


































































































































































































































































































































































































































































































































































































































































































































































































386 RECENT PROGRESS IN PHYSICS. 

If electricity be induced upon an insulated conductor, we find, as a 
general rule) that the electricity dissimilar to that of the inducing 
body approaches as near as possible to it, and the similar removes as 
far as possible from it. This rule, however, even if we regard it only 
as a general guide, leaves much that is undetermined. 

Fig . 26. Let an insulated disk a b (fig. 26) be exposed 
to the inductive action of an electrified sphere 

7 c. How will the two electricities be distributed 
on a b? Are the edges a b, or the middle of 
the back d, to be regarded as the most remote 
parts of the disk? If c be positive, is positive 
electricity to be expected at d? 

Fechner has made a series of experiments in answer to these ques­
tions. The attracted -E is collected in the greatest quantity at the 
middle of the front surface, and decreases towards the edges; the 
repelled +E is found on the back, and its intensity, which is but 
slight in the middle, at d increases towards the edges. The repelled 
+E embraces the edge, so that it is found at the edge even on the 
front face; the line of indifference between the + E and - E is on the 
front, and approaches the middle the closer the sphere is brought to 
the disk. 

Fechner has made similar experiments with rods and strips of metal. 
[§ 18 is omitted because it is occupied with the refutation of the views of Knochenhauer, 

which have never been generally adopted, and which are sufficiently disproved in other 
parts of this report.] 

§ 19. EXPERIMENTAL PROOF THAT 'THE QUANTITY OF LATENT ELECTRICITY 
IS IN THE INVERSE PROPORTION TO THE SQUARE OF THE DISTANCE FROM THE 
INDUCING BODY. In order to set aside definitely the objections of 
Knochenhauer, I have myself made a series of experiments on the law, 
according to which the strength of the induction decreases when the 
distance between the bodies acting on each other increases. 

The method of observation was essentially the same as that em­
ployed by Knochenhauer, except that I substituted a straw electrome­
ter, with a graduated arc, for the torsion balance. I had first to find 
the proportion of the increase of charge to the increase of divergence 
of the leaves of the electrometer, in order to determine subsequently 
from the divergences the magnitude of the electrical force which pro­
duced them. This was accomplished in the following manner: 

A large Leyden jar, having about two square feet of interior coat­
ing, was charged with positive electricity: the knob of the jar might 
be considered as a tolerably constant source of electricity, from which 
the same small quantity could always be taken and conveyed to the 
electrometer. This transfer was made by means of a brass knob of 
about three lines in diameter, insulated by a sealing wax handle of 
sufficient length. This small knob was brought into contact with the 
knob of the Leyden jar, and thus charged with a certain quantity of 
electricity, which we will designate by 1. This quantity 1 was then 
transferred to the electrometer by touching its plate with the charged 
knob; the pendulum diverged, and the amount of the divergence was 
noted. 

The small knob was again brought into contact with the knob of 
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the jar, and the same quantity of electricity transferred to the elec­
trometer, whose divergence thus received a corresponding increase. 
In this manner the charge of the electrometer was constantly increased, 
and the corresponding divergence of the pendulum observed. 

These charges were continued to 7, 8, or 9; the el trometer was 
then discharged and the same process repeated. 

That, during the whole period bf the experiment, the strength of 
the electrical charge of the jar did not diminish perceptibly, is shown 
by the numbers of the following table, which contains the results of 
8 experimental series : 

E d d d d d d d d Mean. 

0 0 0 0 0 0 0 0 0 

1 6 7 7 7 7 6 5. 5 6 6.4 
2 10 11 11 9 11 10 10 11 10.3 
3 15 15 15 15 14.5 16 14 15 14. 6 
4 18.5 18 19 18 18 19 17.5 19 18 
5 22 22 22 21 21. 5 22 21. 5 22 21.4 
6 24.5 25 25 24 24.5 -------- 23 23 24 
7 28 28 28 27 27 -------- 28.5 28.5 28 
8 -------- 30 32 30 30 -------- 31 5 31 30.7 
9 -------- -------- -------- -------- -------- -------- 33.5 34 33.7 

The first vertical column contains the quantities of electricity trans­
ferred to the electrometer; each of the following vertical columns con­
tains the corresponding divergences as determined by eight consecu­
tive series of experiments; the last column contains the means of the 
divergences found for each quantity of electricity. 

Fig. 30. 
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Instead of expressing the connexion between the quantity of elec· 
tricity with which the electrometer is charged, and the divergence of 
the pendulum, by means of a complicated formula, I h?ve attempted 
to render it apparent by graphic representation. In fig. 30, the ordi .. 
nates represe t the quantities of electricity, the abscissas the diver­
gences, and the marked points are those which correspond to the mean 
divergences belonging to the different quantities of electricity marked 
on the sides of the figure. 

These points admit of being connected by a quite regn ar cnrve, as 
shown in the figure) representing the relation between the quantity 
of electricity and the divergence, the points corresponding to 6 and 7 
only lying a little outside of the curve. 

The readings, from which these results were taken, were indeed 
exact only to a half degree ; a greater nicety in reading the single 
observations is not necessary, since the results (from various causes) 
are uncertain beyond one half degree, and the separate readings for 
the same quantity of electricity often differed as much as two degrees. 
Knochenhauer, indeed, gives single minutes in his observations, 
although the uncertainty of the observation amounts to several de­
grees; how he could read to single minutes with an instrument so 
small as his, ( 44,) it is difficult to conceive; if, however, the instru­
ment actually admitted of so accurate a reading, it was still unneces­
sary, because the pointing of the needle is not determinable with the 
same degree of accuracy. In such cases greater accuracy should not 
be affected than is actually to be obtained under the circumstances . 

.After the straw electrometer had been tested in the above described 
manner, I proceeded to the different experiments, which were ar­
ranged in the following manner : 

.A hollow brass ball, two inches in diameter, was suspended by a 
well insulating silk string. Directly under it stood the electrometer, 
upon a plate whose support could be slipped up or down and fastened 
at any desired position. The brass plate of the electrometer was 18 
lines in diameter. 

Fig. 31. 

l 
On the rod which bore the plate of the stand three 

marks were made, at distances of 3 inches from each 
other. When the lowest of these marks was at the 
upper end of the hollow leg, the plate of the eleo­
trometer was 3 inches from the middle point of the 
ball; and this distance amounted to 6 and 9 inches 
when the second and third of the marks were simi­
larly placed. Three inches being taken for unity, 
the electrometer plate could be E~hifted to the re­
spective distances, 1, 2, and 3. 

When the plate of the electrometer stood at the 
distance 3 from the ball, it was touched with the 
finger, and the ball a charged by bringing a small 
Leyden jar into contact with it . 

.As soon as the ball was charged in this manner, 
the jar was quickly put aside. 

The electricity on a had then rendered latent a 
definite quantity of the opposite E on b, which 
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came measurable by removing the finger from b, and, at the same time, 
pushing aside a with the hand.-A divergence of 6° was indicated. 

The plate of the stand was then raised 3 inches higher, so that the 
distance between b and the centre of a was equal to 2, or 6 inches, 
and the experiment repeated, in the same manner, by applying the 
same jar with its charge.-A divergence of 12° was now indicated. 

The same experiment, repeated for the distance 1, gave the diverg­
ence, 30°.5 . 

The electrometer was then placed at the position 2, 3, 2, 1, 2, 3, 
&c., in succession, and the same experiment made. The result of the 
observations are collected in the following table: 

Distance. Divergence. Mean. 

1 30_5 3L5 30 31 30 
0 

30_6 
2 12 12 12_5 10 12 11 10_5 1L5 11 1L5 1L4: 
3 6 6 5_5 6 7 6 6_2 

With equal charges of the ball a the mean divergence 30°.6 was 
obtained at the distance 1 ; the divergence 11° .4, at the dist~nce 2; 
and the divergence 6° .2, at the distance 3. 

Equal charges of the ball a were obtained by bringing it in con­
tact with the knob of a Leyden jar charged once for all for the whole 
series of experiments . The charge of the jar was, indeed, somewhat 
diminished at each contact with the ball, but this diminution was 
not sensible after the twentieth contact, as the above table shows. 

We shall now see how great the changes are which give to our elec .. 
trometer, the deflections, 30°.6, 11°.4, and 6°.2. 

From a consideration of Fig. 30, it follows that the divergence, 
30.6 corresponds to the electrical quantity 8 the divergence 11.4 
to the quantity 2. 25 ; and 6. 2 to 0. 95. The quantity of electricity 
which the ball a renders latent on b, is, therefore 

At the distance 1, equal to 8.00. 
" " 2 " 2.25. 
" " 3 " 0.95. 

These numbers are very nearly in the ratio of 1 : 4 : 9 ; or in­
versely as the square of the distance. At the distance of 1, the read­
ing of the divergence is rather too small, which can be easily explained. 
For such heavy changes of the electrometer, causing a deflection of 
upwards of 30 degrees, the pendulum sinks more suddenly ·by reason 
of the more rapid loss; thus, when the reading is taken, the original 
divergence has already slightly diminished. 

A similar series in which the alternation was only between the single 
and double distance, ( 4 inches being the unity of distance,) gave the 
following result: 

Distance. 

1 
2 

26 
9 

Divergence. 

24 
9 

24.5 
8.5 

24 
9 

Mean. 

24.6 
8.87 
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The divergence 24.6 and 8.87 correspond to the quantities of elec­
tricity, 6 anu1.6, which likewise a.re very nearly in the proportion of 
4 to 1; thus again at a double distance, we have one-fourth the quan­
tity of latent electricity. 

I should think that these experiments were sufficient to place beyond 
doubt, the principle that, the quantity of electricity which is rendered 
latent on an uninsulated conductor by a neighboring insulated electrified 
body, is in the inve'rse proportion of the square of the distance of the two 
bodies, provided that their dimension and the distance, are such that 
the electrical force can be considered as concentrated in their centres 
of gravity;without considerable error. 

In the experiments of Knochenhauer) the distance between the in­
ducing body and that upon which the opposite electricity is rendered 
latent, was much less than in mine; his least distance was 3 lines, 
mine was 3 inches. This fact gives rise to the supposition that in his 
experiments, electricity may have gone over. To find out whether 

Fig. 32. this could really have happened, I made the distance 
between the ball a and the electrometer plate, 3 lines 

i in the clear, and then placed the electrometer so that 
the distance of the plate from the centre of the ball 

l was double as great as in the first position. In this 
case also at a double distance, the effect was about 

a one-fourth, consequently, no electricity had passed 
from the ball to the plate. 

But the ball was quite large, and th~ plate, a por­
tion of an indefinitely large sphere; the ball a, more­
over, was varnished ; circumstances far less favorable 
to the passage of electricity than in the arrangement 
of Knochenhauer. 

I now exchanged the ball a for another not var­
nished, and only 8 lines in diameter; the plate of 
the electrometer was removed and replaced by a ball 
about 4 lines in diameter. When the distance be­
tween the balls amounted to 12 lines or 18 lines be­

tween their centres; on repeating the experiment in the above de­
scribed manner, I obtained from a charge, which of course had to be 
quite weak, a divergence of 8 to 10 degrees; but when the electro­
meter was brought so near, that the distance in the clear amounted to 
only 3 lines, the distance of the center being then only half as great 
as in the first position, for equal charges of the ~mall ball a, there was 
not a divergence of the pendulum anything near four times as great 
as before, but a divergence of only 10°. 

Evidently electricity had gone over between tho balls, hence the 
charge of the upper ball, as well as the quantity of latent electricity 
on the lower one, was considerably diminished. 

There is not the least doubt, that this acted injuriously in the exper­
iments of Knochennauer, and made his results perfectly valueless. 

[ § 20 is omitted for reasons mentioned under § 181 

§ 21. FARADAY'S RESEARCHES ON LATENT ELECTRICITY.-Fantday also 
has made the induction of electricity a subject of research. In his 
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eleventh series of Experimental researches in Elect1·icity, (Pog, An. 
XL VI, 1) he endeavors to prove that rnd uction is not the consequence of 
electrical action at a distance, but is effected by the inducing body 
through the medium of the intervening material particles. 

In order to prove that induction is the result of an action progress­
ing from particle to particle of the sepa ating insulator, Faraday seeks 
to prove-

1st. That at the same distance of the inducing body and that on 
which electricity is ~xcited and rendered latent by induction, the force 
of the induction is dependent upon the nature of the intervening insu­
lator; that the induction under otherwise like conditions is not the 
same through different insulators; that therefore to each insulator 
belongs a peculiar specific inductive capacity. 

2d. That induction can take place in curved lines. 
§ 22. SPECIFIC INDUCTIVE CAPACITY.-We will first consider the spe­

cific inductive capacity of insulators. 
In fig. 35, A represents a hollow metallic Fig. 35. 

sphere, standing on a metallic support. In an 
opening at the top a cylinder of shellac is fast­
ened tightly, through the middle of which a 
wire passes, having at its upper end a small 
metallic knob K, and at the lower the metallic 
ball B. The diameter of the sphere A is about 
8.5 centimetres, (3i inches,) that of the ball B 
is 6 centimetres , (2i inches). The sphere A 
consists of two pieces similar to the Magdeburg 
hemispheres, and so arranged that the upper 
half can be removed together with the shellac 
cylinder and the balls IC and B. 

Faraday, in his experiments, used two per­
fectlysimilar instruments of this kind, which he 
termed an inductive appa'ratus. 

Such an apparatus can be charged like a 
Leyden jar, by bringing K into contact with a 
source of electricity, and connecting A with the 
ground. Thus, B represents the inner coat­
ing, A the outer, and the stratum of air between 
takes the place of the glass. 

An apparatus of this kind, which I shall indicate by I, was charged 
as above shown. It is evident, as in the case of the inner coating of 
a Leyden jar, that there must be an excess of free electricity on B and 
K, the tension of which was measured by Coulomb's torsion balance. 
In order to maintain the centre of the two balls of the balance at an 
angular distance of 30°, a torsion of the thread of 250° was necessary. 

The knob K of the apparatus I was then touched by the knob K of 
a perfectly similar apparatus II, while its exterior sphere was in con­
nexion with the earth. The charge, which had been previously com­
municated to apparatus I alone, was now divided between the two. 
After this division, the force of the free electricity of the interior was 
determined for each; the first corresponded to a torsion of 124°, the 
other to a torsion of 122° of the balance, in order to maintain the balls 
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in both cases at the angular distance of 30°. Thus, after the division, 
the f1 ee electricity of the inner coating was nearly equal in the two 
instruments, and as might have been predicted, was half as great on 
each as on I before the division. 

Fig . 36. In apparatus II, half of the air was now 
replaced by another dielectrical medium, 
(Faraday thus names the medium through 
which electrical induction takes place). Shel­
lac was first tried. The upper half of the 
apparatus II was removed, in the under part 
of the sphere A, a hemispherical cup of 
shellac was placed, and the upper half re­
turned again to its place, so that the inter­
vening space between the lower half of the 
two spheres was filled, as shown in fig. 36. 

Apparatus I, which remained unchanged 
as in the first experiment, was charged again, 
in the same manner as before, and the free 
electricity of the inner coating, measured by 
the torsion balance. Thus, the result was by 

Apparatus I .............................. 290°. 
The charge was now divided between I and 
II, and after the division the result was, 

Apparatus I .............................. 114°, 
Apparatus II. ............................ 113°. 

, also, the free electricity of the interior coating of the two in­
struments is very nearly equal after the division, but it is far less than 
the half of the free electricity of apparatus I before the division; hence, 
it follows, that apparatus II had received more than half the electricity 
of I, but without the free electricity on II being more than on I, and 
consequently Faraday concludes that a more powerful induction takes 
place through shellac. If we represent the quantity of free electricity 
of the interior coating of I, before the division, by 290°, then the 
whole quantity of its electricity will be n 200; after the division 
there remained only n 114; hence there has been given to apparatus 
II 

n (290 - 114) == n 176. 
In Faraday's opinion another relation takes place between the latent 
and free electricity; the free electricity is 113, the latent is n/. 113; 
we have, consequently, 

n' 113 == n 176, 
hence 

n' == n {-f! == n 1.55. 

Accordingly, an inductive force 1.55 times greater takes place through 
shellac than through air; or, as Faraday expresses it, shellac has 1.5.5 
times greater specific inductive capacity than air. 

By similar experiments Faraday found the specific inductive capa­
city of sulphur to be 2.24 times as great as that of air. 

For the various gases Fa'raday found their inductive capacity equal 
to-that of air. In order to introduce the different gases into the ap-
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paratus the support was perforated and furnished with a stop-cock; it 
could be screwed to an air pump, a vacuum made, and any other gas 
introduced. . 

Rarifying and heating the air produced no change in its specific in-
ductive capacity. 

Faraday made further experiments for the purpose of establishing 
his views on this subject. 

Let A, fig. 37, be an insulated metallic plate placed between two 
other metallic plates, B and C, insulated in like Firr . Ti . 

manner, Band C being each t inch distant from 
A. \.Vith 0 a wire was connected which termi­
ted in the gold leaf c, and in like manner a wire 
fastened to B terminated in the leaf b. The 
two gold leaves hung in a glass jar two inches 
apart. B and 0 were then connected with the 
ground and a weak positive charge given to the 
plate A, by means of which Band C were charged 
with- E. The connection of Band C with the 
earth was then cut off, so that these two plates 

A Cr 
[ 

were again insulated-the gold leaves b and c remained suspended 
parallel to each other as before. 

A shellac plate, ! inch thick and 4 inches square, suspended by 
a clean thread of white silk, after being carefully deprived of all 
charge, was brought between the plates A and B. The electric rela­
tions of the three plates were at once altered, and attraction was pro­
duced between the gold leaves. On the removal of the shellac this 
attraction again disappeared. The shellac having been then examined 
by a sensitive Coulomb' 8 electrometer, indicated no charge. 

In this Faraday found a further confirmation of his views, and he 
explained the result as follows: As soon as the shellac plate is intro­
duced between A and B a strong charge of negative electricity takes 
place on B-it repels the positive, which is thus diffused towards b; 
but, since A acts more powerfully on B than before, negative electri­
city on C must be set free ; thus c will contain free- E, while free 
+E is on b; hence the attraction of the leaves. 

How Faraday has proved that this electricity is set free on b and c, 
as it must be according to his theory, does not appear in his memoir. 

Faraday' 8 experiments are perfectly correct, but it appears to me 
that he has erroneously interpreted these experiments and drawn a 
conclusion from them in which he is not justified. Th~ grounds for 
this assertion are as follows : 

If an insulated electrified body A is placed opposite a second con­
ductor B, which is in communication with the ground, a definite quan­
tity of electricity will be rendered latent on B. A part of the E on 
A is then disguised by the opposite kind on B) and a part is free. If 
shellac is now placed between A and B, more electricity is disguised 
on A, and there is less free than before; this is the fact which is ex­
hibited by the experiments of Faraday with the inductive apparatus. 
He further asserts, however, that a stronger induction takes place 
through the shellac, but this he has not proved by experiment. To be 
justified in this assertion he should have shown, that with equal charges 
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on A, more electricity will be induced on B when shellac is placed be­
tween them, than when air is the intervening insulator. The experi­
ment indicated in fig. 37 tends just as little as that with the inductive 
apparatus to lead to the above explanation. 

The following experiment is well adapted to bring the question to 
a decision: Fig. 38. 

Under an insula ted and electrified metallic ball a, 1 or 
2 inches in diameter, fig. 38, place a gold leaf or straw j 
electrometer at such a distance that a considerable 
divergence may be obtained. If the ball a be charged 
with +E, then - E will be induced in the plate of 
the electrometer b, and the +E will be repelled by a a 
into the pendulum; hence its divergence. 

Now put a plate of shellac between a and b. 
If Faraday's view be correct, a stronger induction :10 

must take place through the shellac than before ; JAT~ 
more -E should be induced in the electrometer plate, 
and thus more + E should be forced into the pendu-
lum, and its divergence should increase. 

But the experiment shows that the divergence of 0: 11 

the pendulum decreases as soon as the shellac plate 
is introduced. Hence, most decidedly, a stronger 
induction does not take place through shellac than 
through air. 

If a greater quantity of the electricity on a is dis uised after the 
introduction of the shellac than before, it is evidently caused by a 
mutual action between a and the shellac plate ; but by no means 
because a stronger induction takes place through the shellac. 

Knochenhauer has instituted an experiment similar to this, but he 
has entirely mistaken its signification. 

Instead of an electrometer with two suspended leaves, he used a 
pile electrometer, (Pogg. Ann. LI, 126.) A weak positive charge 
was imparted to the conductor a (which, in his experiments, was a 
metallic plate instead of a ball, producing the same result, however) 
at the same time the plate of the electrometer was touched ; - E was 
thus induced in this plate. A plate of shellac was then placed be- ~ 
tween the electrometer plate and the electrified conductor a, when a 1 
movement of the gold leaf took place, and Knochenhauer asserted 
"that simultaneously with the introduction of the shellac plate the 
leaf of the electrometer indicated free positive electricity, so that now, , 

. on the lower disk, more negative electricity was disguised. '' This 
was in perfect harmony with Faraday's view; but it is in direct op­
position to the results of the experiments with the straw electrometer 
instituted by me. According to my experiments, I am obliged to 
suppose that the movement of the gold leaf indicated free negative .1 
electricity. 

It might be supposed that Knochenhauer was deceived as to the 
pole of his gold leaf electrometer, so that he confounded a negative 
with a positive indication. 

In order to come at this definitely, I repeated Knochenhauer' s ex­
periment. The ball a was charged with + E, and when a shellac 
plate was introduced between a and the electrometer plate, the gold 

.... 
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lem moved towards the positive pole of the instrument; that is, to­
wards that one which it strikes when a rubbed stick of rosin is ap­
proached from above ; the gold leaf then received free- E by inserting 
the shellac plate. 

If Knoch r;,nhauer' 8 view were correct, the gold leaf, on the introduc­
tion of the shellac plate, (a being positive,) should move toward the 
side which is approached when a glass rod rubbed with silk is brought 
aver the electrometer. But the proximity of rubbed glass produces a 
result opposite to that effected by the presence of the shellac plate. 
Thus the error of Knochenhauer with reference to the nature of the 
indication is proved. 

Faraday' 8 opinion that a stronger induction is effected through 
shellac than through air, is hence decidedly wrong. The experiments 
made with the straw electrometer, as well as with the pile electrome­
ter, directly contradict this view. 

But how are all these phenomena to be explained? I beg leave to 
offer a few hints, which, perhaps, will serve to point out the way that 
may lead to a definitive decision of the question. 

If we introduce between the electrified ball a, fig. 38, and the straw 
electrometer an uninsulated conductor, the pendulum will collapse. 
According to known laws, nothing else could be expected. 

If we introduce an insulated metallic disk between a and the elec­
trometer, a considerable diminution of the divergence will occur, but 
the pendulum will not completely collapse. This is in consequence 
of an inductive action which a exerts upon the intervening insulated 
metallic plate. 

If we introduce a shellac plate between a and the electrometer, a 
similar diminution of the divergence will take place, but yet not so 
much as in presence of the insulated metallic plate. This seems to 
indicate that the electrified body a causes an induction even in the 
shellac, though not to such an extent as in a good conductor. In 
fact, we know that shellac, though a very bad conductor, is not an 
absolute insulator. 

Knochenhauer also seems to hint at something similar in the me­
moir cited. At any rate, this matter needs further investigation ; 
but so much is certain, that a more powerful induction does not take 
place through solid insulation than through air, as Faraday main­
tains. 

§ 23. INDUCTION IN CURVED LINES. We proceed now to the consider-
ation of Faraday's proof of induction in curved lines. . 

A cylinder of shellac 0.9 of an inch in diameter, which Fig. 39. 
can be placed upright, and has a cavity at the top, is 
electrified by friction, and a brass ball 1 inch in diam­
eter laid in the cavity or cap. If now an insulated proof 
ball be brought into the positions indicated by d, c, b, 
and e, touched for an instant, and then tried whether it 
have any electrical charge) and of what kind, it is found 
that the carrier will receive a positive charge at d and c, 
as well as at b and e. 

The result of this experiment has nothing in it at all 
remarkable, it might have been predicted. The ball B 
is electrified positively by induction ; the - E of the shellac e.r limier 
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and the induced + E of the ball B act simultaneously upon the 
carrier wherever it may be, the effect of the cylinder preponderates, 
and hence the carrier must be charged with induced + E at b as well 
as at e. 

This case is perfectly analogous to that already mentioned in § 17. 
Faraday explains the matter thus : The proof ball is electrified at 

b as well as at e by induction; but since it is impossible to connect by 
a straight line the shellac cylinder with either b or e, the induction 
must take place around B through the air, consequently there mus.t 
be induction in curved lines. ~ To arrive at this conclusion, Faraday 
must natur~lly suppose that no inductive action can take place 
through a conductor. 

That no induction can take place through metal, Faraday believes 
he can prove. 

Fig. 40. A metallic plate, C, fig. 40, was held above the 
shellac cylinder, and touched for a moment, so 

$\) that it should be charged by induction with+ E. 
A proof plane, or a small proof ball, was now 

C 
1 

ttQ v !t theldhatd~ close to thte mhiddle.tof the pla~e,d~nd 
.... • ouc e 10r a momen , w en 1 gave no 1n !Ca-

tion of a charge; hence Faraday concluded, that 
the electricity of the shellac cylinder cannot act 
inductively through the metal plate; but when 
the proof ball was raised to about the distance of 
b, it received a positive charge, which, according 
to his view, showed that induction could take 

place in curved lines around the plate upon point b. 
Fechner has described the same experiment in a somewhat different 

form, in the memoir already cited, (Pog. Ann. LI, 321.) He has 
shown that the phenomena, as Fa1·aday de~cribes them, are necessary 
consequences of the known laws of induction. 

Fechner says: "That the maximum of the effect is seen at some 
distance from the upper plate,* is not at all surprising. For all 
points of the upper plate, the influence of the negative electricity 
which it contained, must be in Bxact equilibrium with that of the 
positive electricity of the lower plate; otherwise, more or less elec­
tricity would be decomposed in the upper plate, and accumulate more 
than the case shows. By elevating the proof plane above the upper 
plate, its distance from the points of the upper plate increases in 
another proportion, than from those of the lower plate; hence the 
influence of the latter begins to predominate. Yet the increase of the 
action with the elevation of the proof plane cannot go beyond a cer­
tain maximum, because at a greater distance the action of each plate 
separately would disappear." 

These phenomena, consequently, are not a proof of induction in 
curved lines; and, in general, it may be asserted that Faraday bas 
not presented a tenable proof of his hypothesis, namely, that induc­
tion takes place through the contiguous particles of the intervening 
insulator. 

§ 24. FARADAY'S THEORY OF INDUCTION.-Faraday endeavors, in the 
*Fechner used (instead of a shellac cylinder) an insulated and positively electrified me­

ta ic plate, which he termed the lower plate. 



RECENT PROGRESS IN PHYSICS. 397 

12th and 13th series of his Experimental researches, (Pog. Ann. 
XLVII, XLVIII,) to support his theory of induction by a consideration 
of the different forms of electric discharge. He classifies the different 
kinds of discharge by dividing them into condrtwtive discharge, electro­
lytic discharge, disruptive discharge, (sparks, brushes, &c.,) and con­
vective discha·rge. 

-In considering the conductive discharge, Faraday endeavors to prove 
that the difference between insulators and conductors is only quantita­
tive-a truth which no one, to my knowledge, has disputed. 

The electrolytic discharge, says Faraday, is preceded by an inductive 
action through the electrolyte; the inductive state being, in fact, a 
necessary preliminary to discharge, decomposition is preceded by the 
state of polarization or tension of the particles of the fluid to be de­
composed. To this also nothing is to be objected. 

For the disruptive discharge, Faraday, in like manner, endeavors 
to prove that the particles of the dielectric through which the discharge 
takes place, whether in the form of a spark or brush, are also in a state 
of tension or polarization. 

Though we cannot get a clear conception of such a state of tension 
or polarization of the particles of air which precedes the spark or brush 
discharge, yet the existence of such a state is not in the least doubtful, 
neither is its admission at all opposed to the heretofore acknowledged 
electrical theories. But Faraday goes further : he regards this polar­
ized state a.s a proof that the electric inductive effect which takes place 
through the air, or the dielectric substituted for it, is produced by 
rneans of their pola1·ized state. For the correctness of this view Fara­
day has yet to furnish the proof. 

With the design of establishing his theory of induction, Faraday 
made many experiments on sparks and brushes, which, though they 
are not very important to the present subject, yet are interesting, and, 
as valuable facts, will be described in another place. 

Since conduction and insulation have only a quantitative difference, 
Faraday thinks that even in the better conducting fluids a convective 
discharge might take place, if only a sufficient quantity of electricity 
were present. The following experiment would seem to support this 
opinion: 

Two platinum wires, forming the poles of a powerful voltaic bat­
tery, were fused hermetically, near to each other and side by side, in 
a strong glass tube containing distilled water, having a few filaments 
in it. When the bubbles at the electrodes, in consequence of the in­
creased pressure caused by the continuous development of gas, had 
become so small that they produced only a weak ascending current, 
it could be noticed that the filaments were attracted and repelled be­
tween the two wires, as though between two oppositely charged sur­
faces in air or oil of turpentine. They moved so rapidly that they 
displaced and disturbed the bubbles and the currents formed by them. 
Faraday supposed it could hardly be doubted that, under similar cir­
cm.mstances, with a large quantity of electricity, of sufficient tension, 
convective currents might be formed. The attractions and repulsions 
of the filaments were in fact the elements of such currents; hence, 
water, although it is almost an infinitely better conductor than air or 
oil of turpentine, is a medium in which similar ~urrents can take place. 
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Faraday's theory does not pretend to decide upon the consequences 
of a vacuum. According to his view, electrical phenomena, such as 
induction, conduction) and insulation, depend on, and are produced 
by, the influence of contiguous particles of matter, the nearest particle 
being considered as the contiguous one ; he assumes fur ther, that these 
particles become polarized, and that they act at a distance only by 
acting on the contiguous and intermediate particles. 

Suppose a vacuum to be in the line of induction; it does not follow 
from the theory, says Faraday, that the particles on the opposite sides 
of such a vacuum cannot act on each other. Suppose it possible for a 
positively electrified particle to exist in the centre of a vacuum one 
inch in diameter ; nothing in my theory prevents the particle from 
acting, at the distance of half an inch, on all the particles forming 
the surface of the sphere with a force according to the known law of 
the square of the distance. 

Here, however, Faraday again assumes the action at a distance. 
ln the fourteenth series of Experimental Researches, (Pog. Ann. 

Sup., vol. of 1842,) Faraday collected his views on the nature of elec­
trical force, and particularly on the state of tension accompanying 
induction. I quote this summary literally: 

n 1669. The theory (Faraday's) assumes that all the particles, 
whether ·of insulating or conducting matter) are, as wholes, con­
ductors. 

"1670. That not being polar in their normal state, they can become 
so by the influence of neighboring charged particles, the polar state 
being developed at the instant, exactly as in an insulated conducting 
mass consisting of many particles. ' 

"1671. That the particles when polarized are in a forced state, and 
tend to return to their normal or natural condition. 

" 1672. That being as wholes conductors, they can readily be 
charged, either bodily or polarly. 

"1673. That particles which, being contiguous, are also in the line 
of inductive action, can communicate or transfer their polar forces one 
to another more or less readily. 

"167 4. That those doing so less readily require the polar force to 
be raised to a higher degree before this t:ransference or communication 
takes place. 

'' 1675. That the ready communication of forces between contiguous 
particles constitutes conduction, and the difficult communication insu­
lation; conductors and insulators being bodies whose particles natur­
ally possess the property of communicating their respective forces 
easily or with difficulty; having these differences just as they have 
differences of any other natural property. 

"1676. That ordinary induction is the effect resulting from the 
action of matter charged with excited or free electricity upon insu­
lating mat ter , tending to produce in it an equal amount of the contrary 
state. 

"1677. That it [the charged matter] can do this only by polarizing 
the particles continguous to it, which perform the same office to the 
next and these again to those beyond; and that thus the action is 
propagated from the excited body to the next conducting mass, and 
these render the contrary force evident in consequence of the effect ot 
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communication which supervenes in the conducting mass upon the 
polarization of the particles of that body, (1675.) 

"1678. That, therefore, induction can only take place through or 
across insulators; that induction is insulation, it being the necessary 
consequence of the state of the particles and the mode in which the 
influence of electrical forces 's transferred or transmitted through or 
across such insulating meuia. 

"1679. The particles of an insulating dielectric whilst under induc­
tion may be compared to a series of small magnetic needles, or more 
correctly still to a series of small insulated conductors. If the space 
round a charged globe were filled with a mixture of an insulated 
dielectric, as oil of turpentine or air, and small globular conductors, 
as shot, the latter being at a little distance from each other, so as to 
be insulated, then these would in their condition and action exactly 
resemble what I consider to be the condition and action of the particles 
of the insulating dielectric itself. If the globe were charged these 
little conductors would all be polar; if the globe were discharged 
they would all return to their normal state, to be polarized again 
upon the recharging of the globe. The state developed by induction 
through such particles on a mass of conducting matter at a distance 
would be of the contrary kind) and exactly equal in amount to the 
force in the inductric globe. There would be a lateral diffusion of 
force, (1224, 1297 ,) because each polarized sphere would be in an active 
or tense relation to all those contiguous to it, just as one magnet can 
affect two or more magnetic needles near it, and these again a still 
greater number beyond them. Hence would result the production of 
curved lines of inductive force if the inducteous body in such a mixed 
dielectric were an uninsulated metallic ball, or other properly shaped 
mass. Such curved lines are the consequences of the two electric 
forces arranged as I have assumed them to be; and that the inductive 
force can be directed in such curved lines is the strongest proof of the 
presence of the two powers and the polar condition of the dielectric 
particles. 

"1680. I think it is evident, that in the case stated, action at a 
distance can only result through an action of the contiguous con­
ducting particles. There is no reason why the inductive body should 
polarize or affect distant conductors and leave those near it, namely, 
the particles of the dielectric, unaffected ; and everything in the form 
of fact and experiment with conducting masses or particles of a suita­
ble size contradicts such a supposition.'' 

As a consequence of the above, Faraday supposes all bodies to consist, 
as it were, of small conductors which are separated by an insulating 
substance; the inductive action of one particle on another, he must 
also assume, to be precisely like induction between two conductors, as 
generally supposed ; he must then assume action at a distance of the 
ordinary kind between each two particles of the insulator. Since he 
must assume this at last, and an insulating interval, there is really 
little reason to set aside the accepted opinions which, though they 
may have many deficiencies, must be maintained until overwhelming 
proof establishes not only their insufficiency, but their incorrectness 
also. 

In continuation of the fourteenth series, Faraday notices the indue-
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tive capacity of crystalline bodies in different directions. According 
to his idea of specific inductive capacity, it is evidently possible that 
crystalline bodies have not equal inductive capacity in all directions ; 
that, for instance, rock crystal, or calc spar, might have a greater or 
less inductive capacity in the direction of their optical axes than 
perpendicular to them. Jj·"'araday' s exp riments leave this question 
wholly undecided; in most cases exceedingly small differences being 
indicated, while in others, where greater differences appeared, colored 
seams in the crystal, cracks and the like, may have had an injurious 
effect. I do not consider it necessary here to enter more into detail. 

Faraday' 8 views on electrical induction must necessarily have forced 
upon him the question, whether magnetic attraction and repulsion) as 
heretofore supposed, are to be ascribed to action at a distance, or 
whether magnetism in a similar manner acts at a distance through 
the medium of inte1·vening particles, analagous to induction in static 
electricity according to his view. 

The experiments which he made for the solution of this question 
gave invariably negative results, whether he used plates of shellac, 
sulphur, or copper, as intervening bodies. No sign of the influence 
of intermediate particles could be obtained. 

Even if the :first experiment did not succeed in showing that mag" 
netism acts at a distance through the medium of intervening particles, 
it is still conceivable that a magnet might affect all the particles of 
the non-magnetic bodies surrounding it, and place them in a peculiar 
state of tension, similar to that of the dielectric, through which in­
duction takes place from one conductor to another ; and it is certain 
that Faraday, in his endeavors to discover proofs for such a state, 
was led to the discovery of the rotation of the plane of polarization by 
the magnetic poles and galvanic currents as well as to dia-magnetism; 
discoveries which alone would be sufficient to make his name immortal 
in the history of science. 

§ 25. MuNCK AF RosENSCHoLD ON INDUCTION. In the 69th volume of 
Poggeudorf' s Annalen, is a memoir by ll!lunck af Rosenschold, in 
which induction is treated of. In his somewhat extended considera­
tion of the subject, into which he naturally introduces much that is 
known, he starts with the correct view of induction, which is also 
defended by Riess and Fechner. 

The following constitutes the most important parts of Rosenchold' s 
memoir: 

Let the plate A, Fig. 41, be electrified and act inductively on B 
and C. Let E be the quantity of electricity on A, and it will induce 

Fig. 41. upon B, which communicates with the ground through 
A a :fine wire, the quantity of electricity - mE. If the 

'l.C!I!iimwmm"''%ui1!11TIIJ!1ID11 plate 0 be now brought within the " electrical sha-
ll' dow" of B) and connected with the ground, both A 

~llim1TI!mjTI!11 and B will act upon this plate. If we indicate by m 
the co-efficient of induction which belongs to the dis­

Jllliliil\!!lllulllllululuiiiiiiiiiiiD' tance between Band 0, then m' mE will be disguised 
-.- .C on 0 by A, if m" represents the co-efficient of induc-

tion conespor. ding to the distance between A 0 ; then there will be 
disguised on 0, 

c=rnrnfE-m"E. 
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The density of the electricity induced on 0 is always very small; 
if it were zero we should have 

m.m' = m" 

If this were rigidly true, we should have m2
, m3

, m4
, &c., for the 

coefficients of induction for the distances 2, 3, 4; m being the coeffi­
cient for the distance 1; or, in other words, the distances would be 
the logarithms of the coefficients of induction. 

But the electricity disguised in 0 is not zero, though it is very 
feeble. It becomes imperceptible when C is very near B, or even 
when A is brought very close to B; for a given distance between A 
and 0, the induced electricity becomes .a maximum when B is placed 
exactly in the middle between them. 

These relations had been already discovered by Fechner, who de­
scribes them in his treatise above quoted. 

Fig. 42. Rosensclwld now sought to determine in what pro-
A portion the quantity of electricity djsguised on C 

'E'»1ll0111"'''""
0"f!!li!I!TI!!!!! varies, when the intermediate plate B is insulated, 

lJ ~~ ~ and is then put in connection with the ground. 
11Julll!luuiilllllllll!illltil!illtlliliiJ? The plates A, B, and 0, were 6 inches in diameter, 

the distance from A to C was 9 inches, and B was 
qn til t ll n liillut~llml!null tmt us mid way between them. When B was uninsulated, 

Rosenschold found that the electricity disguised on 0 
was only 7~ of what there was when B remained insulated. In the 
latter case, that is, when B is insulated, according to Rosensclwld's 
experiments, it is quite immaterial whether this plate be present or 
not. 

When the distance from A to C was half as great, the electricity 
induced on C, B being uninsulated, was only Th-of that which was 
disguised there when B remained insulated. 

A and C having been placed at the distance of 2 feet from each 
other, the electricity disguised on 0 was inconsiderable, but on touch­
ing Bit amounted to more than half of what was observed when B 
was insulated. 

Similar experiments were made with three-inch plates. 
When A and 0 were 9 lines apart, and B was touched, the quan­

tity of electricity disguised on C was ,}7 of the quan~ity on it when B 
was insulated. 

As a final result of these experiments, it was found that m" differed 
very little from m m', as long as the distance of the plates A and C 
from each other did not exceed from ! to t of their diameter. 

With reference to the above ratios -/5 , 2 -h-, -{-7 , it may be remarked 
that Rosenschold has not stated, as he should have done, how the in­
dications of his electrometer used for these measurements, were made 
properly comparable. 

§ 26. RIESS ON INDUCED ELECTRICITY AND THE THEORY OF CONDENSERS. 

The last labors on this subject which we have to mention here, are those 
of Riess, published in the 73d vol. of Poggendortf' s Annalen, under the 
title: "On Influence Elect1·icity and the Theory of Condensers." By 
the name influence electricity, Riess designates that which is generally 

26 s 
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termed disguised (gebundene) electricity, a designation which Riess 
shows, in the historical introduction to his memoir, has contributed 
much towards establishing erroneous views on the nature of induced 
electricity. 

Lichtenberg first introduced the expression "bound" electricity into 
science. He speaks of bound, latent, or dead electricity, in contradis­
tinction to free or sensible ). he distinguishes from the ordinary elec­
trical condition another, in which electricity, although present, is 
inactive, dead, latent, perfectly analogous to latent heat.-(Erx­
leben' s Elements of Physics, 3d edition, with additions .by Lichtenberg, 
1784, page 499.) 

This has produced very injurious consequences to science, and has 
given occasion to the strange ideas on the existence of induced or dis­
guised electricity, which, obstinately defended as we have already 
seen, cannot be corrected without much trouble. However, we can 
now regard the opinion that latent electricity has entirely peculiar 
properties, as finally refuted. [See note at the commencement of 
this section. J 

Biot presents the theory of condensers and the Leyden jar some­
what in this manner: If to an insulated metallic plate the quantity 
of electricity 1 be communicated, this will disguise, in a neighboring 
metalic plate connected with the earth, a quantity of electricity m, 
which, reacting upon the first plate, will disguise in it the quantity 
m2) so that there is remaining only the quantity 1-m2 as free elec­
tricity. If E be the greatest quantity of electricity which the insu­
lated plate can receive separately, it will continue to receive more in 
the presence of the condenser plate, until its free electricity amounts 
to E. Represent by A the whole quantity which the insulated plate 
is now capable of receiving, and we will have 

A 1 
(1-m2

) A== E, hence E == l-m2 • 

This fraction indicates the ratio of the quantities of electricity which 
the insulated plate can receive, standing first alone and then in the 
presence of the condenser; it expresses, consequently, the condensing 
power of the apparatus. 

This formula is perfectly admissible in so far as it serves only for 
illustrating the action of the condenser, but jt must be regarded as 
misused when it is employed for computing the condensing power of 
the apparatus. Riess has proved that the coefficient of accumulation 
of the condenser is not a definite quantity, dependent only upon the 
distance of the plates, but that it varies with the form and magnitude 
of the condenser plate, with the position of the conducting wire of the 
plate, with the point in which the collector receives the electricity 
from the source of excitation, &c. In short, Riess has shown that 
the coefficient of acumulation is a quantity which varies in the same 
im;;trument from one experiment to another; that consequently the 
above formula cannot be used for computing the condensing power of 
the apparatus. 

I beg leave to make a few remarks on the manner in which Riess 
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speaks in relation to this formula; He expresses himself strongly 
against it, so that one would get the notion that the entire conception 
which Biot presented of the action of the condenser was not only faulty, 
but fundamentally wrong. Riess justly censures the misuse which has 
been made of the formula in computing the condensing power of the 
apparatus, and shows incontestably, by experiment, that such an appli­
cation is not admissible; but in the introductory consideration he ex­
presses himself in a manner which would lead one to believe he desired 
to prove far more against the formula than is in fact his purpose, and 
from this cause it is somewhat difficult to understand his memoir. It 
appears subsequently, however, that in his opposition to the formula 
not so much is intended as would seem at first to be the case, and it 
becomes clear to the reader after a while) that he only censures the 
misuse of the formula, which in the end rests upon the same notion 
of the action of the condenser which he himself developes. The dis­
cussion is in part a strife about words. 

We pass now to the experiments which Riess instituted to discover 
and explain the mode of action of the condenser, and the circumstan­
ces which influence the cap!lcity of the instrument for condensing. 

Two plane brass disks, 87.6 lines in diameter,.~ l of a line thick, 
with rounded edges, were in the middle of one side provided with 
cylindrical handles, 15 lines long and 11 lines thick. These handles 
are perforated in their axes so that a conducting wire may be fastened 
in them by means of a clamp screw. At right angles to their axes 
they have a cavity in which a glass rod, coated with shellac, somewhat 
over eight inches long is cemented. These rods bearing the disks stand 
vertically on a horizontal base as shown in fig. 43. 

The induced plate A or condenser can be laid on its back by means 
Fig. 43. of a hinge. 

! The inducing 
disk B, known 
as the collect­
or is placedon a 
slide so that it 
can be brought 
near to or re­
moved from A 

~~~~~~~~~~~~~~~~~~~-- at.will,and the - distance mea-
sured accurately. 

The condenser A, when in use, was connected by a metallic wire 
with the gas pipes of the house, as a discharging train. 

The collector B was connected by a metallic wire with one knob of 
a spark micrometer, :fig. 50, the other knob of which communicated 
with the gas pipes of the house. 

A being turned down, so that B stood alone, the latter was then elec­
trified by contact with the knob of a Leyden jar. The free electricity 
distributed itself over the whole insulated system, that is, over the 
plate B, and the knob of the spark micrometer connected with it. 
The striking distance of the electricity present was measured by the 
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gradual approach of the other ~n?b of .the micromete.r. One experi­
ment O'ave for instance, the stnkmg distance 1.475 hnes. 

Theb mo~able knob of the spark micrometer was then shoved ?ack, 
the plate B charged in the same manner as before, and the ~Isk A 
placed erect and brought within two lines of. B; .B no\~ acted Induc­
tively on A - E collected on A,* and reactmg Inductr;rely upon B, 
brought ab~ut another arrangement of the ~lectricity i~ the s;rstem 
opposite to it; the electricity collected more In A, and Its ~e~sity ?n 
the knob C is diminished; from this follows a reduced stnking dis­
tance· for on bringing up the other knob of the spark micrometer 
until ~ spark passed, the striking distance was foun~. to .be 0.150. 
By the approach of the condenser, therefore, the el~ctn?It;Y ~s accumu­
lated upon A; its density on 0 on the contrary, IS d~mimshed, and 

Fig. 44. In the propor-
tion of 1.475 to 
0.150, or in the 
last case it is 
only 0.102 of 
the former. 

"'":JI···J 
~ The electri-

cal charge, 
~~~~ B , which the jar 

1111111111'1111111111111111111 I I . . gave to the 
-~~~,~--~~,,· plate was not 

perfectly equal in both cases, for beside the loss of charge which the 
jar suffered between the times of the first and second contact, it had 
imparted electricity to the plate at the first contact, hence at the sec­
ond its charge must have been somewhat, although but a trifle, less 
than before. In order to correct this inequality in the quantities of 
e!ectricity, Riess made a series of experiments, alternately with and 
without the condenser, and compared the striking distance of each 
experiment with the mean of the preceding and following ones. The 
results are arranged in the following table. Distance of the plates, 
two lines: 

•:~Throughout his whole memoir Riess avoided the expression '' buund electricity, '' (gebun­
deue electricitiit,) for no other reason than because a false idea was connected with it. This 
term may be very properly united with a correct conception, and consequently I do not 
think an expression should be proscribed which has gone so much into common use . 
False conception of "bound," i. e., disguised electricity, are not so generally disseminated 
as Riess seems to think; I never had any other view, than that which he presents, and he 
can hardly find much to object to in the presentation of the matter in my Treatise on 
Physics, unless he should take offence at a 8inglo word; tho remark on the lower half of 
page 414 of the first volume of the fir~t edition, (3d edition, 2d vol., p. 97,) are designed 
to remove every doubt as to the true meaning, and yet at the time I wrote that part, the 
memoir of Riess and the whole controversy on the nature of disguised electricity, was un­
known to me, else I would have certainly suggestecl the proper experiments described in 
Section 17 of this report, and I also would have aYoided here and there a few less ac­
curate expressions, which, as I was not aware of any controversy, were Uf;ed quite un· 
designedly. 

[See note at the commencement of this Section] 



RECENT PROGRESS IN PHYSICS. 405 

Striking distance in Paris lines. 

Without condenser. With condenser . Mean. Ratio. 

1.475 0.150 1.406 0.106 
0.142 0.106 

1.337 0.135 1.303 0.104 
0.132 0.104 

1.270 0.130 1.244 0.105 
0.128 0.105 

1.219 0.126 
0.105 

If we indicate by 1 the density of the electricity which is distributed 
upon the ball 0 when the plate B is charged while A is removed, 
more electricity will be attracted from 0 to B when the condenser 
in connexion with the ground is brought within two lines of the plate 
B, and thus the density of the electricity on 0 is diminished to 0.105. 

The influence which the condenser A exerts upon the induction of 
electricity on the opposite insulated system B 0, naturally depends 
upon the distance between A and B; the further A is from B, so 
much the less will the density on 0 be diminished on its elevation. 

From a numerous series of experiments, conducted as those above 
described, Riess found for different distances of the condenser the 
following striking distances at the ball U, the striking distance with­
out the condenser being taken as unity. 

Distance of plates •. I 2 lines. 5 lines. 10 lines. 20 lines. 30 lines. I 50 lines., oo 

Striking distance .• -I o. 105 0. 272 0.451 0. 687 0.794 0.914 1 
I I 

If we suppose that a perfectly free communication of electricity can 
be made at the knob 0 of the normal connecting wire, an accumula­
tion of electricity will occur on the plate so long as the striking dis­
tance at the knob does not exceed a given quantity. Makb this limit 
of density equal to 1. Suppose the insulated system, B standing alone, 
is charged to this limit. Now, if the condenser be ,brought near, and 
more electricity thus attracted to the plate B, and its density on 0 

diminished, (say to -~,) it is clear that n times as much ·electricity 
n 

can be conveyed to the whole insulated system as before, until the 
density 1 is reached on 0; hence the apparatus, in the presence of 
the condenser, can receive n times as much electricity as before. 

In the above experiments, the density of the electricity on 0 is di­
minished by the approach of the condenser within two lines, to 0.105 

or-
1
- ; hence an accumulation of electricity 9.5 times as great as 

9.5 
without the condenser. 

For the different distances of the condenser in the above experiments 
the possible increase of density on the collector is in the following pro­
portion: 
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I 
I 

Distance of plates. _________________ 2 lines. 5, 10. 20 . 30. 50. 
I 

00 

Possible increase of electric density on collector _______________________ 9.50 3. 67 2.21 1. 45 1. 25 1. 09 
I 

1 

This is the correct representation of the mode of action of the con­
densing apparatus. Correct views on the suqiect had long been held, 
but not so decidedly and clearly expressed. 

In these experiments, C was connected with B by a wire 8 inches 
5lines in length. When a wire 18 inches 3lines long was used instead, 
almost exactly the same relative numbers of the striking distance were 
obtained for the collector standing alone and in the presenr.e of the 
condenser. 

Consequently, when the conducting system of the collector is brought 
into contact with a constant source of electricity, there will be accu­
mulated on the collector B, 2.21, 1.45, 1.25, &c., times more electricity 
when the condenser A connected with the ground, is 10, 20, 30, &c., 
lines distant from B, than if it were removed. 

Riess made direct experiments to determine the increase of the 
quantity of electricity on the collector by the approach of the con­
denser under the above circumstances; that is, when the collector, 
during the proximity of the condenser' remained in communication 
with a constant source of electricity; the form of experiment was as 
follows. 

First the ball C was touched with the knob of a Leyden jar, while 
the condenser was away; thejar was then removed, and the striking 
distance at C measured. 

Next, the condenser communicating with the ground was placed at 
a given distance, a was brought into contact with the knob of the 
Leyden jar, the condenser jar removed, and the striking distance 
at C again measured. 

The striking distance was found to be in the last case as many times 
greater than in the :first as the electricity imparted to the plate B in the 
last instance was more than in the first. 

A series of experiments gave as a mean the following quantities of 
electricity for the different distances of the plates: 

Distance of plates------------------------ 10 lines 20. 

Electricity obtained • _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 2. 33 1. 52 

30 . 

1. 31 

50. 

1.11 

00 

1 

The difference between these observed numbers and the densities 
computed from the first experiments is really very small. 

For distances less than 10 lines reliable experiments could not be 
made. 

The proportion of the quantity of electricity on the collector, accord­
ing as it stands alone during contact, or near the condenser, is called 
the co~tficient of accumulation of the condenser. According to the 
above experiments, therefore, the coefficient of accumulation of the 
condenser is 2.21, 1.45, &c., when the plates are 10 lines, 20, &c., 
apart. 
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We shall see presently that this coefficient does not depend on the 
distance of the plates alone. 

The determination of the density of the electricity on C by means 
of the spark micrometer renders the result very apparent, but is not 
suitable for accurate determinations, because the knob of the microm­
eter connected with the ground influences the induction of electricity 
on the opposite one. Instead of the spark micrometer, however, any 
other method of measuring the electrical density on 0 may be used. 

Riess applied the torsion balance in a more accurate series. He 
found in this manner that when an electrical charge was imparted .to 
the insulated system D B, (the knob of the micrometer connected with 
the ground being removed,) the condenser being away, and unity 
representing the electrical density of C, on the approach of the con­
denser at different distances, the density on 0 was as follows: 

Dh;ta,nce of plates ••• __ 2 J:nes. l 3. 4. 5. 10. 15. 20. 50. 00 

Density on C--------- 0.173 10.235 0.286 0.335 0.492 0. 595 0. 683 0.897 1 
I I 

These results correspond very well with those found by means of 
the spark micrometer. 

When the connecting wire between B and 0 was shortened, the 
following somewhat different numbers were found: 

Distance of plates._ •.. 2 lines. 1 3. I 4. 5. 10. 15. 20. 50. 00 

Density ____ •• _ •• __ • __ 0.155 0.219 , 0.274 0.306 0.488 0. 630 0.688 0.888 1 
I 

On the back of the collector the electrical density was diminished 
by the proximity of the condensor. Riess found that on this surface, 
near its edge, the density was diminished in the following proportion: 

Distance of plates. ____ 2. I 3. 4. 5. 10. 1 15. 20. J so. 00 

Density __________ ._._ 0. 260 I o. 34:1 0.412 0.460 o. 617 0. 713 1 
I 

0. 628 1 0. 941 
I I 

Thus it appears that on the back of the collector, near the edge, 
the density of the electricity is diminished by the proximity of the 
condenser far less than at the end C of the connecting wire, placed in 
the middle of the plate; hence the coefficient of accumulation of the 
condenser is less when the body to be examined is placed at the edge than 
when at the middle of the collector.* 

o This conclusion does not seem to me perfectly correct. The experiments show that 
when the constant source of electricity is kept at C the coefficient of accumulation 
decreases more than when the back surface of the collector is touched near the edge by 
the constant source of electricity. That it is the same whether the knob C or the middle 
of the collector itself be touched by the constant source is not yet proven, as it must be 
before the above conclusion can be admitted. 
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Larger condensing plates admit of a greater condensation of elec­
tricity than smaller ones, as Munk af Rosenschold, has shown. 

Experiments were made with plates 52 lines in diameter, under 
circumstances as near as possible the same as in the above series, that 
is the connexion of the collector was the same in both cases. Only 
the diminution of the electrical density was observed which took place 
at the end of the normal connecting wire (at the knob C?) on the 
approach of the condenser. In the following table the results obtained 
with the small plates are compared with those of the larger ones. 

Distance of pl~tes . ______ I 2 lines. 3. 5. 10. 
I 

15 . I oo 4. 

Density with small con- I 
denser _________ __ ____ , 0.232 0.330 0.393 0.443 0.688 0.768 1 

Density with large con-
1 demer __ , ____________ , 0.155 0.219 0.274 0.306 0.488 0.630 1 
I 

Thus it is seen that the density of the electricity on the normal con­
ductor of the small plates is not so much diminished by the proximity 
of the condenser as by the use of the larger plates, and consequently 
that in condensing with large plates, a greater accumulation of elec­
tricity is possible on the back surface of the collector itself than in the 
use of small plates. 

The density of the electricity on the collector plate also depends 
upon the manner in which conducting connexion is made with the 
condenser. 

In the last experiments made with the small plates, the conducting 
connexion with the condenser was normal to its plane; but the con­
necting wire was next placed at the side of the projection from the 
plate, so that it was about five lines distant from the plate and parallel 
with it. (The arrangement as thus described is not 11uite clear to 
me. M.) 

The density of the electricity on the normal projection, or handles 
of the collector, was now observed for different distances of the con­
denser, and the results compared with those obtained by the normal 
conductor of the condenser plate. 

Distance of plates---------------- 2 lines. 3. 4. 5. 10. 00 

Density, (parallel conductor) _______ 0. 190 0.269 0.340 0.408 0.597 1 
Density, (normal conductor) ____ . __ 0.232 0.330 0.393 0.443 0. 688 1 

With the conducting wire running parallel to the condenser, a less 
density is found for each distance of the plates, on the normal c.on­
ductor of the collector plate, than when the conductor of the con­
denser plate is normal; consequently the conductor of the condenser 
plate being parallel, the condensor is susceptible of a greater accumu­
lation of electricity th.an when the conductor is normal. 

Riess next sought to determine the quantity of electricity disguised 
on the condenser plate. It is sufficient here, to present only the 
results of his experiments with the larger condenser. Representing 
by 1 the quantity of electricity on the collector, the following quan-
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tities of electricity are found on the condenser at different distances of 
the plates. 

D istance of plates _________ 2 iines. 3. 4. 5 10. 15. I 20. 50. 

uantity of induced electri-
o. 6121 0. 500 city on condenser ________ 0. 911 0.887 0.854 0.823 0. 689 0.263 

Q 

§ 27. ELECTRICAL EFFECTS OF FLAME.-The electrical properties of 
flame have been described in a memoir by Riess, which may be found 
in Poggendorf's Annalen, vol. LVI, p. 545. In the introduction he 
gives historical notices of the experiments and views previously pre­
sented on this subject. We will only remark here, that Gilbert and 
Kircher were acquainted with the electrical effect of flame; Priestly 
proved experimentally that it was a conductor of electricity, and Volta 
compared the electrical action of flame to that of metallic points. 

The electrical action of flame may be thus concisely characterized: 
If an electrified conductor be furnished with a flame, it will at once 
lose its electricity, which issues though the flame, as through a point 
fixed on the conductor; if, on the other hand, a flame be brought into 
the neighborhood of an electrified body, the flame draws off the 
electricity, just as a metallic point does in a far less degree. On 
placing a flame on the knob of a Leyden jar which is near an electrical 
machine in operation, the jar charges itself as though the knob had 
been connected with the conductor of the machine. Volta applied 
burning sponge to his electroscope, in order to attract atmospheric 
electricity by this means. 

Although Volta was well aware that flame was a conductor and that 
it acted like metallic points, and thus had the elements of a correct 
explanation, yet his views on the action of points themselves were 
somewhat erroneous, since he believed that the emission as welL as 
the absorption of electricity by points was a consel]_uence of the elec­
trical wind. In flame the ascending current of air, according to his 
view, replaced the effect of the electrical wind. 

The electrical wind appears, it is true, when points are strongly 
charged and favors the emission and absorption of electricity, but 
the action of points is not dependent upon this wind; the action takes 
place even in electrical charges which are too weak to cause the elec­
trical wind to appear. 

According to Volta's explanation, an actual communication of elec­
tricity takes place in the electrical action of flame. That the charg­
ing and discharging action of points does not always depend on the 
immediate transfer of electricity is known; Riess sought to prove this 
also for flame, experimentally; he explains the action of flame in the 
following manner. 

A dense current of steam constantly issues from flame, rising as a 
continuous st.ratum into the air. But it preserves this form only for 
a small elevation.* As the air pres.ses on the steam from all sides, 

u [This passage, which is correctly transcribed from Riess' memoir, is here literally 
translated. That the steam Rhould be decomposed after having been formed by combus­
tion, is coutrary to what we know of flame, and the author has given no reason for such 
a view.] 
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and the latter, decomposed by the white heat, unites with particles 
of air, the continuous mass is broken and separated, and only threads 
of it remain, which are diffused more and more, and finally scattered 
in the air.* Hence from flame conducting electricity threads issue, 
which being separated from each other by the non-conducting gases 
-and hot air, necessarily flow . away in ends and points. This being 
granted, flame must be considered as a good conductor of electricity, 
furnished with a number of points extending in every direction into 
the air, and such, too} as to exceed in perfection all the points exist­
ing in nature. 

The quantity of electricity issuing from a conductor furnished with 
points, is as ·much greater as the points are more perfect; the least 
traces of electricity are also removed by flame. The electrical density is 
much greater on a point than on any other part of a conductor, at the 
-steam points of flame the density is therefore very great; the elec­
tricity accumulated at the steam points acts then inductively upon 
neighboring insulated conductors. If the accumulation of the elec­
tricity attracted to the parts of the insulated conductor, which lie 
nearest the electrical steam points, is great enough, it will escape) 
and the conductor will remain charged only with the electricity which 
is repelled by the electricity of the flame being of the same kind; 
the insulated conductor therefore remains charged with the same elec­
tricity which the flame has, without that of the flame having gone 
over to it. 

On the other hand, if the flame be brought near to an electrified 
body, the steam points will become electrical by induction, but their 
electricity escapes, and the insulated conductor, on which the lamp is 
placed, remains charged with the same electricity which the neighbor­
ing inducing electrified body possesses, without this electricity having 
passed from the electrified body to the conductor provided with the 
lamp. 

This view of the subject is justified by the following experiment: 
A small metallic spirit-lamp, surrounded by a metallic cylinder 13 

lines high, was placed on a properly insulated copper disk A, 3 inches 
11 lines in diameter. About 3! in-

Fig. 45 · cbes from the lamp was placed a 
second copper disk B, (fig. 45,) con­
nected with the eler-troscope b, and 

f 
-· kept in a vertical plane by an insu­

lating shellac handle. The point of 
A the wick and th0 middle of the disk 

B were at the same height. 
/v. When the lamp was lighted and 

A electrified by ·contact with one of 
the poles of a dry pile, the electroscope immediately indicated a diver­
gence of 3 lines. Since the steam of the flame ascends vertically, a direct 
transfer of electricity is improbable. If it does take place, A and B 
must necessarily be in conducting connexion through steam, and the 
electroscope should collapse as soon as A is touched. But by touching 

[O This explanation is unsatisfactory, since super heated steam does not conduct better 
than heated. air; all we know at present relative to this matter is, that a flame acts as an 
assemblage of perfect points ] 
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A, the leaves of the electroscope b fell only to 2! lines. Hence there 
was no conducting connexion between B and the lamp, and the 
charging of B took place in the way indicated above. 

If B was electrified, and while the lamp burned, A was touched, 
the electroscope collapsed slowly, stood at 3 lines divergence, and 
even after two minutes the divergence was 2t lines. B being held 
horizontally over A, the steam of the lamp struck B; consequently a 
conducting connexion existed between A and B. In this case, when 
the experiments just described were repeated, the electroscope b at 
once collapsed when A was touched. 

From the results of these experiments, it appeared that the effective 
steam points extended far beyond the flame and the metallic cylinder 
surrounding the lamp, oth(rwise the cylinder would have destroyed 
the action of the points) as, in fact, is the case with incandescent 
bodies. 

When burning spunk was laid upon A, and B properly insulated, 
was held horizontally over A, A being electrified by contact with one 
of the poles of a dry pile, the electroscope b immediately diverged; 
but this did not happen when the burning spunk was surrounded 
by a metallic cylinder 13 lines high by 9 in diameter. This shows 
that the ascending smoke in this case was not a conductor. The 
action of incandescent bodies, therefore, is not) like that of flame, 
produced by steam. At the place where the mass burned, a hole was 
formed whose edges were prevented from burning by the carbonic 
acid, &c., produced. Where a number of such holes came together, 
a projection of unburnt mass remained. By continued burning, these 
projections secame pointed; and to these points, standing out every­
where over the burning body) all the consequences are applicable 
which were developed above for the steam points. 

Slow match, pastiles, &c., behaved like glowing spunk. 
Riess modified these experiments in various ways, and always ob­

tained results confirmatory of his theoretical views. In all these ex­
periments the combustion of the ignited bodies was made as perfect as 
possible. Spunk and charcoal pastiles (made like ordinary fumi­
gating pa~tiles) were kept burning by constant blowing, and cleared 
of ashes; and the spirit-lamp used only for intense ignition. By 
such precaution, every disturbance of the described effects was avoided. 
When, on the contrary, the ignition of the body under examination is 
not perfect, an experiment with one of the kinds of electricity is found 
to succeed often much more easily, and in a more striking manner, 
than with the other, which is not the case in perfect ignition. 

The disk A was placed in a vertical position, and B parallel to it, 
and then on A was fastened a pastile, (a small cone made of pulver­
ized charcoal and some saltpetre, mixed with gum tragacanth,) which 
was directed towards B. When the pastile was ignited over half of 
its surface, and covered with ashes, A was touched with one of the 
poles of a dry pile. If it was the positive pole, the electroscope b 
diverged very slowly, and at most only 2 lines; but if the negative 
pole of the dry pile was applied to A, the ·electroscope diverged quickly, 
and more than 5 lines. On the other hand, an electroscope connected 
with the pastile and the plate A diverged more rapidly, and to a 
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greater extent, when the opposite disc B was electrified positively 
than when negatively. It therefore seemed as though negative elec­
tricity escaped from the pastile more easily; while the positive, on 
the contrary, was absorbed by it more readily. 

Riess explains these peculiar phenomena by the well known fact 
that} in burning charcoal, a development of electricity takes place, 
and, as observed by Volta, this develppment is strongest with moder­
ate ignition, with a weak blast and a retarded combustion of the coal. 

In this case the ascending carbonic acid is positively, and the coal 
negatively electrical ; the points being then negatively electrified 
already of themselves, must act more powerfully when- E is im­
parted to them in addition, than when + E is imparted; hence the 
above described difference of the phenomena in positive and negative 
charges explains itself perfectly. 

The coal acts by its negatively electrified points, and not through 
the positively electrified steam, else we should obtain the stronger 
effects with the same electrical charge, which, in the above experiment, 
gave the weaker effect. This case is also observed in Davy's lamp 
without flame. 

On the disk A (fig. 45) a brass flameless lamp with a feebly glow­
ing spiral was placed; the lamp, 10 lines high, was surrounded by a 
cylinder of sheet copper 13 lines high; A being positively charged, 
the electroscope b diverged more than by a negative charge of A. 
When A was provided with an electroscope and B charged by contact 
with one of the poles of a dry pile, the electroscope diverged more by 
a negative charge of B. 

On the above mentioned memoir of Riess, a discussion has arisen as 
to the electrical effects of flame between Rie8s and Van Rees.-(Pogg. 
Ann., LXXIII, pp. 41 and 307.) Van Bees firEt denies the existence 
of steam points. He sustains himself by the fact that these points are 
not visible when the shadow of a flame is examined, the shadow being 
obtained by letting the light pass through the illuminating apparatus 
of a solar microscope into a dark room, and bringing the flame into 
the diverging cone of light. 

On the contrary, Riess says that he who imagines that these points 
can cast shadows, may abandon this view without trying the experi­
ment. But it is a fact that, above the flame acting electrically, a 
column of steam does exist, which is a good conductor, and which 
soon loses itself in the badly conducting air ; the cold air divides 
the conducting mass and diffuses it. 

Indeed, this view has the greatest probability on its side, and since 
Van Bees himself says, "a flame is, on the whole, (including the 
mass of steam directly above it,) to be regarded as a conductor,'' there 
is properly no great difference between the views of the two physicists, 
and the controversy on this point is almost nothing but a strife about 
words. 

In explaining the action of flame, Van Bees also starts from the 
action of points ; he says, if a point be placed on the conductor of an 
electrical machine, an unbroken current of electrified air arises, acting 
inductively upon the nearest conductor. 

Two metres from the conductor of the electrical machine, furnished 
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with a point, an electroscope was placed; as soon as the machine 
was turned the leaves diverged, and this divergence remained when 
the conductor was discharged ; in spite of this continued divergence, 
the electroscope had no permanent charge, but the leaves diverged in 
consequence of the inductive action of the air electrified by the point, 
which air cannot lose electricity by the discharge of the conductor. 
Van Bees showed that the electroscope actually had no permanent 
charge by the collapse of the pendulum when he took the electroscope 
to an adjoining room, and by its eli verging again when he placed the 
instrument in its former position. By continued turning of the ma­
chine, the particles of air electrified at the point were scattered, they, 
in part, reached the electroscope, and thus communicated to it a per­
manent char~e. 

No objection can be urged against this. 
Van Bees now applies these views of the action of points to the action 

of flame; air, ascending from flame, is charged by it and can then act 
inductively on neighboring conductors. When the electroscope b, 
in th~ first experiment of Riess, mentioned on page 410, ap­
peared to be permanently electrified, according to Van Rees, this was 
only a consequence of the inductive action of the electrified air above 
the flame, which air, on discharging the plate A, cannot be itself 
discharged because it is an insulator. The inductive action which 
proceeds from flame, Van Bees considers much too feeble to effect so 
great an accumulation of attracted electl'icity in the plate of an elec­
troscope brought near to it (the plate B in Riess' experiment) as to 
cause a current in consequence of which the electroscope should remain 
charged. On this point it is evident that no general rule can be given, 
since so much depends upon special relations, such as the dimensions 
of the plates) the dimensions of the inducing body, the relative dis­
tances, &c. 

The difference between the views of the two physicists is essentially 
as follows: According to Riess, the ascending conducting mass· of 
steam, going off in single threads, acts inductively upon the neighbor­
ing conductors; on the other hand, according to Van Rees, the induc­
tive action proceeds from the non-conducting mass of air above the 
flame, to which the electricity is communicated by the conducting 
flame. 

'.rhe truth may lie between these two views. It is beyond doubt 
that a conducting column of steam forms over flame, and it is highly 
probable that it is diffused in fine conducting threads. If .this mass 
of steam, with its points, is electrical, it must act inductively on the 
neighboring conductors, according to the view of Riess. But how far 
the column of steam continues to be a conductor is uncertain. Most 
of the gases &.nd vapors formed by ignition lose their conducting 
power by cooling; but they will retain the electricity imparted by 
flame, and thus an electrified non-conducting mass of gas forms above 
the electrified flame and its conducting parts, which gas also acts in­
ductively on neighboring conductors, in accordance with the view of 
Van Bees. 

It is very evident that, in powerful excitation of electricity, the 
transfer of electrified air and particles of dust is added to the above-
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described inductive action, and may easily effect the greater part of 
the charging and discharging. 

Petrina bas endeavored to explain the electrical effect of flame in 
a very peculiar manner, (Pog. Ann. LVI, 459.) He thinks that the 
oxygen rushing toward the flame enters into chemical combination 
only under a definite electrical condition, and he supposes that this 
condition continues to a considerable distance from the place of com­
bination. 

Petrina has not yet established this hypothesis. 

SECTION THIRD. 

THE LEYDEN JAR AND EFFECTS OF THE DISCHARGE. 

§ 28. ABRIA ON SOME OF THE MECHANICAL PHENOMENA ACCOMPANYING 
ELECTRICAL DISCHARGE.-When thA discharge of a Leyden jar is passed 
between points, and a glass plate, strewed over with a :fine powder, is 
placed beneath the path of the spark, after a few discharges the pow­
der is observed to be grranged in curves with some regularity. 

Abria :first observed and described this phenomena, (Ann. de Ohim. 
et de Phys., LXXIV, 186; Pog. Ann. LIII, 589.) A clear concep­
tion cannot be obtained from his memoir of what kind of curves these 
are, and this is chiefly due to the fact that the figure, which should 
serve for the purpose of explaining the matter, does not correspond at 
all to the text. Even after having myself become acquainted with the 
phenomenon by experiment, the :figure attached to the memoir is still 
incomprehensible. 

In order to investigate the subject I made the experiment in the 
following manner: The interior coating of a jar was connected with 
the conductor of the machine. In the path which the electricity had 
to traverse from the interior coating to the exterior, Henley's universal 
discharger was placed. A glass plate was laid on its stand, thinly / 
sprinkled with minium or with flour of sulphur. The result was the 
same for both powders; the particles arranged themselves as shown 
in :figure 46. 

Fig. 46. 
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Abria could so far investigate their nature as to decide that they are· 
not ellipses, as it would appear at first sight, but that they are more 
complicated figures. 

Abria ascribes this effect to the mechanical shock which the dis­
charge of the spark occasions in the air, and supports this view by 
producing similar phenomena from slight explosions. 

If small soap bubbles, filled with detonating gas, are exploded upon 
a marble slab strewed with powder, or if we produce the shock by ex­
ploding pellets of fulminating powder on the powdered plate, similar 
curves will be obtained, which, however, in the latter case, will not 
be so regular as when produced by the explosion of the small bubbles 
of the detonating mixture. 

§29. :lVIEASURE OF THE CHARGE OF THE BATTERY.-Riess used the follow­
ing process for measuring the quantity of electricity accumulated in a 
jar or battery. (Pog. Ann. XL, 821.) 

Fig. 47, The jar or battery 
b (figure 47) to be· 
charged was placed 
upon a table insulat­
ed. by glass legs, and 
its inner coating con­
nected with the con­
ductor a of the elec­
trical machine, the 
outer with the inner 
c o a t i n g of Lane's 
measuring jar. The· 
outer coating of the 
measuring jar was . 

connected with a large metallic surface (a zinc roof) by a wire, so that 
perfect conduction could be secured. 

The battery having received + E from the conductor of the ma­
chine, the repelled+ E of the outer coating of the battery goes to the 
interior of the measuring jar, and charges it; but this charge having 
attained a certain limit a discharge of the measuring jar ensues, and 
a new portion of -- E can pass from the interior coating of the latter 
to the exterior of the battery, because the original state of the inner · 
coating of the measuring jar is restored by the discharge, except an 
inconsiderable residue, which, however, remains the same. after all 
the subsequent discharges. As often as a discharge of the Lane jar 
follows the continued turning of the machine, the same quantity of­
E passes to the outer coating of the battery, and the charge of the 
battery is increased by the same quantity of electricity; the charge of' 
the battery' therefore, is p-roportional to the number of discharges or 
the measuring Jm·. 

The distance of the knobs Df the measuring jar, in Riess's experi- · 
ment, was first ! a line, afterwards 1 line ; it remained constant, . 
however, during each series of experiments. 

Riess indicated the quantity of E collected on the outer coating of' 
the battery by q. . The unit by which q was measured was the quan­
tity of electricity imparted to the battery for each discharge of the -
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measuring jar. Suppose q == 8 ; this means the charge of the battery 
has been continued until 8 discharges of the measuring jar have 
occurred. 

The density of the electric charge of the battery depends, not only 
upon the quantity of E imparted to it, but also upon the size of the 
surface over which it spreads. If the same quantity of electricity is 
diffused over a double, treble, &c., surface, its density becomes twice, 
thrice, &c., as small ; in short,. the density of the E is inversely pro­
portional to the magnitude of the surface of the battery, but is directly 
proportional to the quantity of E imparted ; the density upon the 
charged battery may then be expressed by 

q -, 
8 

q indicating the quantity of imparted E, s the size of the surface. 
In his experiment, Riess used jars as nearly alike as possible, so 

that the surface of the battery was proportional to the number of jars. 
The surface of one jar was taken as the unit of area. 

To attain accurate results, the charge of the battHy must be made 
continuously by contact, and not by sparks passing from the conductor. 

§ 30. REPULSION OF THE INNER COATING OF TilE BATTERY.-If the inner 
coating of the first jar of a battery be connected with a wire termi-

Fig. 49. nating in a metallic knob, as 
shown in fig. 49, the free elec­
tricity of this coating of the 
charged battery will be diffused 
over the knob. In contact 
with the fir t is a second knob 
b fastened to the end of a glass 
rod, which may readily turn 

about its middle point, and bearing at its other end a small scale pan. 
1'he scale is loaded until it is in equilibrium with the knob b. 

The glass rod b was 12 inches long, and had at the middle a piece 
with steel pivots resting upon the rounded edges of two agate plates. 

1J 2, 3, 4 grains being now placed in succession upon -the scales, it 
was found what quantity of E should pass through the :measuring jar 
from the ·outer coating of the battery before the knob b was. repelled. 

When the battery consisted of only one jar, and 1 grain was placed 
in the scale, repulsion followed after 2 diacharges of the measuring 
jar, 3 grains being placed in it, 4 discharges were r'equired. 

Each experiment was repeated and the mean of the two taken. 
The same experiments were then made with a battery of 2, 3, 
to 5 jars. The results are comprised in the following table: 

1 

I 
2 3 4 

--=-== '=~c·· 

p q q q q q 

1 2.0 4.5 7.0 8.7 10.0 
2 3.5 6.0 10.0 12.0 15.5 
3 4.0 7. 7 11.7 15.0 20.0 
4 4.5 9.0 13.3 17.7 24.0 
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The quantity 4.5, according to the table, sustains a weight of 4 
grains when only 1 jar is used, while the same quantity 4.5, divided 
between two jars, sustains only 1 grain; thus the effect, the quantity 
being the same, is in verseiy proportional to the square of .;the surface, 
since with a double surface the effect is one fourth. 

Let us consider the experimental series with 2 jars. The quantity 
4.5 sustains 1 grain double this quantity, 9.00 sustains a weight four 
times as great or 4 grains ; hence, the surface being the same, the 
weight sustained, or the force of repulsion, is proportional to the 
square of the quantity. 

vVe conclude from the above data that the repulsion of the balls is 
directly as the square of the quantity of electricity, and inversely as 
the square of the surface, so that, 

p ==a£ ==a (_2_) 2
, 

s2 s 
or the repulsion of the balls is proportional to the square of the den-

sity of the E, !L indicating this density. 
8 

Having deduced this law from observations selected at random, we 
have now to show how closely the rest of the observations agree with 
it. 

According to the law, a double quantity of electricity produces, 
with the same number of jars, a quadruple effect; each -value of q} 
therefore, on the lowest horizontal line, must be double the -value of 
qat the top of the same vertical column. This, however, is rigidly 
true only for the series under the head of 2 ; the quotients 

4.5 13.3 17.7 24 
--==2.25; ---==1.90; ---==2.03; -==2.40 
2 7 8. 7 10 

vary more or less from 2. Taking the mean of all the :five quotients, 
9.0 

(that of - ==2 included,) we get the number 2.11, which in fact is 
4.5 

very nearly equal 2. 
'rhe quotients, obtained by dividing the values of the second line 

by the value of q in the upper horizontal row, should, according to 
the law} be equal to v2 == 1.41. The mean of the :five quotients is 
1.48. 

If the numbers of the first and third lines be compared in· the samE 
manner, thA mean of the :five quotients will be the value 1.82, 
while, according to the law, it should be equal to v3==1.73. 

The repulsion being proportional to the square of the density, 
according to the above law, with like effects, or equal values ofp, the 
quantity of electricity must increase in proportion to the number of 
jars ; hence the numbers of the column headed with 2 must be twice 
as great as those on the same line under 1 ; or in other words the 

4.5 6.0 7.7 9.0 
quotients --, --, --, --, should all equal 2. Computing these 

2 3.5 4.6 4.5 
27 s 
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quotients and taking their mean, we find the value 1. 97 deviating 
but little from 2. 

In like manner comparing the third, fourth, and fifth vertical 
series of the values of q with the first, we get as mean values the 
quotient: 

3.05 3.84 4.94 
instead of 

3. 4. 5. 
Thus it is seen that the mean values agree quite well with the law. 
It has already been proved by Co-ulomb's experiments that two 

insulated conductors which are in contact, after receiving electrical 
charges, repel each other with a force proportional to the square of 
the electrical density. 

In the experiments just described we do not directly measure the 
density of E upon the balls, but the quantity induced upon the outer 
surface of the battery. The accordance of our results with Coulomb's 
law therefore proves that the density of the free E of the inner coat­
ing, producing the repulsion of the knobs, is always in the same 
proportion to the induced E on the outer coating ; or, in other words, 
that the co-efficient of condensation is independent of the quantity of 
E in the interior of the battery. 

§ 31. STRIKING DISTANCE OF THE BATTERY-The experiments of Riess on 
this subject (Pogg. Ann. XL, 332) confirm the fact, which had been 
already discovered l:>y Lane and Harris, that the striking distance of 
the battery is proportional to the density of the electricity. 

In order to measure accurately the striking distance of the battery, 
Riess used an apparatus, which he termed the spark rnicrometer, rep­
resented in figure 50. 

Fig. 50. 

K 

I' 
~­

l •' 

The whole apparatus rests upon a glaes 

Each of the brass 
pins, a and b, is at­
tached to a piece of 
brass having a horizon­
tal arm for clamping 
wire and insulated by 
a glass support. One 
of the rods is fixed, the 
other is on a slide which 
moves by means of the 
screw f along a gradu­
ated scale. When the 
clamp screw d is loose, 
the slide may be moved 
freely by the hand; but 
when d is screwed up, 
the fine adjustment is 
made by means of j, 
because by screwing up 
d the nut belonging to 
f is clamped against 
the lower metal plate. 

support 2! inches) high. 
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Different metallic bodies can be placed upon the pins a and b). knobs 
K, 6!, discs S, 8! lines in diameter, points P, &c. 

In the first of the experiments now under consideration knobs were 
used. 

The experiments were made in the following manner: One of the 
arms was brought into good conducting contact with the inner, the 
other with the outer coating. The jar or battery was charged as 
before with the Lane jar. Observation was made of the number of 
sparks which passed in the measuring jar before a discharge of the 
battery took place at a given distance d between the knobs of the 
spark micrometer. The unit for d was 1! lines. 

The results of the experiments are comprised in the following table, 
s and q having the usual signification: 

--
s 2 3 4 5 

d q q q q 
------- - - ·--

1 3.0 3.5 4.3 
2 3. 0 5.5 7 0 8. 5 
3 4. 6 8. 0 10. 1 12.5 
4 6. 4 10.3 13. 5 16.0 
5 7.5 16.0 

-

Comparing any value of q with those under it in the same column, 
the quotient is nearly the same as that of the corresponding values of 
d. Take for example the column headed 4, the case in which a bat­
tery of 4 jars was used, we see that the quantity 3.5 gives the striking 
distance 1; a double and quadruple striking distance gives double and 
quadruple quantity, namely: 7 == 2 X 3.5, and 13.5 == 4 X 3.5 nearly. 
Thus the striking distance in the same battery is constantly propor­
tional to the quantity q of imparted electricity. 

The other experiments confirm this. The numbers of the second 
column of values of q, divided by those of the first, give as a mean 
the quotient 1.92, nearly 2, which is the quotient of the correspond­
ing striking distance 2 and 1. 

The second and third, second and fourth, second and fifth horizon­
ti 1 series of values of q in like manner give the mean quotients , 

1.47 1.95 2.39, 
or nearly 1.5 = f , 2 == f , 2.5 == f , 
which are the ratios of the corresponding striking distances. 

The quantity 10.3 divided among 3 jars gives the striking distance 
4; the same quantity (very nearlJ', viz: 10.1) divided among 4 jars 
gives the striking distance 3. Thus, with equal quantities of elec­
tricity, the surface increasing from 3 to 4, the striking distance dimin­
ishes in the inverse ratio of 4 to 3 ; the striking distance therefore is 
directly as the quantity and inversely as the surface, hence 

q 
d=b-

8 
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or, in other words, the striking distance is proportional to the density of 
the accumulated electricity. 

If this law be generally true, and the striking distance inversely 
proportional to the surface of the battery, but directly proportional to 
the quantity, for equal striking distances, the quantity must increase 
in the same ratio as the surface. 

In the above table the numbers of the same horizontal series should 
be always proportional to the values of s placed over them. Thus 
5. 5 8. 0 10. 3 h ld b 1 3 1 3. 5 7. 0 10. 1 13. 5 1 4 & 
3 , 4.6, 6.4 s ou e equa i , a so 3 , 5.5, 8. o, 10. 3 equa 3 c., 
which is nearly true for the averages. 

Riess found the law, that the striking distance is proportional to 
the density of the accumulated E, to hold good for the case in which 
the spark passed between two parallel metallic discs, or between a 
ball and a disc. 

He found, that under otherwise like circumstances, the striking dis­
tance between two discs is greater than between two balls, and that 
with parallel discs the SlJark passed not in the middle, but at or near 
the edge. For a ball and disc the striking distance is greater than 
for two balls and less than for two discs. 

§ 32. STRIKING DISTANCE OF TilE BATTERY INDEPENDENT OF THE CON­
DUCTING CIRCUIT.-It was formerly believed that the striking dist11nce 
of tl.e battery was dependent upon the nature of the conducting cir­
cuit, that it was greater with good metallic connexion, less with 
poorer conductors. Riess has shown that this is not the case. (Pog. 
Ann., LIII, 1.) 

The experiments were arranged in the following manner: One of 
the pins of the spark micrometer was connected with the inner coat­
ing of the battery by a thick copper wire; another thick wire of 
copper led from the other pin to one of the arms of I-Ienley 1 s dis­
charger, the other arm of which was placed in good conducting con­
tact with the outer coating of the battery. Between the arms of the 
discharger the following were interposed in succession: 

1. A copper wire 4 lines in length ! a line in diameter. 
2. A platinum wire 102 inches long 0.052 lines in diameter. 
3. A glass tube 8.3 inches long 4.5 lines diameter, filled with 

water. 
Thus in turn a very perfect, a metallic, an imperfect, though metallic, 

and finally a very imperfect conductor was inserted. The results of 
1he experiment are given in the following table: 
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Conducting circuit. 

Copper wire. Platinum wire. Tube of water. 

------------1·-----1--·---

8. d. q. q. q. 

------

3 1 6 6 6 
2 10.2 10.5 10.5 
3 15 15 14. 5 

4 1 8 8 8 
2 14.5 14 14 
3 21. 5 19.7 19.5 

5 1 10 10 11 
2 18 19 19 
3 27 25.5 26 

This table shows that with an equal number of jars s, and for equal 
distances d of the knobs of the spark micrometer, the value of q re­
mains very nearly constant, whether the platinum wire, the copper 
wire or the tube of water be interposed. With equal charges, then, 
ihe striking distance is the same however the connector may be com­
posed. 

The striking distance of the electrical battery, consequently, ill per­
fectly 1"ndependent qf the nature of the closing substance, provided the 
surfaces between which the discharge takes place remain unchanged. 

Though the striking distance is not changed by the nature of the 
-circuit, the latter has a great influence upon the sparks themselves. 
Five jars of a battery, with a certain charge, and using the copper 
wire, produced sparks of dazzling brilliancy, 1! lines long with a 
rattling report; while by using the platinum wire, with an equal 
.charge, a spark of equal length was obtained, but the light was feeble 
and the report faint; and with 9. tube of water the spark was scarcely 
perceptible. 

§ 33. QUANTITY OF ELECTRICITY DISAPPEARING BY DISCHARGE AT THE 
.STRIKING DISTANCE.-When the battery is discharged at the striking 
distance, a perceptible charge remains behind, which produces a 
second spark on bringing the knobs nearer togP.ther. This fact can 
be easily shown by the measuring jar. Place its knobs about two 
lines apart, and charge until a spark passes; now approach the knobs 
towards each other and a second spark will pass. · 

Riess has shown in the last mentioned memoir, that the quantity 
Df electricity disappearing on discharging the battery at the striking 
distance, is always in the same ratio to the entire charge, and that it 
is the same whether the closing circuit is composeu of better or worse 
.conducting metallic wires. 

The experiments were arranged precisely like those whose results 
are given in the last table; in one of the series a copper wire, and 
in the other a platinum wire was used with Henley's discharger. 
After the discharge had taken place at the striking distance, and a 
part of the battery's charge had thus disappeared, it was recharged 
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until another discharge occured. The number of sparks of the mea­
suring jar required to produce the first discharge of the battery was 
counted, then the number of sparks necessary to replace the quantity 
of electricity which had disappeared at the first discharge. 

The previous table shows how large the entire charge was under 
different circumstances, when the discharge took place at a given 
striking distance, and the following table shows how much electricity 
the·battery had to receive again, to obtain the second discharge at 
the same striking distance : 

CONDUCTING CIRCUIT. 

Copper wire 4'" Platinum wire, 
I • 102 in. 

---'------1------
8. a. 1 q'. q'. 
T-1-\ 5.o 5.o 

2 I 8. 8 8. 7 
3 ! 13 0 12. 5 

4 1 6. 5 6. 5 
2 12.5 11.7 
3 170 17.0 

5 1 9. 0 9. 0 
2 15. 0 16.5 
3 22. 5 22 5 

We see from this table that the quantity of electricity q', which has 
to be imparted to the battery after the first discharge at the striking 
distance, to produce a second discharge at the same distance, or the 
quantity disappearing by discharge at the striking distance, is always 
almost exactly the same, whether the short copper or long platinum 
wire be interposed. 

With three jars, and at the distance 1 of the knobs of the spark 
micrometer, the quantity of electricity required for the first discharge 
was q == 6 ; to produce the second discharge, the battery had to re­
ceive afterwards the quantity q' == 5 ; thus -~- of the entire charge dis­
appeared at the distance 1, or, in other words, we have 

q' == t == 0.833 ... 
q 

For s == 4, d == 1, we have q == 8J q' == 6.5, hence 
q'- 6.5_ -q----s- 0.8]2 ... 

For 8 == 5, d == 1, we have q == 10, q' == 9, hence 
q'_ 9-- ---0.9. 
q 10 

For 8 == 5, d == 3, we have q == 27, q' == 22.5, hence 

!i_- 22·5 - 0 833 q-27.- .. 
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For s == 4, d == 2, we have q == 14.5, q' == 12.5, hence 

_l- 12·~- 0 862 
q -14.5- . . 

423 

Thus it is evident that, under the most different circumstances, very 
nearly the same portion of the entire charge disappeared on discharg­
ing at the striking distance. As a mean of all the experiments pre­
sented in the last two tables, it appears that 0.846 or -it of the entire 
charge disappears after discharge at the striking distance, whether 
good or bad metallic conductors are used) and consequently Is of the 
entire charge remain as residue. 

When Riess substituted parallel metallic plates for the knobs on the 
I 

spark micrometer) an experimental series gave for !L the mean value 
q 

0.849; and when an interruption of 0.3 line was made in the closing 
I 

circuit, he had Sl_ == 0.842, or almost exactly the same value for the 
q 

quantity of electricity disappearing at the striking distance. 

The value q
1 

is probably dependent upon the thickness of the glass 
q 

of the battery, but no experiments have as yet been made to deter­
mine this. 

§ 34. RESULTS BY THE ORDINARY MODE OF DISCHARGE.-From these ex­
periments we may easily determine what takes place in the ordinary 
mode of discharge, in which a movable knob, connected with the outer 
coating, is brought into contact with the fixed knob of the inner coat­
ing. When the movable knob arrives at the striking distance, which 
we shall denote by d, -H1 of the charge disappears and 13 remain; 
another discharge can take place only when the movable knob is ap­
proached to Ia d, at which distance again i-t of the remaining charge 
disappear; a third discharge follows when the movable knob is brought 
to (Ia) 2 d, &c. Suppose the original striking distance to be 1} 
lines, the series of discharges take place at the following distances : 

1.5; 0.23; 0.035; 0.0055 lines; 
the third of which does not differ sensibly from contact. In the ordi­
nary mode of discharge, therefore, the closing circuit receives several 
discharges, one after another. 

§ 35. RESULTS BY DISCHARGE AT THE STRIKING DISTANCE.-!~ discharge 
at the striking distance so great a quantity of electricity disappears 
that merely a small approximation of the knobs does not produce a 
second discharge; but the striking distance must be reduced to Ia of 
the original. That so great a quantity of electricity as t-} of the en­
tire charge should disappear seems to indicate that the discharge, 
even at the striking distance, is successive; the air is rarefied by the 
transfer of the first quantity of electricity, and thus the transfer of a 
new portion is rendered possible, which could not have taken place if 
the resistance to be overcome had not been diminished by the rarefac­
tion of the air. The passage of electricity continues until the charge 
of the battery has become so feeble that at the constant distance of the 
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knobs, in spite of the little resistance still due to the rarefied 
air, a spark can no longer pass. The air having regained its ordinary 
density between the knobs, a considerable approximation of the latter 
is necessary to make another discharge possible. By discharging at 
the striking distance, therefore, the electricity is successively trans­
mitted. 

A proof of this successive discharge exists in the fact that the re­
mainder of the charge is considerably greater, and consequently 
a smaller quantity of electricity disappears if the first discharge oc­
casions a break in the circuit, as is the case, for instance, when a fine 
wire, interposed in the circuit, is fused which we will consider more 
at length hereafter. 

A. further proof of successive discharge at the striking distance is 
the circumstance that the residual charge is considerably greater when 
a tube of water is introduced into the circuit. 

Instead of the copper or platinum wire mentioned on page 420) the 
glass tube with water was interposed, and a series of experiments with :•7 
this circuit gave the following results : 

s. d. Entiril charge, Residual charge , 
q. q'. 

3 1 6. 3.5 
2 10.5 7. 
3 14.5 10. 5 

4 1 8. 4. 5 
2 14. 9. 
3 19.5 13.5 

5 1 11. 5. 
2 19. 11. 7 
3 26. l7. 

Although the striking distance here is the same under like circum­
stances, as in the metallic circuit, the quantity of electricity that dis­
appears is much less than when the metallic circuit is used. With 

the latter q == i-l == 0.846, with the water it is only t == 0.625; the q 
remainder of the charge then amounted to -lr == 0.154; in this case 
it is t == 0.375 ; thus the residue is here more than double as great 
as in the former case. 

Riess explains this in the following manner: A battery being 
charged, the quantities of electricity on the o..tter and inner coatings 
are in a given ratio to each other. An· excess on the inner coating, 
which is an aliquot part of the whole quantity, exists in the 
interior. The quantity of induced electricity on the exterior coating 
is also in a certain ratio to this excess. At the first moment of the 
discharge equal portions of the electricity of the inner and outer 
coatings disappear, the former ratio is destroyed, and there is now 
proportionally more free electricity on the inner coating than in the 
state of perfect charge, and in this way a further discharge is favored. 
But when the tube of water is introduced the discharge is so delayed 
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that the excess of the inner coating, acting through the glass upon 
what surrounds it, attracts the opposite electricity towards the outer 
coating, so that it remains latent there, and the passage between the 
knobs of the spark micrometer is consequently hindered. This ex­
p]~P ... ~ion serves also for the successive discharge at the striking dis­
j, ,uce. 

§36. HEATING OF THE CONNECTING WIRE OF THE ELECTRICAL BATTERY.­
F.-- ~ experiments on the heating of thin wires by the discharge of the 

.-n•etT.Tt>l"y, Riess used Harris' arrangement of an air thermometer, 
through the large globe of which the wire was stretched. The tube 
of the thermometer, narrow in comparison with the globe, was turned 
obliquely downwards and ended in a wider position, so that a small 
quantity of colored liquid there could penetrate the tube. 

The scale of the thermometer was divided into lines. The instru­
ment is represented in fig. 51. 

Fig. 51. 

The wire, and consequently the air in the globe, being heated by 
the dischar~e, the liquid in the tube is driven back. The depression 
of tbe column of liquid expressed in lines, is considered as the mea­
sure of the temperature. 

A more precise description of this air thermometer will be given 
hereafter. 

The results of an experimental series, with a platinum wire 0.0547 
lines thick, are collected in the following table: 
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_,I 2. 
I 

3. 4. I 5. 6. 

I 

_q._ h. I h. h. h. h. 
- -2 1.5 

3 4.3 3. 2. 1.5 
4 6.7 4.5 3.2 3. 0 2. 6 
5 9.3 7.0 5. 2 4.5 3.8 
6 13.4 9. 7 7.3 6. 5 5.5 
7 15. 11. 0 8.8 7.3 
8 17_5 14. 1 11. 3 9.3 
9 17.8 14.3 11. 7 

10 16.7 14.3 

h indicates the depression in the thermometer expressed in lines, 
q and 8 have their former signification. 

If we assume that the depressions are proportional to the temper­
ature of the wire used, and this will be proved further on, it appears, 
from these experiments, that the temperature is directly proportional to 
the square of the electrical density, but inversely to the magnitude of 
the surface of the battery, or that 

h =:. n q
2 

s 
which is easily deduced from the above table. 

The depression h being proportional to the square of the quantity 
q, with an equal number of jars, the quantity 8 must produce four 
times as great an effect as the quantity 4. We have for 3 jars q =:. 8, 

h =:. 17.5; q =:. 4, h =:. 4.5; then 17·5 
=:. 3.89, or 4 nearly. For 

4 . th. . . 14. 1 4 4 ~ 4.55 . 11 3 7 7 £ . Jars, IS quotient Is -- = . ; 10r Jars, -·-= 3. ; or 6 Jars, 
9 3 3.2 3 
-·-= 3.57. The mean of these quotients is 3. 9 or very nearly 4. 
3.9 

Hence, the double quantity corresponds to the fourfold effect. 
Comparing the effect which the quantity 3 produces with that of 9, 

we get for 4jars thequotient-~= 8.9; for 5 jars, 14·3 
=:. 9.53; the 

2 1.5 
mean is 9.4. The triple quantity then produces a ninefold depression. 

Comparing in the same manner the other numbers of the table, we 
find that, with an equal number of jars on an average, h is pro­
portional to the square of q. 

The table also shows that the value of q being constant, h is in­
versely proportional to 8; hence, if the same quantity of electricity 
be distributed over a double or triple surface, the depression is twice 
or thrice as small. The table, in the mean, gives this almost exactly. 

For 8 =:. 3, q =:. 4, according to the above table, we have h =:. 4.5. 
Substituting this value in the above equation : 

16 
4.5 =:. n F' 

hence n = 0.843. 
If in like manner we compute the value of the constant n from all the 

single observations, that is, from all the corresponding values of h, 8, 

and q, of the above table, n is found as a mean to be equal to 0.88. 
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§ 37. INFLUENCE OF THE TIIICKNESS OF THE WIRE IN THE THER­
MOMETER.-The value of the constant n changes when another wire is 
placed in the globe of the thermometer. Riess:repeated the experiments 
with wires of equal length, but of unequal thickness. Without 
-presenting the entire table containing the data of these experiments, 
we shall consider only the :final results. 

For wires of the diameter : 
0.119, 0.078, 0.0547, 0.05, 0.0225 lines he found for mean values 

of n, 
0.18, 0.45, 0.88, 1.02, 2.69. 

From the eq nation-
2 

h==.nL 
8 

it follows, that if experiments be made with the wires of equal length, 
but unequal thickness, using t.he same battery (or like valnes of s) 
with the same charge, (or constant value of q,) the depression h will 
be as the value of n corresponding to this thickness of wire. Com­
paring the above values of n with the corresponding diameter of the 
wire, we :find that cceteris paribus, the value of n, and consequently 
the depression of the column of liquid, or the heating of the air in 
the globe of the air thermometer, is in proportion to the square of the 
corresponding radii of the wires. 

Denoting the thickness of the above wires by 1, 2. 3, 4, and 5, the 
squares of the radii of the 4th and 1st are as 0.052 to 0.1192

, or as 
0.0025 to 0.014169; but 

0.01_4169 - 5 66 
0.0025 - . . 

the corresponding values of n are inversely as the square of their 
diameter; for 

1.02 -566 
0.18- . 

If we divide the square of the diameter of the wire 1 in the series 
by the square of that of the other wires, the following quotients are 
found: 

2.33, 4.73, 5.66, 28; 

but dividing the value of n for the :first wire in succes~ion into the 
value of n for the 2d, 3d, &c., we get the following quotients: 

2.5, 4.88) 5.66, 15, 

which are very close to the above, excepting that in the case of the 
:finest wire the quotients 28 and 15 differ considerably. 

Disregarding this wire, it follows from the other experiments, that 
the values of the factor n, and consequently the depressions in the air 
thermometer, or the elevations of temperature of the air in the globe, 
are inversely as the square of the diameter of the wires; or in other 
words: The increase of temperature of the air in the globe is, cceteris 
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paribus, inversely proportional to the sect,ion of the wire; or expressed 
algebraically, 

w 
- a. q2 
- r 2 s' 

1n which ___:;_is substituted for n in the equation, and a represents a r2 
constant factor. 

Hence, if a wire twice or thrice as thick be placed in the air ther­
mometer, the temperature of the air in the globe will be four or nine 
times less than before the change. 

The rise· of temperature of the air in the globe is evidently propor­
tional to the quantity of heat evolved in the wire; hence, having de­
termined the temperature of the air, we learn the quantity of heat 
set free. 

A wire twice, or three or four times as thick, has, for the same 
length} a mass four, nine or sixteen times as great; now if in the 
thick wires there is as much heat set free as in the thinner ones, the 
.same quantity of heat has a greater mass to spread over, the elevation 
of the temperature is inversely as the mass, or, the square of the . 
diameter, or algebraically, 

T == 'Y~ 
r2; 

in which 'i' is a constant factor, and T indicates the temperature of the 
wire. From this follows the equation, 

Tr2 

W = -
'Y ; 

if this value of w be substituted in the above equation, we have 

hence 
- «-'}' q2- f3 q2 

T--4 -- ---
r s r4 s_, 

the interpretation of which is: The elevation of the temperature of a 
wire, ccete1"is paribus, is inversely proport,ional to the fourth power of 
its diameter. Hence, a wire two or three times as thick will occasion 
a rise vf temperature sixteen or eighty-one times less, when perfectly 
equal charges of the same density are discharged through it, pro­
vided that the length of the wire is unchanged. 

These relations hold good, of course, only when wires of the same 
substance are compared with each other, and as each substance has a 
different specific heat, for each one a different proportion will be found 
between the quantity of heat and the elevation of temperature. 

In the experiments of Riess just described, platinum wires were 
used in the thermometer. 

The last exceedingly fine wire did not accord with the law, which 
Riess explained by assuming, that the law is valid only for equal 
times of discharge, which may be considered equal as long as the 
diameter does not fall below a certain limit, but when this is the case, 
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the wire retards the discharge, and in consequence of this delay there 
is less elevation of temperature. 

His first experiment showed him, that when the length of the wire 
in the globe was increased the temperature was somewhat lower. 

§ 38. INFLUENCE OF THE LENGTH OF TilE WIRE IN THE THERMOMETER.­

When the wire in the thermometer was made longer, a slight decrease 
in the heating was observed, which indicated a delay of the dis­
charge. But wl1en the closing wire of the circuit remained in all 
1·espects the same, and the temperature at different parts of it was 
examined, it appeared that the rise of temperature was independent 
of the length of the wire. 

For instance, a piece of platinum wire in the air thermometer and 
another equally thick and double the length in Henley's discharger· 
closing tho circuit, a discharge of the battery produced a certain 
depression. The platinum wires being now exchanged, the one in 
the thermometer for that in the discharger, and inversely, the circuit 
evidently remains the same in length) the same discharge now pro­
duced a double depression. 'rhe double mass of platinum was in the 
thermometer in this case, and it had given off a double quantity of 
heat; hence, the temperature of the long platinum wire was the· 
same as that of the short one. 

We shall now consider more closely one of the experiments, by 
means of which Riess proved this. The radius of the wire in the 
thermometer was 0.036 lines; its length 59.7 lines. · The diameter 
of the wire in the discharger· was 0. 058 ; its length 100.4 lines. A 
series of experiments were made with different numbers of jars and 
variable charges, which gave as their result 

h == 0.91q
2 

• 
8 

The wires were then exchanged. A similar series gave the result. 
2 

h == o.56L· 
s 

If the wire last placed in the thermometer had .been exactly as long· 
as the other) the depressions, according to the previous paragra1Jhs, 
should be as the square of the diameters; hence, the last case should. 
give 

h == o.35L_. 
s 

2 

This coefficient of L is to the coefficient 0.56, as 1 is to 1.6. But~ 
s 

the length of the second wire is nearly in the same proportion, viz : 
in the proportion of 59.7 to 100.4, or 1 to 1.67 longer. 

The depression in the second series, considering the different diam-­
eters, is greater in proportion to the increase of length of the wire ;. 
hence, the heating of the separate pieces of wire is independent of 
their length. 

This can be shown better when the actual temperatures of the wire­
in the thermometer are computed. How t his can be done will be;, 
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shown in § 43. For the first of the above described series of experi­
ments the following temperature was obtained: 

for the other, 
T' == 0.3975; 

T' == 0.0592. 

These numbers are to each other as 1 to 6.66; the fourth powers 
of the corresponding diameters of the wires are as 1 to 6. 738. The 
temperatures, consequently, are very nearly as the fourth powers of 
the diameters, and are independent of the length of the pieces of wire. 

§ 39. INFLUENCE OF BREAKS IN THE WIRE UPON TilE RISE OF TEMPERA­
TURE.-A break in the closing wire has a marked influence upon the 
temperature. When the ends of the broken wire were pointed, the 
temperature was constantly lower than with an unbroken circuit, and 
the lower, the farther the points of the wire were apart. This is ex­
plained by the fact that the residual charge of the battery becomes 
greater as the distance the spark has to traverse is increased, and 
that consequently a less quantity of electricity passes through the 
wire than when there is no interruption. 

Remarkable phenomena appeared when Riess applied to the ends 
of the wire two brass discs, 10.4 lines in diameter, which were kept 
parallel to each other. The following table presents a part of the 
results he obtained. 

THE DISCS. 
I i s. q. 

I 
l ln contact. 0.1 line apart. 1line apart. 

I 
--- I h. h. I h. 

3 3 4.8 4.7 5.3 
4 7.7 7.0 7.0 
5 11. 0 10.9 10.3 
6 15.6 14.5 13.7 
4 6.0 6. 0 7.3 
5 8.5 8.5 9.3 

4 I 6 I 12.2 11. 9 12.0 
7 15. 6 15.5 14. 6 

I I l 

For 0.1 line distance of the plates, the temperatures as a whole are 
less than when they are in contact, yet the difference is much less than 
might have been expected from the magnitude of the residual charge. 
At a greater distance of the plates, for which a greater residue re­
mains, we are surprised to find temperatures sometimes even greater 
than in the case of contact of the plates ; for weaker charges the tem­
perature is greater at 1 line distance than when the plates are in 
contact ; on the contrary, with more powerful charges, the contact of 
the discs produces a higher temperature. 
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Riess has clearly explained this in the following ingenious manner: 
The separation of the plates involves two conditions which act in 

opposite ways upon the temperature of the wire in the thermometer. 
One is the part of the electricity remaining in the battery-in con­
sequence of which evidently the heating must be diminished. The 
other condition which, on the contrary, raises the temperature, 
requires a more extended explanation. 

When the distance between the two discs is less than the striking 
distance of the battery, one spark passed between the knob of the 
battery and the knob of the discharger, and a second between the 
plates. 

When the distance between the discs is greater than the striking 
distance, a spark can pass between the discs if the knob of the dis­
charger is in contact with that of the battery. The passage of the 
spark between the plates is only possible because, generally, as we 
have seen above, (page 423) the striking distance between plates 
is greater than between knobs. 

At the passage of the spark between discs, a condensation of elec­
tricity takes place at their edges, and this condensation, very probably, 
has an accelerating effect upon the discharge which showl-3 itself by an 
increase of temperature. 

This last condition, which raises the temperature of the closing wire, 
can appear only when the distance between the plates is 'greater than 
the striking distance between the knobs. Let the plates stand at a 
given distance. The striking distance between the knobs changes 

with the power of the charge; it is proportional to the fraction ; . 
J 

for weak charges it is small, for stronger charges it increases ; hence, 
it is in weak charges only that the above mentioned acceleration of 
the discharge can increase the temperature so much that the opposite 
influence of the residual charge shall be overpowered. 

In fact, we see in the above table that h, when the plates are 1 line 
apart, only when s==. 3 and q == 3, s == 4 and q == 4, s == 4 and q == 5, 
is greater than h in the case of contact of the plates. In all these cases 

!I is not greater than 1.25. For charges so powerful that g_ is greater 
8 s 

than 1.25_, the temperatures of the last column, as a whole, are less 
than the corresponding temperature in the case of contact of the plates. 

If the separation of the plates is greater than the possible striking 
distance, of course there is no discharge. 

The results were similar when small balls were used instead of plates, 
the striking distance between the small balls being a little greater 
than that between the large ones of the discharger and the battery; 
hence, in a favorable case> the temperature, at a distance of the small 
knobs of only I line, was very little higher than when they were in 
contact. 

§ 40. HEATING POWER OF OBSTRUCTED DISCHARGE.-When a thin in­
sulator was introduced at the place of interruption, through which 
the discharge stroke could penetrate, the heating power was less, as 
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the resistance to be overcome was greater, as is shown by the follow­
ing data. 

The ends of the wire at the break were furnished with small knobs, 
(5. 7 and 4.4 lines in diameter;) for s = 5, q ==. 8, and the separation 
of the knobs, 0.2 line, the result was as follows: 

Sabstance between knobs. Temperature. 

Air............... 15.4 
1 card............ 12.0 

Plate of mica. • • • • • 4. 9 
2 cards ........•••. 

1 

8. 0 

--------

The results were similar when metallic disks or points instead of 
knobs were used at the place of interruption. 

Henc.:e, the electrical discharge produces a temperature in the closing 
circuit as much less, as the resistance is greater, which has to be 
overcome before discharge can take place. 

This is not a resistance which, as in the case of the interposition of 
a long conductor in the circuit, retards the discharge throughout its 
whole duration, but a resistance which renders discharge absolutely 
impossible so long as it exists. 

The decrease of the heating power is always too great to be ascribed 
to the inconsiderable residue; hence we must draw the conclusion 
from the above experiments that an obstacle interposed at any place 
in the circuit being pierced by the discharge prolongs the duration 
of the discharge through all the rest of the circuit. 

If the smallest possible charge be used for perforating mica, the 
hole is rarely made immediately at the spot where the connexion is 
interrupted; the electricity almost always passes along the plate of 
mica and penetrates at a place which, apparently, is less solid, in con­
sequence of a crack. If the point of application of the conductors is 
not too far from the edge of the mica, the discharge takes place over 
the edge. The temperature in the thermometer is as much lower as 
the path the electricity has to traverse over the surface of the mica is 
greater. 

The marks which the electricity leaves on the mica are very regular 
and delicate. Riess has examined these as well as the corresponding 
ones on glass. 

§ 41. MARKS LEFT BY ELECTRICITY UPON GLASS AND MICA.-Riess placed 
a glass plate, 0.37 of a line thick, carefully cleaned and warmed, 
(so that when tested by the electrometer it proved itself in all direc­
tions a perfect insulator,) between the points of the closing wire, from 
which the thermometer had been removed. 'rhe quantity of electrici­
ty, 15, collected in four jars discharged itself over the edge of the 
plate, which was 15! lines distant from the place where the points 
were placed, and left marks on both surfaces, from the points of con­
tact to the edge. 

The marks were faint and of one color; they grated when rubbed 
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with a smooth body, and under the microscope had the appearance 
of scratches on glass with rough sand. When tested by the electrome­
ter, the points of contact being held between the fingers, it was found 
that the glass at the marked, as well as at several unmarked places, had 
become conducting. By breathing on the plate all the conducting 
places became visible, they remained unmoistened and showed more 
or less numerous ramifications; even after the glass plate had been 
washed with nitric acid and dried, the stripes appeared to conduct. 

Other glass plates gave exactly similar results. 
With mica the appearance of the electrical marks was quite dif­

ferent. A serpentine stripe, of uniform width, passed from the point 
of contact on both surfaces to the place of puncture, which, by trans­
mitted light, was light gray in color, but in oblique reflected light 
appeared as a delicately colored band, bounded by two sharply defined 
dark lines, bordered by a clear brilliant fringe; the inner pa:rt of the 
band, between the fringe, contained blurred zones of yellow, blue, red 
and green colors. 

The pieces of mica used in this experiment were g0od insulators 
both before and after use, though when breathed upon they appeared 
covered with innumerable reticulated ramifications, which were not 
moistened, indicating the places where the electricity had touched the 
surface. 

There was no essential difference between the two surfaces of the· 
plate of mica, either in regard to the colored stripes, or the reticulated 
figures. 

The electricity appeared to penetrate only by a sort of crack into· 
the substance of the glass, and even to separate the alkali, which was 
indicated by the circumstance, that the injured places became more 
perceptible after a while, than immediately after the experiment. 

A plate of mica having been smeared with oil, a discharge, which 
without the oil would have produced colored stripes, penetrated it at 
the place of contact. An irregular hole appeared with fused edges,. 
about which there was a slight splitting of the mica. 

By careful diminution of the electrical accumulation, Riess obtained 
repeatedly, in spite of the coating of the oil, discharges without pene­
trating, and colored stripes of considerable length and size towards 
the edge of the plate, or towards a previously pierced place, whicl1 
seemed to indicate that the mica conducts electricity better in the­
direction of its lamina than perpendicular to them. 

In general the electrical marks on glass and mica are altogether 
dissimilar, though there are kinds of glass which, at their surface· 
conduct electricity quite well, on which stripes appear similar to those· 
on mica. 

§ 42. THE AIR THERMOMETER.-The air thermoneter, which Riess. 
used iu his researches, is represented in fig. 53, from an instrument. 
made by Kleiner of Berlin. 
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Riess gives a des­
criptionofhis instru­
ment in several pla­
ces in his memoirs 
and in Dove's Reper­
torium. But the des­
cription is nowhere 
perfectly clear and 
sufficiently illustra­
ted by figures. In­
deed, it is much 
to be wished that 
authors generally 
would give better 
drawings of their 
apparatus, by means 
of which tedious and 
yet insufficient des­
criptions would be 
avoided. 

Fig. 53 represents 
the instrument ! its 
natural size. 'rhe 
globe which is about 
3 inches in diameter, 
is perforated in three 

Fig. 53. 

places. The openings at a and b are diametrically opposite each 
other and are provided with perforated metallic pieces, between which 
the platinum wire is extended ; the third opening cis likewise fur­
nished with a metallic fitting, the opening of which is cloRed by a 
.stopper, so that before the experiment the air inside the globe can be 
,put in equilibrium with the external atmosphere. 

The wire is arranged as shown in figs. 54 and 55. 
Fig. 54 repre­

·sents a section of 
the globe ! the 
natural size, pass­
ing through the 
middleoftheopen­
ings a and b. The 
fixtures cemented 
.to these openings 
!have holes about 2 
Enes in diameter 
through w hichth.e 
cyl~nder f passes. 
This has a conical 
·Ca,vity on ·the end 
towards the insiJe !i 

of ,the globe, into 

Fig. 54. 

Fig. 55. 
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which the metallic cone g with a split head is screwed, as is more 
dearly shown in fig. 55. In the slit the platinum wire is held and 
is firmly clamped by screwing the cone in deeper. Riess terms this 
contrivance a '"cone clamp." 

When one wire is to be taken out in order to introduce another one, 
the method pursued is as follows: The cap k is first unscrewed ; 
the cylinder J, of one of the sides, is lengthened externally by a 
screw, to which another of less diameter is attaehed. On this last, 
as shown in Fig. 55, is fastened a rod, whose length is greater than 
the di-ameter of the globe together with the metallic attachments ; 
when this is done, the metallic plate x, which prevents the cylinder 
jfrom. being di'awn into the globe, can be detached and slipped on 
the rod. It is now easy to draw the cylinder f from the left side of 
the globe, and push the rod, with its attached cylinder, on the other 
side after it ; the wire may then be removed and another put between 
the cone clamps. To replace the cylinder, the rod is first passed 
th;rough the globe drawing f with it, the pla.te x is screwed into its 
place, and the rod being removed, the two caps hare again screwed 
on. 

The air thermometers, constructed by Kleiner, ar.e very beautiful 
and well made, but their price (25 thalers and 2 thalers for paeking) 
i.s high. It is greatly to be desired, on this account, that the iRstru­
ment should have a simpler construction, which would render it less 
costly. 

The inclination of the tube, as seen in Fig. 53, can be changed at 
pleasure, and then the sensibility of the instrument increased to any 
desired degree. Riess used generally an inclination of 6! degrees io 
the horizon. 

The scale of the tube is divided into lines. All the other parts are 
clearly shown in the ligure. 

The capacity of the globe of Riess' instrument was 40,766 cubic 
lines. The size of the tube was such that, the space between two 
division lines being taken as unity, the globe contained 320,307 such 
units of capacity. 

§43. THEORY OF THE INSTRUMENT.-When the air in the globe is 
heated, the column of liquid is depressed; thus, on the one hand, the 
tension of the air, and, on the other, its volume, is increased. 

But the increase of tension, as well as that of volume, is propor­
tional to the rise of temperature; hence the sum of both effects, or 
the depression, i8 proportional to the rise of temperature. 

vVe will now compute the increase of the temperatare of the air in 
the globe, which produces a depression of one linP-. 

SuppOfle the temperature to be 15° Cent. and the barometer to indi­
cate 336 lines. 

The liquid in the tube was 15 times lighter than mercury; hence 
a ·barometer of this liquid would have a height of 15 X 336 == 5040 
li.nes. 

But the tube is not in a vertical position, it is 6°.5 to the horizon. 
The column of liquid in a tube thus inclined must have the length 

5040 5040 . 
sin 60.5 = 0. 113 = 44.600 hnes, 
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in order to be in equilibrium with the pressure of the air; hence we 
can consider 44,600 as the measure of the tension of the air in the 

gl~~~ temperature of the air being increased 1° (to· 16°) it dilates in 
the proportion : 

(1 + 15 X 0.00365) to (1 + 16 X 0.00365), 
1.05475 to 1.05840, 

1 to 1. 00346; 

the air of 15° consequently dilates 0.00346 of its volume for each de­
gree of tem·perature above 15°. 

But if the air cannot dilate, its temdon increaBes in the same pro­
portion, hence we have 

1 : 1.00346 = 44,600'": 44,754. 
Thus a rise of temperature of 1° produces a depression of 154 lines 

in the tube, IJrovided no increase of volume takes place; a depression of 
1line, therefore, corresponds to a rise of temperature of ·d-4 == 0°.00649 
when the increase of tension alone is considered. 

The capacity of the globe amounts to 320,307 units of division ot 
the tube. A rise of temperature from 15° to 16° would expand the 
air in the globe 1108 such units, if the air could expand freely; hence 
an increase in volume of 1 line in the tube corresponds to a rise of 
temperature of TT~ == 0°.0009. 

A depression of 1 line, considering the increase of tension and of 
volume, corre~ponds to a temperature 

0°.00'649 + 0°.0'009 == 0°.0074. 
From the elevation of temperature of the air in the globe, that of 

the wire can be found. Let t be the temperature of the air and of the 
wire before discharge ; T the temperature of the wire after the dis­
charge; t' the rise of temperature which the wire causes by imparting 
its excess of heat to the air; then 

M 0 (T - t') = m c ( t' - t), 
M representing the mass and C the specific heat of the platinum wire, 
m the mass and c the specific heat of the air in the globe. From this 
equation we get 

T - t == ( t' - t) m c _j:-CM C 

or 

T' = (t' -t) ( 1 + ;~) == 0.0074 h ( 1 + ;;;~), 
T' indicating the rise of temperature of the wire, t'- t is the rise of 
temperature of the air, which can be computed easily from the ob­
served depression. 

The capacity of the globe is 40766 cubic lines; the specific gravity 
~f the air, at 15°, is 0.00114, the specific heat of the air 0.188; we 
have, therefore, 

T' _ (O 0074 7 ) ( 1 + 40766 X 0.00114 X 0.188) 
- · · '~ ~ .14 . l . r . 21 x o. o::n ' 
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r representing the semi-diameter, l the length of the wire in the 
globe. The specific gravity of platinum is 21, and its specific heat is 
0.0031. 

Performing the multiplication indicated, we get 

( 
8.737 ) T == (0.0074 h) 1 + 2.044. l r 2 • 

According to this formula, the rise of temperature T' of the wire 
can be computed when the corresponding depression h is observed, 
and the dimensions of the platinum wire known. 

A wire, for which r == 0.036 lines, 
andl==59.7 "' 

gave the following data: 
------------~------.------

s 3 4 5 

======== ~= ======== ======= 
q h h It 

-4-~3--4~---

5 7. 1 6. 0 5 
6 10.2 8.2 6.8 
7 12.8 10.7 8.4 
8 11.0 

For all the respective values of s, h, q, computing the value of n in 
the equation 

q2 
h == n-, 

8 

we get for the mean value of n 0.91.. When q
2

, == 1 h = 0.91, 
8 · 

the corresponding rise of temperature, therefore, would be 0.91 X 
0.0074 == 0.006734, and the rise of temperature of the wire 

T' == 0.006734 (1 + 55.24) 
T' == 0.3787. 

Riess found for' this case with his formulas, which are developed in 
a less simple manner, at a temperature of 12°.5, T == 0.3975, which 
is nearly equal to the above value. 

The qa0tient ~ ~ becomes greater as the wire is finer and M C 

shorter, or as M becomes less. In most cases which present them­
selves in such researches M is so small, as in the above case, that the 

fraction. ;:; ~ is considerably greater than 1. 

In this discussion we have supposed the temperature to be 15°. If 
the temperatllre of the air had not been 15°, but 0°, the air would 
have been denser in the proportion of 1 to 1.0547, and m would have 
beea so much greater. 

The temperature of the air being 11.5°, we found above that a de· 
pression of one line corresponded ro a rise of temperature of 0°.0074. 
If we had taken 0° for the starting point we should have found that a 
depression of one line corresponded to a rise of temperature of 
()

0 .D070 ; if, therefore, the experiments had been made at 0°, the 
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factor 0.0070 would have been substituted for 0.0074, or a fMtor 
which is less in the proportion of 1 to 1.0571 ; on the contrary, m, 

the value of the expression in the brackets, (since 1 to ;;;, ~is very 

small,) would become greater in the proportion of 1 : 1.0547. Thus 
the one factor would increase in almost exactly the same proportion 
in which the other decreased, and the value of T' would remain 
almost without change ; hence it follows that s:ligbt fluctuations in 
the temperature of the surrounding air may oo totally disregarded, 
and no correction of the value of T' computed foF 15° is necessary. 

A similar discussion of the height of the barometer leads to the 
same result-that is to say, although our formHla is computed for a 
height of 336 lines, it may be used for other heights, because the in­
termediate fluctuations of the barometer have no marked influence on 
the value ofT'. 

§ 44. lNFLUENc'E OF THE LENGTH OF THE CONNECTING WIRE ON ITS RISE OF 

TEMPERATURE.-We have seen above that, when the same discharge 
passes through a series of wires introduced into the circuit together, 
the heating of the separate pieces is, independent of their length? 
and inversely proportional to the fourth power of their semi-diameters. 

But as soon as the circuit is considerably prolonged, by the intro­
duction of new wires, the heat in all parts of the circuit decreases . 

In order to investigate the influence of an increase of length in the 
circuit, Riess interposed, in succession, pieces of the same copper wire 
of different lengths, by means of Henley's discharger, retaining in the 
thermometer the same platinum wire. With each piece an experi­
mental series of the same kind was made, as shown on page 426. 
Indicating the length of the interposed copper wire (its thickness 
being 0.2.9 lines) by A. 

q2 
For l == 0 , h = 0. 78 -

8 
2 

" l == 9.6feet., h == 0.69_[ 
8 
2 " ;,. == 49.on.., 11- == 0.48 !L 

8 
2 

" l. == 98.4rt.,. h = 0.34 !L 
8 
2 

" A== 147. 7a., h = 0.27 !L 
8 

" l = 246.4tt., h == 0.21 .!1_ 
s 

We see from these data that the heating constantly decreases as 
2 

the wires increase in length, the value of q_ being constant. 
s 

The values of h are evidently proportional to the co-efficients of 

q
2 

For q
2 = 1 we have the following relation between h and l: 

8 8 
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For A== 0, this equation gives h == 0. 78; for A== 49 it gives h. == 
0.476; for A== 147.7, h == 0.267, &c., all of which values correspond 
remarkably well with the above observations, so that we can consider 
this equation as the expression of the actual relation between h and A. 

Dividing the numerator and denominator of this equation by 0.013, 
we get 

60 
k == 76.9 +X 

In this form we fi.Gd the greatest resemblance to the law of Ohm. 
The discharge in these experiments had, in addition to the variable 
length A of the interposed copper wire, to traverse the invariable part 
of the circait, in which the platinum wire of the thermometer was 
comprised. 

Each increase of length in the circuit resists the rise of tempera­
ture, which is, in fact, inversely proportional to the length of the 
circuit, as shown by the formula, if we assume that the constant part 
of the circuit acts like a piece of copper wire 76.9 feet long and 
having the thickness Df the interposed wire. 

The above value of k represents only a special case ; it may be gen­
eralized thus: 

a 

b q2 a' 
h== 

1 ·s 

+ ;. L +;. 
b 

a 1 
by substituting a' for Ii' and L for 'iJ' Thus we have the same 

law here for the development of heat as for the magnetic effect of the 
galvanic battery. 

Evidently L here expresses the reduced length of the circuit ; that 
is, it indicates how long a platinum wire should be, of the same 
thickness as the interposed wire whose length is J., to give the same 
value of retardation as the whole circuit, with the exception of the 
platinum wire in the discharger having the length A. 

This last transformation, by means of which Riess' law of heating 
gives a form perfectly similar to Ohm's law, Riess has not presented 
with his formula. In the beginning of his memoir he merely made 
the general remark that the similarity of his resultR to the magnetic 
effect of the galvanic battery was not to be overlooked, but without 
presenting or proving it; indeed, in his treatise ho has intentionally, 
as he says, avoided representations which might seem to refer to gal­
vanism, because the subject of electricity needs well founded experi­
ments more than theoretical disquisitions and analogies. 

Equation (1) brought into the general form is as follows: 
a 

h= 
1 + b;. 

from which Riess draws the following conclUBion; 
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By lengthening the circuit the rise of temperature is dimin­
ished. If, instead of metallic wire, a piece of moistened wood, or a 
glass tube filled with water, be introduced, the most powerful charges 
of the battery are not ahle to produce a depression of even 0.1 line. 
Here the discharge of the battery is no longer instantaneous, as with 
the interposition of the longest copper wire ; it requires a perceptible 
time. Hence it is inferred that a difference might be observed in the 
time of discharge when a long or short wire was used if we were 
endowed with keener senses. The heating of the platinum wire in 
the thermometer appears to be· in simple inverse ratio with the time 
during which the discharge lasts. A temperature a being observed, 
while a certain quantity of electricity of a given density is discharged 
in the time 1, the time of discharge will be prolonged by b l, if a wire 
of the length l is introduced; and the temperature is now 

a 
h == ---

1 +bl 
or the heating of a wire 7Jy the discharge of an electrical battery is in­
versely proportional to the durati~n nf the discharge; the druration of 
the discharge is prolonged by lengthening the wire of the . cirC16it by a 
i~'me which is proportional to the length of the wire added. 

§ 45. INFLUENCE OF THE THICKNESS OF TilE CONNECTING WIRE UPON ITS 
TEMPERATURE.-ln order to investigate the influence of the thickness 
of the connecting wire Riess removed the interposed copper wire 
which he had used in the previous experiments, and in its stead 
placed, in succession, platinum wires of various dimensions between 
the arms of Henley's discharger. The result was that the thermome­
ter indicated temperatures as much lower) as the platinum wires of 
like lengths were thinner. The data thtls obtained admit of the 
formula. 

a qrz 

b l 8 

1 +-
'c;2 

in which 8 represents the radius of the wire. Expressed in words this 
means: 

The heating of a wire by electrical discharge is inversely proportional 
to the duration of the discharge ; by interposing homogenous wires the 
discharge 'l·s prolonged by a time ~vhich is directly proportional to the 
length of the interposed wire, and inversely proportional to its section. 

§ 46. TEl\fPERA'l'URE IN THE MAIN CONDUCTOR OF A :BRANCHED CIRCUIT. 
Having determined how much retardation of discharge is produced by 
a wire a introduced into the circuit, the value of retardation by a 
second wire [3 is obtained in like manner ; and it may be asked now 
how much retardation is produced by introducing both wires at the 
same time as branches in the circuit. 

The annexed diagrams may serve to show more clearly how this 
question is to be understood. · 
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In figure 56 b represents the battery, t the air thermometer, a a 
Fig. 56. piece of wire introduced into the circuit. 

In the two following fi~ures b and t represent 
the same things as in the other ; Fig. 58. 

but in figure 57 we have the wire 
f3 instead of a, and in figure 58 
both pieces of wire are introduced 
together, so as to form branches. 

If, now; for a given charge of 
Fig. 57· the battery a certain temperature of the air ther­

mometer is produced by the combination in :figures 
56 and 57, the question is, what is the temperature 
for the same charge with the combination of figure 
58? 

Riess has treated this question in the 63d vol., 
page 486, of Poggendorf's Annalen. 

As we have just seen, the elevation of temperature by the air ther­
mometer for unity of charge is represented by the formula-

a 
h== l+z 

a indicating the temperature which occurs when only the constant 
parts of the conducting circle close the battery, z the time the dis­
charge is retarded by interposing any piece of wire in the circuit, 
provided the time in which the battery is discharged when the said 
wire is out of the circuit is taken as unity. 

Having determined by experiment the value of retardation, z for 
one wire a introduced into the conducting circle, and then, in the 
same manner, the value z1 for a second wire {3, we are able tc, deduce 
theoretically the values of retardation when both wires are introduced 
together, as shown in figure 58. 

The wire a discharges the unit of electrical charge in the time z ; 

in the unit of time, therefore, it can discharge the quantity .!.. 
z 

In like manner the second wire f3 in the unit of time can discharge 

h . f l . . 1 
t e quantity o e ectnCity 7 . 

z 
In the unit of time, then, the two wires introduced together (figure 

58) into the conducting circle can discharge the quantity! + ~· 
Hence it follows that with the combination of figure 58 the 

two wires can discharge the quantity of electricity 1 in the time 
1 

Now, if-

.!.+.! 
z z' 

a q2 
h == ----

1 + z 8 
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is the rise of temperature in the thermometer when the wire a is In 
the circuit, and if-

h'- a qz 
-l+z's 

represents the temperature in the thermometer when 
introduced, the charge being the same, we have-

h" == a q_2 
1 8 

I+~ 
z+zr 

the wire f3 is 

for the rise of temperature, when the wires a and f3 are introduced 
at the same time, forming branches as represented in Fig. 58. 

In accordance with the same train of reasoning it follows that, if 
t.he values of retardation of three wires are z, z, z", and they be intro­
duced into the circuit at the same time, the retardation of the whole 
system will be 

1 

_!_+2+_!_ 
z z' z'' 

The correctness of this deduction Riess has proved by numerous ex­
periments, a few of which I shall present. 

The battery used in all these experiments consisted of four jars, 
with 2. 6 square feet of inner coating. Between the const~nt portions 
of the circuit a series of platinum wires were inserted, varying in 
length, but uniform in thickness; through each wire various quan­
tities of electricity were discharged, and from the combination of 
these experiments the value of a of the above equation was found == 
1,232. The manner in which a can be determined from the combi­
nation of numerous experiments is shown at page 426. 

A plRtinum wire a (whose dimensions it is not necessary here to 
know) being introduced, and various qua11tities of electricity dis­
charged, the experiments gave for the unit of charge h == 0.81, hence 

0 81 == 1.232. 
· 1 +z' 

consequently z == 0.5209 and _!_ == 1. 919 ; the wire f3 being substi­
z 

tuted for a, gave for the unit of charge h == 0.94; hence z' =0.3107, and 
1 -== 3.219. 
z 

The two wires a and f3 being introduced together as two branches 
of the circuit, we have, according to our deduction, for the heat de­
veloped in the main conductor-

h == 1.231 

1 + 1 
1.919 + 3.219 

The experiment gave h == 1.03. 

1.~31 == 1.031. 
1 + 5.138 
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Closing the circuit with a branch a', the result was 
1 

h == 0.386, and - == 0.4563. 
z 

Closing with a branch P', 
1 

h == 0.519, and 7 == 0.7~'79. 

Closing with an (iron) wire/, 

Therefore-

h::::.: 0.449, and \ == 0.5734. 
z 

1 1 1 
- +,-+,==1.758; z z z 

443 

from which it follows that, when the circuit is closed with the three 
branches simultaneously, we get for the temperature with unit of 
charge, 

h == 1.~32 == 0. '7851. 
1 + 1.758 

The experiment gave for this combination, 
h== 0.784. 

Additional experiments showed a like harmony between the com .. 
puted and observed values. 

§ 47. TEMPERATURE IN A BRANCH OF THE CONDUCTING CIRCUIT.-We 
have seen that the quantity of electricity q is discharged through two 

branches of the closed circuit in the time 
1 

1 
1 

; z and z represent-

z-+7 
ing the time in which each of the two branches is able separately to 
discharge the same quantity of electricity. In the unit of time the 

first branch can discharge the quantity of electricity !I; hence the 
z 

quantity of electricity which the first branch discharges in the time 

1 
1 

1 
, equals ( 

1 
q 

1 
) ; likewise the Fecond branch discharges 

-z+z; z z-+7 
in the same time the quantity , ( 

1 
q 

1 
). Hence the temperature 

z - +-z i 
a q2 

h == ----- . ---
n 1 1 1 2 

1+11 ····(:+;) 
-+--
z t 
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1 1 1 1 s 
(-+-) (1 +-+ -)z2 

z z' z z' 
Riess found this formula. also confirmed by his experiments. 
To introduce an air thermometer into the branches without 

changing the circuit in other respects, platinum wires were placed in 
the branches with the same connecting pieces, and of equal length 
and thickness with the platinum wire in the thermometer, so that 
these pieces· of wire could be removed from the branches and the 
thermometer substituted for them ; the place in the circuit where the 
t?ermometer stood was occupied by a connecting wire of equal dimen­
siOns. 

In all these experiments the branches were very short, and it is 
for such cases only that the above formulas are applicable. When 
the branches are long, each induces in the other lateral currents in 
the same direction. But if the main current in a induces a lateral 
current in /9, a completes, as it were, the circuit for the lateral cur­
rent f9; the lateral current excited in f9 will thus traverse a in a direc­
tion opposite to that of the main current ; to this is to be added the 
lateral current excited in a by /9. The effect of these lateral currents 
is shown not only in the branches, but they modify the main current 
in the general conductor. These exceedingly complicated disturb­
ances of the discharge current in a branched wire are difficult, as 
Riess has justly remarked, to bring under a generally valid law. 

§ 48. ELECTRICAL RETARDING POWER OF METALS.-Riess concludes the 
investigation just described by an account of his highly interesting 
and important labors on the electrical retarding power of metals. 

We have seen that a wire brought into the circuit by means of 
Henley's discharger retards the discharge, and that in consequence of 
this retardation the depression of the air thermometer diminishes. 

The wire in the thermometer remaining unchanged, if we intro­
duce first a platinum wire, and afterwards one of copper of equal 
length and thickness into the circuit, an equal depression will not be 
obtained ; whence it follows that these wires, though they have the 
same dimensions, do not retard the electrical discharge in a like 
measure; hence the retarding force of the two metals is specifically 
different. 

With a copper wire a greater depression will be obtained than with 
a platinum wire of equal length and thickness; the copper, therefore, 
retards the electrical charge less than the platinum wire. 

For discussion and computation of the retarding power of different 
metals, the following is the simplest method to be pursued: First 
place a platinum wire in the discharger and determine the depression 
produced by a given charge of the battery. Introduce another wire 
instead of the platinum, (having the same thickness,) and lengthen 
or shortAn it until the same charge of the battery produces the same 
effect. The retarding forces are to each other inversely as the length 
of the wires used. 
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A copper wire, for instance, has to be 6.44 times as long as a plati­
num wire of the same thickness to effect an equal retardation ; hence 
the retarding force of platinum is 6.44 times as great as that of cop­
per. Making the retarding force of platinum equal to 1, we find 
that of copper to be 0.1552. 

This would be, as I have said, the simplest method for discussion 
and computation. The prosecution of the experiments, however, 
would be very troublesome. On this account, Riess has preferred to 
make the experiments with wires of determinate length and thick­
ness, observing the corresponding depressions, and from these he 
computed the retarding force by the aid of the law found above. 

In the following experiments the same platinum wire (59. 25 lines 
long and 0.04098 lines in diameter) was retained in the thermometer. 
A platinum wire of the same thickness, but 34.67 lines long, was 
placed in the discharger. A series of experiments instituted accord­
ing to the method described above, q and s varying, and the corre­
sponding depression being observed, gave as the result 

h== 1.37 q
2

; 
s 

a platinum wire of the same thickness, but 87.62 lines long, gave 
q'Z 

h == 1.01-; 
8 

a third platinum wire, equal in thickness but 143.5 lines in length, gave 
q2 

h==0.79-. 
8 

The coefficient of ~has, as we have seen above) (page 440,) the form 
8 

a . 
1+ b)/' 

to determine the constants a and b, two series of observations are 
necessary, that is, two numerical values of these factors must be 
known, corresponding to two different lengths of A. 

First, we have 
a 

l+b.34.67-1. 37 

then 
a 

1 +b. 87.62 == l.01 ; 

combining these two equations we get 
a== 1. 787, b == 0.00878. 

Combining, in like manner, the first and third series of obserVtl· 
tions, we find 

a= 1. 788, b == 0.008807; 

combining the second and third series, we get 
a= 1. 792, b = 0.008843. 



416 RECENT PROGRESS IN PHYSICS. 

The mean of these t'G ree results is 

a== 1. 789, b == 0.008810. 

To determine the retarding force of copper, a wire ?f this .metal ~as 
placed in the discharg.er. Its le?gth was 141.6 l~nes, 1t~ radms 
0.041952 line. Assummg the th1ckness of the platinum wue, pre­
viously examined, as unity, the value of the semi-diameter of the 
copper wirewas 

fJ == 1. 0236. 
A series o~ experiments with this wire gave 

- q'J h-1.51 - . 
s 

But, according to the above, we have the coefficient 
a 

1.51 == 1 + ~' 
p2 

iR which a equals the value just found, 1. 789, A = 141.6, and p = 
1.0236. From this we find forb' the value 

b' == 0. 001367. 
Dividing this value by the value of b found for platinum, we get 

b' b= 0.1552; 

that is, the retarding force of copper is 0.155 times as great as that of 
platinum; or, taking the retarding force of platinum for unity, that 
of copper is 0.1552. 

In like manner Riess determined the retarding force of other metals 
s.nd found as follows : 

Metals. 

SUver--------··-~---Copper _____________ _ 
Gold _______________ _ 
Cadmium. __________ _ 
Brass .. _______ • _ ~ __ - -
Palladium .. ____ • ____ _ 
Iron ..• ________ •• ___ _ 
Platinum ___________ _ 
'Tin . _________ ••• ___ _ 
Nickel •• ________ ---. 
Lead _______________ _ 

German silver. __ • ___ _ 

Retarding 
force. 

0. 1043 
o. 1552 
0. 1746 
0.4047 
0.5602 
0,8535 
0.8789 
1. 0000 
1. 053 
1. 180 
1. 503 
1. 752 

Inverse value 
of retarding 
force ; copper 
== 100. 

148.74: 
100.00 

88.87 
38.35 
27.70 
18. 18 
17. 66 
15.52 
14.70 
13.15 
10.32 
8.86 

The first column of figures gives the proportion in which wires of 
the same di~ens_ions, but of di~erent substances, retard the discharge 
of the ele.ctnca ~ oattery. The 1nverse values of the retarding forces 
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in the second column correspond to what physicists are accustomed to 
call the conductive capacity. 

§ 49. CAPACITY OF METALS FOR THE DEVELOPMENT OF HEAT.-When 
a platinum wire 59.25 lines long, and 0.04098 lines in radius was in 
the thermometer, and a copper wire 141.6 lines long, 0.041952 lines 
radius, in the discharger a series of observations gave 

q2 
h == 1.51 -. 

8 

In these experiments a thermometer was used whose globe contained 
22.668 cubic lines, which in parts of the scale amounted to 188,404. 
Hence a depression of 1 line, as shown in § 43 corresponds to a rise 
of temperature of the air of 0°.00802. The rise of temperature of 
the wire was found, as there shown, by the formula 

T = 0.00802 h ( 1 + ~ ~) 
2 

The computation being performed we get, with[_== 1, for the rise 
8 

of temperature in the platinum wire, 
0°.4635. 

The wires being exchanged, so that the copper wire was in the 
thermometer while the platinum was in the discharger, the result was 

q2 
h = 0.46 -; 

8 

q2 
and therefore, with -; == 1, the rise of temperature of the copper 

wire is 
0°.04678. 

Thus the same discharge produces in the two wires very unequal 
temperatures. It is true that the thickness of the wires was not the 
same, the radius of the platinum being 0.04098 lines, that of the 
copper 0.04195 lines, but as shown above, the rise of temperature in 
the wires being cceteris paribus as the fourth powers of the radii, a 
platinum wire, therefore, with the same dimensions as the copper 
wire, would give an increase of temperature of 

0.040984 

0.4635 = 0°.4230. 
0.041954 

Thus the same discharge produces, in wires of platinum and copper 
of like dimensions, increases of temperature which are to each other 
as 0.4230 to 0.04678; hence the 8ame discharge produces in a copper 

0.04678 . 
wue a rise of temperature 0.4230 = 0.1106 times as great as In an 

equally thick platinum wire; or copper has a capacity for the develop~ 
ment of heat 0.1106 times as great as platinum. 
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Riess found by his formula 0.1133 instead of 0.1106-a difference 
so small as not to require further examination. 

In a similar manner he determined the heating capacity of other 
metals, and found as follows : 

Metal. 

Silver ____ . _______ _ 

Copper-·----------
Gold .. ----·-------· 
Brass. - . _ -- __ . - -. - . 
Iron __ . _ • ________ _ 
Platinum _________ _ 
Tin ______________ _ 

Nickel ________ ----
Lead .. ___________ _ 

Heating capacity 

0. 1267 
0. 1133 
0. 2112 
0.3861 
0.7080 
1. 0000 
1. 570 
0.8727 
2.876 

Quantity of heat. 

0. 1126 
o. 1447 
0. 184:7 
0.5616 
0. 9148 
1. 0000 
O.B917 
1. 182 
1. 455 

The first of these columns of numbers give-s the capacity of metals 
for the development of heat-that is, the relative height of tem­
perature different kinds of wire of the same thickness would reach, if 
they were fastened together end to end, and an electric battery dis­
charged through them. 

Multiplying the heating capacities of metals by their specific weights 
and specific heats, the numbers are obtained, which ·show the quan­
tities of heat set free by the same discharge in equally thick wires. 

Again, taking platinum for unity, we must divide all the products 
found by the specific weight and specific heat of platinum. In 
this manner the numbers of the second column were obtained. 

This series of numbers shows the ratio of the quantities of heat set 
free in different kinds of wires of equal diameters when, being 
fastened end to end, they discharge an electrical battery. 

Comparing these numbers with the retarding forces given on page 
446 we see that they are almost precisely equal, the difference being 
so small as to be explained by the fluctuating values of capacity for 
heat and specific weights in connexion with errors of observation ; 
hence, the retarding force of different metal.s is ( c03te1~is paribus) in th6 
same proportion as the quantity of heat set free in the wires by the 
electrical discharge. 

Hence it follows further, that the relative electrical heating capacity 
of a metal may be found by dividing its electrical retarding force by 
its specific weight and capacity for heat ; multiplying by the 
specific weight and capacity for heat of platinum, when the heating 
capacity of platinum is == 1. 

§ 50. E:NTIRE QUANTITY OF HEAT PRODUCED BY TilE DISCHARGE.- Vors­
selrnan de Heer made use of the experiments given above for deter­
mining the entire quantity of heat which an electrical dischager 
generates (Pog. Ann. XL VIII, 292), by making in Riess' formula a 
transformation which is in perfect harmony with the modification 
given in page 439. -

He showed in this way what should be the length L of a platinum 
wire of given thickness which should offer to the discharge the same 
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resistance; or, in other words, which should produce the same re­
tardation of the discharge as that caused by the constant part of the 
conducting circuit. 

Since the quantity of heat set free in a piece of wire is proportional 
to its retarding force, and since, moreover, the heating of a given 
wire in any part of the circuit can be determined by aid of the elec­
trical air thermometer, we can compute the quantity of heat set free 
in the whole circuit, were it to consist of a single wire of the length 
[., +A and of a given thickness. Vorsselmann de Heer assumes that 
in the whole circuit a quantity of heat, exactly equal to that com­
puted, is actually set free, because the circuit has the same retarding 
force as the computed length of wire, and the heat set free is propor­
tional to the retardation. 

Riess, however, protests against this conclusion, (Pog. Ann. XL VIII, 
320,) and with justice replies that the greatest part of the retardation 
in the conducting circuit is due not so much to the continuous metal­
lic parts themselves as to the places at which they are joined ; and 
that experiment gives us information as to the relation between the 
retarding force and development of heat for continuous wires only, 
but not for discontinuous wires when joined together; that as yet we 
know nothing of the relation between the retarding force and heating 
at the joints. 

§ 51. IGNITION AND FUSION OF METALLIC WIRES BY ELECTRICAL DIS­
CHARGES.-While feeble currents, discharged through thin wires, pro­
duce changes of temperature, the laws of which Riess has thoroughly 
studied, and with which we have hitherto been engaged, more powerful 
discharges bring the wires into a state of ignition and even of fusion. 

The question now is, whether these effects, namdy, the ignition 
and fusion of wires, can be explained by the increase of heat accord­
ing to the laws found for lower temperatures or not. 

Riess has accurately investigated the ignition and fusion of metallic 
wires by electricity, (Pog. Ann. LXV, 481,) and shows that this is 
not the case. 

When a thin platinum wire 15 lines long, together with a thicker 
one in the air thermometer, were introduced into the conducting cir­
cuit of a battery, observations with feeble discharges gave, accord­
ing to the above laws for unite of charge, a rise of temperature in the 
thin wire of 0°. 68. 

By discharging the quantity of electricity, 42 in 5 jar:s, the wire 
was completely melted. Computing the rise of temperature in the 
thin wire for this charge, according to the known laws, we get 

0.6842-} = 245°. 
This temperature is not high enough for the ignition, far less for 

the fusion of platinum; hence, it is clear that the temperature of 245° 
which was computed according to the laws obtained for weak charges, 
is not that to which the platinum really reaches when melted by 
electricity. 

From this it follows that a powerful charge acts in a different 
manner upon the wire than a weak one; and it also appears that a 
powerful discharge produces mechanical effects in the wire, which are 
not at all shown by weaker diechargep, 

29 s 
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Riess has very carefully investigated the effects of gradually in­
creasing discharges. To produce very powerful effects he used a 
battery of 7 jars, with a coating of 2.6 square feet to each jar. 
' Long before the quantity of electricity required for ignition had 
been reached, the wires showed appearances which evinced a forcible 
penetration of the electricity; the wire was visibly shaken, small 
sparks were given off at its ends, particles of its surface were thrown 
off, rising in the form of a dense vapor. It often happened that the 
throwing off of larger pieces of glowing metal occurrerl with the pas­
sage of the spark, giving to it a scintillating ap1>earauc~. Charges 
still more. powerful produced bends in the wire, which appeared ex-

.actly as though they had been made by an edged tooL We shall give 
\here only one experimental series, showing these phenomena. A 
fl&.tipum wire of 0.0261 line semi-diameter, and 16 lines long., ap­
tpea.r.e& ~&S follows : 

N Q_. {)f Quantity of 
~1-rs~ electricity. 

4 6 

8 
9 

•10 
tU 
12 
1.3 

Phenomena. 

Sparks on the inner part of the -wire ; that is., 
nearest tbe· inner coadng. 

Streak3- 0f Yapor over the whole -.vil:e. 
Vapor eparks on the outel' part, 
The same. 
Neither spar"hs nor· vapor; strong bending, 
Sparks on outer wd; bending increa::;ed. 
Wire ignited. 

All the phenomena pT-eceding ignition appeared more readily when 
the wire was not stretch-ea. 

Earlier observers had. already noticed a shortening of wires ignited 
by electrical discharges, which shortening is now explained by the 
bending mentioned above. 

The sparks spoken of as seen at the ends of the wire depend upon 
the material of the wire, and upon that of the clamp. The scintil­
lating sparks appear in great quantity with iron wire, while with 
copper none were observed. 

Far more constant than the appearance of sparks is the formation 
of the vapor which is seen with every metal. The facility with which 
it is formed, with different metals is the same as for different wires 
of the same metal. Its formation is promoted by a great number of 
furrows left by the draw-plate upon the wire ; and Riess has found 
that it is diminished by carefully polishing the wire. 

§ 52. LAWS OF ELECTRICAL IGNITION. 

1. Ignition in proportion to amount of charge.-A thin platinum 
wire of 0.116 line diameter, and 26.6 lineR length, together with an 
electrical thermometer containing a platinum wire so thick as to remain 
uninjured by the strongest discharge, were introduced into the con­
ducting circuit. A given number of jars were charged with increasing 
quantities of electricity until a quantity was attained which produced 
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ignition in the wire, visible by daylight, the thermometer being 
observed each time. The same was repeated with different number 
of jars. Such a series 0f observations gave the following charges 
required to produce ignition with the corresponding depressions of 
the thermometer. 

No. of jars. 
Quantity of Temp. ofther. electricity. 

5 12 20.2 
1 11 21. 8 
3 10 21. 6 
2 8 20.3 

To bring the thin wire to a visible red heat, the quantities of elec­
tricity 12 in 5 jars, 11 in 4) 10 in 3, and 8 in 2, were necessary. 
Dividing the square of the quantities of electricity by the correspond­
ing number of jars, we get the following q~otients: 

144.5 == 28.5, 121.4 == 30.2, 100.3 == 33.3, 64.2 == 32. 
These quotients are very nearly equal, and from tLis we may infer 

that, if a quantity of electricity q in s jars make a wire red hot, under 
circumstances equal in other respects, the quantity q' ins' jars will 

2 /2 
produce the the same effect if !L == fJ,. In the above experiments 

8 8 

the mean of the quotients is 31 ; hence, for 
jars 2, 3, 4, 5, 6, 7 

thequantitiesofE7.9, 9.6, 11, 12.4, 13.6, 14.7 
will be found as those required to produce incandescence in the above 
mentioned wire. 

We have seen above that the heat produced by a discharge through 
the electrical thermometer, under otherwise like circumstances, 

2 
remains the same so long as the quotient !1._, or what is the same, the 

8 

product of the electrical quantity q multiplied by the density !I. does 
8 

not change. But since the same value of <f is always necessary for 
8 

the ignition of the thin wire, it was to be supposed that the discharges 
which effect the ignition of the thin wire also produced· in the ther­
mometer like temperatures, which, in fctct, is very nearly the case in 
the above series of experiments. 

For the sake of brevity we shall measure the current by its heating 
power, and always denote t.he quantity of heat produced in a wire, kept 
constantly in the conducting circuit, by the term force of the discharge. 

. 2 

This force is constant so long as the value of q_ does not vary, 
. 8 

other things being equal 
2. Ignition of the wire in proportion to its length.-When a dis­

charge current produces incandescence in a thin wire, a prolongation 
of the wire retards the current so that the glow no longer appears. 
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If an electrical thermometer besides the thin wire be introduced into 
the circuit, lengthening the wire will also occasion a less beat in the 
thermometer by retarding the discharge. 

Since the "force of the current" is measured by the temperature of 
the electrical thermometer, it also may be said that the force of the 
current is diminished by the prolongation of the thin wire. 

If, then, a certain charge of the battery brings the wire to ignition, 
by lengthening the wire, the same charge will yield a current of less 
force, and it will no longer be sufficient to produce incandescence in 
the wire. To make the longer wire glow, the charge must be in­
creased, as shown by Riess' experiments, until the force of the current 
has reached its previous magnitude. 

A platinum wire 15.7 lines long was brought to incandescence by 
four jars and a quantity of E 12, the indication of the thermometer 
being 8. 

An equally thick wire, 77.5 lines long, was brought to incandes­
cence by four jars and a quantity of E 22, the indication of the ther­
mometer being likewise 8. \Vires equally thick, but of different 
lengths, were, therefore, brought to ignition by currents of the same 
force. 

3. Ignition of wires in proportion to their thickness.-If a given force 
of current produces ignition in a wire, with an equal value of q and s, a 
thicker wire of the same length will not produce that effect, although 
the force of the discharge current increases on account of the dimin­
ished retardation. 

To produce incandescence in thick wires, q must be increased, by 
which the force of the current is also increased. 

For wires of equal length, with radii of 0.018 in., 0.021 in., 0.026 
lines, respectively, discharge currents were required whose forces, 
measured in the electrical thermometer, were 9, 20, 43. 

The fourth powers of the three radii are to each other as 10 : 
19 : 45, and these numbers are nearly in the same proportion as 9 : 
20 : 43. Hence, 

The force of the discharge of an electrical battery, necessary for pro­
ducing ignition in a wire, is proportional to the fourth power of the radius 
of the wi1·e. 

4. Ignition of wires of different metals.-It follows from the experi­
ments that Riess made on the ignition of wires of different metals, 
that if 1 indicate the force of the current required to produce ignition 
in a platinum wire, wires of the same dimensions, consisting of the 
following metals, are brought to the same condition by currents as 
follows: 

Metal. 

Iron----------------------------------------------------------German silver _______ .. __ .. ___ ... _. ___________________________ _ 
Platinum __ . -, _. __ . ______________________ . ___________________ _ 

Palladium ______ --·-------------------------------------------Brass .............. __________________________________________ _ 

Silver--------------------------------------------------------
Copper _______________________ --------------------------------

Force of current. 

0.816 
0.950 
1. 00 
1. 07 
2.59 
4. 98 
5. 95 
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§ 53. PHENOMENA FOLLOWING IGNITION.-lf the force of the current 
is increased more than is necessary for the first incandescence the fol­
lowing phenomena appear in succeesion with the increasing force. 
The wire becomes white hot, tears from its fastenings, breaks into 
pieces, melts, and is dissipated. 

1. Tearing loose.-A platinum wire of 0.026 line radius and 16 
lines long presented the following phenomena : 

No. of jars. 

4 

Quantity of E. 

r 12 
J 14 
l 15 
l 16 

The wire red hot. 
Increased ignition. 
White hot. 

Phenomenon. 

Torn in to three pieces. 

According to Cavallo, the glow should progress from the positive 
to the negative end of the wire. Riess noticed, with one exception, a 
reverse progress in every case. 

According to Van Marum, when the wire is partially destroyed, it 
is always the part nearest the positive coating that is injured ; but 
Riess found the wire broken sometimes at the positive end and some­
times at the negative end. 

A wire which has once been brought partly to ignition, is more 
easily torn than a new one. 

2. Breaking into pieces.-Wire being subjected to a stronger dis­
charge than is necessary to tear them, they break into a greater or 
less number of small pieces giving off light, which are thrown to 
some distance. It may he seen in the collected pieces, that the dis­
membering of the wire depends upon a splitting and breaking action, 
and that fusion where it appears is only secondary. 

A platinum wire · 16 .lines long, and 0.079 line thick, was sur­
rounded by a glass tube 7! lines in diameter, and placed in the con­
ducting circuit. The diocharge of the quantity of electricity, 22, 
collected in 7 jars, brought it to ignition; the quantity 35, tore it 
into pieces, which were found in tbe tube. The pieces had evident 
signs of fusion on their surface, and four of the largest seemed welded 
together in a twisted figure, which indicated that they were thrown 
while hot against each other, and against the sides of the tube. The 
ends of all the pieces were not fused, most of them were sharp pointed. 
A tolerably straight piece was measured under the microscope: it 
was 0.081 line in the middle, and at one end 0.022 line in diameter, 
hence it had been split lengthwise. Other pieces showed the same 
appearance. 

Numerous other experiments gave similar results. By carefully 
increasing the charge, the shivering of the wire was produced with-
out the least trace of fusion. · 

3. Fusion.-By continually increasing discharges, the wires were 
broken into less and less pieces, which melted at their surfaces and 
ends, and at last flowed together, into globules. The wires were in 
all cases torn violentlyfrom their fastenings, and the pieces scattered 



454 RECENT PROGRESS IN PHYSICS 

far and wide. All the following experiments were made under a bell 
glass, and the scattered pieces collected on a sheet of paper at the 
bottom. 

A platinum wire, 0.0258 lines radius, 19lines long, becomes red hot 
with s == 5 and q == 11; with q = 20 it broke and melted. Many pieces 
i line long had globules at their ends; a few splinters were melted 
together. A similar platinum wire melted into a number of small 
perfectly round globules with q == 22. 

A silver wire, 0.0264 semi-diameter, 20 lines long, broke and melted 
with s == 6_, q == 26; oome globules and fragments fused together were 
collected. 

A tin wire, radius 0.037, length 15, with s == 5, q == 20; globules 
dropped which oxidized in dancing about with the well known scin­
tillations. 

A copper wire, radius 0.0253, length 16 lines, with s == 6, q == 20 
ignited; with q == 25, was converteu into very small globules. 
Larger globules could n<lt be obtained from copper. 

The charge producing perfect fusion here, is not much greater than 
that which produced the first red heat. Hence, with the oxidizable 
metals, the temperature is elevated by receiving oxygen from the air, 
chemical effects uniting with the electrical. 'J..1his is most remarkable 
in iron, which often melts with charges, that directly would have 
produced only a moderate ignition. 

An iron wire, radius 0. 0266 length 17 lines, came to a bright red 
heat with s == 3, q == 13 ; but this did not cease in an instant, as in 
the other cases. 'rhe ignition increased to a white heat; then some 
globules dropping from the wire rolled about on the paper, giving off 
an abundance of sparkR. 

The residue of the charge remaining in the jar after the fusion of a 
wire, is very considerable ; in one of Riess' experiments it amounted 
to nearly 23 per cent. of the whole charge. 

4. Dispersion.-The first directly visible effect of the electrical 
discharge on a new wire, consists, as before remarked, in the forma­
tion of a cloud of vapor rising from the surface. It is probable that 
this consists of particles of metal separated from the exterior of the 
wire, the quantity depending upon the condition of the surface. By 
increasing the charge beyond the point at which it would perfectly 
fuse the wire, it is possible to convert the whole mass of the wire into 
such a vapor. This takes place with a brilliant development of light, 
and a loud report. 

A platinum wire, (radius 0. 0309 lines, length 15 lines,) ignited 
with s == 5 and q == 13, and with q == 17, melted into globules. A 
similar platinum wire was dissipated with brilliant light, with q == 
22, and in the tube surrounding it appeared a gray deposit. 

The same experiment was repeated in the open air, and a few lines 
above the wire a plate of mica was held ; it was covered by the dissi­
pation of the wire with gray and blackish flakes, which, under a mi­
croscope of 280 magnifying power, seemed to be composed of particles 
of metal of different sizes and form. 

The more brittle the metals are, the more easily are they dispersed. 
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§ 54. MECHANISM OF FUSION.-Whenever electrical fusion occurs, 
there is a mechanical separation of the melted mass; hence, this 
fusion is only the effect of heat upon finely divided metal. The dif­
ference between fusion by fire and electricity, Riess has characterised 
as follows: 

" When fire acts on a metal, it heats the metal as an entire mass 
to the melting point; electricity, on the contrary, heats the metal (as 
a whole mass) only to a temperature below the welding point, and 
completes the fusion by simultaneous dissipation and heating.'' 

Franlclin proposed in 17 4'1, the view, which he afterwards aban­
doned, that lightning loosens the cohesion of a metal without the aid 
of heat, and brings about a. cold fusion. This view was taken up 
again by Bertlwllet, who explained the operation of electricity on a 
substance, by a separation of the particles, and supposed the heat de­
veloped to fuse it, as only a secondary phenomenon. 

This opinion is in some respects true, according to the experiments 
just given, but it leaves entirely out of consideration the heat which 
occur£ before the mechanical effect ; on the other hand, the view gen­
erally held subsequently, that electrical fusion is wholly the result of 
heating, is just as one sided, for it disregards the mechanical effect. 

§ 55. C HANGES IN THE COEFFICIENT OF RETARDATION OF METALS WITH 
INCREAS[NG MECHANICAL EFFECTS.-We have seen that between the tem­
perature h of a wire, the quantity of electricity q, and the number 
of ja.rs s~ the relation 

q2 
h== n 

8 

subsists, in which n is a constant factor during a whole oories of ob­
servations. This is no longer the case when a wire in the conducting 
circuit is affected mechanically by the discharges passed through it 
and is brought to ignition, as appears clearly from the following 
results: A platinum wire, 11 in~hes long, with a radius of 0. 0209 
lines, being ins-erted in addition to the thermometer, the result was: 

8 q It n 

-
( 5 7. 6 l. 22 
i 7 14.0 L 15 
I 9 20.0 0.99 Bending. 

4 1 ll Z7. 2 0.90 Red hot. 
I 13 33.3 0.8() White hot. 

l 11) H .3 0.95 Melted to globales. 

Thus the coefficient of retardation decreases when mechanical 
effttcts and incandescence are produced by increased charges, but it 
increases again by melting. 

Riess is of the opinion that the phenomena of heat obtained by a 
continuous transmission in the wire are produced by the electricity 
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traversing the wire with uniform rapidity, while the mechanical 
effects are the result, in part at least, of an interrupted transmission. 
If the quantity of electricity is too great to be conducted off continu­
ously, it will accumulate in separate places at which its progress is 
impeded by some cause, until it is in the condition to break through 
the obstacles. Hence the increase of the coefficient of retardation. 
The places interrupting the discharge are indicated by the bending. 
The retardation becomes less again by fusion, because here, at least 
in part, a disruptive charge occurs. 

Different kinds of transmission of electricity take place in non­
metallic substances. In discharges through the air, by means of 
sparks, brushes, &c., an interrupted transmission takes place, while 
the gradual passage of electricity through the air, recognized in the 
laws of Coulomb, is regarded as the continuous discharge of an elec­
trified body. A battery can be perfectly, continuously, and quietly 
discharged by a tube of water, but by increasing the charge a spark 
,,.ill appear in the tube, which is broken with violence-discontiuous 
or explosive discharge. 

That the discharge passes through water in different ways is shown 
most distinctly by introducing the thermometer, together with the 
tube of water, into the circuit. With four jars the result was : 

Amount of E. Temperature . 

5 
51 
6 
6~ 
7 

• 0 
0 
0 

27.5 
35. 

As long as a continuous discharge takes place in the water, the 
discharge is so much retarded as to indicate no heating; but with a 
slight increase of the charge the rupture of the tube is made, and 
with it a sudden elevation of temperature in the thermometer. 

(TO llli CO~TINUED IN TilE NEXT REPORT.] 

-
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