AUTOMATIC CURRENT RECORDER
BY
R. SHIDA. M. E. .
Frofessor of Natural Philosophy in the Imperial College of
Engineering 1olio, Japan.

One of the principal subjects discussed by the Interna-
tional Electric Congress held in Paris in 1884, was that of
“Xarth Currents” and the result of the congress as regards
earth currents, was “that the conference expresses the: wish
that observations of earth currents be pursued in all coun-
tries.” This resolution together with others has been com-
mwunicated to various governments and our government
having conformed to the wish of the conference, it was
decided that the observations of Earth currents be made by
the Telegraph Department, in which I am a chief engineer.
It thus devolved on me to take the subject up. A little
consideration suggested by the results of preliminary observa-
tions™ I have made of earth currents showed me that in order
to earry out gystematic obzervations of earth currents, which,
from time to time, vary in strength and direction, it is almost
necessary, or at least extremely convenient, to have at our
disposal, an instrument which will automatieally vecord the
strength and direction of a varying electric current. In
view of this, I have designed and constructed a recorder the
description of which T have now the pleasure of communicating
to the society. '

In order that an instrument may automatically rvecord a
varying electric enrrent it is necessary that it ought to fulfil
the two following conditions : —

1. That the motion of the ncedle of the galvanometer
(which is a part of the instrument) be such that the
same position of the needle always corresponds to the
same strength of current which passes through it; that
is to say, that the motion be non-ozcillatory. .

2. That the position of the needle of the galvanometer
may at any moment be recorded.
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I shall first explain generally how these two conditions
are satisfied in the recorder I am going to describe.

As regards the first condition.  This condition is satisfied
by baving a galvanometer whose needle consists of a coil of
fine wire suspended in a powerful magnetic field, ‘after the
manner of the Siphon Recorder of Sir William Thomson. Tt
is easy to show mathematically that in the case of an ordinary
galvanometer which consists of a magnetic needle suspended
inside, or in the neighbourhood of, a coil of wire, this condi-
tion, can not conveniently bz fulfitled without diminishing its
sensibility. On the other hand, in the case of a galvanometer
consisting of a coil hung in a strong magnetic field as above
described, it is easy to obtain a great sensibility and at the
same time a non-oscillatory motion of the needle as will be
seen from the following investigations.

Let « be the angle of deflection of the coil at any time #;
and let 7 be its peviod of oscillation when no current is cir-
culating through it; then we have, for the equation of the

motion
d* a 4=

Tae T

But when a current circulates through the coil, the equa-

tion of the motion will be altered owing to a retardation of the

motion due to the current induced in the eoil. ILet us con-

sider the magnitude of this retardation. If I be the intensity

of the magnetic field which the coil occupies at time ¢, A the

area encompassed by all the turns of the coil, and if we

neglect the self-induction of the coil on itself (which I think

we can confidently do); then, plainly N, the no. of lines of
force which passes through the coil at time ¢ is.

= 0.

=T A sin a,
Cl .Z\T d 73
hence ai = 1A cosu T
dN . . . . .
But T the E. M. F. due to the inductive action;
d

hence if R be the resistance of the circuit, and « be small, C,
the current induced in the coil at any time ¢ is approximately,

IA da
i T T
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Now the couple or torque due to the action of the field on
the current is C 1 A; and therefore the retardation of the an-
gular velocity of the coil at any time ¢ i3,

‘ I"A* da
R dE
where M is the moment of inertia of the coil. Henece we have,
for the equation of the motion of the coil,

e I'A* da 4=

—— et S G
de " MR dt T
The motion represented by this cquation will be oscilla-
2z
tory or non-oscillatory according as, i greater or less

2 A2
than — -7 co that in order to the make the motion of the
S 2MR
coil non-oscillatory, all that is nccessary ig, to have the magne-
. Y. b= MR
tic field so strong that, 17 iz greater than T

Now as regards the second condition. The method, com-
monly used, of recording the motion of the needle of a galvane-
meter, is the photographic method, which is undoubtedly very
satistactory.  But this method, besides requiring an elaborate
“arrangement of several pieces of apparatus, has g serious disad-
vantage, namely, that the observations must be made in a
darkened room. The method adopted in the recorder is one,
which, thongh perhaps not so aceurate as the photographic
method, poscesses the advantage of being very simple and
convenient. In this method, which may be called the electri-
cal method, there are several electrical cireuits, each of which
is elosed when, and only when, the coil or the needle comes
to a cerfain definite position corresponding to it, and each
circuit, when closed, makes a mark on a moving paper
ribbon chemically prepared somewhat in the same way as in
Bain’s Telegraph. If the coil turns round in one direction,
it successively closes those circuits, which make marks on one
side of the centre of the ribbon, and, if in the opposite direction,
those cireuits which make marks on the other side ; and further
the distance of the mark from the centre of the ribbon is great-



er or less aceording as the turning round of the coil is greater
or Jess.

How these electrical circuits are exactly arranged will be
seen later on by reference to the diagrams of the actual in-
struments,  As present it zuffices to explain how the coil or
needle closes each electrical circuit separately and without its
motion being checked or impeded. This is effected by tak-
ing the advantage of one of the well known properties of
matter, viz. the “surface tension of liquids.” When 4 capillary
tube s partly immerzed in a liquid, which wets the tube, like
water, the liquid ascends in the tube, and thesmaller the diameter
of the tube the greater the height to which the liquid ascends,
and vice versa. In fact, it can be shown that if ¢ be the angle
of capillarity, 7 the vadius of the tube, W the weight of unit
volume of the liquid, T the surface tension, per unit length, of
the liquid in contact with air, then, &, the height to which the
liquid rises, is,

1 2Teos?
h=
v hic

But the liquid is drawn up in the same way in the space

between two parallel plates.  In this caze if d be the distance
1 27Tcostr

between two plates, then, I = o

which shows that the height to which a liquid rises between

two parallel plates, is equal to the height to which it rises in

a tube whose radius is equal to the distance between the plates.

Imagine now that there is a larg: number of capillary
arrangements, cach consisting of two very nareow plates stand-
ing in a vessel containing water at a small distance from one
another, and arranged in an are of a circle, while the needle
of the galvanometer is disposed in such a manner that, as it
turns round, it successively comes in contact with the water
drawn up between the plates of each of these capillary errange-
ments, and thus clozes several eireuits in order; or else, that
there is one such cnpiHm*y arrangement, while the needle
carries a large number of points so disposed that, when it furns
round, these points successively come in contact with the water
in the capillary arrangement, and thus close several circuits in
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order. " Either of these arrangements affords us the means of
closing each circuit separately and without the motion of the
needle being checked. In the new instrument the latter plan
is used as will be more clearly seen by reference to its dia-
gramS.

Having now explained briefly the principles upon which
the action of the apparatus depends, I shall proceed to deseribe
the construction and action of the apparatus. Fig. T shows
the general view of the apparatus; while Fig. II shows the details
of the arrangement of the coil, magnet, &e. (N) & (8) are
the poles of a powerful horseshoe magnet consisting of a
bundle of square bar magnets made of very hard tempered
steel. Between the poles (N) & (8), there is suspended, by
means of a fine silk thread, a coil (¢), which contains a great
many turns of a very finc insulated wire, whose plane is
parallel to the line joining the two poles of the magnet. (m)
is a piece of soft iron fixed inside the coil, nearly filling, bug
no where touching, it, and serves to intensify the magnetic
field in which the coil is hung.

When an electric current pass
round a vertical axis in one direction or in the opposite direc-
tion according as the current is positive or negative. The two
weights, (w), (w) hanging from the coil can slide up and
down the inclined plane (P). These weights resist the tenden-

ez, the coil tends to tuen

cy to turn round caused by the passage of a cuvrent through
a coil, and serve to bring the coil to its original position when
the current ceases. The cords by which these weights ave
suspended pass through small holes in a piece of brass (»),
whose distance from the coil can be varied by moving it up
and down along the vertieal plane (P'), and thus the sensibili-
ty of the apparatus can be altered. The strength of the field
is so great that the motion of the coil caused by the passage
of a current is almost non-oseillatory. :
Attached to the coil (e), there s a thin dize of ebonite,
(D), whose axis coincides with the vertical axis of the coil
passing through its centre, so that any angular rotation of the
coil causes exactly the same angular rotation of the disc.
This disc carries, on its underside and near to a portion of itg
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circumference, a number of platinum teeth (1), (1), (1), &ec,
Direetly underneath - these teeth, and rigidly fixed to the
frame-work of the instrument, is a vessel, (V), containing
acidulated water, and in this vessel is provided a capillary ar-
rangement which consist of two very narrow platinum plates
(p), (p) (which shall, hereafter, be called “capillary plates”),
standing vertically up, side by side, from the central part of
the vessel, and drawing up the water of the vessel between
them. The position of these cﬁpillary plates, when every
thing is in its normal position, is such, that the platinum tooth
in the middle is in contact with the water between the capilla-
ry plates, and that when the coil, and therefore, the dise iz
deflected to the vight or left, the other platinum teeth on the
left or right, successively come in contact with the water be-
tween the capillary plates. Every time any one of the plati-
num teeth comes in contact with the water, it closes an electrie
circuit (to be described) corresponding to it, so that these
platinum teeth may be called “circuit-closers.”

(L) is a cylinder of wood lacquered all over. It is
covered with a platinum sheet, and on this sheet is rolled a
ribbon of wlhite paper nearly as wide as the length of the cy-
Iinder. A portion of this cylinder is in the rectangular box,
(B), which contains a chemieal solution, consisting of a ferro-
cyanide of potassium, and of nitrate of ammonium and water
mixed in certain proportions.  Further, the cylinder (L) is
made to revolve with uniform velocity by means of a clock-work
arrangement placed inside the box (H). Thus the paper
on the cylinder as it rotates, comes out moistend with the
chemical solution, Resting on the cylinder, (L), and fitting
tightly in a rod of ebonite, (r), there are a number of platinum
needles (n), (n), (n), &c; these needles may be called “marking
needles” for, if an electric current passes between any of these
platinum needles and the revolving paper, a bluish mark is
made on the paper directly underneath that needle.

These marking needles are electrically connected, each to
each, with the circuit-closers in order, there being as many
needles as there are circuit-closers; that is to say, the first
needle (on the right or left) is'in connection with the first



Fig, 1.

T
] :— | -
AR It I
il | % [ ——
i T — o
_ﬁu_,, _1_,_,::3}5“ ,
.,_.,) ,ﬁ,_n, |..<|l|||.|l‘ S g
] i ::_:i et 227 0.3
_,__i __:W__; _l_ﬂ_\u.l o
L b
T |
i M
_




[29]

cireuil-closer (on the right or left), the second needle with the
second circuit-closer, the third with the third, and so on. The
small terminal serews (a), (), (a), (1), &e, on the ebonite plate,
(E), which is fixed to the frame-work of the apparatus, and
algo the serews (b), (b), (b), &e, are provided for facili-
tating thece connections,  Exceedingly fine wires (insulated)
connect the screws (a), (a), (a), &e., with the circuit-closers,
and they all hang down from the screws in the form of spiral
springs, meeting together in the common axis of the disc, (D),
and the coil, (¢), and thence go to the circuit-closers so that
it is to be understood that the resistance these wires offer to
the motion of the dise or coil is =0 small as to be negligible,
Now the platinum sheet on the eylinder (L) is in connec-
tion with one pole (Z) of the battery (CZ) by means of a plati-
num spring (s), resting on it; while the other pole (C), of the
battery is in connection with the capillary plates (See Fig. I1T).
Consequently when there is no current passing through the
coil, the positive current flows from the copper pole of the
battery through the capillary plates, and the cirevit closer in
the centre, and thence through the corresponding marking
needle (the centre one), rotating paper and platinum sheet,
and back to the zine pole of the battery, making a blue mark on
the rotating paper just underneath the marking needle ; while,
if o current passes through a coil it is deflected to the right or
left according to the direction of the current, the circuit-closers
on the left or right of the centre successively come in contact
with the water between the capillary plates in order, the vesult
being that the correspondivg needles make blue marks on the
votating paper. But zince the paper revolves with uniform
veloeity, it i3 evident that the longer the time of contact be-
tween a circuit-closer and the water between the capillary
plates, no matter which cirveuit-closer it is, the longer the
length of the mark on the paper underneath the needle corres-
ponding to that circuit-closer ; and the shorter the shorter.
From the preceeaing description it will be clear that
when an electric current, varying from time to time, in
strength and divection, passes through the eoil, (¢), we shall
get o curve made up of dots, or of dots and lines, on the mov-
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ing paper ribbon, the nature of the curve determining the
strength and direction of the currvent at any moment. Fig. IV
shows one of such curves experimentally obtained by allowing
a varying current to pass through the coil. Now since the
motion of the paper ribbon is uniform it'is easy to find out the
point in the curve, or the position of the coil, corresponding
to any moment, and since the motion of the coil is non-oscil-
- latory, each position of the coil corresponds to a certain definite
strength of carrent, which can easily be determined by a
simple experiment. So that by an examination of the curve
thus obtained, it is easy to find out what was the strength of
the current which passed through the coil at any moment.
With regard to the sensibility of the recorder (this
special recorder), it has been found by experiment, that when
the recorder is adjusted to its greatest sensibility, the weakest
current which it can record is about tth of a milliampere,
while the strongest current it can record is about 8 milliam-
peres.
One defect of the recorder, it may be argued, is the fact
that it does not vecord any current which produces such a
deflection of the coil that, none of the circuit closers is in con-
tact with the water between the capillary plates. This defect,
however, iz not a very serious one, for, since the recorder is
intended to be used for recording varying currents which
would give rise to a curve made up of dots, or of dots and
lines, on the moving paper ribbon, it is easy, by examining
the positions of dots and lines, to complete the curve to a cer-
tain degree of approximation. If, however, a greater accuracy
be needed, all we have to do is to diminish the angular distance
between the circuit-closers, and to increase their number.  In
the next .recovder to be made, I am going to introduce a
few improvemerits, of which the most important is the mode
of arranging the cirenit-closers and capillary plates. Instead
of having the circuit-closers movable with the coil, and the
capillary plates fixed, we may arrunge so that the capillary
plate moves with the coil, while the circuit-closers are kept
stationary; and by thiz means, it is possible to diminish the
angular distances between the civeuit-closers and to increase
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their number without increasing the moment of inertia of the
needle, and thus to obviate the above defect to a great cxtent,
and at the same time to give to the recorder a greater sen-

sibility.



