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Joseph Henry on Electrical Induction

" A Classic of Science

The American Scientist Shares Faraday’s Centenary as
Discoverer of Electric Currents Induced by Magnetism

ON THE PRODUCTION OF
CURRENTS AND SPARKS OF ELEC-
TRICITY FROM MAGNETISM; By
Prof. |. Henry. In American Journal of
Science, Vol. XXII, 1832.

LTHOUGH the discoveries of

Oersted, Arago, Faraday, and
others, have placed the intimate con-
nection of electricity and magnetism in
a most striking point of view, and al-
though the theory of Ampere has re-
ferred all the phenomena of both these
departments of science to the same gen-
eral laws, yet until lately one thing re-
mained to be proved by experiment,
in order more fully to establish their
identity; namely, the possibility of pro-
ducing electrical effects from magne-
tism. It is well known that surprising
magnetic results can readily be obtained
from electricity, and at first sight it
might be supposed that electrical ef-
fects could with equal facility be pro-
duced from magnetism; but such has
not been found to be the case, for al-
though the experiment has often been
attempted, it has nearly as often failed.

Possess Other Properties

It early occurred to me, that if
galvanic magnets, on my plan, were
substituted for ordinary magnets, in re-
searches of this kind, more success
might be expected. Besides their great
power, these magnets possess other
properties, which render them important
instruments in the hands of the experi-
menter; their polarity can be instan-
taneously reversed, and their magnetism
suddenly destroyed or called into full
action, according as the occasion may
require. With this view, I commenced,
last August, the construction of a much
larger galvanic magnet than, to my
knowledge, had before been attempted,
and also made preparations for a series
of experiments with it on a large scale,
in reference to the production of elec-
tricity from magnetism. I was, how-
ever, at that time, accidentally inter-
rupted in the prosecution of these ex-

periments, and have not been able since
to resume them, until within the last
few weeks, and then on a much smaller
scale than was at first intended. In the
mean time, it has been announced in
the 117th number of the Library of
Useful Knowledge, that the result so
much sought after has at length been
found by Mr. Faraday of the Royal In-
stitution. It states that he has estab-
lished the general fact, that when a
piece of metal is moved in any direc-
tion, in front of a magnetic pole, elec-
trical currents are developed in the
metal, which pass in a direction at right
angles to its own motion, and also that
the application of this principle affords
a complete and satisfactory explanation
of the phenomena of magnetic rota-
tion. No detail is given of the experi-
ments, and it is somewhat surprising
that results so interesting, and which
certainly form a new era in the history
of electricity and magnetism, should not
have been more fully described before
this time in some of the English pub-
lications; the only mention I have found
of them is the following short account
from the Annals of Philosophy for
April, under the head of Proceedings
of the Royal Institution.

“Feb. 17.—Mr. Faraday gave an ac-
count of the first two parts of his re-
searches in electricity; namely, Volta-
electric induction and magneto-electric
induction. If two wires, A and B, be
placed side by side, but not in contact,
and a Voltaic current be passed through
A, there is instantly a current produced
by induction in B, in the opposite di-
rection. Although the principal cut-
rent in A be continued, still the sec-
ondary current in B is not found to
accompany it, for it ceases after the first
moment, but when the principal current
is stopped then there is a second cur-
rent produced in B, in the opposite di-
rection to that of the first produced by
the inductive action, or in the same di-
rection as that of the principal current.

“If a wire, connected at both ex-
tremities with a galvanometer, be coiled

in the form of a helix around a magnet,
no current of electricity takes place in
ir. This is an experiment which has
been made by various persons hundreds
of times, in the hope of evolving elec-
tricity from magnetism, and as in other
cases in which the wishes of the ex-
perimenter and the facts are opposed to
each other, has given rise to very con-
flicting conclusions. But if the magnet
be withdrawn from or introduced into
such a helix, a current of electricity is
produced whilst the magnet is in mo-
tion, and is rendered evident by the de-
flection of the galvanometer. If a sin-
gle wire be passed by a magnetic-pole,
a current of electricity is induced

through it which can be rendered sensi-
ble.”

Without Previous Knowledge

Before having any knowledge of the
method given in the above account, I
had succeeded in producing electrical
effects in the following manner, which
differs from that employed by Mr. Fara-
day, and which appears to me to de-
velope some new and interesting facts.
A piece of copper wire, about thirty
feet long and covered with elastic
varnish, was closely coiled around the
middle of the soft iron armature of the
galvanic magnet, described in Vol. XIX
of the American Journal of Science, and
which, when excited, will readily sus-
tain between six hundred and seven
hundred pounds. The wire was wound
upon itself so as to occupy only about
one inch of the length of the arma-
ture which is seven inches in all. The
armature, thus furnished with the wire,
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was placed in its proper position across
the ends of the galvanic magnet, and
there fastened so that no motion could
take place. The two projecting ends of
the helix were dipped into two cups
of mercury, and there connected with
a distant galvanometer by means of two
copper wires, each about forty feet
long. This arrangement being com-
pleted, I stationed myself near the
galvanometer and directed an assistant
at a given word to immerse suddenly,
in a vessel of dilute acid, the galvanic
battery attached to the magnet. At the
instant of immersion, the north end of
the needle was deflected 30° to the
west, indicating a current of electricity
from the helix surrounding the arma-
ture. The effect, however, appeared
only as a single impulse, for the needle,
after a few oscillations, resumed its for-
mer undisturbed position in the mag-
netic meridian, although the galvanic
action of the battery, and consequently
the magnetic power was still continued.
I was, however, much surprised to see
the needle suddenly deflected from a
state of rest to about 20° to the east,
or in a contrary direction when the bat-
tery was withdrawn from the acid, and
again deflected to the west when it was
reimmersed. This operation was re-
peated many times in succession, and
uniformly with the same result, the
armature, the whole time, remaining im-
movably attached to the poles of the
magnet, no motion being required to
produce the effect, as it appeared to
take place only in consequence of the
instantaneous development of the mag-
netic action in one, and the sudden ces-
sation of it in the other.

This experiment illustrates most
strikingly the reciprocal action of the
two principles of electricity and mag-
netism, if indeed it does not establish
their absolute identity. In the first place,
magnetism is developed in the soft iron
of the galvanic magnet by the action
of the currents of electricity from the
battery, and secondly the armature, ren-
dered’ magnetic by contact with the
poles of the magnet, induces in its turn,
currents of electricity in the helix which
surrounds it; we have thus as it were
electricity converted into magnetism and
this magnetism again into electricity.

Another fact was observed which is
somewhat interesting in as much as it
serves, in some respects, to generalize
the phenomena. After the battery had
been withdrawn from the acid, and the
needle of the galvanometer suffered to
come to a state of test after the result-
ing deflection, it was again deflected in
the same direction by partially detach-

ing the armature from the poles of the
magnet to which it continued to ad-
here from the action of the residual
magnetism, and in this way, a series of
deflections, all in the same direction,
was produced by merely slipping off
the armature, by degrees, until the con-
tact was entirely broken. The follow-
ing extract from the register of the ex-
periments exhibits the relative deflec-
tions observed in one experiment of
this kind.

Effect Reversed

At the instant of immersion of the
battery, deflec. 40° west.

At the instant of immersion of the
battery, deflec. 18° east.

Armature partially detached, deflec.
7° east.

Armature entirely detached, deflec.
12° east.

The effect was reversed in another ex-
periment, in which the needle was
turned to the west in a series of deflec-
tions by dipping the battery but a small
distance into the acid at first and after-
wards immersing it by degrees.

From the foregoing facts, it appears
that a current of electricity is produced,
for an instant, in a helix of copper
wire surrounding a piece of soft iron
whenever magnetism is induced in the
iron; and a current in an opposite di-
rection when the magnetic action ceases;
also that an instantaneous current in one
or the other direction accompanies every
change in the magnetic intensity of the
iron.

Since reading the account before
given of Mr. Faraday’s method of pro-
ducing electrical currents I have at-
tempted to combine the effects of mo-
tion and induction; for this purpose a
rod of soft iron ten inches long and
one inch and a quarter in diameter, was
attached to a common turning lathe, and
surrounded with four helices of copper
wite in such a manner that it could be
suddenly and powerfully magnetized,
while in rapid motion, by transmitting
galvanic currents through three of the
helices; the fourth being connected
with the distant galvanometer was in-
tended to transmit the current of in-
duced electricity: all the helices were
stationary while the iron rod revolved
on its axis within them. From a num-
ber of trials in succession, first with the
rod in one direction then in the op-
posite, and next in a state of rest, it was
concluded that no perceptible effect was
produced on the intensity of the mag-
neto-electric current by a rotatory mo-
tion of the iron combined with its sud-
den magnetization.
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THE HENRY LIFTING MAGNET

Both Faraday and Henry succeeded in in-
ducing an electric current from magnetism
by employing electro-magnets, which
Henry had developed to maximum use-
fulness. This magnet, made by Henry,
which lifts 750 pounds, when connected to
a small wet battery, is in the U. S. Na-
tional Museum.

The same apparatus however fur-
nished the means of measuring sepa-
rately the relative power of motion and
induction in producing electrical cur-
rents. The iron rod was first magnetized
by currents through the helices attached
to the battery and while in this state
one of its ends was quickly introduced
into the helix connected with the gal-
vanometer; the deflection of the needle,
in this case, was seven degrees. The
end of the rod was next introduced into
the same helix while in its natural state
and then suddenly magnetized; the de-
flection, in this instance amounted to
thirty degrees, shewing a great superior-
ity in the method of induction.

The next attempt was to increase the
magneto-electric effect while the mag-
netic power remained the same, and in
this I was more successful. Two iron
rods six inches long and one inch in
diameter, were each surrounded by two
helices and then placed perpendicularly
on the face of the armature, and be-
tween it and the poles of the magnet
so that each rod formed as it were a
prolongation of the poles, and to these
the armature adhered when the magnet
was excited. With this arrangement, a
current from one (Please turn page)
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helix produced a deflection of thirty-
seven degrees; from two helices both on
the same rod fifty-two degrees, and from
three fifty-nine degrees: but when four
helices were used, the deflection was
only fifty-five degrees, and when to
these were added the helix of smaller
wire around the armature, the deflection
was no more than thirty degrees. This
result may perhaps have been somewhat
affected by the want of proper insulation
in the several spires of the helices, it
however establishes the fact that an in-
crease in the electric current is producd
by using at least two or three helices in-
stead of one. The same principle was ap-
plied to another arrangement which
seems to afford the maximum of elec-
tric development from a given mag-
netic power; in place of the two
pieces of iron and the armature used
in the last experiments, the poles of
the magnet were connected by a sin-
gle rod of iron, bent into the form
of a horse-shoe, and its extremities
filed perfectly flat so as to come in
perfect contact with the faces of the
poles: around the middle of the arch
of this horse-shoe, two strands of cop-
per wire were tightly coiled one over
the other. A current from one of these

COMMERCE

SCIENCE NEWS LETTER for September

helices deflected the needle one hundred
degrees, and when both were used the
needle was deflected with such force as
to make a complete circuit. But the
most surprising effect was produced
when instead of passing the current
through the long wires to the galvano-
meter, the opposite ends of the helices
were held nearly in contact with each
other, and the magnet suddenly excited;
in this case a small but vivid spark was
seen to pass between the ends of the
wires and this effect was repeated as
often as the state of intensity of the
magnet was changed.

In these experiments the connection
of the battery with the wires from the
magnet was not formed by soldering,
but by two cups of mercury which per-
mitted the galvanic action on the magnet
to be instantaneously suspended and the
polarity to be changed and rechanged
without removing the battery from the
acid; a succession of vivid sparks was
obtained by rapidly interrupting and
forming the communication by means of
one of these cups; but the greatest
effect was produced when the magnetism
was entirely destroyed and instanta-
neously reproduced by a change of
polarity.
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Floods May Increase Sale
OFf American Goods in China

THE Yangtze River, whose appella-
tion “China’s sustenance” has now
become singularly ironical, may aid
American commerce at the same time it
brings sorrow to the area around the
city of Hankow. Data at the Far East
division in the U. S. Department of
Commerce point to the probability of
an increased sale in China of United
States goods to replace those destroyed
there by the recent floods.

At this time of the year, when Amer-
ican vessels ply the trade route from
San Francisco direct to Hankow, there
exists a marked need for all kinds of
stocks, from flour and other foodstuffs
to machinery, from clothing to building
materials. Cables to the Department of
Commerce say that the majority of the
reserve supplies have been lost by the
raging waters, making supply from out-
side necessary and enlarging the market
for United States goods.

The flooded Yangtze has made pos-

sible the passage of the large ocean-go-
ing steamers, which in low water time
unloaded cargo at Shanghai for trans-
shipment by smaller vessels. The city
of Shanghai, which because of its prox-
imity to the mouth of Yangtze has been
believed by many to be flooded, actual-
ly has not been touched by the raging
waters, nor is it likely to be. The high-
est water level has been reached, re-
ports state, and the swollen streams are
beginning the long ebb back to normal
size.

The Yangtze river, itself, which has
done so much damage to Hankow, is
the collecting and distributing center of
half the commerce of all China. It winds
down from the Tibetan plateau across
the ridges and plains to the Yellow
Sea, a distance of some 3,000 miles.
Its drainage area in Szechuen and below
is about 650,000 square miles, four-
fifths of which lie above Hankow.
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As the diagram shows, is where Atlas, or
*27 Tauri,” was for almost an hour on
the morning of Sept. 4.
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and near the northeastern horizon is
Capella, in Auriga, the charioteer. Fo-
malhaut, in Piscis Austrinus, the south-
ern fish, appears low in the south. It is
slightly brighter than Deneb, but its
proximity to the horizon partially dims
it also

As for the planets, only Saturn is
visible in the evening this month. It is
in the constellation of Saggitarius, the
archer, iow in the Southwest, below
Aquila. The two eclipses give a good
indication of the phases of the moon
this month, for a solar eclipse can only
occur when the moon is new and a
lunar one only when it is full. It is at last
quarter, therefore, on September 5, new
on the 11th, at first quarter on the 18th
and full on the 26th, so that from the
middle to the end of the month the eve-
pings will be moonlight.

At 7:24 P. M., on September 23, the
sun, having advanced on its southward
journey through the sky, crosses the
equator. This is the autumnal equinox,
and marks the official beginning of
autumn.
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Variability in American
Speech to be Shown

LINGUISTIC atlas of the United

States is being prepared by the
American Council of Learned Societies
in Washington.

Language experts headed by Dr. Hans
Kurath of the Ohio State University
have begun to cross-examine the vocab-
ularies of New England farmers, fish-
ermen, social leaders, laborers, and other

groups.
Science News Letter, September 5, 1931



