ARTICLE IX.

Contributions to Electricily and Magnetism. By Joseph Henry, Pro-
Jessor of Natural Philosophy in the College of New Jersey, Prince-
ton.

No. I1l.— On Electro-Dynamic Induction. Read November 2, 1838.

INTRODUCTION.

1. 8incE my investigations in reference to the influence of a spiral
conductor, in increasing the intensity of a galvanic current, were sub-
mitted to the Society, the valuable paper of Dr Faraday, on the same
subject, has been published, and also various modifications of the prin-
ciple have been made by Sturgeon, Masson, Page and others, to increase
the effects. The spiral conductor has likewise been applied by Cav.
Antinori to produce a spark by the action of a thermo-electrical pile ;
and Mr Watkins has succeeded in exhibiting all the phenomena of
hydro-electricity by the same means. Although the principle has
been much extended by the researches of Dr Faraday, yet I am happy
to state that the results obtained by this distinguished philosopher are
not at variance with those given in my paper.

2. I now offer to the Society a new series of investigations in the
same line, which I hope may also be considered of sufficient impor-
tance to merit a place in the Transactions.

3. The primary object of these investigations was to discover, if
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possible, inductive actions in common electricity analogous to those
found in galvanism. For this purpose a series of experiments was
commenced in the spring of 1836, but I was at that time diverted, in

, from the immediate object of my research, by a new investiga-
tion of the phenomenon known in common electricity by the name of
the lateral discharge. Circumstances prevented my doing any thing
further, in the way of experiment, until April last, when most of the
results which I now offer to the Society were obtained. The investi-
gations are not as complete, in several points, as I could wish, but as
my duties will not permit me to resume the subject for some months
to come, I therefore present them as they are; knowing, from the in-
terest excited by this branch of science in every part of the world,
that the errors which may exist will soon be detected, and the truths
be further developed.

4. The experiments are given nearly in the order in which they
were made ; and in general they are accompanied by the reflections
which led to the several steps of the investigation. The whole series
is divided, for convenience of arrangement, into six sections, although
the subject may be considered as consisting, principally, of two parts.
The first relating to a new examination of the induction of galvanic
currents; and the second to the discovery of analogous results in the
discharge of ordinary electricity. *

5. The principal articles of apparatus used in the experiments, con-
sist of a number of flat coils of copper riband, which will be desig-

Fig. 1.

N

a represents coil No. 1, b coil No. 2, and ¢ coil No. 3 ; ¢ the battery, d the rasp.

® 'The several paragraphs are numbered in succession, from the first to the last, afier the
wode adopted by Mr Faraday, for convenience of reference.
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nated by the names of coil No. 1, coil No. 2, &c.;also of several coils
of long wire; and these, to distinguish them from the ribands, will be
called helix No. 1, helix No. 2, &e.

6. Coil No. 1 is formed of thirteen pounds of copper plate, one inch
and a half wide and ninety-three feet long. It is well covered with
two coatings of silk, and was generally used in the form represented in
Fig. 1, which is that of a flat spiral sixteen inches in diameter. It
was however sometimes formed into a ring of larger diameter, as is
shown in Fig. 4, Section IIL.

7. Coil No. 2 is also formed of copper plate, of the same width and
thickness as coil No. 1. It is, however, only sixty feet long. Its
form is shown at b, Fig. 1. The opening at the centre is sufficient to
admit helix No. 1. Coils No. 3, 4, 5, 6, &c. are all about sixty feet
long, and of copper plate of the same thickness, but of half the width
of eoil No. 1.

8. Helix No. 1 consists of sixteen hundred and sixty yards of cop-
per wire, Zth of an inch in diameter. No. 2, of nine hundred and

Fig. 2. ninety yards; and No. 3, of three

hundred and fifty yards, of the same
wire. 'These helices are shown in
o b ¢ Fig. 2, and are so adjusted in size

@ represents helix No, 1, b helix No. 2, ¢ helix No. 3. 88 to fit into each other ; thus form-
ing one long helix of three thousand yards: or, by using them sepa-
rately, and in different combinations, seven helices of different lengths.
The wire is covered with cotton thread, saturated with beeswax, and
between each stratum of spires a coating of silk is interposed.

9. HelixNo. 4 isshown at a, Fig. 4, Section IIL.; it is formed of five hun-
dred and forty-six yards of wire, 75th of an inch in diameter, the several
spires of which are insulated by a coating of cement. Helix No. 5
consists of fifteen hundred yards of silvered copper wire, +3sth of an inch
in diameter, covered with cotton, and is of the form of No. 4.

10. Besides these I was favoured with the loan of a large spool of
copper wire, covered with cotton, .4 th of an inch in diameter, and five
miles long. It is wound on a small axis of iron, and forms a solid cy-
linder of wire, eighteen inches long, and thirteen in diameter.

11. For determining the direction of induced currents, a magnetiz-
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ing spiral was generally used, which consists of about thirty spires of
copper wire, in the form of a cylinder, and so small as just to admit a
sewing needle info the axis.

12. Also asmall horseshoe is frequently referred to, which is formed
of a piece of soft iron, about three inches long, and 3ths of an inch thick ;
each leg is surrounded with about five feet of copper bell wire. This
length is so small, that only a current of electricity of considerable
quantity can develope the magnetism of the iron. The instrument
is used for indicating the existence of such a current.

13. The battery used in most of the experiments is shown in Fig. 1.
It is formed of three concentric cylinders of copper, and two inter-
posed cylinders of zinc. It is about eight inches high, five inches in
diameter, and exposes about one square foot and three quarters of zinc
surface, estimating both sides of the metal. In some of the experiments
a larger battery was used, weakly charged, but all the results men-
tioned in the paper, except those with a Cruickshank trough, can be
obtained with one or two batteries of the above size, particularly if
excited by a strong solution. The manner of interrupting the circuit
of the conductor by means of a rasp, &, is shown in the same Figure.

SECTION I
Conditions which influence the induction of a Current on itself.

14. The phenomenon of the spiral conductor is at present known
by the name of the induction of a current on itself, to distinguish it
from the induction of the secondary current, discovered by Dr Fara-
day. The two, however, belong to the same class, and experiments
render it probable that the spark given by the long conductor is, from
the natural electricity of the metal, disturbed for an instant by theinduc-
tion of the primary current. Before proceeding to the other parts of
these investigations, it is important to state the results of a number of
préliminary experiments, made to determine more definitely the con-
ditions which influence the action of the spiral conductor.

15. When the elcctricity is of low intensity, as in the case of the
thermo-electrical pile, or a large single battery weakly excited with
dilute acid, the flat riband coil No. 1, ninety-three feet long, is found to
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give the most brilliant deflagrations, and the loudest snaps from a sur-
face of mercury. The shocks, with this arrangement, are, however,
very feeble, and can only be felt in the fingers or through the tongue.

16. The induced current in a short coil, which thus produces defla-
gration, but not shocks, may, for distinction, be called one of quantity.

17. When the length of the coil is increased, the battery continuing
the same, the deflagrating power decreases, while the intensity of the
shock continually increases. 'With five riband coils, making an aggre-
gate length of three hundred feet, and the small battery, Fig. 1, the t!.e-
flagration is less than with coil No. 1, but the shocks are more in-
tense.

18. There is, however, a limit to this increase of intensity of the
shock, and this takes place when the increased resistance or diminished
conduction of the lengthened coil begins to counteract the influence
of the increasing length of the current. The following experiment
illustrates this fact. A coil of copper wire 7sth of an inch in diame-
ter, was increased in length by successive additions of about thirty-two
feet at a time. After the first two lengths, or sixty-four feet, the bril-
liancy of the spark began to decline, but the shocks constantly in-
creased in intensity, until a length of five hundred and seventy-five
feet was obtained, when the shocks also began to decline. This was
then the proper length to produce the maximum effect with a single
battery, and a wire of the above diameter.

19. When the intensity of the electricity of the battery is increased,
the action of the short riband coil decreases. With a Cruickshank’s
trough of sixty plates, four inches square, scarcely any peculiar effect
can be observed, when the coil forms a part of the circuit. If how-
ever the length of the coil be incrcased in proportion to the intensity
of the current, then the inductive influence becomes apparent. When
the current,from ten plates of the above mentioned trough, was passed
through the wire of the large spool (10), the induced shock was too
severe to be taken through the body. Again, when a small trough of
twenty-five one-inch plates, which alone would give but a very feeble
shock, was used with helix No. 1,an intense shock was received from the
induction, when the contact was broken. Also a slight shock in this
arrangement is given when the contact is formed, but it is very feeble
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in comparison with the other. The spark, however, with the long
wire and compound battery is not as brilliant as with the single bat-
tery and the short riband coil.

20. When the shock is produced from a long wire, as in the last
experiments, the size of the plates of the battery may be very much
reduced, without a corresponding reduction of the intensity of the
shock: Thisisshown inanexperiment with thelarge spool of wire (10).
A very small compound battery was formed of six pieces of copper
bell wire, about one inch and a half long, and an equal number of
pieces of zinc of the same size. When the current from this was
passed through the five miles of the wire of the spool, the induced
shock was given at once to twently-six persons joining hands. This
astonishing effect placed the action of a coil in astriking point of view.

21. With the same spool and the single battery used in the former
experiments, no shock, or at most a very feeble one, could be obtained.
A current, however, was found to pass through the whole length, by
its action on the galvanometer; but it was not sufficiently powerful to
induce a current which could counteract the resistance of so long a
wire.

22. The induced current in these experiments may be considered
as one of considerable intensity, and small quantity.

23. The form of the coil has considerable influence on the intensity
of the action. In the experiments of Dr Faraday, a long cylindrical
coil of thick copper wire, inclosing a rod of soft iron, was used. This
form produces the greatest effect when magnetic reaction is employed ;
but in the case of simple galvanic induction, I have found the form of
the coils and helices represented in the figures most effectual. The
several spires are more nearly approximated, and therefore they exert
a greater mutual influence. In some cases, as will be seen hereafter,
the ring form, shown in Fig. 4, is most effectual.

24. Inall cases the several spires of the coil should be well insulated,
for although in magnetizing soft iron, and in analogous experiments,
the touching of two spires is not attended with any great reduction of
action; yet in the case of the induced current, as will be shown in the
progress of these investigations, a single contact of two spires is some-
times sufficient to neutralize the whole effect.
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25. It must be recollected that all the experiments with these coils
and helices, unless otherwise mentioned, are made without the reaction
of iron temporarily magnetized ; since the introduction of this would,
in some cases, interfere with the action, and render the results more

complex.

SECTION II
Conditions which influence the production of Secondary Currenls.

26. The secondary currents, as it is well known, were discovered in
the induction of magnetism and electricity, by Dr Faraday, in 1831.
But he was at that time urged to the exploration of new, and appa-
rently richer veins of science, and left this branch to be traced by
others. Since then, however, attention has been almost exclusively
directed to one part of the subject, namely, the induction from mag-
netism, and the perfection of the magneto-electrical machine. And I
know of no attempts, except my own, to review and extend the purely
electrical part of Dr Faraday’s admirable discovery.

27. The energetic action of the flat coil, in producing the induction
of a current on itself, led me to conclude that it would also be the
most proper means for the exhibition and study of the phenomena of
the secondary galvanic currents.

28. For this purpose coil No. 1 was arranged to receive the current
from the small battery, and coil No. 2 placed on this, with a plate of
glass interposed to insure perfect insulation; as often as the circuit of

Fig. 3. No. 1 was interrupted, a

@ powerful secondary current

wasinducedin No.2. The

arrangement is the same as

that exhibited in Fig. 3, with

the exception that in thisthe

a represents coil No. 1, b helix No. 1, and ¢, d, handles for compound helix is repre-
receiving the shock, o .

sented as receiving the in-

il o

duction, instead of coil No. 2.
29. When the ends of the second coil were rubbed together, a spark
was produced at the opening. When the same ends were joined by
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the maguetizing spiral (11), the inclosed needle became strongly mag-
netic. Also when the secondary current was passed through the wires
of the iron horseshoe (12), magnetism was developed ; and when the
ends of the second coil were attached to a small decomposing appara-
tus, of the kind which accompanies the magneto-electrical machine, a
stream of gas was given off at each pole. The shock, however, from
this coil is very feeble, and can scarcely be felt above the fingers.

30. This current has therefore the properties of one of moderate in-
tensity, but considerable quantity.

81. Coil No. 1 remaining as before, a longer coil, formed by uniting
Nos. 3, 4 and 5, was substituted for No. 2. With this arrangement,
the spark produced when the ends were rubbed together, was not as
brilliant as before; the magnetizing power was much less; decompo-
sition was nearly the same, but the shocks were more powerful, or, in
other words, the intensity of the induced current was increased by an
increase of the length of the coil, while the quantity was apparently
decreased.

32. A compound helix, formed by uniting Nos. 1 and 2, and there-
fore containing two thousand six hundred and fifty yards of wire, was
next placed on coil No. 1. The weight of this helix happened to be
precisely the same as that of coil No. 2, and hence the different effects
of the same quantity of metal in the two forms of a long and short
conductor, could be compared. With this arrangement the magnetiz-
ing effects, with the apparatus before mentioned, disappeared. The
sparks were much smaller, and also the decomposition less, than with
the short coil ; but the shock was almost too intense to be received
with impunity, except through the fingers of one hand. A circuit of
fifty-six of the students of the senior class, received it at once from a
single rupture of the battery current, as if from the discharge of a Ley-
den jar weakly charged. The secondary current in this case was one
of small quantity, but of great intensity.

33. The following experiment is important in establishing the fact
of a limit to the increase of the intensity of the shock, as well as the
power of decomposition, with a wire of a given diameter. Helix No.
5, which consists of wire only risth of an inch in diameter, was placed
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on coil No. 2, and its length increased to about seven hundred yards.
With this extent of wire, neither decomposition nor magnetism could
be obtained, but shocks were given of a peculiarly pungent nature;
they did not however produce much muscular action. The wire of
the helix was further increased to about fiftcen hundred yards; the
shoek was now found to be scarcely perceptible, in the fingers.

34. As a counterpart to the last experiment, coil No. 1 was formed
into a ring of sufficient internal diameter to admit the great spool of
wire (11), and with the whole length of this (which, as has before
been stated, is five miles) the shock was found so intense as to be felt
at the shoulder, when passed only through the forefinger and thumb.
Sparks and decomposition were also produced, and needles rendered
magnetic. The wire of this spool is yYsth of an inch thick, and we
therefore see from this experiment, that by increasing the diameter of
the wire, its length may also be much increased, with an increased
effect.

35. The fact (33) that the induced current is diminished by a fur-
ther increase of the wire, after a certain length has been attained, is
important in the construction of the magneto-electrical machine, since
the same effect is produced in the induction of magnetism. Dr God-
dard of Philadelphia, to whom I am indebted for coil No. 5, found
that when its whole length was wound on the iron of a temporary
magnet, no shocks could be obtained. The wire of the machine may
therefore be of such a length, relative to its diameter, as to produce
shocks, but no decomposition; and if the length be still further in-
ereased, the power of giving shocks may also become neutralized.

86. The inductive action of coil No. 1, in the foregoing experiments,
is precisely the same as that of a temporary magnet in the case of the
magneto-electrical machine. A short thick wire around the armature
gives brilliant deflagrations, but a long one produces shocks. This fact,
I believe, was first discovered by my friend Mr Saxton, and afterwards
investigated by Sturgeon and Lentz.

37. We might, at first sight, conclude, from the perfect similarity
of these effects, that the currents which, according to the theory of

Ampere, exist in the magnet, are like thosc in the short coil, of great
YL—4 ¢
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quantity and feeble intensity ; but succeeding experiments will show
that this is not necessarily the case.

38. All the experiments given in this section have thus far been
made with a baltery of a single element. 'This condition was now
changed, and a Cruickshank trough of sixty pairs substituted. Vhen
the current from this was passed through the riband coil No. 1, no in-
dication, or a very feeble one, was given of a secondary current in any
of the coils or helices,arranged as in the preceding experiments. The
length of the coil, in this case, was not commensurate with the inten-
sity of the current from the battery. But when the long helix, No. 1,
was placed instead of coil No. 1, a powerful inductive action was pro-
duced on each of the articles, as before.

39. First, helices No. 2 and 3 were united into one, and placed
within helix No. 1, which still condueted the battery current. With
this disposition a secondary current was produced, which gave intense
shocks but feeble decomposition, and no magnetism in the soft iron
horseshoe. It was therefore one of intensity, and was induced by a
baltery current also of intensity.

40. Instead of the helix used in the last cxperiment for receiving
the induction, one of the coils (No. 3) was now placed on helix No. 1,
the battery remaining as befure.  With this arrangement the induced
current gave no shocks, but it magnetized the small horseshoe; and
when the ends of the coil were rubbed together, produced bright
sparks. It had therefore the properties of a current of quantity ; and
it was produced by the induetion of a current, from the battery, of in-
tensity.

41. This experiment was considered of so much importance, that
it was varied and repeated many times, but always with the same re-
sult; it therefore establishes the fact that an intensity current can in-
duce one of quantily, and, by the preceding experiments, the converse
has also been shown, that a quantily current can induce one of inten-
sily.

42. This fact appears to have an important bearing on the law of
the inductive action, and would seem to favour the supposition that
the lower coil, in the two experiments with the long and short secon-
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dary conductors, exerted the same amount of inductive force, and that
in one case this was expended (to use the language of theory)in giving
a great velocity to a small quantity of the fluid, and in the other in
producing a slower motion in a larger current; but in the two cases,
were it not for the increased resistance to conduction in the longer
wire, the quantity multiplied by the velocity would be the same. This,
however, is as yet an hypothesis, but it enables us to conceive how in-
tensity and quantity may both be produced from the same induction.

43. From some of the foregoing experiments we may conclude,that
the quantity of electricity in motion in the helix is really less than in
the coil, of the same weight of metal; but this may possibly be owing
simply to the greater resistance offered by the longer wire. It would
also appear, if the above reasoning be correct, that to produce the most
energetic physiological effects, only a small quantity of electricity,
moving with great velocity, is necessary.

44. In this and the preceding section, I have attempted to give
only the general conditions which influence the galvanic induction.
To establish the law would require a great number of more refined
experiments, and the consideration of several circumstances which
would affect the results, such as the conduction of the wires, the con-
stant state of the battery, the method of breaking the circuit with per-
fect regularity, and also more perfect means than we now possess of
measuring the amount of the inductive action; all these circumstances
render the problem very complex.

SECTION III.
On the Induction of Secondary Currents at a distance.

45. In the experiments given in the two preceding Sections. the
conductor which received the induction, wasseparated from that which
transmitted the primary current by the thickness only of a pane of
glass; but the action from this arrangement was so energetic, that I
was naturally led to try the effect at a greater distance.

46. For this purpose coil No. 1 was formed into a ring of about two
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feet in diameter, and helix No.
4 placed as is shown in the

figure. When the helix was
/Dat the distance of about sixteen
» inches from the middle of

- the plane of the ring, shocks
could be perceived through
the tongue, and these rapidly
increased in intensity as the
helix was lowered, and when
it reached the plane of the ring
they were quite severe. The effect, however, was still greater, when
the helix was moved from the centre to the inner circumference, as at
c: but when it was placed without the ring, in contact with the outer
circumference, at b, the shocks were very slight; and when placed
within, but its axis at right angles to that of the ring, not the least
effect could be observed.

47. With a little reflection, it will be evident that this arrangement
is not the most favourable for exhibiting the induction at a distance,
since the side of the ring, for example, at ¢, tends to produce a current
revolving in one direction in the near side of the helix, and another in
an opposite direction in the farther side. The resulting effect is there-
fore only the difference of the two, and in the position as shown in the
figure; this difference must be very small, since the opposite sides of
the helix are approximately at the same distance from ¢. But the dif-
ference of action on the two sides constantly increases as the helix is
brought near the side of the ring, and becomes a maximum when the
two are in the position of internal contact. A helix of larger diameter
would therefore produce a greater effect.

48. Coil No. 1 remaining as before, helix No. 1, which is nine
inches in diameter, was substituted for the small helix of the last ex-
periment, and with this the effect at a distance was much increased.
When coil No. 2 was added to coil No. 1, and the currents from two
small batteries sent through these, shocks were distinctly perceptible
through the tongue, when the distance of the planes of the coils and
the three helices, united as one, was increased to thirty-six inches.

Fig. 4.

a represents helix No. 4, b coil No. 1, in the form of a ring.
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49. The action at a distance was still further increased by coiling
the long wire of the large spool into the form of a ring of four feet
in diameter, and placing parallel to this another ring, formed of the
four ribands of coils No. 1, 2,3 and 4. When a current from a single
battery of thirty-five feet of zinc surface was passed through the riband
conductor, shocks through the tongue were felt when the rings were
separated to the distance of four feet. As the conductors were ap-
proximated, the shocks became more and more severe; and when at
the distance of twelve inches, they could not be taken through the
body.

53{;. It may be stated in this connection, that the galvanic induction
of magnetism in soft iron, in reference to distance, is also surprisingly
great. A cylinder of soft iron, two inches in diameter and one foot
long, placed in the centre of the ring of copper riband, with the bat-
tery above mentioned, becomes strongly magnetic.

51. I may perhaps be excused for mentioning in this communica-
tion that the induction at a distance affords the means of exhibiting
some of the most astonishing experiments, in the line of physique amu-
sanle, to be found perhaps in the whole course of science. I will men-
tion one which is somewhat connected with the experiments to be
described in the next section, and which exhibits the action in a strik-
ing manner. This consists in causing the induction to take place
through the partition wall of two rooms. For this purpose coil No. 1
is suspended against the wall in one room, while a person in the ad-
joining one receives the shock, by grasping the handles of the helix,
and approaching it to the spot opposite to which the coil is suspended,
The effect is as if by magic, without a visible cause. It is best pro-
dnced through a door, or thin wooden partition.

52. The action at a distance affords a simple method of graduating
the intensity of the shock in the case of its application to medical pur-
poses. The helix may be suspended by a string passing over a pulley,
and then gradually lowered down towards the plane of the coil, until
the shocks are of the required intensity. At the request of a medical
friend, T have lately administered the induced current preeisely in this
way, in a case of paralysis of a part of the nerves of the face.

63. I may also mention that the energetic action of the spiral con-
YI.—4 D
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ductors enables us to imitate, in a very striking manner, the inductive
operation of the magneto-electrical machine, by means of an uninter-
rupted galvanic current. For this purpose it is only necessary to ar-
range two coils to represent the two poles of a horseshoe magnet, and to
cause two helices to revolve past them in a parallel plane. While a
constant current is passing through each coil, in opposite directions, the
effect of the rotation of the helices is precisely the same as that of the
revolving armature in the machine.

54. A remarkable fact should here be noted in reference to helix
No. 4, which is connected with a subsequent part of the investigation.
This helix is formed of copper wire, the spires of which are insulated
by a coating of cement instead of thread, as in the case of the others.
After being used in the above experiments, a small discharge from a
Leyden jar was passed through it, and on applying it again to the coil,
I was much surprised to find that scarcely any signs of a secondary
current could be obtained.

55. The discharge had destroyed the insulation in some part, but
this was not sufficient {o prevent the magnetizing of a bar of iron in-
troduced into the opening at the centre. The effect appeared to be
confined to the inductive action. The same accident had before hap-
pened to another coil of nearly the same kind. It was therefore noted
as one of some importance. An explanation was afterwards found in
a peculiar action of the secondary current.

SECTION LY.

On the Effects produced by interposing different Substances between
the Conductors.

56. Sir H. Davy found, in magnetizing needles by an electrical dis-
charge, that the effect took place through interposed plates of all sub-
stances, conductors and nonconductors.* The experiment which I
have given in paragraph 51 would appear to indicate that the induc-
tive action which produces the secondary current might also follow
the same law.

* Philosophical Transactions, 1821.

CONTRIBUTIONS TO ELECTRICITY AND MAGNETISM. 317

57. To test this the compound helix was placed about five inches
above coil No. 1, Fig. 5, and a plate of
sheet iron, about v;th of an inch thick.
interposed. With this arrangement no
shocks could be obtained; although,
when the plate was withdrawn, they
were very intense.

58. It was at first thought that this
effect might be peculiar to the iron, on
account of its temporary magnetism;
but this idea was shown to be erroneous by substituting a plate of
zinc of about the same size and thickness. With this the screening
influence was exhibited as before.

59. After this a variety of substances was interposed in succession,
namely, copper, lead, mercury, acid, water, wood, glass, &c.; and it
was found that all the perfect conductors, such as the metals, produced
the screening influence; but nonconductors, as glass, wood, &c., ap-
peared to have no effect whatever.

60. When the helix was separated from the coil by a distance only
equal to the thickness of the plate, a slight sensation could be per-
ceived even when the zinc of +5th of an inch in thickness was inter-
posed. This effect was increased by increasing the quantity of the
battery current. If the thicknessof the plate was diminished, the induc-
tion through it became more intense. Thus a sheet of tinfoil inter-
posed produced no perceptible influence ; also four sheets of the same
were attended with the same result. A certain thickness of metal is
therefore required to produce the screening effect, and this thickness
depends on the quantity of the current from the battery.

61. The idea occurred to me that the screening might, in some
way, be connected with an instantaneous current in the plate, similar
to that in the induction by magnetic rotation, discovered by M. Arago.
The ingenious variation of this principle by Messrs Babbage and Her-
schell, furnished me with a simple method of determining this point.

62. A circular plate of lead was interposed, which caused the induc-
tion in the helix almost entirely to disappear. A slip of the metal

a represcnts coil No. 1, b helix No. 1, and ¢
an inierposed plate of metal.
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was then cut out in the direction of a radius of the circle, as is shown

Fig. 6. in Fig. 6. With the plate in this condition, no screening
@ was produced ; the shocks were as intense as if the metal

¥ were not present.

foPmte. ot 63. This experiment however is not entirely satisfactory,
which the vt since the action might have taken place through the open-
ing of the lead; to obviate this objection, another plate was cut in the
same manner, and the two interposed with a glass plate between them,
and so arranged that the opening in the one might be covered by the
continuous part of the other. Still shocks were obtained with undi-
minished intensity.

64. But the existence of a current in the interposed conductor was
rendered certain by attaching the magnetizing spiral by means of two
wires to the edge of the opening in the circular plate, as is shown in

Fig. 7. Fig. 7. By this arrangement the latent cur-
c_‘ *rent was drawn out, and its direction ob-
tained by the polarity of a needle placed in

mpmm;::;?:xp:;mime " the spiral at &.

65. This current was a secondary one, and its direction, in confor-
mity with the discovery of Dr Faraday, was found to be the same as
that of the primary current.

66. That the screening influence is in some way produced by the
neutralizing action of the current thus obtained, will be clear, from
the following experiment. The plate of zinc before mentioned, which
is nearly twice the diameter of the helix, instead of being placed be-
tween the conductors, was put on the top of the helix, and in this po-
sition, although the neutralization was not as perfect as before, yet a
great reduction was observed in the intensity of the shock.

67. But here a very interesting and puzzling question occurs.
How does it happen that two currents, both in the same direction, can
neutralize each other? I was at first disposed to consider the pheno-
menon as a case of real electrical interference, in which the impulses
succeed each other by some regular interval. But if this were true
the effect should depend on the length and other conditions of the cur-
rent in the interposed conductor. In order to investigate this, several
modifications of the experiments were instituted.
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68. First a flat coil (No. 3) was interposed instead of the plates.
When the two ends of this were separated, the shocks were received
as if the coil were not present; but when the ends were joined, so as
to form a perfect metallic circuit, no shocks could be obtained. The
neutralization with the coil in this experiment was even more perfect
than with the plate.

69. Again, coil No. 2, in the form of a ring, was placed not between
the conductors, but around the helix. With this disposition of the
apparatus,and the ends of the coil joined, the shocks were scarcely per-
ceptible, but when the ends were separated, the presence of the coil has
no effect.

70. Also when helix No. 1 and 2 were together submitted to the in-
fluence of coil No. 1, the ends of the one being joined, the other gave
no shock.

71. The experiments were further varied by placing helix No. 2
within a hollow cylinder of sheet brass, and this again within coil No.
2 in a manner similar to that shown in Fig. 12, which is intended to
illustrate another experiment. In this arrangement the neutralizing
action was exhibited, as in the case of the plate.

72. A hollow cylinder of iron was next substituted for the one of
brass, and with this also no shocks could be obtained.

73. From these experiments it is evident that the neutralization
takes place with currents in the interposed or adjoining conductors of
all lengths and intensitics,and therefore cannot, as it appears to me, be
referred to the interference of two systems of vibrations.

74. This part of the investigation was, for a time, given up almost in
despair, and it was not until new light had been obtained from another
part of the inquiry, that any further advances could be made towards
a solution of the mystery.

In the remainder of this article, which we omit, Henry describes
currents induced through chains of up to five pairs of separated coils,
and the production of induced currents from the discharge of a
Leyden jar. In conclusion he writes, “every part of the subject of
electro-dynamic induction appears to open a field for discovery,
which experimental industry cannot fail to cultivate with immediate
success.”



