A paper presented at the 19th Aninual Convention of
the American Institute of Electrical Engineers,
Great Barrington Mass une 20th, 1902.

A NEW CURVE TRACING INSTRUMENT.
BY ROBERT B. OWENS.

For conveniently and accurately tracing current curves in
circuits of small resistance and inductance without appreciably
altering their time constants, the instrument illustrated in Fig. 1
was devised some years ago, but having subsequently proved
generally useful as a laboratory instrument, a consideration of
its characteristics may not be without interest.
In general appearance, it is similar to the ordinary differential
galvanometer, with the exception that the usual suspended permanent magnet with attached mirror is replaced by a circular
coil of fine wire supported by two thin phosphor-bronze suspensions. The bifilar method of suspension at once allows easy
variation of sensibility and affords a means of introducing current into the movable coil. Fig. 2 shows the arrangement of the
principal instrument parts in more detail.
The action of the instrument is as follows: The variable current of which a trace is desired is introduced into, say, the outer
pair of the two concentric coils, a suitable direct current is sent
into the inner pair of coils and a contact maker sends an impulse
of current from a constant source of e.m.f. through the movable
coil. If the D. C. current in the inner fixed coil is equal and
opposite in magnetic effect to the instantaneous value of the
variable current at time of contact, no deflection of the movable
coil will be observed. If a deflection, however, does occur, the
D. C. current is varied until such deflection becomes zero, then
the D. C. current, as read by an ordinary Weston ammeter,
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equals to within a constant the instantaneous value of the
variable current for the particular setting of the contact maker
used. The constant of the instrument is readily obtained by
measuring the ratio of the currents in the two fixed coils required to produce no deflection of the movable coil when a small
current from a separate source is sent through it.
Shifting the contact maker arm, as manv points may be
obtained as are desired. The instrument is extremely sensitive,
allowing perfectly satisfactory traces of currents a fraction of a
milliampere effective value to be obtained, and its range mav
varied to almost any extent by the addition of fixed coils. When
measuring very small currents, it must, however, be shielded
or corrected for stray fields.
Briefly, the advantages of the instrument are as follows:
(a) Its indications are independent of the constancy of contact, being a zero method.
(b) All readings are of instruments of the Weston direct current type, and may be readily converted to absolute values.
(c) Wide range and great accuracy..
(d) It may be quickly and easily manipulated and has a minimum resistance and inductance.
Some of the applications to which it has been put are:
(a) The tracing of A. C., e.m.f. and current waves.
(b) Obtaining curves of growth and decav of current in induc
tive circuits, when constant e.m.f.'s are applied.
(c) Obtaining curves of rate of growth and decay of such
currents.
(d) Obtaining leakage coefficients of large generators, the time
constants of whose fields make the use of ballistic or of damped
galvanometers for accurate work impracticable.
(e) The determination of the variation in a single revolution
of the angular velocity of engine fly-wheels.
(f) The determination of the fluctuations in currents from
commutating machines.
In Fig. 3 are seen the connections for obtaining an ordinary
current wave from an A. C. generator. A milliammeter is put
in series with the movable coil of the instrument as a convenient
means of knowing whether or not the contact maker is operating
satisfactorily. The average current through this ammeter need
not exceed four or five milliamperes; this is so small as not to
injure the contact points and allows the period of contact to be
extremely small.
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For obtaining e.m.f. waves of an A. C. generator, a larger number of turns of fine wire are used in the outer fixed coils, together
with a suitable non-inductive resistance in series with them, the
whole being connected across the generator terminals.
In Fig. 4 are given the e.m.f. and exciting current waves for a
small 1l k.w. transformer of well-known make. It will be
noticed that the smallest variations in both curves are faithfully
reproduced. It should also be remarked that such curves check
exactly with curves obtained by other reliable methods.
Fig. 5 gives the connections for obtaining the curve of rate of
growth of current in an inductive circuit when a constant e.m.f.
is applied. A pendulum contact-making device is shown, as it
happened to be available, but other means may, of course, be
substituted. The inductive circuit as seen, consists of the fields
of an Edison bipolar dynamo. About the fields is wrapped a

F"I G. 3.

test coil of fine wire. At determined times after the making of
the field circuit, the instantaneous values of the current induced
in the test coil are measured, and together form a curve of rate
,of -growth of current in main coils. The area of this curve is proportioned to the total induction passing through it. Now, if a
second coil, having the same number of turns and of equal resistance, is wound about the armature and the area of the induced
current curve in it similarly obtained, the ratio of the first to the
-second area is the leakage coefficient of the dynamo. Fig. 6
gives the results for a certain field excitation. While not adapted
wmeasuremernts, this method is an absolute one and serves
to shop
to check the method now conmmronly used, namely-taking the
ratio of the kicks of two similar Weston voltmeters or ammeters,
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one in a test circuit about the fields and one in a test circuit about
the armature.
Fig. 7 slhows the curve of growth of current witli time in the
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The variation in a single revolution of the angular velocity.
of an engine fly-wheel is measured as follows: A disk dynamo
with fields constantly excited is directly driven from the engine

FIG. 5

shaft and the current trace from it obtained as a function of
angular displacement, such current at any instant being proportioned to the angular velocity of the fly-wheel at the same
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time. It is necessary to use a disk dynamo, or one having a great
n-umber of commutator segme-nts, as otherwise the variations in
the current due to the angular displacement of a'djacent arma-
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ture coils will mask the variations due to a change in angular

velocity.
Most accurate results are obtained by adding to the instrument a third fixed coil, through wlhich is sent ai direct current,
just sufficient to neutralize the dynamo current corresponding to
the minimum angular velocity of shaft or dynamo. The D. C.
current in the second fixed coil will then correspond directly to
the variation of angular velocity from its minimum.
In the first experiments made, a dynamo with a twenty-fourpart commutatol was used, but the curve obtained showed
twenty-four variations in one revolution, each of which greatlv
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their mean minimum.

DOriving thle arm.ature of this machine at a uniform speed by
means of a motor taking current from a storage battery, twentyfour similar variations per revolution were observed in the current curve, which measured, of course, the fluctuations corresponding to the pitch of the armature coils in this particular

machine.
-eUses for the above instrument other than those cited, will
readily occur, but perhaps enough has been said to indicate that
it has a considerable value for general laboratory purposes.
My tharlks are due to Messrs. Smith, Dunfield and Murphy,
graduates of the class of 1902, for much assistance in its develop
ment and for the taking of observations.
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DISCUSSION.
DR. PERRINE:-I am sorry that Dr. Kennelly is not here for
he he has tested and applied this method of determining regulation by the e.m.f., which is, as I understand it, what is meant
by the wor(ling of Rule 71, to machines of the Stanley design.
I mention this simply because I see from Fig. 23 that the
machine in question, the inductor machine, is of the general
Stanley design. It is, however, a design I have never heard of,
and I presume was built by the Royal Electric Company,
especially for McGill University. I know there has never been
such a machine built in this country. The method that was
shown by Prof. Owens is the method I know Dr. Kennelly has
commonly employed for some time in predetermining alternator
characteristics and he has applied it as well to commercial inductor alternators, as to revolving field alternators. Where the
machine is a commercial machine I do not believe that the variatioIn between the two curves will be noticeable. This particular
machine is not a commercal machine; I know nothing abotut it.
It happens to be about one-fifth the size of the smallest inductor
alternator ever built of this type in this countrv and is probably
a verv remarkable machine.
A paper on " A New Curve Tracing Instrument " was then
read by Prof. Robert B. Owens. [See page 1123.]
PRESIDENT STEINMETZ:-We have listened to a very interestinog paper, and I am onlv sorry that the time is so short we will be
unable to properly review and discuss it. If there is no further
discussion, a motion to adjourn will be in order. Before calling
for that motion, however, I may say there are two more paperstwo of to-day's papers left over for to-morrow, and to-morrow is
the last session, and we will have a discussion on a question
which is extremely important. I shall, therefore, be obliged to
call the meeting to order sharply at nine o'clock to-morrow.
On motion duly seconded and carried, the session then
adjourned.

Friday afternoon a special train was provided by the Stanley
Electric Manufacturing Company, by which the members were
enabled to visit their Pittsfield works, twenty-five miles fromi
Great Barrington. Those who preferred were entertained with a
Tally-ho drive around Lake Onota, and all reassembled at a
lawn partv as the guests of Dr. and Mrs. F. A. C. Perrine, at their
beautiful home. In the evening the members were the guests
of the Citv of Pittsfield, and were entertained at the " Maplewood " by Mayor England and the Board of Aldermen, returning
to Great Barrington at 1.0 o'clock.

