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To all whom it may conceriv:

Beit known that we, ROOKES EVELYN BELL
CroMPTON and GISBERT KAPP, both subjects
of the Queen of Great Britain and Ireland,
residents of Chelmsford, in the county of Es-
sex, England, in the United Kingdom of Great
Britain and Ireland, have invented certain
new and unseful Improvements in Apparatus
for Measuring Electric Currents and Klectro-
1o Motive Force, (for which we have obtained

patents in the following countries—namely:
in England, No, 1,877, dated April 13, 1883,
and No. 4,453, dated September 18, 1883; in
France, No. 157,743, dated September 26, 1883;
15 in Belgium, No. 62,717, dated September 26,
1883, and in Austria-Huangary, No. 38,8%0 and
No. 53,900,dated December 24, 1883,) of which
the following is a specification.
Our invention consists in improvementsin
2o that class of apparatus for measuring electric
currents and electro-motive force where the
deflection of a magnetic needle, which needle
is under the combined influence of a directing-
magnet and one or more deflecting-coils,indi-
25 cates the eurrent. The magnets hitherto used
in such apparatus were permanent steel mag-
nets; but 1t is well known that the strength of
such magnets, and therefore also their direct-
ing force upon the needle, is liable to varia-
30 tionsbroughtabout accidentally,and therefore
such instroments must from time to time be
recalibrated in order {oobtain accurate meas-
urements.
Our invention consists in substitnting for
35 these permanent steel magnets electro-mag-
nets which are excited by the whole or by a
-part of the very current which is te be meas-
ured.
The directing force of an electro-magnet is
40 the sum of the directing force due to the cur-
rent circulating throngh ifs coils and of the
directing force due to theiron core. The latter
is,generally speaking,numerically much larger
than theformer. For weak currentsit is nearly
45 proportional to the current; but if the cur-
rent be increased sufficiently a maximumn ig
ultimately reached, beyond which the direct-
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ing force of the soft-iron core cannot percepti--

bly be increased. This condition of the core

is generally knowiias “ magneticsaturation.” so
We employ in our instruments electro-mag-
nets with comparatively thin cores and obtain
thereby that,with the weakest currents which

it is desired to measure, the core becomes al-
ready nearly saturated. The directing power 55
of the coils themselves is proportional to the
current for all currents, but as it is, generally
speaking, numerically smaller than the direct-
ing power of the saturated core,and, moreover,
can be neutralized by a method hereinafter 6o
described, the total directing power will only
slightly vary with the current. Onthe other
hand, the deflecting power of the coils is, as

in all galvanometers, strictly proportional to
the current,and therefore the deflection of the 65
needle will be a definite function of the cur-
rent.

If the relation between the deflection of the
needle and the current be once experimentally
determined for various currents within the 7o
limits of the instrument,a scale or dial can be
construeted,upon which, by means of a pointer
rigidly attached to the needle,the carrent can
be read off.

If it be desired to obtain instruments of very 75
greatb accuracy and a convenient and even di-
vision of the dial, we eliminate or nentralize
the directing power of the coils of the electro-
magnet, so that only the directing power due
toits core influences the needle. - This elimina- §o
tion can be made in various ways, eithér by
extending the core and poles of the electro-
magnet toward the needle, so that the latter ig
well under the influence of the core, but not
or only slightly under the influence of the 8z
winding, which lies at a greater distance from
the needle, or we surround the needle with a
separate balaneing-coil traversed by the same
or a proportionate part of the current which
excites the electro-magnet, and we arrange jo
this balancing-coil in such a way that its mag-
netic influence upon the needle is equal and
opposite to the magnetic influence of the coils
of the electro-magnet' upon the needle, or we
set the deflecting-coil at a certain angle to the g5
line joining the poles of the electro-magnet.
How this angle is found will be shown far-
ther on, '
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To make our -invention clearly understood
we annex a sheet of drawings.
Figure 1is a sectional front elevation, Fig.

2 a sectional side elevation, and Fig. 3 a plan,
= of one form of our instrument.

In the figures, K K’ is the core of the elec-
tro-magnet. P P areitspoles. W W arethe
coils exciting the core, and D D are the de-
flecting-coils wound upon frames R R, which,
for the convenience of acecess to the magnetic
needle N S, are arranged on both sides of it.
If a current be sent in the proper direction
through the various coils of the instrument,
the electro-magnet will tend to keep the nee-
15 dle in its zero position, as shown in the draw-
ings, while the deflecting-coils D D will tend
to set the needle at arightangleto their plane.
In consequence of this the needle will set ata
certain angle to its zero position, and this an-
gle stands in a definite relation to the current.
It must be remarked that the magnetic mo-
ment of the needle N S hag, ag in all galvanom-
eters, no influence upon the angle of deflee-
tion, A needle made of soft iron could also
be employed; but we prefer a magnetized steel
needle, because it points with more accuracy
to zero when no current is passing, and be-
cause its deflection to one or the other side of
the dial indicates the direction of the current.

Fig. 4 is a sectional front elevation, Figs, 4*
and 4% details, Fig. 5 a sectional side eleva-
tion, and Fig. 6 a plan, of another form of our
instrument which is intended for the measure-
ment of rather stronger eurrents than the in-
strument above described.

N S is a magnetized steel needle pivoted in
centers C C, as shown in the drawings, Fig. 4;
or, instead of one single needle, we can em-
ploy two needles placed parallel side by side,
their similar poles pointing the same way,and
suspended, in the fashion of compass-needles,
upon a point, around which they are free to
revolve in a horizontal plane. This arrange-
- ment is, however, not shown in the drawings,
45 being a well-known and understood method of

supporting magnetic needles. The electro-
magnet consists of a soft - iron core bent in
double-horseshoe form, the pole-pieces P P of
which are slightly bent inward, as shown.
50 The current enters at the flat copper termi-
nal ¢ and splits, as shown by the arrows, into
two halves, which traverse the two horseshoes
of the electro-magnet W W. Instead of a
complete deflecting-coil, we use in this case a
single conductor, D D, which carries the cur-
reny under the needle or needles back to the
other flat copper terminal,b. The two cables,
which connect the instrument with the circuit,
are joined onto these terminals ¢ and b. The
6o joint can be best made either by spring-con-
tacts or by soldering the single strands of the
cables in a fan-like shape onto these termi-
nals. To aveid any disturbing influence from
the current in these cables upon the needle,we
twist them together.

It will be seen that the deflecting-conductor

D D in Fig. 6 and the deflecting-coils D D in
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Fig. 3 are not shown parallel with the zero
position of the needles, although for conven-
lence in drawing we have in the elevations 7o
shown them so, but turned by a certain angle

in the sense of their deflection. The object of
this arrangement is the elimination of the di-
recting force exerted by the coils of the elee-
tro-magnet themselves upon the needle. To 75
find this angle we proceed as follows: We
place the instrament in such a position that
upon removal of the core from the electro-
magnet the needle sets at a right angle to its
zero position if it is solely under theinfluence %o
of the horizontal component of terrestial mag-
netism. If we nowsend a currentthrough the
instrument, we find that the needle will deflect
from its position in the magunetic meridian;
but that this deflection can be eliminated by 85
swiveling the conductor D or the coils D D
into the new angular position shown in the
drawings. If the conductor be fixed in that
position,the resultant force due to the direct-
ing force from the coils W and to the deflect- 9o
ing force of the conductor D or coils D D acts

at a right angle to the zero position of the nee-
dle; or, in other words, the angular displace-
ment of the conductor D or coils D D from the
zero-line P P has the effect of exactly balane- g5
ing the directing force of the eoils W W. If
we now replace the iron core of the electro-
magnet, the needle will only be influenced by
that partof thedirecting force which emanates
from the core, and which is, as shown above, 100
nearly a constant.

Precisely the same explanation applies to
the case when we use a double needle sus-
pended compass fashion, instead of the single
needle pivoted in centers,asshownin thedraw- o5 -
ings.

Incalibrating onrinstruments we place them
80 that the line P P lies in the magunetic me-
ridian, and so that the earth’s directing force
is added to the directing force of the electro- rio
magnet. We determine the divisions of the
seale or dial v empirically by comparing each
instrument with a correctly-calibrated stand-
ard instrument. If it is desired to measure
very large currents,we add to our instruments rrg
a shunt-coil of a very small but known resist-
ance, (preferably one-ninth of the resistance
of the instrument,) and we connect this coil
with the terminals of the instrument, so that
a proportionate part of the current is shunted 120
through this by-pass coil. In making it de-
tachable the same instrument can serve for
reading strong and weak currents with equal
accuracy. Care must be taken that the cur-
rent in the by-pass coil does not influence the 125
needle. ’

Our instrument, and more especially the
form shown in Figs. 1, 2, and 3, can also be
used for the measurement of electro-motive
force. In this case we wind the electro-mag- 130
net and deflecting-coils with a large number
of turns of fine wire having a considerable re-
sistance. 'We join up this instrument direct

*to the points the electro-motive foree between



I0

5

20

30.

40

383,444 ' 3

which is to be measured. In the first instance
this instrument measures, therefore, the small
current which is flowing through it under that
electro-motive force; but as by ohms law the
carrent i8 proportional to the electro-motive
force the instrument measures also indirectly
the latter, and in calibrating it, which is done
by comparison with a standard instrument,
we. determine the divisions of the dial » di-
rectly in volts.

Z is the pointer sweeping over the dial v,

If it be desired to measure larger electro-
motive forces than can besafely applied to the
instrument without heating the coils unduly,
we insert into the eircuit of the instrument a
registance preferably nine times as great as
that of the instrument proper, and we arrange
the resistance so that it ean be short-circuited
by a key if low electro-motive forces are to be
measured. In this manner the same instru-
ment can serve to measure high and low elee-
tro-motive forces with an equal degree of ac-
curacy. Thisresistanceisshown at M in Figs.
1, 2, and 3. In the accompanying drawings,
Fig. 3, this key is shown at &/, and at Q a

commutator is inserted by which the direction

of the carrent through the instrument can be
reversed. . 'We arrange the connections be-
tween this commutator and the eoils of the in-
strument in such a way that when the instru-
ment is in use then the handle on the commu-
tator must be turned toward the positive of
the two terminals T T, in order that the sweep
of the pointer may be over the graduated por-
tion of the dial. In this manner the instru-
ment can be used to find which is the positive
terminal.

If it be desired to construct instruments for
the measurement of currents which, although
varying as regards their intensity, are always
flowing undera constantelectro-motive force—
as, for instance, the currents obtained from a
self-regnlating dynamo-: machine—we excite
theelectro-magnet of our instrnments by avery

small portion of the current to be measured, 45
which small portion we take direct from the
positive to the negative lead through the elec-
tro-magnet, which is wound with fine high-re-
sistance wire, while the main ecurrent is made
to pass through the deflecting-coils D D or :
an equivalent device.

Having now described our said invention,
we wish it to be understood that we do not
limit ourselves to the particular forms shown
by way of example in the accompanying draw-
ings; but what we claim as our invention is—

1. In an instrument for measuring electro-
motive force or current, an electro-magnet or
electro-magnets having the core or coressmall
enough to be easily saturated, excited by all
or part of the current to be measured, supply-
ing the controlling-field instead of the perma-
nent magnet hitherto employed, in combina-
tion with a deflecting-coil or its egquivalent,
and a steel or soft-iron needle free to take up 65
a portion depending on the relative strengths
of the controlling and deflecting fields, sub-
stantially as described.

2. In an instrument for measuring electro-
motive force or current, the combination of 70
the controlling clectro-magnet or electro-mag-
nets having a core or cores small enough to be
easily saturated, with poles extended beyond
the exciting coil or coils toward the needie, so
as to minimize the direct action of the mag- 73
netizing coil or coils upon the needle, sub-
stantially as set forth.

In testimony that we claim the foregoing as
our invention we have signed our names, in
the presence of two witnesseg, this 21st day of 8o
May, 1884.
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ROOKES EVELYN BELL CROMPTON.
GISBERT EAPP,

Witnesses:
JOHN DEAN,
JOHN WATT,
Both of 17 Gracechurch Street, London,




