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472 The Rev. Professor Callan on a net* Galvanic Batle~:y. 

wardslet them be put together, and the process of magnetizing 
he performed repeatedly upon each by the rest ; and it will be 
found that each magnet possesses nearly, if not quite as much 
magnetism as the one employed in the first instance, that is, as 
the prime motor itself. This fact can scarcely be doubted, 
although it is at variance with the Newtonian law of the per- 
fect equality of action and reaction as applied to mechanical 
forces, as no fi)rce can be supposed capable of generating 
under the same circumstances a force greater than itself. 

Again, suppose we consider caloric as a moving force ; what 
relation is there between that which is required to ignite a 
quantity of gunpowder and the calorie developed by its com- 
bustion ? Several similar instances might be adduced of the 
inapplicability of the Newtonian law to the explanation of 
obscure physical facts. 

L X X X V I I I .  On a new Galvanic Battery. By  the Rev. 
N. J. C2tLLAI% Professor of Natural Philosophy in the College 
of Ma3nooth.* 

THE following paper describes a new galvanic battery, con- 
sisting of 20 zinc and as many double copper plates, the 
whole of which may, by substituting one mercury trough 
for another, be made to act as a single pair of plates, or 
as 2, :3, ¢, 5, 6, 10, or 20 voltaic circles; and which is 
capable of producing, by the aid of an electro-magnet, a 
voltaic current equal in intensity to that of a battery con- 
taining 1000 pairs of zinc and copper plates. 

U N D E R  my directions, and on a plan suggested by me, 
a very large galvanic battery has been lately constructed 

for the College of Maynooth. This battery consists of 20 zinc 
plates, each two feet long and two feet broad, and of as many 
copper cells, each sufficiently large to contain one of the zinc 
plates. To  each zinc plate is soldered a copper wire about halt" 
an inch thick and six inches long. The wire projects from the 
plate in a direction nearly parallel to the sides, and nearly per- 
pendicular to the edge of the plate, which is vertical when the 
plate is in its copper cell. At two inches from its extremity the 
wire is bent so as to form nearly a right angle at the bend, 
and so that these two inches are parallel to the vertical edge 
of the plate. A wire of the same thickness, and about two 
inches shorter, is soldered to each of the copper cells : it is 
bent in the same way as the wires belonging to the zinc plates. 

* Communicated by the Author. 
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The Bey.  N. J. Cal!an on a new Galvanic Batte~ 9. •73 

Figures 1 and 2 represent a zinc plate and a Fig. 1. 
copper cell along with the wires soldered to ~1~ 
them. The '20 copper cells are put into 
a wooden box about 3-~ feet long, 2 t~et g 
inches deep, and nearly $ l ~ t  wide, and 
are separated fi'om each other by partitions 
of wood. ] 'he ~0 zinc plates are let down 
into the copper cells, and are lifted up, at Fig. g. 
pleasure, by means of a windlass• To pre- / ]1  
vent the eontact of the zinc plates with the ~-  

V 
copper cells, eaeh zine plate is covered with 
a woven net of hemp. When the gO copper 
cells are in the wooden box, and the gO zinc 
plates in the copper cells, the wires soldered 
to tile copper cells project about ~ of an inch 
from one of tile sides of tlle box, and their extremities descend 
nearly '2 inches below the upper edge of the same side: but 
the wires soldered to the zinc plates project nearly 2 inches 
from tim same side of the box, and their extremities descend 
as low as the extremities of the wires belonging to the copper 
cells. Thus, if A B (fig. 3.) in the exterior surface of one of 

Fig. 3. 
A B 

C ° ° ° • ° • • * ° - • • • ° • * * • • ° C F 

Z *  ° • • * ° * • ~ • * ~ • • • ° • * • - Z  f 

the sides of the box be parallel to the upper edge of the same 
side, and nearly ~ inches below it, then the row of points c c' 
will represent the extremities of tile wires belonging to the 
copper cells, and the row of points z z' will represent the ex- 
tremities of the wires soldered to the zinc plates. 

The acid solution is poured into the copper cells, which are 
water-tight, and is let out, without lifting the cells, b 
of  a cock at the bottom of each cell. The cells are y means harely 
wide enough to allow the free ascent and descent of the zinc 
plates. About 30 gallons of fluid are required to charge the 
whole battery. Both sides of each zinc plate are exposed to 
the action of the acid mixture, and are within about a quarter 
of an inch of an equal and parallel surface of copper. Hence 
the acting surface in each plate is 8 square feet, and the acting 
surface of zinc as well as of copper in the whole battery is 160 
square feet. 

By eight mercm'y troughs, metallic communications may be 
formed between the 20 zinc plates and the copper cells, so as 
to make the whole act as a single pair of plates, each containing 
160 square feet of  surface ; or as ~ voltaic eirc|es, in which 

Third  Series. Vol. 9. No. 56. Dec. 1836. 3 L 
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474 7 h e  Rev .  N. J. Callan on a new Ga lvan ic  BalleJ~l. 

the zinc of each circle would contain 80 square feet ; or as 
circles, two of which would eontain 56 square feet of zinc, and 
tile third of which would contain 48 square feet ; or as 4 circles, 
in each of which there would be 40 square feet of zinc; or as 
5, in each of  which there would be 32 square feet of zinc ; 
or as 6 circles, four of whieh would each contain 24 square 
feet, and two of which would each contain 32 square feet of zinc ; 
or as 1G circles, in each of which there would be 16 square 
feet of zinc ; or as 20 circles, each of  which would contain 8 
square feet of zinc. 

The  mercury troughs are made by cutting ho]es for con- 
taining mercury in a piece of wood" 35 feet long. S-~ inches 
broad, and 2 inches thick. Tile mercury trougfl by which 
all the zinc and copper plates are made to act as a single pair, 
contains two paraRel grooves, each nearly 3~ feet long, ~ of an 
inch wide, and an inch deep. One of the grooves receives 
all the wires of the zinc plates, and the other receives all the 
wires of the copper cells. Hence  when mercury is  poured 
into the two grooves, all the zinc plates are in metallic commu- 
nication with each other, and act as one plate ; and all the cop- 
pers likewise act as  one copper plate. This trough is repre- 
sented in fig. '~. ; the letter z shows the groove for the wires of  

Fig. ¢. 

I 1 

l I 
C 

the zinc plates, and c the groove for the wires of  the copper 
cells. In the second mercury trough there are four grooves, 
each of which receives 10 wires. There  is a communication be- 
tween one of the grooves containing the wires of ten copper 
cells, and that which receives the wires of the zinc plates im- 
mersed in the remaining 10 cells. Fig. 5. represents this 

Fig. 5. 

I" - - ]  

C C 

trough. The  third trough contains 6 grooves ; the fourth, 8 ; 
the fifth, 10 ; the sixth, 12 ; and the seventh and eighth each 
contain 20. Except  the trough by which the battery is made 
to act as c20 voltaic circles, the rest are made like the trou.gh 
represented in fig. 5. W h e n  the battery acts as 20 cu'- 
cle~, tile wire of each zinc plate, and the wire of the next 
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The Rev.  N. J. Callan on a new Galvanic Battery.  ¢75 

copper cell, are in the same mercury hole. Fig. 6. represents 

Fig. 6. 

C C C C ~ C C C C 6', t? C ~ C C C C ~ C C 

the upper surfhce of the trough by which all the zinc and copper 
plates are made to act as 20 circles. 

From tile preceding description of our battery, it is evident 
that tile whole 20 zinc plates and copper cells may, by substi- 
tuting one mercury trough for another, be made to act as a single 
parr, or as 2, ~, % 5, 6, 1% or 20 voltaic circles, and thus be 
made to supply the place of the calorinmtor and of the battery 
hitherto used tbr electro-magnetic experiments. 

So enormous is the quantity of electricity circulated by this 
battery when all the zinc and copper plates act as a single circle, 
that, on one occasion, after having acted without interruption 
tbr more than an hour, it rendered powerfully magnetic an elec- 
tro-magnet on which were coiled 39 thick copper wires, each 
about 35 feet long, while the mercury in which the wires of the 
zinc plates were immersed, was connected by 6 copper wires, 
each ~. of an inch thick and about 6 inches long, with the mercury 
in communication with the wires of the copper cells. On the 
fifth day it was tried : after having been in action without in- 
terruption for more than two hours, this battery melted very 
rapidly platina wire ~vth of an inch thick, and deflagrated in a 
most brilliant manner copper and iron wire about ~ t h  of an 
inch thick. 

By this battery, with the aid of an electro-magnet, a current 
of electricity may be produced which will equal in intensity 
that of a battery containing 1000 voltaic circles. It is well 
known that when the connexion between the helix of an elec- 
tro-magnet and the voltaic battery is broken, a current of elec- 
tricity is, at the moment of breaking the connexion, nmde to flow 
through the helix; and that when the helix is long, that cur- 
rent is capable of giving a shock to any person who holds in 
each haud a copper cylinder in conducting communication with 
the ends of the helix. By experiments on the best means of 
obtaining the shock from the electro-magnet, 1 have found that 
the shock increases, within certain limits, with the length and 
thinness of the bar of soft iron, and with the length of the heliacal 
coil, as far perhaps as 200 feet, and in proportion, or nearly in 
proportion, to the number of plates in the voltaic battery from 
which the current of electricity is passed through the helix. 
The  shock does not increase in pi'oportion to the number 

3 L 2  
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~,76 The Rev.  N. J. C.'allan on a new Gahxznic Bal le l f f .  

of plates unless they are large. Tile electro-magnet which 
I first used was a straight bar of soft iron, about 2 feet long, 
and an inch thick. On this b,~r were coiled two copper wires, 
each about 200 feet long. The voltaic battery consisted of 14, 
pairs of zinc and of as many double copper prates : each plate 
was about 7 inches square. Tile end of the first coil and the be, 
ginning of the second were immersed into the same cup of mer- 
cury, the voltaic current was passed throughthe first coil only, 
and the shock was taken by making a communication with the 
beginning ofthefirst coiland with the end of the second. W h e n  
the current of electricity was passed through the helix from 
one pair of plates, the shock received on breaking contact with 
the battery was equal to that of a battery containing 20 pairs c~f 
plates. When  two pairs of  plates were used, the shock ap- 
peared to be doubled ; with three voltaic circles, it appeared to 
be trebled; and with every increase in the number of voltaic 
circles, there appeared to be a proportional increase of the 
shock. Wi th  the 14 pairs of plates the shock was so strong 
that a person Who took it, from an electro-magnet on which 
therewerefour coils of wire, felt the effects of it for several days. 
Wi th  a battery of 4-inch plates the shock increased with the 
number of plates, but not so rapidly as when large plates were 
used. I am inclined to think that with a battery of 4-inch 
plates, the shock increases but little when the number of plates 
exceeds a hundred. I could not induce any one to take the 
shock from the electro-magnet when a greater number than 16 
of our large plates were used. With  16 of them the shock was 
exceedingly strong, although the acid mixture employed in 
charging the battery was very weak ; and, from experience, I 
know that the electro-magnetic effects of a battery depend very 
much on the strength of the charge. 

From all the experiments which I have made on the mag- 
us.t p-electric shock, I think I may fairly conclude, that, if 2000 
feet of wire were coiled on a bar of soft iron 6 feet long and 
an inch thick, a shock might be obtained with the aid of a 
single pair of plates, which would equal that of a battery of 
100 voltaic circles. Hence, since the shock increases in pro- 
portion to, or, at least, very rapidly with the number of plates, 
when they are large, the shock given by such an electro-magnet 
magnetized by our battery of '20 pairs of plates, should nearly 
equal, or perhaps exceed that of a battery of 1000 voltaic cir- 
cles. Hence, by our battery of 20 pairs of plates, an electric 
current of the highest intensity may be produced. This bat- 
terv then supplies the place of all the various kinds of galvanic 
batteries. 

The shock given by the electro-magnet may be obtained 
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The Rev. N. J. Callan on a ne~ Galvanic Batterg. 4,77 

as often as the connexion of the helix with the battery is bro- 
ken. Now I have devised a small instrument by which com- 
munication with the batter)' may be broken and renewed S000 
or 4000 times in a minute. Thus S000 or 4000 shocks may 
be received, and S000 or 4.000 electric currents of the highest 
intensity may, in the space of one minute, be passed through 
water, charcoal, met.'dlic wires, or any other body. It should 
be remembered that the voltaic current fi'om the battery should 
not be passed through more than 200 feet of the heliacal coil, 
and that the shock should be taken from tile whole length of 
the helix. 

When a voltaic current passes through a very long wire 
fi'om a single pair of plates, the wire will give a shock at the 
i n o l n e n t  of breaking contact with the battery. I have found 
that this as well as tile shock ti'om the electro-magnet in- 
creases with the number of plates. 

I have made a great variety of experiments on electro- 
magnets. My object in these experiments was to ascertain 
fimr things : first, on what the quantity of attraction depends ; 
secondly, on what tile distance at which that attraction is 
exerted depends; thirdly, on what the shock depends; and 
fonrthly, whether by a voltaic current fi'om a large battery, a 
permanent magnet could be made, which would induce on soft 
iron nmgnetism equal to that which is given to an electro- 
magnet by a battery containing 20 large plates, or 300 four- 
inch plates. In these experiments I employed three different 
voltaic batteries, and electro-magnets of various forms. I used 
the large battery already described; a small battery of 14, 
pairs of plates, in which each zinc plate was seven inches 
square; and a Wollaston battery, containing 280 pairs of four- 
inch plates. Some of my electro-magnets were straight, and 
others of the horse-shoe form, and one was a square: the iron 
bars varied in length fi.om 20 inches to six feet, and in thick- 
ness fi'om two inches to half an inch. On one of these were 
coiled S9 copper wires, on another four, on a third three, and 
on others there was only one wire. 

From the results of these experiments, I have deduced the 
following conclusions: First, that the quantity of attraction 
increases with the length of the bar of soft iron, at least as 
far as six feet, and with the thinness till it becomes about an inch ; 
and that it increases nearly in proportion to the number of 
plates (when. they are. large) in the battery by which the electro- 
magnet is magnetized. W'hen the plates are only four inches 
square the attraction increases, but slowly when the number 
exceeds 100. Secondly, that the distance at which attraction 
is exerted, increases also with the length and thickness of the 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 0
9:

34
 2

8 
Ju

ne
 2

01
6 



478 The Bey .  N. J. Callan on a new Galvanic  Bal lery .  

iron bar, and with the number of plates when they are large ; 
but with small plates the increase is very gradual when their 
number exceeds a hundred. With  twenty of our large plates, 
an iron bar, nearly 3½ lbs. weight, was attracted to a horse-shoe 
electro-maguet through the distance of an inch, and with ten 
plates the same bar was attracted to the same magnet, only 
through the distance of about half an inch. Again, with tile 
twenty plates, the attraction of the same magnet for a sewing- 
needle was sensible at the distance of 15 inches, and with ten 
plates the attraction was sensible at the distance of 10 inches. 
Thirdly, that the shock fi'om the electro-magnet increases 
within certain limits with the length and thinness of the iron 
bar, and nearly in proportion to the number of plates when 
they are large. 

When  the voltaic current was sent fi'om a battery of 280 
four-inch plates, through the heliacal wire coiled round a steel 
bar about ~20 inches long and an inch thick, the steel became 
almost as strongly magnetic as if it were iron ; and when the 
connexion with the battery was broken, the steel did not retain 
more than about "r~v of its magnetism. 

In a paper published in the last (August) number of the 
Philosophical Magazine, Dr. Ritchie says that the use of 
the electro-magnet in the apparatus for continued rotation was 
long since abandoned, because it was incapable of inducing 
magnetism in an iron bar at a distance. Now Ire will find 
that, if instead of a single copper and zinc plate, a battery of 
20pairs of lm'ge plates, or of 200 small ones be used, the electro- 
magnet will have a greater power of inducing magnetism at 
a distance than any permanent magnet. 

The advantages of the battery I have described are, first, 
that it supplies the place of all the various kinds of voltaic 
batteries, of the battery fi~r producing a large quantity of 
electricity of low intensity, of the battery for exciting a large 
quantity of electricity of tire intensity necessary for the rapid 
thsion and deflagration of metallic wires, and of the battery for 
producing an electric current of high intensity ; and secondly, 
that it enables a person to compare the power of the very 
same zinc and copper plates acting as a single pair, with their 
power when they act as 2, 3, 4, 5, 6, 10, or 20 voltaic circles. 

NICHOLAS CALLAN. 
Maynooth College, August ~3, 1836. 
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