cell, and it nialtes the cell thoroughly water t i ~ l i t  and 
thoroughly electricity tight. I have seventee11 of 
these cells, all arranged in a series; and my engine, 
which generates these currents, and charges this bat- 
tery, is in iny garden. N y  gardener lias thegas-engine 
under his charge. He is an ordinarily intelligent 
gardener. When he comes on duty in the morning, 
he  lights tlie gas in the gas-engine, and starts the 
dynamo which charges my battery; and when he goes 
away to his dinner, after the engine liaa been work- 
ing for three or four hours, the battery is prepared. I 
go home in the evening: I have got a store of elec- 
tricity. I have every room in my house fitted up. I 
have at my bedside a most charming little light, with 
no smolring, and no trouble with a wick, arid no lieat, 
-a rnellom light by merely turning on my tap. I have 
the softest and most delicious light you call conceive 
of, thrown upon nly paper or thrown upon my book. 
I have had this going on for four nio~ltlis, and I hare 
never had any bother, except on one occasion, wl~en 
tlie gardener put his foot on the wroilg place, and the 
engine carne down upon his foot, crr~sliing his toes. 

I have a strong impression, that, for all isolated 
places similar to mine, the storage-battery is an  essen- 
tial thing, and I think that some one is bounil to work 
out this question. Several are now peggil~g away a t  
it. Sir William T l~o~nson  spent much time in inves- 
tigating this subject, and has given it a great deal of 
attention, but has not succeeded, siniplg because yo11 
can use a Plant6 cell untrammelled by any patent. I t  
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is a t  your clisposal, and nobody will interfere with 
you. If anybody else chooses to follow my example, 
I t,lri~lli they can do precisely the sarne thing. But 
there are, after all, one or two other uses for second- 
ary batteries. Ifow, I liave been very l~txurious and 
very extravagant in carrying out this arrangement. 
For instance: I have a little daughter who has a very 
pretty doll-house. Her doll-house consists of six 
r o o m ;  ant1 each room is well furnished, arid well 
populatecl a.ith cliarrning little dolls. I t  is, of course, 
necessary tliat each room sliouitl be supplied with a 
cliar~liing little electric light: so each roo111 is sup- 
plied with this light. Then, I liave a cigarette-lighter, 
consisting of a piece of platinum which can be ren- 
dered red-hot by tlie s eco~~dary  Tlie difi- battery. 
culty in doing that  sort of tiling with the usual mode 
of distribiition is that you want tlie benefit of cutting 
off a portion of your current. I interrupt a current, 
flowing, say, six-teritlis of an amp'ere, by putting 
into the circuit, by a s~vitcli, a secondary cell, that di- 
mi~~is l lesthe light, and sets up a counter-elrctro-
motive force of two volts for the time being. While 
tha: cell is in the circuit, your light isali t t le dim; but 
when I take f r o n ~  the poles of that secondary circuit 
two wires in co~tnection with a piece of platinurn wire, 
then the current passes through the platinum; and 
this current is due to tlie two volts from the second- 
ary cell. This piece of platinum wire is heated up 
with a eurrent quite suflicient for the purpose, with 
only two volts. 

Now, there is another field in which satisfactory 
experinier~ts have been made with secorldary cells, 
and that is, in lighting up trains of cars by electricity. 
Tliis has been done on one of onr railways between 
London and Brighton. The railway company has 
been for sorne months past lighting lip one of its 
express trains with secondary batteries. The dyna- 
mo is worked by the motion of the wheel, and the 
dynamo charges the battery during the time that 
the train is working, and the battery is being cliargecl 
during the whole of that time, and tlie cu r r en~  is being 
extractetl from the battery; so tliat you liave a light in 
your carriages which is perfectly steady, and quite in- 
dependent of the motion of the train. And that 
leads me to a point which I omitted, arid which led 
me  to work so liarcl at  secondary batteries; and that 
is, that a seeorrdary battery renders the current pro- 
duced by the inconstant engine and the inconstant 
dynamo perfectly steady. 

I t  is a difficult thing to say, that, in making an 
appliance of any kind, we have reacl~ed absolute per- 
fection; but I can say this, that, when you liave a 
secontlary battery inserted in the electric-liglit circuit 
as a shunt (p. 38S), it renders your current perfectly 
uniforrii, and your light is as near perfection as it 
can be. Supposing that your larnp requires fifty 
volts, then you will require twenty-five cells; and I 
shoultl tllirik lilyself that it would be quite possible 
to mike  cells for tliis purpose that ougl~t  not to cost 
more t l la~i  five sliillings a cell. You put twenty-five 
of tliese in cells: tlie first current tliat goes througli, 
simply charges tlie lead plates ; one is coated witli 
oxide, and the olher is clear; and you get a coanter- 

electromotive force of fifty volts. The consequence 
is, no current whatever passes through tlie second- 
ary cell unless it has once been raised to fifty volts. 
The whole clrrrent goes through your lamp nnless 
there is flickeritig of the engine. Then, if t l~ere  is 
flickering of the engine, the energy that is stored u p  
in the battery passing tlirough the lamps makes the 
lisht ~nliforrn, and in tliat way you get the storage 
effect by tlie use of tlie secondary battery. 

There are certain defects that have developed them- 
selves in tlipse batteries, that have bcen gr~tlnally 
c~ired.  The great defect in all secondary batteries is 
due to bucliling, -a fact due to tlie forination of 
peroxide upon the plate. 1-ou will finti your lead 
plate will buckle up illto all kinds of positions, and 
the two plates will come into contact. T l ~ i sdifficulty 
I have sought to overcome by sllpporting tlie two 
plates by means of a plate made of paraslie-wood; 
but the niost effective arrangement that I have tried 
is ebonite. This ebonite is furtrished, stamped out 
to the proper size, and is very light and very thin, 
thougli quite equal to preventing all buckling. 

Secondary cells have not beer1 in use long enough 
to enable us to cletermine how long tliey will last. I 
have had them in use for four montlie, with a signof 
but little disintegration of the positive plate. I 
tliinlc that the plates will have to be renewed only 
about once in every two years. Those tliat I have in 
use were re-charged at  the end of four months. 

The charm of the whole thing is sucli, a t ~ d  its cost 
is so trilling, tha t  I shall keep it in my honse; and I 
am quite sure that all those who have worked in the 
same direction in regard to tliis matter of clectric 
ligliting will never g i ~ c  it 1111. Tlie electric light it- 
self has some sort of a charm about it. Objection 
is made to tlie cost of introducing i t ;  but I liave 
protested oflen and often against tlle cornparison 
that is drawn between the cost of gas and tlie cost 
of electricity. The two things are not to be com-
pared. When we indulge in luxuries, we don't corn- 
pare the cost of the luxuries with o t l~er  things. I f  
you want fine 1834 port, you don't compare iis price 
witli that of ordinary claret. If you war~ t  to in- 
dnlge in a fine pheasant, you don't cotnpitre it with 
the old cocB that  crowed before Peter. So, when 
you have a deiigl~tful luxury like electricity, you 
don't want to compare its cost with t l i ~ t  of gas or 
sperm-candles, or any otlier mode by wliicli life is 
shortened and ultimately destroyed. Here we have 
sometiling that in the out-of-tlie-way houses tends 
to lengthen life and to satisfy us, giving us some- 
thing cool and delicious; and I say, all comparisons 
wit11 gas are utterly ridic~~lous.  I n  referei~ce to 
tliese et~terprising light-conipanies, tliey will soon 
brii~g electricity to our doors; and we \\.ill all take it. 
Wlleti people can get electricity at  t l~c i r  door3, and 
can get it wiLliol~t nluch cost, as indeed tiley can, 
they will certainly liave it. So I loolr upon tile days 
of gas as being numbered; but gas is a most impor- 
tant power, and its uses are just in their infancy. 
Tlie days of gas as a distributer of power and heat 
are coining. At the same time, electricity is going to 
supply light such as we want. 
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Tllere are many facts connected with the worlring 
tha t  I shonlcl have liked to give you. I should ha re  
lilred to give you the efficiency. I have rnade care- 
ful experiments as to the efficiency of the storage 
up to the present time. The cost is certainly within 
the reach of every man in this room. Every single 
man in this room can afford the comfort which this 
light will give him; and an electric plant will enable 
him t,o live four or five years longer in this world 
than he would without the electric light. 

Prof. W. I-I. HAILKNESS.-I was very much pleased 
and gratified at  hearing Mr. Preece's renlarlr as to 
the use of secondary batteries. After all that has . 
been said on both sides, it is gratifying to find that 
we have :t certain and valuable method of lighting 
which is effective and economical. I wish also to 
add my testimony on one or two points which Xr. 
Preece has mentioned, and that is, to tlle courtesy 
uniformly shown by Nr. Plant6 to any one wlio visits 
hi111 at his laboratory. I had the pleasure, with some 
friends, of visiting his laboratory, witnessing many 
experiments made with a large nuniber of secondary- 
battery cells. As we all very well know, his invention 
has resulted in the adoption, not only of those second- 
ary cells, but also of the cells themselves. The use to 
which he has put them, however, has led to many 
absolutely new experiments, so far as I know. I t  is 
also a point of interest to know, as probably some 
of you do know, that Plant6 himself tried a method, 
many years ago, of covering the plates with miniurn. 
If Professor Barlrer were here, Ire mould bear witness 
to the fact that  Plant6 has used both; that he tried 
the same thing several years ago, and found that it 
was not so effective as a battery of his own plates by 
the method adopted, which, though necessarily slow, 
probably resulted in a better form of cell. So it is 
gratifying to Imow, from tlle experiments of Professor 
Preece, that we are advancing, so far as new experi-
ments are concerned, and that  we are finally going 
back to the original form devised by Plante'. 

There may be one reason worth mentioning. We 
are all well aware of the careful and interesting 
experiments referred to by Mr. Bright, on the chem- 
istry of the secondary battery. These experiments 
show us tlrat there is a greater or less forrilation 
of the lead sulpllate in connection with the cell 
adopted; and that also sho~vs us why tlie electro-
motive force, having run down, aftera period of rest, 
is recovered to a certain extent. A great many 
points have been cleared up that were certainly quite 
enigmatical before. Now, some experiments, and I 
think some of those that have bccn published by 
Professor Barker, go to show, that, ill the Plant4 
cell as formed by Plant6, -by a rather slow and tedi- 
ous process, but by the method of PlantB, -there is 
at  least a sni;tll amount of lead snlphate produced. 
I taicc it that the giving-out of the cell is due to 
the formation of sulpliate; so that, if these cells are 
forrned by the r ~ ~ l e s  laid down by Plantk, they will 
have a tolerably long life. Xow, just one word wit11 
regard to tlie cost. You will ren~ernber tlrat a year 
or so ago Professor Langley sho~r-ed, I tliinli beyond 
any question, tlrat the percentage of the radiant 

energy from an A x a n d  gas-burner that is effective 
in producing illumination is less than one per cent. 
I t  certainly is a very curious result. I t  is less than 
one per cent, and there is little doubt about the  
energy which goes up through the chimney. 

Nr. N. S. KEITII. -Plant6 was eviderltly far ahead 
of his time. He produced what is to-day found to be 
of vast practical importance. I n  1860 or 1861, about 
the time of his published experiments, there was no  
electric lighting; certainly none as it exists to-day. 
There were then electric-lighting men who were far  
ahead of their time; but it is only within the past 
four years, we may say, that we have had any possible 
application of the secondary battery. I am led very 
forcibly to consider this point, because in 1878,d ~ u i n g  
the experiment I was then carrying on in the elec- 
trolysis of lead, ancl in collateral experiments which 
relate to the cheinical action of lead in various sol- 
vents and in various electrolyses, I was led to make a 
secondary battery after having rnade one of PlantB's. 
I made one by coating t,he plates with peroxide of lead 
by electro-deposition-not peroxide of lead formed 
from the substance of the plate itself, as by PlarltB; 
not by coating the lead plate with oxide of lead, or 
peroxide of lead, as the case may be, from external 
sources; but by coating it by deposition from a solu-
tion of lead in which the plates were immersed. I 
took two hnnilred and forty cast pieces of lead plate, 
each one foot square. I divided them into ten cells, 
malting twenty-four plates of each cell, twelve of 
which were positive, and tmelve negative. By ns i~ lg  
a suitable solrrtion of lead ( a  sub-acetate of lead in 
nitrate of sodium), and by treating that with a cur- 
rent of electricity, I produced decomposition of the  
solution, deposition of peroxide on the positive plate, 
and at the same time metallic lead was deposited upoll 
the negative plate in a very finely divided ant3 crys- 
talline state. Some hydrogen is also deposited with 
the lead, -an equivalent to the oxygen that is depos- 
ited in chemical combiriation wit11 the lead upon the  
positive plate. 'l'l~ese plates, after pressing tlle me- 
tallic lead so as to cause it to cohere and adhere to  
the plate, were taken from this solution and immersed 
in snlphuric acid, and gave a very satisfactory sec-
ondary battery indeed. At  that time (in May, 1878) 
I ran a dynamo as an  electric motor with this bat- 
tery, and I effected some chemical and electrolytic 
decompositions in a solution of sulplrate of copper, 
and did some other things which were then the only 
possible comlnercial applications of secondary bat- 
teries. Since that time, electric lighting by incan-
descence has conie to the front, and Tve find the great 
use of seconrlary batteries wllicll has been so forcibly 
set forth by Professor Preece, At  that time we did 
not have telegraphy by the dynamo ; but wc had teleg- 
raphy by the use of the primary batteries ~v i th  ~vlrich 
we are all so farr~iiiar. I liare since that time c:trried 
on a coi~siderable number of experir~lents relating to 
secondary batteries. The whole subject is all electro- 
chemical one. There is a chemical decomposit,ion of 
the solution by the passage of a current of electricity. 
There is a decolnposition of the water of the elec- 
trolyte either primarily or secondarily. Oxygen goes 
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to one plate, hydrogen to the other. For a new exper- 
iment I liare talren solutions wlricli suffer decompo- 
sition witllout delivering free hydrogen and oxygen. 
I have talren, for instance, solutions of the sub-salts 
of lead. A current causes decon~position, and a depo- 
sition upon one plate of peroxide of lead, and, npon 
the other, of metallic lead. For instance: I have taken, 
for one plate, a plate of carbon, and, for the other, a 
plate of lead. A solution of a low sub-salt of lead 
was used as an electrolyte. Uy passing a current of 
electricity through it, the ac t~on  1s to  raise the sub- 
salt to a proto-salt. This takes energy, which is 
absorbed by the chernical action. Then the charge 
of electricity is returned until tlle peroxide of lead 
has again entered the solutions, and the lead has also 
entered into the solution. The action of the char- 
ging current of electricity is to raise tlie electrolyte to 
a n  acid condition; but the charging action is stoppetl 
before that point i~ reached, because the end ~vould 
be defeated iri passing it. I am also carrying on 
some experiments in the way of storage for elec- 
tricity or in the use of secondary batteries. I can 
hardly give particulars, except this: the idea is to 
preserve the integrity of the plate-of tlle inside 
plate -for an  indefinite length of time, say, as long 
as may be practically worth while. So far, after 
some months' use, I have been able to oxidize tlle 
plate to the desired deptli (say, one-sixteerlth of an 
inch), and pleserve a backing of nletallic lead. Urider 
this change, if nly theory and practice be correct, I 
will not be obliged to replace, as in the present known 
storage-batt,eries, the oxide:plate. 

Prof. CIIARI,ES H. KOYLE.-I should like to say 
something i11 reference to the theory of the secondary 
battery. There are no substances which, placed in 
juxlaposition in a secondary battery, will give the 
electromotive force that the peroxide of lead, and 
tlle lead of the Plant6 cell, laid opposite to each 
other, will. I t  remains as i t  was in 18.59, when 
Pia~itB experimented and wrote. I have experirnent- 
ed upon other substances; and, although my experi- 
ence has not been exactly useless, it has been the 
next thing to it. 

The liecessities of the plate, then, are the only 
difficulties to be considered. They are three, and 
they are very simple ones. First, the plate made must 
be a conductor of electricity, and that leaves us the 
metals. The plate, in the secolid place, must resist 
the ordinary actiorl of snlplzuric acid: that  leaves 
us lead artd four or five expensive metals, -platir~um, 
and so on, and gold and carbo~i. Our list is very 
much redoced, as we have practically, for this pur- 
pose, only carbon, as the expense of the other metals 
is too great to allow them to be used extensively for 
cornniercial purposes. 

Now, when we get the  third and last condition, -
and that is, that the plate must resist both electro- 
lytic action a ~ i d  the oxidizing action of the current, -
lead will resist the electrolytic action of the current 
moderately well. But the oxidizing action of the 
plate ratlnces the lead to a peroxide in a very short 
t i~ne .  That leaves us only one thing for a secondary 
battery of the future, -carbon. 

I thinlr there is no way of upsetting that very short 
argument. I should be very glad to lrnow if there is. 
Now, then, the manufacturer of the carbon plates 
called good, nlakes plates which shall contain a very 
large amount of the substance, because the capacity 
of the storage-battery dependa entirely upon tlie 
amount of lead and pero~ide  of lead which you can 
put upon these plates. They are the substances that 
you w ~ l l  have to depe~id upon for your electricity. 
Of course it is not necessary to say that they will 
answer the purpose : they are the substances in which 
the cllernical action takes place. 

Now, i t  is po,sible to take carbon arid to  manu- 
facture carbon plates by the ordinary method. Take 
ground rharcoal, ground gas-carbon, ground flint, 
and rnix gas-tar mitli it, or molasses, or any hydro- 
carbon. This is put into a press and the shape is 
given to i t ;  and then i t  is put into a closed furnace 
and carbonized, so as to dilve off the gas, and leave 
the carbon free. Those plates are pretty good for 
ordinary primary batteries; hut ~vhen  your lead con-
ta i~isa lot of little holes, very much as the lead now 
in use does, the plate is very apt to disintegrate. 
There is such an  enorinnus aliiourlt of surface ex-
posed, that the action of tlle cell is apt to disin-
tegrate the plate, atid tlie inetal will scale off. h 
better way to make the plate is then to he considered. 
There is a method of making these plates which is 
very much liked,-a method in use by the U. S. 
lighting company in tlie manufacture of carbon for 
their incandescerit lamps; that is, to take celluloid 
and put it through sonze cllemical oppration which 
deprives it of a part of its gum, thereby leaving a snb- 
stance very easily carbonized. That substance nlay 
be cut into ally shape of plates desired. You can 
malre some of these plates thick, and some thin, and 
you will always have a good plate. I t  is not very 
strong, but it is a good plate. Another method, 
which I myself have used, I have found to ~vorli very 
well, and I shall have Inore to say about it in the  
course of a few nzi~iutes. At  present I call only tell 
you the general neth hod. I take gas-tar and put ~t 
in a closed furnace, and drive out the gas, and so 
get rid of the ordinary illulninating-gas, tlle heavier 
gas, which is condeilsed as it passes throagh the tubes. 
The constitution of the coal-tar depends, first, upon 
the constitution of the coal; in the second place, 
upon the temperature at  which the gas is driven out. 
The object is to get out the lighter parts of the coal- 
tar. Coal-tar is a very corltposite substance. The 
physical qualities of coal-tar vary very much, accord- 
ing to the temperature at  which the gases were 
originally driven out, and, again, according to the 
temperature a t  ~vllich evaporatiorl is carried on. I t  
requires n~ontlls  of experiments, as I have already 
said, before one can delertnine what is needed. This 
coal-tar, when it is thus taken and evaporated, and 
brought down to a requisite consistency, which is a 
matter of experience, is taken and put itito a box 
prepared for the purpose, and put in an  oven which 
is closed. The tops of these vessels are covered with 
sand, and one thing and another, in the ordinary way, 
to prevent the presence of a i r ;  then the heat is 
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turned on; and gradually this stuff begins to boil. 
You cannot take up this evaporated mass and tell 
what will be its quality, until it has been evapo-
rated. Tiien, fo~.muiating these three things, yon can 
tell what temperature yo11 want to use ~lllder this ta r  
in a boiling state. Then I have devised a process of 
quite s~rdderily increasing the heat. This is done by 
means of a clortble oven, one part being heated mod- 
erately, and the other to quite a high tleqree of heat. 
When the tar no longer boils, it is suddenly carbon- 
ized. You then liave to nialie your plate. I take 
this subs t~nce  aild cut it. I t  is trtle, it is carbon, 
and it is pretty hard, and there is difficulty in cut t i l~g 
i t :  so I have devised another method to free myself 
of t l ~ e  trortble of cutting the plates, and that is, to 
prepare tlie plates of a proper size. This is a process 
wliich I developed last winter. The net hod of 111an- 
ufacturing which I have describecl is snsceptible of 
considerable uniformity. Tbe character of these 
plates is porous, and they are of considerable value 
in a secolidary battery. 

Plante', of course, is the grcat originator of second- 
ary batteries of modern times. You call talte a Piante' 
cell, and yon call get forty per cent froni it if it is 
properly charged. A fair battery ~vil l  return proper 
work up to ninety per cent. I t  does not almays do 
it. I t  has to be carefully charged, and it will return, 
under careful circumstances, ninety per cent. 

Mr. FILAXICJ .  SPRAGUE.-Ninety per cent of the 
form: is tlrat what the speaker has told u s?  I should 
like to Irnow what part of the circuit he uses. Does 
i t  inclutle tile battery? 

Mr. I<our.a. -Including the battery, of course. 
Professor F O I ~ F : ~ .-I merely wi.h to draw atten- 

tion to this very point. The dificnlty about manu- 
facturing tllose plates is to get tlierrl of a proper 
length. We sl~oulcl lrrio\v exactly what \ve are deal- 
ing with. The action is exactly, of coorse, as it has 
been described. 

I want to show to yon horn the erlnations come out, 
because they are very i~iteresting in showing the 
regularity of t l ~ e  secondary battery upon the bright- 
ness of the lamps. 

Let E, be the electromotive force of the dynamo, 
R, the resi-tance of i t ;  E, the electro~notive force of 
the secontlary battery, R, its resistance: R ,  we will 
call the resistaiicc of the electric larnps in the circuit. 
That mill represent the resistance of the 11clits which 
come into play. This is given by a well-knomn law. 
Perhaps th:tt is the simplest way to take it. Let us 
cdll the potential at  the point A, e l ,  and that at  the 
point B, ez. These are the two points where all the 

three circuits nnitc, and e l  and e, are the potentials 
a t  those points. Si~ppose that  el  ir greater than p, 
the11 tlie current c i rcula t i~~g these tltree in each of 
circuits can be put down immediately in terms of the 
quantities which are there shown, involving tlie two 
unl,no~vn quantities e l ,  e 2 ;  the current which is  
circulating in the partial circttit of the djnamo 
always taking the direction of the current as pos~tive 
when the curlent flows from el  to e,. The c u r r e ~ ~ t  

in this part of the circuit will be f z e ~ E= C , ,  
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Rl  being the resistance of this circnit. C2 is obtained 
from C1by replaciug E ,  ant1 R ,  by E2 ant1 R, respec-
tively, and sin~ilarlyfor C ,  (X,being the resistance of 
the lump-circuit). Finally, we have the equatioli that  
the sun1 of all these equals zero; that is to say, the 
total current mhicli passes throngll ally one point is 
equal to zero, mliich is a well-lmown law. TTe have, 
therefore, the surn of these currents (C, fC ,  $ C , )  
equal to zero. 

Now, this ( e ,  - e 2 ) is in reality the unknown quan- 
tity. I t  is a difference of potentials. I t  is the single 
nnlinon~nquantity of tliis equation. The result which 
we arrive at  on \vorBing out this equation is, tliat 

e l  - e,  = 'E7A.This is a very usefal for- 
R1+ 1i2 

mula, and probably is well known, and has important 
applications here. Tlie application especially is to 
firidiue the current which flows through the lanip- 
circuit. The current CJ, which is the current flow- 

E,IZ, + E 7 X l .
ing througll the lamps, is equal to 

l i l ( l i l+ l i L )' 
that is, the final value of the current H hich is pass- 
ing through the resistance of the lamp-circuit. 

How, here is a remarl<able thilig, -that, however 
much the irregularity of the dynamo-machine may 
be, the currellt is found to be very steady ill tlie lamp- 
circuit when we use tlie s eco~~dary  battery in that  
po~ition.  The reason of that is, the secondary bat- 
teiies which we ale in the habit of using liave an 
extremely small resistance; and, whenever we use 
seconclary batteries, you will understand tliat we 
use an infinitesimally sinall resistance, cornparetl n ith 
the resistance of the battery or,tlie resistance of ally 
such lanip-circuit. 

If, then, n e  take the resistance of the secondary bat- 
Ee

tery to be zero, our equation simply gives us, C ,  = - - 9
Ii3 

with the other quantities cut out;  that is to say, the 
current is exactly the same as if tliis dyr~amo war not 
worl,ing a t  all, and as if me liar1 a buttery of irlfinitesi- 
ma1 resistance, nit11 this electron~otive force of EP 
wo~k ing  t l~rough these selies of lanip-circuits. 

As I am Ilere, I may as nell make a f ew remarks 
upon aliotller point in con~iection vrith these seconcl- 
ary batteries. Of course, the great wed ~ f f i c ~ ~ l t y  
have had in the past times was, in tlie first place, 
tlrat we used thin plates, and they biicliled This has 
been the most serious object~on tllnt we have had. 
And it is very satisfactory to hear from Xr .  Preece 
that  he found that lie practically gets over the b~rc- 
k l i~ igof tlie Faure cell and Volckmar battery. The 
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force generated in these plates, tending to buclrling, 
is something enormous. 

I do not tliinlr any ordinary separator of material 
which lie spealrs of would be sufficient to prevent the 
baclrling of a Volclimar accumulator; for the force 
generated in these plates, tending to buclrle them, is 
something enormous, and no ordinary separator would 
be able to resist this. If such resistance were offered 
to them, I thilik they would brealr. The reason wliy 
he has succeeded in getting rid of this buclrling is 
because he  has reverted to what is evidently the most 
scientific, and which will ultimately be found to be 
the most probable, form, that  of the old voltaic bat- 
tery. The objection to the Faure cell was the want 
of perfect symmetry in tlie plates, tending to rnalre 
them buclrle, and want of homogeneity in the snr- 
face, which tended to introduce local action. And 
that is the one great defect which has been pointed 
out some time ago, wliich I thirilr most people recog- 
nize now in all these Faare cells and Volckmar bat- 
teries."wish Mr. Preece would give us sonle further in- 
fonnation about the length of life of these cells; be- 
cause a l t l io~~gh he  has them in his charming house, 
and althougli they last orlly four montlis, does not 
everybody who will call want to obtain some more 
definite information? and I thinlr there must be some 
gentlenlan here who can give us Inore information 
about the life of tliese batteries. As a matter of fact, 
the larger form of Plant6 battery, the improved type 
of batteries, which I believe were tried generally with 
nitric acid in order to render then1 more powerful, 
have been generally used with lead, but only within 
the last year or two, and therefore their absolute life 
is not determined; but I believe it is perfectly con- 
ceded that these voltaic batteries as they have been 
prepared with lead, and as Mr. Preece has them in 
his own establishrne~lt in his own private house, are 
the longest-lived batteries, -far longer lived than 
any a~.tificial batteries such as the Faure cell and the 
Volckmar. 

Mr. P. C. VAN DYCII. -I do hope the people will 
not be discouraged in worlting in the line of other 
batteries besides the old one. I tliinlr there are cases 
in which the battery is sure to have a long life, and 
sure to keep itself charged without loss for a great 
length of tirne. 

There are many uses for such a battery as that;  
and my own work satisfies me that the zinc alkaline 
arid copper battery will fill a considerable want; 
for instance, running the nlagnetic apparatus in ob- 
servatories, and work of that ltind. I have made a 
small battery of that kind, using a spiral of copper 
above, and amalgamated zinc below, so as to avoid 
the falling-down of the deposit of zinc upon the cop- 
per, thereby am;tlganlatirig the copper, and render- 
ing it far less efficienl. Altl~ough the electromotive 
force is only ninety-seven arid ninety-eight hundredths 
of a volt, still we fount1 by actual trial that charging 
the battery and letting it stand, tller~ letting it rrui 
down and taking the readings a t  tlie time, and then 
letting it stand for txvo or three rnontlis-we fonnd 
there was not enough difTerence in the readings to 

show the slightest loss; the battery had retained its 
charge, so far as we conld find out by the means a t  
our c o n ~ n ~ a l ~ d ,  whichperfectly for two months; I 
tllinlc is a good slio\ving. Long ago I found, in using 
a battery, that I had to be very particular about the 
electromotive force to be used in charging it. I have 
not finished my experiments so as to state precisely 
the electromotive force, bnt i t  is somewhere between 
a Daniel1 and a Grove. If yon charge a cell of that 
Itind with a Grove cell, yon xvill find that the copper 
strip will be altogether dissolved by alkaline solntion, 
forming the cuprate of soda or potash, according to 
the alkaline used. Then that breaks up in the form 
of oxide of copper. But, if yon are particular about 
not rur~nirig beyond the Ilar~iell, there is no such dif- 
ficulty experienced. 

I want to say a word on the carbon question. I 
aminterested to know whether anybody has succeeded 
in producing oxygen on carbon to any considerable 
extent without disinttlgrating it. I have had great 
ilifficulty, in my experiments with the secondary bat- 
tery, in getting oxygen on my carbon plate, and 
depositing the oxide of lead. I have fo~uld ,  if I suc-
ceed in bringing forward the oxygen in the slightest 
degree, it leads to the disintegration of the carbon 
by means of the oxygen. Hydrogen does not do i t  
at  all. Now, if we place a carbon dislr with a plati-
nun1 disk in an  ordinary Volclcniar battery, we will 
soon discover holv long that carbon will last. The 
oxygen seems to have the power of forming an accu- 
ninlation in the pores, and crowding out the carbon, 
more than the hydrogen does. I dislilie to have any 
thing to do with the lead-battery mentioned. I think 
that this matter of the copper-battery is worthy of 
passing mention, because I can see those cases arise 
in which we should lilre to liave a battery that we 
could charge, and lrnow we could depend upo11, and 
that would not lose its charge even after two months. 
I am positive that  anybody who tried i t  mould be 
pleased with the properties of tlle copper-battery 
~riade in the usual way, with amalgamated zinc allrali, 
either soda or potash. Preference slio~ild be given 
to  soda on account of its being so much cheaper. 
The method should be to use the Plant6 battery with 
chlorate of sodiam in it. I thinlr the tendency of 
the copper to dissolve, and to brealr up  into caprate 
forms, is not any greater when the soda is used. 

Mr. KOYLE. -I just wish to inquire of Professor 
Van  Dyclr how his carbon is made: it malres consid- 
erable difference. I should like to know the manner 
in which the carbon plates are formed. If they 
are formed by the ordinary method for use in the 
primary batteriss, the carbon being made out of coal- 
tar carbonized, they are very brittle, and disinte-
grate in the battery; bnt if formed in tile lnanner 
1.spealr of, from coal-tar, pure and simple, so that  
they seen1 to form a very mach more l~on~oge~ieous  
mass, there is not only a strilring, but a permanent 
difference of the plates. 

Professor VANDYCR.-I will state that  I use t l ~ e  
conlmercial carbon simply. 

Mr. I<OYI.E.-Another word. I think that  there 
is a great deal of difference between the secondary 
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battery composed of carbon plates arid one composed 
of lead plates. I do not see myself tlie reason for 
an expression of the opinion that the Plant6 bat- 
tery is decidedly more scientific than any otlier bat- 
teries composed of a plate of polarizing substance 
distinct frorn a plate of lead. I t  is easy to construct 
a Faure battery that will last forever, if you only 
make the plates large enough. Lead has sonie weight, 
as is ~vell Br~omn; and, when you are going to make 
a Plant15 battery of sufficient size to last any lengtli 
of time, you ~vill have to malze a secondary battery 
of enormous weight. For any other purpose ttian 
puttilig it do~vn  in the cellar to stay, the weight is a 
great factor. I thin$ that a lead plate a foot square, 
the ordinary size, will weigh soruething iu tlie vicinity 
of six po~uids, -I  do not guarantee that  exactly, but 
I believe it is in the neighborhood of six pounds, -
and a square of carbon plate of the same size weighs 
about three-fo~irths of a pound. Now, a battery 
nlatle of eleven plates of lead of this size gives you 
something lilrc sixty or seventy pounds. If you want 
to use electroniotive force, as in some cases you do, 
of a hnndred volts, you have a great weight: it would 
be fifly of those cells, of sixty pounds each, ~~r l i ich  
would give you abont three tliousand pouiitls; and 
that  is altogether apart from the weight of the elec- 
trolyte and tile box. Carbon plates will make a clif- 
ference of about twenty per cent, and the carbon 
plate has the advantage of always remaining intact. 
I t  will not disiritegrate, and will remain permanent 
as long as the box will, or any thing else about it. 

hfr. Er,rrru T~oa r r~sow.  should like to have a -I 
method which will tell ~vhetller the plates n~ill disin- 
tegrate or not. Colisider the plates that received the 
deposition of peroxide of lead. Suppose we were to 
select one particle of oxide which has been forn~ed 
frorn tlie surface of the lead: what mill be the elec- 
tro-cherriical conditioris of that particle ? Evidently 
tlie peroxide itself is in an  electro-negative condition, 
far more so than tlie lead plate: consequently it will 
set up  an  open circuit, and distribute its oxygen more 
or less to the surroundirig lead, and thereby eat iiito 
the lead deeper ant1 deeper, destroying the life of the 
battery iri time. I t  ~vould seem, from this considera- 
tion alone, that the lead-battery is certainly limited 
in its life. 

Let us take the case of the carbon plates. Has it 
yet been proved that carbon is stable in the presence 
of peroxide of lead, in contact? Perhaps this may 
disintegrate the carbon, and oxidize it into oxide of 
carbon, and at  the same time reduce the peroxide 
of lead to the teroxide of lead (PbO,).  

We have here two different substances, one highly 
electro-negative; and the carbon, perhaps, may be 
inert, and tlren it may be different in electroinotive 
force ever so slightly, and we mill have a local circuit 
which will take oxygen froin the peroxide of lead, 
arid oxidize tlie carbon. If me wish to make a test 
of that, let us take a massive piece of peroxide of 
lead and a specimen of the carbon which is to be 
tested, and place them in an electrolytic licluid (for 
instance, dilute sulplluric acid), and see whether 
we have a difference of electromotive force between 

those two substances, putting in the circuit some 
means of testing a feeble current. If there is no 
sc~cli difference, tlie stability of carbon in contact 
with the peroxide of lead would be established. I t  
may be, also, that the states in which carbon is 
known to exist may control the rnatter to sorne de- 
gree. I t  is well Imown, that if we take a stick of 
carbon, and put a c ~ ~ r r e n t  through it of a sufficient 
degree to almost vaporize the carbon, it undergoes a 
certain change of condition into the graphitic variety, 
and, in fact, it takes a plastic form, as I have often 
observed. You can take this carbon and use it, or 
any portion of it, to write with as you would write 
with a lead-pencil: whether it would be suitable in 
that form is another question. 

Professor J A ~ I E S  is one point IDEWAIL-There 
have noticed tliat is of practical use in reference to 
secondary batteries, and that is as to the inequalities in 
the various styles of batteries. I have had a11 expe- 
rience of six months with one form of storage-bat- 
tery, -the commercial battery as it is now in use on 
a lamp-circuit. As it is arranged, it is used for light- 
ing forty incandescent lamps. We have only ten or 
twelve of these lan~ps  in use at  any one time: con-
sequently the deinand on the battery is not very 
great; and hence, in charging the battery, we find 
with a twelity-amp8re current, which is the cur-
rent used in charging them, tliat instead of liaving 
to charge tlie battery all day, as I believe would have 
to be done in case the whole forty lamps were to be 
used, lve charge for two hours in the morning, or 
until the cells give off gas frorn the plates, when we 
consider the charging as completed. I believe, after 
three weeks' use of this battery, that  some four or 
five of the cells that lvere to serve in the first place 
became feebler than usual; that is, the larlips were 
not u11 to their usual standard of power. Tile next 
mornirlg it was found that certain of these cells, 
f o m  or five of the twenty-one that formed the bat- 
tery, were n~uclr  lower in their electromotive force 
than the otlier cells of the battery; that is to say, 
if the mean of the electro~notive force was 1.85 volts, 
they were clown to less than one volt. I t  was 
tho~lght,  in the first place, these cells might, per- 
haps, become exhausted by short circuits; but, from 
very close exaniination, there were revealed no short 
circuits in the cells; and, furthermore, when the 
charging current was put on again, those cells mere 
the first of t11e wliole battery to give evidence of 
being charged. In otller words, it would seem as if 
the storage capacity, if I may use that expression 
with regard to t l~ose cells- the storage capacity of 
these particular cells had been diminished in some 
simple way. 

Now, we restored those cells by a process,-
the process mliich we mere instructed to use in the 
first place. A battery was first set up ;  tliat is to say, 
a prolorrgecl charging of the whole body, - a  charging 
of some twenty l~our s  with a current of twenty am- 
pkres, and then a discharging of the whole battery on 
a fixed resistance, which was about equal to the ulti- 
mate resistance (say, eight-tenths of an ohm);  then 
a charge of twenty hours with a twenty-amphre cur-
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rent, arid again a discharging tlle battery for three or 
fonr hours on this fixed resistaiice; the11 a re-charging 
for twenty hours; and at  tlle end of that  time the 
battery was in good condition again, and those par- 
ticular cells ~vhich  we liad found had giver1 out before 
did not give out again for several days; but in every 
case, I thinlr, where that  process lias been repeated 
three or four times, it finally toolr about three weelts 
for these batteries to give out. 1don't remember ex- 
actly now whether the same cells are involved, but I 
thinlr that  out of the five or six cells, four were in- 
volved every time. We occasionally find ariotlier cell 
going in the same way, and I tllinlr it is a question 
of time when all the cells mill probably behave in the 
same way: otlierwise tlie cells which are good, and 
which have not given any trouble, are good cells; arid 
there is no doubt about the resistance of the whole 
battery. The electromotive force is very constant, 
with the exception ~vhich  1mentioned, and the light 
is very satisfactory. But I am not at  all sure that  
Mr. Preece lias found a solution of the light in ques- 
tion by means of the secondary battery. I t  is to be 
hoped that  he llas. My experience rather indicates 
that  we have riot got a storage-battery, or a secondary 
battevy, which will be a practical instrument. 

BIr. PREECE. -I should like to rel~ly to some of 
the observations that have been made; and, in the 
first place, I should like to corroborate what has 
been said about tlle percentage that tlle storage-bat- 
tery would utilize in shape of light. 

Very recently Professor Demar was kind enough to 
~nal tea calculation for me that brought out a very 
interesting result, and the result was this. I wanted 
to lmow the relative proportion of energy expended 
in  different modes of artificial illaniinatiori. I want-
ed to know how much was expended in the sperm- 
candle to give one-candle light, and how much in a 
gas-flame, and how mtlch in electric lan~ps.  The 
result of Professor Dewar's calculation was to show 
tliat in a sperm-candle for one-candle light u7e ex- 
pend ninety-seven watts. The experiment with gas 
showed, that, for every candle given out, sixty-two 
watts were consumed. Now, I have been esperi- 
meriting with various incandescent lamps; and one 
lamp gave a result showing that it was possible to 
obtain one candle for two watts and half. Still with 
arc-illumi~iation-use of arc-lights, such as are used 
in  the street-we get a candle for each watt ex-
pended; and in tlie arc-lamp, when bereft of the 
hideons structure put around then1 to destroy or 
reduce their light, anti we get all the light emitted, 
we shall probably get a candle for each half-matt. 
If we car1 get one candle for the expenditure of one 
watt, and me do expend ninety-seven watts in the 
process, it is clear that ninety-six watts must have 
been wasted, as it were, in that effect. 

There is another point that  arises out of this, to 
which I want particularly to call your attention; 
although I am afraid I am going to get into a subject 
in which, if introduced, many of you may set me down 
as very heterodox. My doctrine is simply tliis, -
that  I believe the days of the arc-light are numbered, 
and that  all the lights in the future will be furnished 

by the incandescent lights. Bly reason for ~ a y i n g  
that is simply this, -that, up to the present time, in 
the incanclescent lamp such as we have, tlle light is 
produced by the expenditure of from four to five 
watts per candle. Improverue~its,and very rapid irn- 
provenlents, are being made in tlie form of the carbon 
filameilts. TVe are now using lamps in England that  
give us light with an  exl~enditure of only two watts 
and a half per candle. If improvement goes on a t  
this rate, I am quite certain that before another decade 
we sliall have incandescent light that  will give us 
one candle for each watt. When tliat is the case, 
then the incandescent lamp will be used in place of 
the arc. The arc requires constant personal super- 
vision. I t  requires mechanism to Beep it in order. 
I t  only lasts a short time, whereas the irrcandescerit 
requires no attention whatever after i t  is pat up ;  
and its life is very corisiderable indeed. I11 London, 
lamps can now be obtained whose life is guaran- 
teed to be a thousand hours. I believe on tliis side 
of tlie water they are guaranteed to a certain extent, 
I do not know what;  but if we can get incandescent 
lamps giving a light at  the esper id i t~~re  of a watt per 
candle, and whose life will be over a hundred hours, 
then it mill be a case of good-by to tlie arc-lamps. 

There was one other point that I did not mention 
in regard to my battery; and tliat was, I an1 using 
only seventeen cells. I am using only thirty volt 
lamps, and I use them for security, f i~,st ,  because it 
gives nie very few cells to keep iri order; and, sec- 
ondly, because the electroinotive force is so low that  
there is not the slightest fear of shoclr, and conse-
quently there is not the least fear of fire due to a 
short circuit or imperfect actioli in any of tbe insn- 
lation. In  isolated houses, the lower you can reduce 
the electromotive force, the safer it will be. 

Sow,  with regard to carbon : I am sorry to say tha t  
I differ altogether from the view that has been 
expressed, that  carbon is liltely to replace lead for 
secondary batteries. Carbons do disi~itrgrate with us  
in London to a very large extent in the present form 
of battery. I liad the bi-chromate battery: the bat- 
tery we pril~cipally use is a bi-chromate battery. I n  
that  battery the carbons do not last more t l la~i  twelve 
months. They do disintegrate: they tumble to pieces, 
they become quite soft and spongy; and it is qnite 
inlpossible to use any form of carbon,-n~oulded 
carborl; and we are obliged to use cut carbons, as tlle 
moulded carbons mould not last more t l ~ a n  two or 
three months. While the cut carbon does not last 
more tliau twelve months, tlie lead in the secondary 
batteries would last more than twelve months. I 
said that I did not agree with tlie remarl; that was 
made, the statement tliat i t  lasted only four ~nolltlis: 
I think it mill last more than twelve rnonths. I know 
of houses where they have been in use for more than 
twelve months, and I am quite satisfied that  the 
lead used in the one I have described will have a 
durability of more than twelve months. I sliall no t  
be the least surprised if i t  lasts for two or tliree 
years. 

Now, I look upon the employment of tlie second- 
ary battery for starting the gas-engine as simvly 
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barbarous. I say this because I believe that the 
wliole-I should not say the whole, but the greater 
portion -of the causes that  have brought the second- 
ary batteries into such ill repute are due to the vari- 
ous barbktrous practices that  have been adopted by 
those who have been using secondary batteries. And 
tliese practices have been indulge11 in without tlie per- 
so11 knowing the injury they were doing to the battery. 
The practice lias been to dash in a piece of r~ietal in 
order to see tlie sparks, and then to say what splendid 
order the battery was in. A more iniquitous or sin- 
ful practice could not be adopted. I t  is just like a 
doctor cuttin? off a man's foreliead to examine his 
tongue. Sacli a practice as that has given tlie poor 
battery a straight blow between the eyes, which it 
will struggle with for days. Airy practice that con-
stantly calls into action the force of the battery on 
sac11 a short circuit is sinlply barbarous, and te~lds  
to destroy the battery more than any tlliiig else. I 
test every cell of my battery every morning with a 
galvanometer of a hundred ohrns resistance. Tile 
galvanorneter is simply run througli 011 the cells: i t  
takes but a short time, zrnd you can see exactly the 
condition of the cells without in any way interfering 
with the condition of your battery. 

There is one point about which I shoqld IiBe to  
have Professor Demar tell us a little something. 
There is one clefect, and i t ,  is a very peculiar defect, 
in all of these forrns of secondary batteries. I t  fol- 
lows, after a short time, frorn covering the plate with 
miniurn, and it is tlie formation of trees on the plates. 
That for~nation is observable in that  form and type of 
battery, and it is not being observed with the Plar~tB. 
Plant6 hituself lias never suffered frorn the f~)rmation 
of trees; nor have I, in the batteries I am using, seen 
tlie slightest sign of these trees: therefore 1 tllink 
that the mode of separating, to prevent buckling, in 
my case will be a cure. I t  will not prevent treeing; 
and therefore it will not cure that defect, which is 
one of the most serious defects of tlie Faure bat-
tery. 

Now, I will not say any tliing about primary bat- 
teries. I mentioned, when first spealiimg, that there 
had been a good deal of interest expressed about 
secondary batteries and their introtluction; but there 
has been none expressed about primary batteries. 
Such a battery as we'have to-day has been brought 
before the London public; and i t  has been shown 
that the products of the battery formed in its action 
will rcpay tlie cost of the battery, arid that tlie prod- 
ucts car1 be sold for more than they cost: tlierefore 
it lias beerr suggested, that, if i t  be true, it moultl be 
a splendid tliing for tlie government to buy up all 
these batteries, and to  use them, and in that way to 
pay off the national debt. A great many experiments 
have been made; and the results of tliese experiments 
are not to be discartled. They are successfully 11sec1 
for certain pdrpo>es, but they are not just yet going 
to klioclr out of the field secondary batteries in the 
way tliat has been described before as. 

The qualities to which Professor Dewar referred 
are due to the i~npurities of the lamp. I have suf- 
fered sor~~ervhat I have cured it ill the same way. 

precisely in the same way by putting on the power 
for twenty hours ; and in that way tlie impurities, or 
whatever they nlay be, have been jostled out. The 
resull has been, that this lias lrad to be done about 
every two months, whenever there was a repetition 
of the difficnlty. What I am going to do is this: 
I am going to liave my battery in such order that  I 
shall devote one day to the charging of tlre battery; 
and niy gits-engine will be going all day long, and that  
will cli;rrqe up my battery; and I shall have or1 tha t  
day sufficii!~it storage-power to enable me to keep 
my liouse lightecl for the rest of tlie ~veelr. 

Professor JIJIES D ~ w ~ m .  views with respect -My 
to the ciirrnistry of secondary batteries may be sllortly 
expressed as follows: I feel tliat, in the future, some 
other botly than the peroxide of lead will be discov- 
ered, wliicli will more efticieritly represent tlie amount 
of energy absorbed. I take it to be, that,, after all, 
i t  is the question of the relative efficiency of such 
batteries which is tlie real question under discussion. 
The electrolytic action is, after all, the questiorr we 
are to discuss. Now, it seems to me, apart altogether 
from the difficulties of local action, the question is 
whether any other chemical boclics likely to be formed 
d u r i ~ ~ gelectrolysis will be as efficient as the peroxide 
of lead in the construction of secondary batteries. 
Let us take the case, then, of the type of these reac- 
tions. In  onlinary cases of chemical action, we have 
often two actions taking place. Take, as an illus-
tratio~i, the formation of chlorate of potash. As a 
matter of fact, in this case an exotherrnic and a n  
endotllermic aclion take place side by side. The 
total action talres place, like the majority of chemical 
actions, with a considerable evolution of lieat; but 
the evolution of lieat is, in this case, due to the for- 
mation of tlie chlo~ide  of potassium, and not to the 
formation of the chlorate. A clilorate would be en- 
dotliermic, would be minus, or there would be a 
redllction of the temperature during the production 
of such bodies: therefore the energy for the forma- 
tion of the chlorate is really in some miraculous way 
extracted out of the energy produced by tlie direct 
fortnation of tlie cliloride of potas>inn~. The pro- 
duction of peroxide of hydrogen during electrolysis 
resembles tliat of the chlorate of potassium. I t  is 
endothermic, formed witli a considerable absorption 
of energy, and cor~sequently can decompose into 
water ancl osygrn again witli an  evolution of Ireat. 
If we could co~~s t ruc t  a battery in which all the oxy- 
gen is fixed i r ~  this way in an unstable body, there is  
no question but we could produce by this rneans a 
much higher electromotive force in secondary bat- 
teries. If we take the case of electrolysis of salts, 
we ltnow very well, that, in a great majority of salts 
used for orilinary purposes, the electromotive force 
is practically constant, while that accords with the 
well-ltnown fact, tliat the t l~ermal value of tlie for- 
nation of tlie m,~jority of soluble salts is nearly in- 
dependent of both tlie acid and the base; that is to  
say, it is nearly constant, giving son~etliing like fif- 
teen thousant1 grarnme units per equivalent. For a 
direct battery, therefore, comprised of soluble oxide 
and soluble acid, the electromotive force is practically 
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constant. To get a higher electromotive force, we 
must produce bodies like permanganic, chloric, or 
chrornic i~cids, or perosiile of leacl. I t  would seem, 
durirlg the electrolysis of water, peroxitle of hydro- 
gen i s  producetl in very small quantity. The peroside- 
of-hydi~ocer~reactions, which are so easily recognized 
in an acid fluid which undergoes electrolgsis, do not 
belong to it, but come from a new acid, called per- 
sulp1lu1.i~ acid. I t  seems that persulplr~~ric acid is 
the first pro(I11ct of tile process, and that  this per- 
sulplliu.ic acid is undoiibtedly the agent which is 
generi~lly formed, and is often c11aracte1,ized as the 
peroxitle of hydrogen. That being the case, there- 
fore, me have to colisiiter cases where we can liave a 
reverse or converse reaction. Tlie action of iodic 
acid on lrytlriodic acicl is a well-known case. There 
is untloilhte[lly a considerable dissipation of energy 
in the genesis of ioilic acid, because it is not endo- 
therrnic, like chloric acid. The moment the I~ydriodic 
acid is lnixed with the iodic acid, free iodine and 
water result. The original constituents appear again 
withouL the complication of secondary reactions. I t  
is reactions of that Bind that we require. I t  is to  
the q ~ ~ e i t i o n  discovering reactions of that liilrd, of 
without dissipation of energy, that 'rve shall in the 
future look for the further advance of secondary bat- 
teries. 

With reference to what has been stated regarcling 
the economical worlring of the incandescent lamp, it 
is quite clear that  such favorable results can only 
corne from worlcing with an incandescent filament at 
a very high temperature. There is no reason why 
the i~~cantlescent filament should not yield the same 
efficiency as the arc. Some years ago I made a series 
of experiments as to the increase of the amount of 
lumi~ious intensity with the temperature. Since that  
time, experiments have been made by Violle and 
other expe1,imenters. All the results seem to prove 
that as an average anrl fair way of representing the  
facts, sufticier~t in the mean time for practical pur- 
poses; that, above a temperature of 500° C., the mean 
rate of increase of luminous intei~sity is as a sixth of 
the power of the temperature. 

Tllis law e~lables us to calculate the temperature of 
the incanclescent filament. There can be no doubt 
of the explanation of the advantage of worlring a t  
higher temperatures. The greater the temperature of 
the filament, the higher is the mean refrangibility 
of the emitted light. If blue light is considered, 
instead of the increase being as the sixth power of 
the terliperature, it moves up to the seventh. I n  case 
of the violet rays, the rate of increase would move up 
to  tlie eighth power of the temperature, and con-
sequently tlie percentage of rays of high refrangi- 
bility is greater at  higher temperatures. I still thinli 
that there are a great rnany points in connection with 
the clieruical constitutio~i of the secondary battery 
which require further investigation. 

Mr. IClcrr~.  -I  would like to ask Professor Dewar 
whether he has investigated, either theoretically or 
practically, t,he decomposition and re-con~position of 
the sub-salts of lead, such as I considered some time 
ago, aud were the subject of discussion. I thinlr lle 

was not present at  the time when I stated my own 
experiments in that line. 

Mr. uswan.  -Yo, I regret to say that I have not. 
Mr. KEITH. -Taking the solutions known as Gou- 

lard's solutions, or sub-salts of lead, which are all 
very soluble, the peroxide is readily formed and dis- 
solved and re-dissolved in that  solution, as my own 
experiments liave shown: so far, I have carried them 
into practical effect only in laboratory experilnents. 
But I have fon11d that all the electricity is returned 
as electricity; but, of course, all the energy is not 
returned. 

Mr. DP:WAI~.--As I understand it, tlie eventual 
action is atlmittecl to be, that the peroxide of lead is 
really produced from the sulphate, All I can say is, 
t h ~ ~ tyou take and compress a blocli of sulphate if  
of lead on a platin~im plate, and if it is electrolyzed 
for hours, you will get a sn~al l  deposit of peroxide of 
lead. 

Sfr. KEITH.-I gen t l en~a~ lthi111i tlie niisnrider-
stood my question. I want to state here, that, from 
solutions of sub-acetate of lead, there is by electro- 
lytic action deposited upon one pole the peroxide of 
lead, and ~rletallic lead is deposited on the other pole. 
The reversal of tlie current reverses tlie operation: 
the peroxicle of lead enters the solutiol~, arid lead is 
dissolved. There is a difference of potentials, say, 
of 1.70 volts. 

Prof. GEOI~CE F. BARICER.-I should like to point 
out some of tlie defects in storage-batteries. I made 
an  experiment three years ago with secondary bat- 
teries, and I called attention to these experi~irer~ts ill 
the meeting of the Anierican association at  Mon- 
treal. I believe that the same thing had been found 
by Gladstone and Tribe; but I thinlr that i t  did not 
excel, altliough they saicl in their paper they had 
seen i t  referred to. Tlie cells to which I referred 
'were not Faure cells: they were cells of the Plant6 
type, of a peculiar constructio~~. The lead plates 
were of a peculiar form, but they were entirely sepa- 
rated from each other. They were separated, also, by 
pieces of woocl to prevent the buckling. Now, with 
regard to wl~ether it was the impurities of the lead or 
]lot, I an1 not ir~clined to agree with Mr. I i e i ~ h  on 
that  point. Tlie lead, in tlie first place, was clean. 
I have no cloubt that  the claim was a good one, and 
that it was as absolutely pure as lead could be ob- 
tained. Beyond that, they were so placed, that, if 
the lead was not pure lead, any local action tha t  
would take place in the cell on account of the irn- 
purities of the nraterial would not affect the general 
electrornotive force of the cell: it would cause a 
vaste of tlie material, but no other effect, and would 
not affect the resistance of the battery of this cell, 
nor its electrornotive force. 

I attribute this action to the formation of some 
non-condacting film over the surface of tlie plates, 
both the peroxiilized plate and the metallic lead 
plate. Thcre is no doubt about it, both that  the  
metallic lead, in this particular forrn in  which we find 
it in the seco~~dary  battery, is attacked by sulphuric 
acid, with the formation of sulphate of lead; alrd that  
there is a chemical action and rednctiori of the lead 
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in the cell, which is also attacked by the sulphnric 
acid, with the formation of salphate of lead. We 
all know that sulphate of lead is a pretty fair insu- 
lator. I think the action pointed out by Professor 
Trowbridge in these cells, and the fact that there was 
a little sulphate formed during the operation of the 
cell; the fact that the cell is restored after this pro- 
longed charging, in which, of course, there must be a 
great loss of energy; and the fact that they are restored 
to their original condition, -would induce me to be- 
lieve that i t  is nothing due to the impurity in the lead, 
but rather is owing to the non-conducting film, which 
discolors the plate. Besides that, with regard to the 
short-circuiting, there is no short-circuiting in the 
cell. I am quite satisfied from attendant circum-
stances and observations, and from experiments that 
were made, that they saw no short-circuiting in the 
cells. 

Before I leave this subject, I should like to say a 
word or two with regard to the hope that Professor 
Preece indulged in. I am glad that he has had such 
an encouraging experience with regard to storage- 
batteries. I am inclined to think he will be disap- 
pointed in the hope expressed, of being able to charge 
the cells on one day of the week, and then use 
them during the rest of the week. A very simple 
calculation would convince him, as well as the con- 
ference, that such a plan is not practicable with his 
present plant. I'erhaps, if he increases his plant, he 
may be able to do i t :  he cannot do it  with what he 
has on hand. If we take the figures as Professor 
Preece has given them, of a candle from 24 watts of 
energy, a 16-candle lamp would require 40 watts, 
and that gives us an efficiency of about 18.6,-16- 
candle lanips per horse-power of candle-energy, 
which I must say, in the first place, is good lighting. 
40 watts, with 30 volts between its terminals, will 
give us 31.3 atnperes as the cnrrent to the lamp. 
Now, if we suppose that Mr. Preece has, in using 10 
lamps, for instance, -I do not Icnow how many there 
are in the plant used; we will say 10 lamps; put 
the number small, because 10 lamps are enough for 
ordinary use, -10 lamps wonld require 13 ampPres 
to maintain them. 13 amperes for 3 hours wonld 
be 39 ampere hours, we will call it, on an average 
night, and, for seven nights in the week, would be 
276 ampere hours. Now, we divide 273 by thc effi- 
ciency of the storage-batteries, -forty per cent,- 
and we will get as the total number of ampere hours, 
during which the battery must be charged, 682+. If 
we divide that by the number of hours which the 
charging would occupy, -twelve hours during the 
day, -that will give us the time used in charging 

the storage-battery, to produce this result, and give 
the current to the storage-battery of 56.9 amp8res 
and 42 volts; in other words, 62 amperes to .8 of 
an ohm. The charging resistance of the battery 
would certainly be greater than .8 of an ohm. I call 
the charging resistance of the battery the difference 
of tension between the terminals of the battery, 
while the battery is being charged at the time by the 
current flowing in the circuit. That is what I desig-
nate by the term ' the charging resistance.' The 
charging resistance I am sure, from my own euperi- 
ments, cannot be less than 2 ohms. Second, The 
current of his machine would be very materially re- 
duced. Besides that, admitting that he could get 
this current of merely 57 amperes, which he requires 
for charging the battery, the question is, How long 
would his cell stand a current of that magnitude ? I 
am inclirled to think that a very few weeks' char- 
ging with a current as great as that would very soon 
use up his cells. 

Mr. Px~xcx . -The  assumption of the tempera- 
ture he starts with there, is wrong; for I am only 
using ten-candle lamps, and tliey absorb nine-tenths 
of an ampkre. If you go through with a caiculation 
on paper, you are sure to make a mistake. Rfy cal- 
culation sliows that you can get two hundred ani- 
pPre hours out of my battery: if so, I shall have 
enough to last me a whole week; and the batteries, I 
am quite sure, after they have been used a lit,tle time, 
will give me that, and a margin to spare. I an1 quite 
certain, notwithstanding those figures that I had the 
pleasure of going over, that I shall be able to report, 
that, from one day's charging, I have got my light 
for a week. 

I will mention one fact, which I mentioned to you 
this morning, that my gardener cut off the top of his 
foot: at  that time my battery was charged up Friday 
morning. I had a dinner-party Friday night; and 
whenever we have dinner-parties we make all the 
show we can. On Saturday I had no dinner-party, 
and I used my lamps as usual. On Sunday I used 
my lights as usual. On Monday morning my man 
cut off his toe. I had a dinner-party on Nonday 
night, and I did not know of the accident at all. I 
got down just in time to dress for dinner. Without 
saying a word to anybody, I trusted to my battery; 
and I found my battery held on for the whole of that 
night. I had, witllout any further attention to the 
battery, sufficient light for two dinner-parties and 
four days. And I think if we did that in an emer- 
gency, with a little gentle care that could be given, 
I shall not be far wrong in saying that I shall have 
enough for a week's use. 


