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To all whom & may coneern:

Beit known that I, THOMAS DUNCAN, a citi-
zen of the United States, residing at Fort
Wayne, in the county of Allen and State of
Indiana, have invented certain new and use-
ful Improvenents in Wattmeters, of which
the following 1s a specification.

This invention relates to the construction
and operation of integrating wattmeters for
alternating

ters, which are ordinarily made to consist of
a reveoluble metallic body or armature actu-
ated by the resulting field produced by two
other magnetic fields differing in phase.
The most 1mportant factor sought in the

construction of a wattmeter is acceuracy, or

that the rate of rotation shall at all times
vary in exact ratio to the watt energy being
used, and the record coincide with a %mwht
line.

A turther desirable object is the evolution
of a meter that shall not be susceptible to, or
perceptibly affected by, changes in the rate
of alternations and that shall be accurate
within wide ranges of electromotive force.

To these ends the present invention 1s pri-
marily addressed; andit consists,among other
things, in eombiniu g with a closed-cireuit ar-
mature a field due to and varying with the
current 1n amperes flowing in the series coils,
an asynphased field representing the electro-
motive force in volts and varying directly as
the pressure, and means for inducing an in-
dependent torque between said voltage field
and armature, in combining with an arma-
ture, series coils, and shunt-coil means for
causing the shunt-coil to act independently
uponthearmaturetoinduceastarting torque,
and in variouns other novel features and de-

tails, as hereinafter pointed out and claimed.

In the drawings, Figure 1 is'a plan view, in
horizontal section, through the field and shunt
or volt colls and thelr cores and the armature
of a meter embodying my invention. Ifig. 2
1s a front elevation of said meter; Ifig. 5, a
side elevation in vertical central section; Fig.
4, a detall of a modified or alternative form of
the shunt or volt coil core-punching; Fig. 5,

an enlarged detail in sectional elevation, em- |
bracing the lower part of the spindle, its ad-
justable step or bearing, and accessory de-

and Ifigs. 10 to 14 showdifferent ar

electric currents, and pertains to .
that class known as ‘“induction-motor’” me-

(Nn‘model.? :

S Y —

vices.  Iigs. 6,7, 8 and 9 are diagrams illus-
trating different methods of connecting in va-
rious circults and systems of distribution;
angements
of the armature, volt-coil, and the armature-
diverter for inducing the independent start-
ing torque and overcoming the friction on

- very small loads with large meters

Referring to the drawings, Arepr esentb the
base of the meter box Oi‘fmme reinforced by
ribs « underneath and formed with inverted
cups or sockets ¢, surrounding each bolt or

“screw hole, for the reception of a filling of

wax or other sealing material ¢® to prevent
tampering, and with a boss or leveling-table
«’ at its front edge, planed off at 11UhL angles
to the axis of thespmd]e SO as to detelmme

the true verticality of the latter by the use

of a small spirit-level.

A’1s the back of the frame rising from this
base, and A*an overhanging bracket support-
ing at its outer end the registering-train A3,
inclosed in a suitable casing. Between the
base A and the bracket A*is mounted the ver-
tical spindle B, engaging and driving, by
means of the worm 0 and intermeshing worm-
wheel, the registering-train. The foot of this
spindle 1s stepped in a jewel, sapphire, for
instance, O, set into a movable block B’, rest-
ing upon a spring 0°, which takes up shoeks
a,nd prevents br ealqnn of the jewelif the meter
1s roughly used, both block and spring being
inclosed in and guided by a cylindrical boel{eb
1n theupper end of the screw-threaded jewel-
post 1* whieh is threaded through the base
for .:Ld]ustmem and held firmly in any given
adjustment by means of the jam-nut b‘, as
shown, its head being sealed by wax, as above
%uggested Upon the jewel-post is a lifting-
nut B° adapted to be turned up against some
pr O]ectm
the latter off of the jewel and jam it against
the overhead bearing to prevent mtmlon
when the meter 1s 11013 being used or is in
transit from one place to another. The top
of the spindleis held in position by the screw-
bearing 0 threaded through the overhung
bracket and tightened up by the jam-nut Z)*

- which bears against a boss 0° from said

bracket.
C is the armature, consisting of a drum or

~eylinderof aluminium or othersuitable metal,
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forming a closed circuit, and secured to the |

spindle by means of a hub ¢ and set-screw ¢,
so as to be adjustable lengthwise therecof, if
desired, to vary the torque by moving it into
or out of the field. At opposite sides of this
armature are placed the field-coils D, con-
nected 1n the main circuit in series or in mul-
tiple, depending upon the amount of current
and the size of wire with which they are
wound, so that the current supplying the
lamps or other translating devices traverses
them. These coils embrace alaminated field-
core D' of iron and of essentially the form
shown, that is to say, having an elongated
yole d and inturned poles ik , upon which
latter the ¢oils are wound at 0pposnte ends of
a diameter through the armature and around
an axis represented bysuch diameter extend-
ed. This form of core possesses several ad-
vantageous features. It reduces the mag-
netie IOSISI&HCE‘ of the field of the coils to the
lowest possible amount, whereby the coils
themselves may be made t0 consist of very
few turns and yet produce a dense field of

the O* R loss In sald coils on account of the
length of wire being small. It also prevents
the flux from diffusing and leaking from the
colls and producing an irregular torque, but
Keeps it concentrated at the poles in an ef-
fective manner.

T'o further increase the efficiency of the
field - magnet, the insetting poles or cores
proper, d', are enlarged to present an area
oreater than that of the connecting-yoke be-
tween them, and advisably to about twice the
area of the yoke, or in about the proportion
shown in the drawings. This will allow an
amount of iron in the yoke always below
magnetic saturation even when on full load.
A less amount may:cause an increase in re-
luctance and detract from the elficiency, and
a greater amount has also been experimen-
14113 demonstrated to reduce the beneficial re-
sults, the form and proportions above indi-
cated always producing the very hest, to wit,
a speed varying in exact ratio to the power
or watts. T 111% 1s probably due to the lines
of force being more evenly diffused Dy the
enlarged poles. The punchings building up
this lmmmued core are held together, :;md the
core and coils supported upon the meter-
frame, by serew-bolts °, taking into lugs 3,
umebtmn from said frame at the proper
height. The coils are connected with the
O L1L%1de current through the binding-posts D*,
fastened upon the 111%111m111ﬂ bomfl or csup-
port D? at the back of the meter-box. To

- further guard against contact with the frame

Ho

of the meter 1115L11.:Lmnn—pleees DA, provided
with holes ', are employed, through which
the inleading wires pass to make Conmet with
the blndlnﬂ-posts

The shunt or volt coil E is also provided
with a laminated iron core, upon one end only
of which the coil is WO‘Lllld If wound upon
both ends, the proportion of speed to load is

magnetism. Thisatthesame time keeps down

78

very wavy and poor, due, presumably, to the
following: A test being made with a coil on
both ends the speed fell off considerably as
the load increased instead of keeping on in

- a straight line, on account, probably, of the

lines of force from the field-coils passing
through the volt-core and developing a coun-
ter electromotive foree or pressurein the volt-
coll, thereby causing it to reduce its field as
the load increased around the series coils.
Thig detrimental effect is largely diminished
by winding the coil upon one end of the core
only, even when the-core is the same size from
end to end, but upon enlarging the unwound
end, as shown in the drawings, it entirely
disappears, the effect of enl-u oing this end
being to cause the lines wlnch pmvmus]y
leaked through the volt-core to pass straight
through from onec pole of the ﬂeld—mﬂgnet
to the other. In the more eligible form of
this improvement, therefore, the laminated
volt or shunt core £ has one end e enlarged,
and upon the other reduced end ¢' the shunt-
coil 1s wound. In this enlarged end corve
the punchings may have the outline shown
1n Ifigs. 1 and 10 or that detailed in Fig. 4,
which latter answers well. It follows that
any intermediate form will attain the object
sought in approximately the highest degree,
and 1n fact almost any form in which the
free end or pole of the core or punching is
larger than the end forming the core proper
to the exciting or volt coil will glve hene-
ficial results over and in addibion to those
attained by the usc of a uniform core also
wound at one end only. This form of core
enables the production of a strong field of
force with a minimum number of turns; it
ogives the greatest self-induetion, to wit, with
straight cores, and it is a form which enables
the 1110101 to give a straight-line characteris-
tie, due to ILS allowing The current in the
shunt-coil to vary as the voltage. Thisshunt-
coll and core are ::‘Ld\:lﬁably mounted with
their axis at right angles or perpendicular
to the axis of the field-coils, or about so, and
preferably within the armature, with the un-
wound or enlarged end toward the yoke of
the corve of the field-magnet and bhetween the
poles thereof and intersecting their mmagnetic
axis. Jfor this purpose a supporting-arm I3
1s secured to the back of the meter-box or
frame by meansof aserew-bolt ¢*, which passes
through the yoke of the field-core and serves
thereby as an additional means to bind the
punchings of the latter together and hold it
firmly 1n position. To the front end of said
supporting-arm is soldered an upright tube
or sleeve K°, projecting Loth above and be-
neath the arm and loosely embracing the
meter-spindle. Thepunchings, suitably aper-
tured at e, are driven onto the upper reach
or limbof thesleeve,which projects within the
armature to a tight fit, and to insure their
proper poswmnmn one side of the sleeve may
be flattened and the aperture through the

punchings correspondingly ontlmed, as in
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Ifig: 4, so that the edges of the superposed

punehm S may come ﬂusll with each other
as the core is built up.

In order to produce rotation of the arma
ture, a difference of phase must be estab-
lished between the series field-coils and the
volt-coil. In the present construction, and
unless a multiphase current is to be meas-
ured, the volt-coil or shunt-coil is caused to
lag behind the series coils, and for this pur-
pose an inductive re ms‘mnce or impedance If

s employed in series with said volt-coil of
such nature that i1t will permit a flow of cur-

rent varying with the electromotive force.
This resistance preferably consists of two
coils f, wound upon the parallel extension of
a U-shaped core 7', of laminated iron, and it
1s conveniently fastened to the frame of the
meter at the back, as in Fig. 3, by means of
the screw-bolt F', passing through the yoke
of the core, with the coils supported upon the
upwardly-projecting limbs of said core.
Inductance-coils for lageing the currents
11 theshunt-circuits of metershave been used
previous to this, but they have been of a form
which partook either of a closed magnetic cir-
cultorone having a very small air-gap. Such
forms are unsuited to the present purpose,
since they will not permit a flow of current
to traverse them which will vary with the
electromotive force, in which case the field
produced by the Volt coil would not respond
in a constant ratio to the changes in the elec-
tromotive force of the circnit. The U -shaped
form, however, accomplishes the desired re-
It has already been mentioned that the
volt-coil also possesses this quality, (of permit-
ting a flow of current varying with the elee-
tromotive force,) and since it is connected up
in series with the described resistance-coil it

follows that the field representing the elec-

tromotive force in volts and acting upon the
armature must vary directly as the pressure.
We have, then, the field due to and varying
with the current or amperes flowing in the
series field-coils and the field due to t-he cur-
rent Howing in the shunt or volt coil and
varylng with the electromotive force of the
circult, both acting upon the aluminium ar-
mature and producing a torque equal to the
power or watts., Each of these fields, talken
by itself, produces an oscillating magnetic
field, the lines of which areat right angles to
the face of the coil. The two fields when
taken together and being out of step or hav-
ing asynchronous phases produce aresultant
field which revolves or shifts around a verti-
calaxis. The surface of the aluminium cyl-
inder or armature is therefore being contin-
uously cut or threaded by lines of force as
they sweep round. Currents are induced in

the aluminium which, by Lenz's law, are in
such directions as to resist motion, and since
the cylinder is freely suspended its endeavor
to resist motion of the field results in its be-
ing set in motion itself.

| In order to preventacceleration and to keep

the speed ol the armature proportional to the
energy to be measured, a load or drag must
be applied, and one that will vary directly as
the speed. To accomplish this, it is common
practice to employ a metallic disk driven he-
tween the poles or one or more permanent
magnets, which induce eddy currents in the
disk and exert a damping or braking force,
which varies directly as the speed, so that the
resulting speed upon any load will be equal
to the watts. Ilereinthe disk G is shown as
secured upon the meter-spindle immediately
above the lifting-nut B so that the latter
when turned up engages with 1ts hub and
raises the spindle. "T'he permanent magnets
" are made adjustable in order to obtain the
properrate of rotation by shifting their poles,

being for this purpose mounted as to their
lower limbs in clamps G°, each of which is

held in adjusted position against the base by

a scerew-bolt G®, entering one of the cups «
and havingits head sefmled with wax, sothat by
loosening “the bolt the poles of the magnet
may be setin or ont with 1"eferenee to the axis
of the disk.

In the construction of meters in neneml 11;
1s common to employ a separate or aumlmry
winding on the series coils to overcome the
friction and 1nertia of starting, particularly
in the case of large meters.  As to this the
present improvement consists in establishing
a condition wherein the volt or shunt coil acts
independently upon the armature in causing
1t to rotate in the same direetion as that due
to the resultant of the series and shunt coils
collectively. 'I'hisresultis obtained by plac-
ing in front of the shunt-coil and on the other
side of the shell of the armature-cylinder a
magnetizable pin or piece of iron wire II,
hereinafter termed the ‘‘diverter,” whereby
the lines of force established by the coil pass
through the cylinder to reach the pin and in
so doing develop eddy currents in said cylin-
der. These currents, on account of their self-
induction, will lag behind the currents in the
volt-coll, and will therefore present tothe pole
or core of said coil a like sign of polarity, as
shown in Kig. 14 at N and », causing the ¢yl-
inder to be moved or repelled around in the
direction of the arrow, since a magnetic re-
pulsion will exist between the poles of the
same sign. This repulsion can be increased
by adjusting the diverter in the direetion of
rotation. Lor this purpose it may be sup-
ported upon a bracket-arm II'; adjustably se-
cured upon the lower reach or limb of the
sleeve E°, which supports the volt core and
coil by means of a split collar 2 and bindine-
screw /i) or other suitable means, so that by
swinging the arm the diverter may be dis-

placed laterally, and when the proper bal-

ancing effect has been secured may be held
in fixed position by tightening up the screw,

To illustrate, IFig. 10 shows the diverter in
line with the volt-coil, so that there is no tend-
ency 1o repel the armature to either side, but
only 1n a line coincident with their axes,
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which ave the same. Thereforeno torque will
be exerted and no motion or lateral repulsion
takes place. In Fig. 11 the volt-coil is re-
moved from within the armature to expose
the means for adjusting the diverter. In
Figs. 12 and 14 the diverter has been moved
to the right to induce rotation of the cylinder
in the direction indicated by the arrow, and
as the angle 1s increased the repulsive force
indueing rotation is also increased.

In Fig. 12 the diverter-pin is shown as three-
sided, so that in addition to, or independently
of, adjusting the bracket-arm the pin itself
may be moved, that is, the sharp edge toward
the cylinder may be slightly turned one way
or the other and effect a change in the rota-
tion, and in Iig. 13 a horizontally-adjustable
pin /* is set in the vertical pin II for fine
adjustments, the set-screw 22° allowing a lon-

gitudinal movement, the vertical pin a swing-

ing or pivotal movement, and the bracket-
arm a lateral adjustment. This device can
be used to advantage in supplying a want
that 1t is impossible to meet in other meters
now upon the market, that is to say, the
ability to change the starting torque in a few
seconds without having totake the meter from
1ts place of installation and without having to
change any windings or resistances simply by
altering the position of the diverter, or, in
otherwords, ad justing its position to the right
or to the left. Itisquite common with all me-
ters that after they have been in operation
tor some time they become sluggish or slow
upon small loads, owing, probably, to the ac-
cumulation of dust upon the moving parts or
the oil becoming thick, when they have to be
removed and cleaned. This is avoided by
the present construction.

Since the tendency to rotation due to the

diverter derives its energy solely from the
shunt-field, it is obviously at its maximum
when the load is first turned on and when it
18 most needed to overcome theinertia of the
parts and the frictional resistance, which un-
der light loads is a material factor of inac-
curacy. As the load increases, however, the
Increasing current in the series coils operates
with inereasing effect npon the resultant field,
which actuates the armature and diminishes
or neutralizes this independent torque due
to the diverter. Therefore the device, auto-
matically, as it were, produces a starting
torque when most needed and gradually loses
1t as there is less need forit. This conduces
to a speed that is in exact ratio to the watts,
or, in other words, to the essentially regular
or straight line characteristic of the present
meter.

The meter herein described may be used in
single-phase or two-phase alternating cur-
rents and with primary or secondary cireuits.
In Fig. G it is represented as measuring the
energy ol single-phase currents. The cur-
rents supplied by the generator J are trans-
formed for utility at 7, from whence they pass
through the field-coils in series and around

-
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the field-core to the lampsor other transiating

devices J'. The volt or shunt coil is excited
by being placed in multiple upon the leads,
as shown, and also connected in series with
the inductance-coil and its U-shaped core.
In Ifig. 7 the meteris connected into the pri-
mary circutt of the alternating-curvent dy-
namo or generator J and measures the total
output. T'heshunt-coilin thiscaseisexcited
by a small transformer ', which reduces the

primary electromotive force to a much lower

or suitable pressure, so that it can be used
with safety. An inductance-coil is also con-
nected 1n series with this secondary circuit
and shunt-coil o produce the necessary lae
between the series coil energized by the pri-
mary circult and the shunt-coil energized by
1ts secondary circuit. The primary current
1s used to supply the transformer ;° with its
lamps in a secondary circuit. In Fig. 8 the
meter 1s adapted to operate on the three-wire
system of distribution. 'This consists of the
two traunsformer-primaries 7% 7* and their sec-
ondaries /k, [, and m, the line or cirenit
representing the two inside terminals of the
two transformers,or whatis termed the ¢ neu-
tral” or “third” wire. The outer swires I
and [ are connected around the two poles of
the field-cores, respectively, and thence to the
lamps, and the volt or shunt circuit is con-
nected across the two outside lines, which

represent the sum of the electromotive forces

of the two transformers, and in series with
the indnetance-coil.

1'0o use this meter in integrating the encrey
on two-phase circuits of distribution, it may
be connected up, as shown diagrammatically
in Ifig. 9, wherein the series coils are con-
nected inthe common return-circuit 4’ and the
volt-coll across the two lines !’ and #2/ with a
non-mductive resistance M in series with if,
since this combination does not require an
1impedance-coil to produce a lag, the neces-
sary displacement of phase being maintained
by the gencrator.

I do not intend to limit myself herein, in
168 relations to other features of myinvention,
to the use of a shunt-core wound upon one
end only, or to a shunt-core enlarged at one
end and wound at the other, or to the position
and arrangement of the shunt coil and core,
nor, similarly, to a field-core provided with
enlarged poles, or to the particular form of the
field-core, nor, likewise, to the specific form
of Inductive resistance deseribed; mneither
do I limit myself to the specific means set
forth for producing the independent starting
torque in conjunction with the shunt-coil, nor
to the use of an imperforate armature; but

What I claim, and desire to secure by Let-
ters Patent, is—

1. The combination with the armature, of a
field due to and varying with the current in
amperes flowing in the series coil, an asyn-
phased field representing the electromotive
force in volts and varying directly as the
pressure, and means for inducing an inde-
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pendent torque betweul said voltage field and .
the armature.

2. The combination with the armatu re, of a
field due to and varying with the current in
amperes flowing in the series coil, an asyn-
phased field represenung the electromotive
torce in volts and varying directly as the
pressure, and means for diverting the flux
leld to induce an independent
torque on the armature.

3. The combination with the cylindrical ar-

mature, of field coils and core inducing a field

varying with the currentin amperes, a shunt

or volt coil and core inducing a field varying
with the electromotive force in volts, and a
magnetizable diverter located opposite said
shunt-coil and on the other side of the arma-
ture-shell.

4. The combination with the cylinder ar-
mature, of field-coils and core inducing a field
varying with the current in amperes, a shunt
coll _&nd core inducing a field varying Wwith the
clectromotive force in volts, a paramagnetic
diverter located opposite said shunt or volt
coil and on the other side of the armature-
%hell, and means for adjusting said diverter.

The combination with the cylindrical ar-
m&tm*e of field coils and core mduemg a field
varying with the current in amperes, a shunt
coil and core axlally atright angles to the axis
of the field-colls and indueing a field varying
with the electromotive force in volts, and a
magnetizable diverter located Opposlte satd
shunt-oml and on the otherside of the arma-
ture-shell.

6. The combination with the cylindriecal ar-
mature, ot field coils and core inducing a field

rarying with the current in amperes, a shunt
coll and core axially at right angles to the axis
of the field-coils and inducing a field varying
with the electromotive force in volts, a mag-
netizable diverter located opposite said shunt
or volt coll and on the other side of the arma-
ture-shell, and means for adjusting said di-
verter relatively to the axis of said shunt-coil.

7. The combination with the cylindrical ar-
mature, of field colls and core external thereto
and mducing a field varying with the current
in amperes, a shunt coil and core inclosed
within the armature and inducing a field va-
rying with the electromotive force in volts,
and a magnetizable diverter located opposite
the volt-coil externally to the armature.

3. T'he combination with the eylindrical ar-

mature, of field coils and core external thereto

and inducing a field varying with the current
in amperes, a shunt coil and core inclosed
within the armature andinducing a field vary-
ing with the electromotive force in volts, a
magnetizable diverter located opposite the
volt or shunt coll, externally to the armature,
and means for the adjustment of the proxi-
mate face of said diverter laterally in relation
to the magnetic axis of said volt-coil.

9. Thecombination with the armature, and
with a field-magnet, of a shunt-core and a

1

]

10. The combination with the armature,and
a field-magnet, of a shunt-core arranged with
one end intersecting the axis of the field-mag-
net, and a shunt-coil wound upon the oppo-
site end only of said core.

11. Thecombination with the armature,and
with a field-magnet, of a shunt-core enlarged
at one end, and a shunt-coil wound upon the
smaller end thereof.

12, Thecombination with the armature,and
with a field-magnet, of a shunt-core enlarged
at one end and arranged with said enlarged
end Intersecting the axis of said field-magnet,
and a shunt-coilwound upon the reduced end
only of said shunt-core.

Thecombination with the armature of a
ﬁeld-core having an elongated yoke and in-
setting poles, i1eld colls wound upon sald
poles, a shunt-core, and a shunt-coil woundd
upon said shunt-core.

14. Thecombination with the armatuarcof a
field-core having an elongated yoke and in-
setting poles, field-coils wound upon said
poles, a shunt-core, and a shunt-coil wound
upon one end only of said shunt-core.

15. Thecombination with thearmature,of a
field-core having an elongated yoke and in-
setting poles at opposite ends of a diameter
through the armature, field-coils wound upon
sald poles, a shunt-core enlarged at one end,
and a shunt-coil wound upon the smaller end
of said shunt-core.

16. Thecombination with the armatuare,of a
field-core having an elongated yoke and in-
setting poles at opposite ends of a diameter
through the armatare, field-coils wound upon
sald poles, a shunt-core enlarged at one end
and arranged with said enlarged end between
the poles of the field-core, and a shunt-coil
wound upon the smaller end of
core,

17. Thecombination with the armature,of a
field-core having an elongated yoke and in-

- setting enlarged poles at opposite ends of a

diameter through the armature, fieldseoils
wound upon the enlarged poles, a shunt-core,
and a shunt-coil wound upon one end only of
said shunt-core.

18. Thecombination with thearmature,ofa
fleld-core having an elongated yoke and i in-
setting enlmﬂed poles at Oppomte ends of a
diameter through the armature, field-coils
wound upon the enlarged poles, a shunt-core
enlarged at one end, and a shunt-coil wound
upon the smaller end of said shunt-core.

19. Thecombinationwiththearmature,of a
field-core having an elongated yoke and in-
setting enlarged poles at opposite ends of a
diameter through the armature, field-coils
wound upon the enlarged poles, a shunt-core
enlarged at one end and axially at right an-
oles Lo the axis of thefield-core, and a shunt—
coil wound upon the smaller end of said
shunt-core.

20. Thecombination with the armature,of a
field-core having an clongated yoke and-in-

shunt-coil wound upon one end of said core. ! setting enlarged poles at opposite ends of a

sald shunt-
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diameter through the armature and external
thereto, ficld-coils wound upon said enlarged
poles, a shunt-core enlarged at one end and
located within the armature with 1ts enlarged
end between the poles of the field-core, and a
shunt-coil wound upon the smatlerend of said
shunt-core. ~

21. Thecombination with the armature,of a
field-core having an elongated yoke and in-
setting enlarged poles at opposite ends of a
diameter through the armature and external
thereto, field-coils wound upon said enlarged
poles, a shunt-core enlarged at one end and
located within the armature axially at right
angles to the axis of the field - coils, and a
shunt-coil wound upon the smaller end of said
core.

22. Thecombination with the armature,and
with the field-coils, of the shunt-coil with its
iron core,reduced at the end upon which the

coll 18 wound, and an inductive resistancein |

the shunt-circuit, adapted to permit a flow of
current varying with the electromotive force.

25. The combination with the armature,and
withthefield-magnet, of ashunt-coreinclosed
withinsaid armature,ashunt-coil wound upon
one end only of said core, and an inductive
resistance in the shunt-cireuitadapted to per-
mit a flow of current varying with the elec-
tromotive forece.

24. The combination with the armature,and
with the field-core having enlarged inturned
poles and field-coils wound upon said poles,
of the shunt-core enlarged at one end, the
shunt-coil wound upon the smaller end of said
core, and the inductance-coil with its lami-
nated U-shaped core, connected in series in
the shunt-circuit.

29. Thecombination with the armature,and
shunt coreand coil, of amagnetizable diverter
pivotally adjustable with reference to the axis
ol said core and coil, and means whereby said
diverter may be adjusted bodily and laterally.

m—ar- am.
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26. The comibination with the armature,and
shuntcoreand coil, of a magnetizable diverter
adjustable in and out with reference to the
periphery of said armature.

27.Thecombination with the armature, and
shuntcoreandcoil, of amagnetizable diverter
adjustable in and out with reference to the
periphery of said armature, and means forits
lateral adjustment along said periphery.

23, I'he combination with the armature,and
shuntcoiland core, of a magnetizable diverter
adjustable pivotally and also in and out with
reference to the periphery of the armature,
and means for its bodily and lateral adjust-
ment along said periphery.

20. The combination with the meter-spin-
dle, of the eylindrical armature carried there-
by, the fixed sleeve encircling said spindle
within the armature and supported from the
meter-frame, the iron corve-punchings built
upon sald sleeve to form a shunt-core, and
the shunt-coil wound upon said punchings.

30. T'he combination with the meter-spin-
dle, of the eylindrical armature carried there-
by, the fixed sleeve encireling said spindle
and supported from the meter-frame,the core-
punchings built upon the upper line of said
sleeve within the armature, the shunt-coil
wound upon the core thus formed, the adjust-
able arm supported upon the lower line of said
sleeve, and the magnetizable diverter carried
at the outer end of said arm.

51, Thecombination with the field and shunt
colls, of a closed-circuit armature and means
for its adjustment into or out of the field.

In testimony that I claim the foregoing as
my invention I affix my signature, in presence
of two witnesses, this 21st day of April, A.
D. 189¢.

TITOMAS DUNCAN.

YWitnesses:

ITEXRY W. CARTER,
JOHN IL. DALTON.
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