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From the Prrrosopurcat Maaazing for February 1880,

On Intermittent Currents and the Theory of the Induction-
balance. By Orrver J. Lopar, D.Se.*

1. THE telephone, considered as a scientific instrument,

seems destined to play an important part asa detector .
of minute currents of rapidly changing intensity; and the
general theory of intermittent currents is being brought into
prominence by its use.

The equations to which most attention has been hitherto
directed have been those relating to the steady flow of a cur-
rent after the initial inductive or inertia-like effects have sub-
sided ; and in arrangements such as the Wheatstone bridge, a
double key is commonly used, in order to allow the introduc-
tory stage to subside before any observation is taken. The
galvanometer is essentially an instrument for measuring steady
currents, or for giving the algebraically integrated expression
for the total quantity of electricity which has passed in the

case of transient currents; that is, Tia'.zt, T being small com-
0
pared with the period of swing of the galvanometer-needle.

Again, the electrodynamometer has an important use as an
integrator of the current without paying attention to sign;

* A portion read at the Meeting of the Physical Society on the 24th
of January, 1880,
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that is, its indications give the value %5 1*dt, where again T,
0
the total duration of the current, is small.

But the telephone-plate has such a very small period of
swing that the same 7, which is vanishing compared with the
time of oscillation of a needle, may be many times greater than
that of the telephone-plate. Moreover the phate is not limited
to one mode of vibration, but can have minor vibrations su-
perposed on the fundamental; so that it can enter into the
changes going on, and render minute fluctuations audibly ap-
parent which would in more slowly moving detectors be simply
merged in the total effect.

Thus a rapidly alternating current (such as the telephone
itself produces), which is totally unfelt by a galvanometer, is
appreciated by a telephone-plate in its variability—the pitch
of the note indicating the number of vibrations, even if they
are so rapid as to produce a shrill whistle. The telephone, in
fact, does not integrate the current, but gives all its fluctua-
tions within certain limits.

The complete theory of the telephone, setting forth precisely
on what the loudness of its indications depends, would be a
most interesting and important investigation ; but if it has
been attacked, I am ignorant of it. It seems probable that the
loudness of the sounds will be found to depend upon the am-
plitude of the vibrations of the plate and upon their velocity
conjointly—in other words, both on the total change of the
current and on the rate at which the change takes place; 1. e.,
in the symbols hereafter to be used, that the loudness is a direct

fanction of § glt I shall not, however, assume anything of

this sort, but shall content myself with simply finding the
value of the current j as a function of the time, leaving the
rest to be done subsequently.

It is quite true that the telephone is only an indicator and
not a measuring-instrument ; but so many null methods can
be devised which permit measurements to be made with a
simple detector, that it is probable that it will have important
applications in this capacity also. And hence I think the
general theory of intermittent currents, or of currents in the
variable stage, will come into more prominence than hitherto.

The induction-balance furnishes an illustration. Dove made
experiments with it; and Felici established the laws of current
induction by its aid: but its power as an instrument of research
was never appreciated till Prof. Hughes applied to it an inter-
mittent current and a telephone. .
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Faraday interposed blocks of copper between a primary coil
and a secondary connected with a galvanometer, and was sur-
prised to find that the effect at make and break was precisely
the same with the copper as without it*. It was, however,
afterwards found that the physiological effects were very dif-
ferent, being much less when the copper was present—thus
proving that though the copper did not affect the integral flow
of electricity, yet it greatly affected the time during which
that flow took place.

Dove repeated Faraday’s experiment more perfectly by
means of an induction-balance, and showed that nonon-mag-
netic media produced any effect appreciable by a galvano-
meter.

Thus may numerous phenomena be overlooked with a gal-
vanometer which with a telephone become obtrusively evident.

2. My attention was more particularly directed to the sub-
ject by an observation which was made by Mr. W. Grant,
assistant in the Physical Laboratory, University College, and
which I have his permission to describe.

The intermittent current from a mouth-telephone, or the
induced current from a clock-ticking microphone and coil,
is sent through a long helix of wire wound upon a bobbin,
with another similar but quite disconnected wire wound along-
side it. A telephone and ear are also arranged in the cir-
cuit of the first wire, and the loudness of the sound observed.
The disconnected wire, which is wound on the same reel as
the first, now has its two ends joined up so that it itself forms
a closed circuit : the loudness of the sound is thereby consi-
derably increased. The secondary circuit is broken again, and
the sound again becomes faint. The strengthening on closing
the secondary circuit is so great, indeed, that short-circuiting
the primary so as to shunt out all its resistance, scarcely pro-
duces any additional strengthening effect. In other words, a
moderate resistance (several ohms) may be thrown into a
telephonic circuit without the slightest appreciable weakening
of the effect, provided a second wire coiled alongside the first
be arranged so as to form a closed circuit. If a second tele-
phone be put in circuit with this second wire, it will give
about the same indications as the other ; and this may some-
times be a good way of working two telephones.

The rough general explanation is, of course, not far to seek.
The extra currents, which at first oppose the primary, are
able to form in the secondary when its circuit is closed ; and
hence the changes in strength of the primary are more rapid,
and therefore more complete.

* Exp. Res. arts, 1721, 1735.
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