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showing the quantity of zinc equivalent to 188 cubic inches of the mixed gases to be 
86' 1 grains; differing from the quantity actually consumed in each cell only 72 grains, 
or 2-3 for each equivalent. The waste of metal, indeed., must have been even smaller 
than this; for at the bottom of the cells I found a small quantityof amalgam, which 
had fallen off the rods, and which, at the time, it was not convenient to collect, but 
which, if added to the weight would have materially diminished the deficiency. 

For this quantity of zinc, 166'5 grains of metallic copper must have been precipi- 
tated on each copper cylinder; for not a bubble of hydrogen made its appearance 
upon them, and 6623 grains of crystallized sulphate of copper must have been con- 
sumed in the whole battery, or only 377 grains short of a pound avoirdupois. 

Upon examining the cells after the course of experiments, the fresh-precipitated 
copper had a most beautiful appearance, being of a bright pink colour. It was not 
only deposited upon the sides and bottom of the cylinders, but upon the under surface 
also of the colanders. In the angle formed by the junction of the bottoms with the 
sides and at the contact of the membrane with the collars of the cullenders, it was 
collected in the largest quantities, and bad a very distinct mammillated structure. At 
these points it is probable that the diffusion of the hydrogen had been impeded, and 
it had consequently accumulated in greatest abundance. 

The charge of sulphate of copper has been left for weeks together in the battery, 
only taking care to keep the bottom of the colanders covered with the solid salt; but 
the acidulated water was withdrawn from the interior tubes every morning by means 
of a siphon, and a fresh charge substituted. It was generally found very slightly 
tinged with the sulphate, which would have been injurious to the zinc rods. 

The only disadvantage that I am aware of in this new construction of the battery, 
is the unavoidable distance of the generating from the conducting metal, which is five 
or six times greater than in the double WOLLASTON plates; and this I sought to ob- 
viate as much as possible by improving the conducting power of the interposed elec- 
trolyte. I made trial of sulphuric acid of four times the standard strength, or 9 
volumes of oil of vitriol to 100 of water, sp. gr. 1105-4; and this I worked for six 
'hours continuously, and found the result very steady; 5'0 cubic inches with the large 
voltameter, and 5-5 by the smaller, per five minutes of time. 

Taking into consideration the great precipitation of the suilphate of copper, I am, 
doubtful whether the solution could be kept in a state of saturation at much beyond 
this rate of work; and in cases where it may be desirable to maintain a constant 
action for a great length of time, it may not be desirable to carry it even so far; but 
this, with many other questions, I must leave for future examination. 

Being now desirous to bring the constant battery into more immediate comparison 
with one of the usual construction, I took a trough with ten WOLLASTON plates four 
inches square, which had been but little used, and carefully cleaned and fitted a 
double case of copper to the last zinc, to make the series complete. I charged it with 
a mixture in the proportions of 100 water, 24 oil of vitriol, and 2 nitric acid, and 
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set it to work with the small voltameter. The following Table contains the results 
measured at intervals of five minutes. 

Time. Quantity of Gas. Rate per 5 m, Time. Quantity of Gas. Rate per 5 min. 
lI M cubic inches. cubic inches. h m cubic inches. cubic inches. 
10 22 11 24 ......e.. 13 1 3 
I 027 ........ 25 ....... 2.5 11 29 22 0.9 
10A 2 ........ 4 ........ 2.1 11 34 ........ 3 0 X 0X8 
10 34 Voltameter refilled. 11 39 3.55 . . 0 55 
10 39 ........ 2'6 2 6 1 1 44 ........ 4-1 ........ 0.55 
10 44 .4. 494 ........e P8 1 1 49 4.5 0a4 
10 46 Voltameter refilled 11 54 . 4-9 ....... 04 
10 51 e.e.... .......2 288 11 59 5 25 035o 
10 56 ..s,.,.. 4'9 2*1 12 0 Voltameter refilled. 
10 57 Voltameter refilled. 12 15 .09 0-3 
1 1 2 .24 2 4 12 30 ........ 1 7 ....... 0G 26 
1 7 ........ 4 2 1 1 45 ........74121 4.......5 225 026 

11 8 Voltameter refilled. 1 0. 2-75 ....* . 0e *25 
11 13 ...... 1.8 1.8 1 58 Battery left in connexion. 
1 1 1 8 e o X 3 2 ..e...... v 1 4 2 1 3 e e . ** .*O1.. >>. * o 0 03 
l1 19 Voltameter refilled. 

This series of observations displays in a striking mnanner the peculiar irregularities 
of the common voltaic battery, and entirely agrees with those which I had previously 
made with the dissected battery the energy of the first contact declining even in the 
first five minutes a fourth or a third; recovering itself again by one minute's rest, 
and again declining: even with five such intervals of interrupted action, falling off 
permanently one half in the first hour; in the next hour of unceasing action rapidly 
falling to one tenth; and after four hours' connexion almnost entirely ceasing. 

If we compare the surfaces of the generating and conducting plates in each cell, of 
the two batteries, we shall find that of the zinc in the WOLLASTON battery 32 square 
inches, whilst in the constant battery it does not exceed 72 inches. If we calculate 
only the interior surface of the copper of the former, that is also 32 inches; but if 
both surfaces be efficient, (as I believe, though not to the same amount,) then it 
amounts to 64 inches. It can only, of course, be the interior surface of the copper 
cylinders of the constant battery which assists the action; and reckoning 52 inches in 
depth to be efficient, it amounts to 652 inches; to which if we add a small quantity 
for the bottom and the underside of the colander, the amount of surface but little 
exceeds the former; but then it is all disposed to the greatest advantage. Under 
these circumstances the power of the constant battery is double that of the common 
battery at its first impulse, and can be maintained for any length of time in an inva- 
riable condition. 

I shall trouble you, on the present occasion, with but one comparison more; and 
that is, of the efficiency of the two batteries under a retarding force. The charge 
which I used for the constant battery was only the double acid (sp. gr. 1056); but 
nevertheless I found that, with the opposition of three voltameters, the amount of 
gases in each was 0'9 cubic inch per five minutes; whilst a fresh set of WOLLASTON 

plates, with a new charge in the same proportions as before, gave only 032 cubic 
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inch in the first five minutes: so that the superiority of the former, under these eir- 
cumstances, was even greater than before. 

I will only add, that I have kept six inches of platinum wire, -2---- th of an inch dia- 
meter, permanently red hot for a considerable length of time when the battery was 
merely connected in single series, and that the spark between charcoal-points is re- 
markably beautiful; and shall reserve for a future communication, if you will permit 
it, some observations upon the different modes of combining the plates, for which 
it affords great facilities, and the different important applications to which, from the 
invariableness of its action, it is applicable. 

My principal object in these researches has been the attainment of this constancy; 
but, in addition, this new combination will be found, I think, to possess advantages 
which will secure to it a more general application than I at first contemplated. 

First, the abolition of all local action by the facility of applying amalgamated zinc: 
Second, the trifling expense of replacing, the zinc rods when worn out (for they 

are easily cast and fitted in the laboratory) ; and the total absence of any wear of the 
copper: 

Third, the non-necessity of employing nitric acid, and the substitution of the cheaper 
materials, sulphate of copper and oil of vitriol; to which I may add, the absence of 
any annoying fumes: 

And, fourth, the facility and perfection with which all metallic communications 
may be made, and different combinations of the plates arranged. 

Hoping that I may not have wearied you by these details, 

I remain, dear FARADAY, 

Your very faithful friend, 

J. F. DANIELL. 

King's College, 
23rd January, 1836. 


