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To all whom it may concern: 
Be it known that I, JAMES J. WooD, a citi 

Zen of the United States, residing in Fort 
Wayne, in the county of Allen and State of 
Indiana, have invented certain new and use 
ful Improvements in Electric-Current Indi 
cators, of which the following is a specifica 
tion. 
This invention relates to instruments for 

measuring or indicating the quality or energy 
of electric currents and other analogous phe 
nomena, such instruments being commonly 
constructed as a mimeters or voltmeters so 
called. In the construction of such instru 
ments both mechanical and electrical condi 
tions require to be fulfilled in order to attain a 
practical degree of perfection. The moving 
parts should be very light in order that their 
inertia shall not carry them too far and cause 
them to vibrate before settling down to the 
required indication, and in order that the jar 
to which they are subjected during shipment 
will not injure them. The moving parts 
should be easily accessible and easily remov 
able for repairs or readjustment, and this 
should be capable of accomplishment without 
disturbing the coils or any of the circuit con 
nections. The movable parts should be 
brought to zero by the action of gravity, since 
the employment of a spring is undesirable be 
cause of the variations occurring in its ten 
sion by reason of changes in temperature. 
Finally, the construction should be such that 
the parts can be easily and cheaply made in 
large quantities, and so as to be interchange 
able. The required electrical conditions are, 
that the magnetic reactions between the fixed 
and movable members should maintain a di 
rect proportion relatively to the retractile 
force for each stated increase or decrease in 
electrical energy to be indicated, in order that 
the scale may have a uniform graduation. 
The magnetic properties should remain con 
stant, in order that no need may arise for 
recalibrating the scale, and the residual or 
reminent magnetism must be so far Sup 
pressed that the instrument will indicate with 
the same accuracy when affected by success 
ively increasing manifestations of electric en 
ergy, as when affected by successively de 
creasing manifestations, in order that the in 
dex shall for a given current point to the 

Sane position on the scale whether the pre 
ceding current affecting the instrument has 
been less or greater. It is also highly desir 
able for an ammeter that the same instru 
ment shall be applicable for either direct or 
alternating currents. 
My present invention provides a new con 

struction of ammeter or voltmeter designed 
to realize the conditions stated. In its con 
struction I employ a coil of one or more turns 
as the electrical conditions may require, and 
Within the opening in this coil I mount a 
movable armature of soft iron which is so piv 
oted that it may swing to different positions 
Within the coil opening, a light pointer arm 
or indeX being connected to this armature so 
as to Swing over a scale as the armiature moves 
to different positions. The instrument is 
preferably so placed that the pivotal axis of 
the armature is horizontal, and the armature 
and pointer are made to partially counterbal 
ance each other in such manner that they will 
gravitate to the initial or zero position, and 
gravitation will resist their displacement 
therefrom. Within the coil and adjacent to 
the initial position of the armature, is placed 
a fixed repellent magnet of soft iron, so that 
When this magnet and the armature are both 
magnetized by the same current in the coil, 
their polarization will be of like sign, and 
they will mutually repel each other, so that 
the armature is forced to recede from the 
fixed magnet, its recession being opposed by 
the retractile force of gravitation. To in 
crease the effect, one side of the coil is flat 
tened by being brought in close to the piv 
otal axis, so that the magnetic axis of the coil 
becomes eccentric to the pivotal axis, and the 
flattened side of the coil exerts a preponder 
ating attraction for the armature. The fixed 
magnet and armature being inclosed within 
the coil, and hence not readily accessible, are 
mounted on a frame which projects into the 
coil and forms the stationary mounting for 
the fixed magnet and the pivotal mounting 
for the armature. This frame has flanges 
Overlying one face of the coil and fastened 
thereto by ScreWS, SO that the entire frame 
may be readily removed, carrying with it all 
the mechanical parts to which complete ac 
cess can thus begained for inspection or ad 
justment. To reduce the reminent magnet 
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ism to the minimum, the armature and fixed 
magnet are made as fish-bone magnets, that 
is, they are thin plates of iron deeply slotted 
from opposite edges to subdivide them into 
minute magnetic bars. As thus constructed 
the instrument is found to possess all of the 
required conditions except that the scale is 
not uniform, the graduations being spaced 
Wider apart as the scale ascends. To over 
come this objection, my invention introduces 
a new and important feature in instruments 
of this class, namely, an additional repellent 
magnet, much Smaller than the main sta 
tionary magnet, placed within the coil on the 
opposite side of the armature from the main 
stationary magnet, the effect of which is to 
exert a Counter repulsion against the arma 
ture, increasing as the armature becomes 
more remote from its zero position, and con 
Sequently reducing the extent of movement 
of the armature in response to the higher 
manifestations of energy in the coil, and 
hence Consequently Serving as it were to 
crowd together the scale graduations toward 
the upper end of the scale so as to bring 
them to the same spacing that prevails over 
the lower portion of the scale. By this means 
the Scale is brought to almost absolute uni 
formity of graduation. This smaller or scale 
correcting magnet I will call the compensat 
ing magnet, while the main repellent magnet 
I will call the main magnet. 
My invention also involves other features 

or details of construction as will be herein 
after set forth. 

Figure 1 of the accompanying drawings is 
a front View of an ammeter constructed ac 
cording to my invention, the front of the case 
being partly broken away to show the interior 
construction. Fig. 2 is a side elevation of 
the ammeter, the case being in vertical mid 
section. Fig. 3 is a diagrammatic view on a 
larger scale showing only the essential parts, 
the iron magnets, armature and supporting 
frame Within the coil being shown insection. 
Figs. 4 to 7 Show on a larger scale and in de 
tail, the Construction of the movable arma 
ture, the main and compensating magnets, 
and their Supporting frame and pivotal con 
nections, Fig. 4 being a longitudinal mid-sec 
tion on the line 4-4 in Fig. 5, Fig. 5 being a 
front end elevation, Fig. 6 a face view of the 
frame and stationary magnets from under 
neath, and Fig. 7 a face view of the armature 
and its pivot Support. Fig. 8 includes face 
and edge Views of the two iron magnets and 
the iron armature. Fig. 9 is a diagrammatic 
section corresponding to part of Fig. 3. Figs. 
10 and 11 show a voltmeter constructed ac 
cording to my invention, Fig. 10 being a front 
elevation partly broken away in the same 
manner as in Fig. 1, and Fig. 11 being a side 
elevation With the case in section in the same 
manner as Fig. 2. Fig. 12 is a front view 
showing a modification of the coil. 

Referring to FigS. 1 and 2, let A designate 
an insulating base plate of Wood, slate, marble 
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or other material upon which the several 
parts are mounted, and B an inclosing case 
fastened against the front of said base. 
C is a coil of wire or tape of any suitable 

conductor, in one or more convolutions ac 
cording to the volume of current which the 
instrument is to receive and measure. The 
terminals c C of this coil are shown as joined 
to metal plates b b fitted with binding posts 
C. C. by which to join the circuit wires. The 
coil is shown as wound upon a spool or sup 
porting framed, which may be of brass, and 
which in turn is supported on the base B by 
means of three posts ee with fastening screws. 
In order to prevent currents being generated 
in the spool and consequent heating when al 
ternating currents are employed, the spoold 
is slotted radially at one side as shown at d. 
The case B is formed with an arc-shaped 

scale opening B", preferably protected by 
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glass, and behind this opening is a scale plate , 
D on which are marked scale graduations 
which are visible through the opening. The 
plate D is Supported preferably from the spool 
g of the coil by means of arms e'e'. Over 
the Scale moves the end of a pointer or index 
E, pivoted at the center of the scale, and 
Which consists preferably of an arm of alu 
minium in order to be extremely light and 
Sensitive. To render the position of this in 
dex or pointer clearly visible without too 
close inspection, it carries a blackened disk.f. 
The index arm E is mounted as shown in 

Fig. 4 on a hub f' fixed on a spindleg which 
is delicately pivoted at its ends in jeweled 
pivot supports or bearings h h, as shown in 
Fig. 4. On this Spindle g is fixed a radial 
arm i, and to this arm is fastened a movable 
iron armature G, as shown in Fig. 7. The in. 
dex arm E and the armature G are conse 
Quently mounted to Swing or oscillate around 
the pivotal axis of the spindleg. The arma 
ture swings thus in an opening j within the 
coil C, this opening being bounded by the in 
ner part or barrel of the spool d. The coil 
Opening is amply large to permit the arma 
ture to swing through from ninety degrees to 
One hundred and twenty degrees or more as 
may be desired. Within the same coil open 
ing, and on the side thereof adjacent to the zero 
position of the armature, is mounted a sta 
tionary repellent magnet EI. On the oppo 
site side of the armature, and near the posi 
tion assumed by it when it has been repelled 
Over, remote from the Zero position, is a much 
Smaller magnet I, their relative positions be 
ing shown in Fig. 3. To distinguish the two 
Stationary magnets, the larger one H will be 
called the main magnet, and the smaller one 
I the compensating magnet. In order to sup 
port these magnets, and also to support the 
pivotal bearings h h, I provide a frame F, 
shown best in Figs. 4, 5 and 6, the magnet H 
being fastened against one side of this frame, 
and the magnet I against the opposite side, 
While the armature is mounted to swing 
through the opening of the frame, its bear. 
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ings h being held by turned in arms k k'. 
Thus both the stationary and movable mag 
netic parts are all mounted on this frame. 
The frame is inserted into the coil opening, 
and is fastened by screws passing through 
ears or flanges ll on the frame into the spool 
of the coil. As these two fastening screws 
enter the front of the spool, as shown in Fig. 
1, the removal of these two screws, which are 
easily accessible upon taking off the case B, 
permits the entire frame F and the magnetic 
parts carried by it, including the arm E, to 
be removed bodily for examination or adjust 
ment. Their removal is thus effected without 
disturbing any of the electric connections, 
and without disturbing the pivotal mounting 
of the armature and index. 
The spindleg is of brass or other non-mag 

netic metal so that it can have no residual 
magnetism, and to avoid being heated by al 
ternating currents. In order to properly pivot 
it it has holes bored into its opposite ends in 
which small hardened steel pins are driven, 
these pins constituting the pivotal journals, 
as shown in Fig. 4. The ends of these jour 
nals enter into bearing sockets formed in 
jewels which are held within the bearings h, 
these bearings being constructed as Screws to 
screw into the openings in the turned-up ears 
Ic and k', as clearly shown. The arm h and 
hub f' are pressed onto the brass spindleg, 
or otherwise fixedly attached, and to make 
room for the hubf to turn freely, the frame 
F has its arm k swelled or rounded around 
this hub, as shown in Fig. 4. The index arm 
E is made of round aluminium wire screwing 
into a threaded socket in the hub f', this 
wire being flattened as shown. 
The fixed magnets H and I, and the remov 

able magnet or armature G, are all made of 
soft iron, being punched from annealed sheet 
iron. The magnets G and Hare made as fish 
bone magnets, that is, they are partially sub 
divided by being slotted from opposite edges, 
as shown, in order to efface their residual 
magnetism in the well known manner. The 
relative proportions of the three magnets are 
shown in the magnified view, Fig. 8, these be 
ing the proportions which have thus far been 
found to give the best results, although my 
invention admits of the proportions being va 
ried to suit any requirements which may be 
determined by experiment. 
The mechanical construction thus described 

admits of the parts being easily and cheaply 
made and assembled, the pivotal adjustment 
of the armature being effected while it is ex 
posed and accessible and before the parts are 
introduced into the coil opening. The arma 
ture by swinging in the opening of the frame 
F, utilizes the opposite sides of the frame 
opening as stops to limit its motion. Thus in 
its zero position it approaches closely to one 
margin of the frame, as shown in Fig. 5, this 
portion of the frame serving to prevent the 
armature from moving too close to the mag 
net H, as if they were to approach too closely, 
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the magnetic effect would be reversed and 
they would tend to stay together instead of 
to repel each other. 

It will be observed that when at rest or in 
the Zero position, the armature G extends to 
the right of the pivotal axis while the index 
arm E projects to the left, so that they tend 
to counterpoise each other. To give the ar 
mature sufficient weight to properly counter 
poise the long index arm. Without adding too 
greatly to the mass of iron, the brass arm is 
thickened as shown in Fig. 5 to make it a suf 
ficient counterweight. When in the normal 
or zero position, the center of gravity of the 
armature spindle and arm, that is to say, of 
the movable system of the instrument, is di 
rectly beneath the pivotal axis, so that the 
parts tend by gravity to return to this posi 
tion when displaced therefrom. In this po 
sition of the armature, the magnet H should 
be close to it, and to this end the frame F is 
tilted to the angle shown in Figs. 1 and 3. 

Heretofore in instruments of this charac 
ter the pivotal axis of the armature has been 
concentric with the axial center of the coil, 
So that the armature was actuated solely by 
repulsion from the fixed magnet, and the only 
influence of the current in the coil upon the 
armature was to magnetize it equally with 
the fixed magnet, and thereby set up a mu 
tual repulsion, causing the armature to swing 
more or less away from the fixed magnet. 
The movement of the armature did not alter 
its relations with the coil, since it swung al 
ways around the center of the coil and could 
not approach to or recede from the coil, and 
consequently the magnetic lines of force ema 
nating from it would inclose the coil only to 
the same extent, whatever its position or de 
gree of magnetization. According to my in 
vention I so construct and mount the coil and 
armature respectively that the armature shall 
be pivoted eccentrically to the magnetic axis 
of the coil, and as the current in the coil in 
creases in strength and the armature is there 
by repelled farther from the fixed magnet H, 
it changes continually its relation to the mag 
netic axis of the coil, and reaches a position 
where as it becomes more remote from the 
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fixed magnet H, it approaches closer and closer 
to the coil, so that by reason of the well known 
tendency of a magnetto draw toward an elec 
tric current flowing at right angles to it so as 
to contract the lines of force that it throws 
around the current, the armature is attracted 
by the coil, in co-operation with the repulsive 
effect of the fixed magnet, and is thereby 
moved farther than it would be moved by re 
pulsion of the fixed magnet alone. To accom 
plish this result, one side or half of the coil is 
drawn in as close as is practicable to the piv 
otal axis of the armature, in the manner 
shown in Figs. 3 and 9. One half or there 
about of the coil opening i is concentric with 
the pivotal axis, as shown by the arc m (Fig. 
9), in order that the armature may have free 
concentric swing within this portion. If the 
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coil opening were continued concentric with 
the pivotal axis, it would follow the dotted 
line in (Fig. 9). An inclined diametrical line 
acac is drawn through the pivotal axis, and 
(approximately stated) that portion of the 
coil opening on one side of this line is con 
centric as shown at m, while on the other side 
of this line the coil opening is contracted or 
drawn in toward the axis as far as the me 
chanical construction will admit, that is, it 
will be drawn in close against the magnet H. 
toward one side, as shown by the line O, and 
correspondingly on the other side as shown 
by the line o' (Fig. 9). To suppress the an 
gles between the lines m, O, O, m, and pro 
duce a shape for the barrel of the spool over 
which the wire of the coil can be practicably 
wound, the outline is made curved with round 
ed corners, as shown by the dotted outline p 
in Fig. 9, and as shown in full lines in Fig. 3. 

Bearing in mind that the center of gravity 
when the armature is in the Zero position is 
directly beneath the pivotal axis, then as the 
armature is repelled from this position the 
center of gravity swings upwardly to the right 
in Fig. 3, so that it acts with continually in 
creasing leverage until the armature has trav 
eled ninety degrees from its zero position, 
and after that with a decreasing leverage. 
By reason of this increasing leverage, the re 
tracting force resisting the movement of the 
armature increases as the armature recedes 
from its zero position, or in other words, as the 
index ascends the Scale, so that if the mag 
netic repulsions were in direct proportion to 
the successive increments of electrical en 
ergy, the armature and index would execute 
successively smaller, movements with each 

45 

uniform increment of current, so that the 
scale graduations would become relatively 
closer until the index had moved over ninety 
degrees. And as in fact the magnetic repul 
sion of the armature and fixed magnet acts 
to continually decreasing advantage as the 
armature and fixed magnet become farther 
apart, there is from this cause an added tend 
ency to crowd the scale graduations together 
as the index ascends the scale. These two 
causes, however, are counteracted by the 
construction of the coil to approach more 
closely to the armature center on one side 
than on the other, so that as the retractile or 
opposing force acts with increasing advan 
tage, and the repulsive force acts to decreas 
ing advantage, the direct attractive effect of 
the coil upon the armature comes into play to 
accelerate or enhance the movement of the 
armature, and thereby keep the Scale gradu 
ations from closing together as the scale is 
read up. In practice it is found, however, 
that such an adjustment of the coil in this 
respect, and in the absence of the magnet I, 
produces a fault of opposite effect, that it 
causes the scale graduations to become dis 
proportionately widely spaced toward the up 
per part of the scale, and especially after the 
ninety degree movement has been exceeded. 

This is shown in Fig. 3, where the upper scale 
J was calibrated before introducing the scale 
correcting magnet I. It will be seen that this 
scale has its graduations spaced gradually 
wider apart as the scale is read up, the widen 
ing, however, not being serious until past the 
graduation mark 16, that is to say, until closely 
approaching the ninety degree point, and 
that after passing the ninety degree point at 
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20, the next step from 20 to 21 is spaced relar 
tively much wider even than those between 16 
and 20. To overcome this objection I intro 
duce the slight counter repulsion derivable 
from the magnet I, which is placed within 
the coil on the opposite side of the armature 
to the magnet H. The effect of this counter 
repulsion is shown by comparing the scale J 
in Fig. 3 with the scale K which was cali 
brated on the same instrument after intro 
ducing the magnet I. This minute magnet 
has so crowded the upper portion of the scale 
together as to bring the graduation 21 in to 
the extent indicated by the arrow y, thereby 
enabling the scale to read several degrees 
higher, and what is most important and de 
sirable, enabling me to attain a scale of almost 
ideally uniform graduation. The magnet I 
is of much smaller mass than either the arma 
ture G or maximum magnetH, as shown in Fig. 
S. Being placed within the coil it is subjected 
to the same magnetizing effect as the mag 
nets G and H, and has the same polarity, so 
that it tends to repel them, its repulsive ef 
fect, however, being but slightly apparent in 
the lower portion of the scale, and increasing 
toward the upper portion of the scale, having 
thus the ratio required to correct the ine 
quality existing in the scale before this mag 
net was introduced. Thus by this simple 
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combination of expedients, I have succeeded 
in producing an instrument in which the lia 
bility to error due to the use of a spring as 
the retracting force is overcome, and in which 
at the same time the Scale ascends by equal 
steps for equal increments of energy to be 
measured. This statement is subject only to 
the exception that at the lower end of the 
Scale the first one, two or more graduations 
are Spaced unduly close together, as is the 
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case with all instruments of this character, 
due as is believed to the portion of energy 
that is Wasted in forcing magnetic lines across 
the air space between the relatively reacting 
magnets G and H, So that the initial move. 
ment of the armature is disproportionately 
small. In Fig. 3, all graduations beyond that 
for two ampères are free from this defect. 
Another and even more important advan 

tage of the introduction of the compensating 
magnet I, is that it practically overcomes the 
defect heretofore inherent in all instruments 
of this character used with continuous our 
rents employing iron in their movable sys 
tem, that for like currents the index points 
to different positions on the scale when read 
ing up the Scale than it does when reading 
down the scale. This defect is believed to. 
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be due to the effect of residual magnetism in 
the iron magnets, which, having been mag 
netized by a greater current, retain a portion 
of this magnetism when the current is re 
duced to a lesser amount, so that they then 
present a greaterintensity of magnetism than 
this lesser current of itself would have pro 
duced. In consequence of this error it has 
been found necessary heretofore, in order to 
Secure a correct reading whenever the index 
is descending the scale, to momentarily inter 
Fupt the circuit through the instrument, and thereby demagnetize the magnets. The intro 
duction of the compensating magnetI is found 
in practice to entirely correct the error referred 
to, and SO renders it unnecessary to interrupt 
the circuit. This result is believed to be due 
to the fact that the compensating magnet re 
tains itself the same proportionate degree of 
residual magnetism as the magnets Gand H, 
and by acting in the contrary direction its re. 
sidual magnetism opposes itself against their 
residual magnetism, so that while their residu 
magnetism tendstocause theindex toremain 

higher up on the scale than it should, the re 
sidual magnetism of the compensating magnet 
exerts the contrary effect, thereby pushing 
the armature back until the indexisbrought 
to the proper position on the scale. Al 
though the compensating magnet has a mass 
much less than the magnets G and H, yet 
their action takes place against the retract 
ing effect of gravitation, while the action of 
the compensating magnetis assisted by gravi 
tation, SO that its effect under the influence 
of residual magnetism in this respect is much 
greater in proportion to its mass than theirs. 
The Scale at the left of zero is marked with 

an arrow and the letter “T, meaning “test.” 
This is in order that it may be determined 
at any time whether the index arm has be 
come bent, 
G is limited by a positive stop when it strikes 
the frame F, and by pressing the armature 
down against this stop, the index is carried 
to the left of Zero and should be brought to 
T. If it does not coincide with T, it should 
be bent until it does. The instrument should 
be leveled by adjustment until the weight of 
the index brings it to zero with the current 
turned off. This means for “test’ adjust 
ment is claimed in my Patent No. 452,354, 
dated October 8, 1889. 
The construction of the voltmeter shown in 

Figs. 10 and 11 provides essentially the same 
features as already described, with the addi 
tion of a further element of my invention. 
It is of course understood that for a voltme 
ter the coil requires to be wound with fine 
Wire. The construction of the magnetic ele 
ments is precisely the same as that already 
described, the only essential differences be 
ing in the coil winding and the scale gradua 
tion, the scale being graduated for volts form 
Some known standard. It is usual and de 
sirable in voltmeters which are used upon a 
circuit on which a certain normal potential is 

The movement of the armature 

sought to be maintained, to provide a pointer 
which can be set to indicate the normal volt 
age that it is desired to maintain, so that at 
a glance any deviation of the index E from 
this voltage can be detected. This pointer 
has heretofore been constructed as a hand 
lying over the face of the scale beneath the 
index, and pointing like the index, down 
Wardly. I construct it to point in the con 
trary direction or upwardly, so that at the 
correct voltage the index and pointer will 
stand facing each other or point to point, it 
being easier to detect any variation of the 
index from the correct position when the 
two are thus arranged than when the index 
lies over the pointer. The pointer in these 
figures is lettered L, and consists of the up 
turned end of an arm L', which is pivoted 
at q on a screw fastened to the Spool at a 
point as near as is practicable to the pivotal 
axis of the armature. In order to turn the 
arm L' to different positions for setting the 
pointer L, an arc-shaped arm L' is fixed to 
it and is curved around concentrically with 
its pivotal axis and formed with gear teeth r 
constituting a toothed sector, with which 
meshes a pinions formed on the inner end of 
a stem passing through a hole in the inclosing 
case B, and having formed on its outer end a 
knob M by which to turnit. By turning this 
knob M the pointer L. can be propelled to any 
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desired position on the scale, and because of 
the friction attending the movement of the 
knob and gearing, it will retain any position 
at which itis set. The arm L'passes beneath 
or back of the index E, the latter being bowed 
upwardly to bridge over the arm. 

I have spoken of the coil C being essen 
tially of one or more convolutions as the elec 
trical conditions may require. For example, 
for a very heavy current a coil of one convo 
lution might be made of a single piece of mass 
ive copper, in substantially the shape shown 
in Fig. 12, its ends being connected to the out 
side line in any suitable way. In this case 
no spool will be used, and the frame F will be 
fastened to the copper casting constituting 
the coil. 
My invention may be modified in certain 

respects without departing from its essential 
features. For example, the frame F may be 
fastened otherwise than to the spool or coil, 
as shown, it being only practically necessary 
that its fastening shall be exterior and easily 
accessible. The compensating magnetIneed 
not necessarily be arranged within or wholly 
within the coil, as any other arrangement by 
which the same effect of compensation is real 
ized would be equivalent. The compensat 
ing magnet need not be stationary, as it might 
be mounted to move either with the armature 
or independently thereof, provided only that 
it be so mounted, arranged or proportioned as 
to exert the same compensating action or 
counter repulsion that Ihave herein described. 
The magnets G, H and I need not necessarily 
be made of soft iron, for soft steel will an 
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SWer, or any magnetizable substance which 
Will lose its magnetism upon the cessation of 
the magnetizing current. 

I claim as my invention the following-de 
fined novel features, substantially as herein 
before specified, namely: 

1. In an instrument for electrical measuring 
the combination of a coil, a magnetic armature 
movable within said coil, and tending to come 
to rest at a certain position, a main magnet 
fixed within the coil adjacent to that position 
to repel the armature therefrom when excited 
by a current in said coil, and a compensating 
magnet arranged to exert a counter-repulsion 
as the armature is remotely repelled from the 
main magnet, whereby to resist a tendency to 
disproportional movement of the armature as 
the current increases. 

2. In an instrument for electrical measuring 
the combination of a coil, a magnetic arma 
ture pivoted to move within said coil, having 
an index connected to it, and mounted to 
gravitate to a position of rest, a main magnet 
fixed Within the coil adjacent to that position 
to repel the armature therefrom against gravi 
tation when excited by a current in said coil, 
and a compensating magnet arranged to ex 
ert a counter-repulsion as the armature is re 
motely repelled from the main magnet, where 
by to resist a tendency to disproportional 
movement of the armature as the current in 
CeaSeS. 

3. In an instrument for electrical measuring 
the combination of a coil, a magnetic arma 
ture movable within said coil, pivoted on an 
axis eccentric to the magnetic center thereof 
So that one side of the coil exerts an attrac 
tion for it preponderating over the other, and 
increasing with its movement from the zero 
position, a main magnet fixed within said coil 
adjacent to said position to repel the armature 
therefrom when excited by a current in said 
coil, and a compensating magnet arranged 
within said coil to exert a counter repulsion 
partially counteracting the increasing attrac 
tion of the coil as the armature recedes from 
the main magnet. 

4. In an instrument for electrical measuring 
the combination of a coil with a large open 
ing, said coil wound on one side of its diame 
ter concentrically of a given axis and on the 
oppositeside eccentrically thereto and drawn 
toward said diameter so that the opening is 
Somewhat flattened on that side, an armature 
movable within said coil and pivoted coinci 
dently with said axis and hence eccentrically 
to the coil, so that the flattened side of the 
coil exerts a preponderating attraction for the 
armature, and a main magnet fixed within 
said coil adjacent to said position, to repel 
the armature therefrom when excited by a 
current in said coil, and a compensating mag 
net fixed within said coil on the opposite side 
of the armature to exert a counter-repulsion 
against it partially counteracting the increas 
ing attraction of the coil as the armature re 
cedes from the main magnet. 

5. In an instrument for electrical measuring 
the combination with a coil, a magnetic ar 
mature pivoted to move within it, and a sta 
tionary main magnet within it, of a detach 
able frame projecting within the coil forming 
pivotal bearings for said armature and fast 
tened exteriorly to the coil, whereby said 
frame may be detached and removed carry 
ing the armature with it, without disturbing 
the armature pivots or any of the electrical 
Connections. o 

6. In an instrument for electrical measuring 
the combination with a coil, a magnetic ar 
mature pivoted to move within it, and a sta 
tionary main magnet within it, of a detach 
able frame projecting within the coil forming 
pivotal bearings for said armature and carry 
ing said stationary magnet, and fastened ex 
teriorly to the coil, whereby said frame, may 
be detached and removed carrying with it the 
stationary magnet and armature, without dis 
turbing their relative arrangement or the piv 
otal bearings of the armature. d 

7. In an instrument for electrical measuring 
the combination of a coil, a frame Fentering 
the opening in said coil, having flanges l for 
fastening it exteriorly to the coil, and formed 
with ears lc ic' supporting pivotal bearingsh 
h, a stationary magnet H fixed to one side of 
such frame, a movable armature G, a spindle 
g carrying said armature and pivoted in said 
pivotal bearings, and an index arm E at 
tached to said spindle. 

S. In an instrument for electrical measur 
ing, the combination of a coil, a frame Fen 
tering the opening in said coil, having a cen 
tral opening and formed with means for fas 
tening it to said coil, and with ears k sup 
porting pivotal bearings h h, a stationary 
magnet H fastened to one margin of said 
frame and projecting toward the middle there 
of, a spindleg hung between said pivotal 
bearings, and an armature G mounted on said 
spindle and arranged to swing in said open 
ing in the frame, so that the opposite sides of 
said opening may form stops to limit the move 
ment of the armature. 

9. In an instrument for electrical measur 
ing, the combination of a coil, a magnetic ar 
mature pivoted to move within said coil, a 
spindleg for said armature made of non-mag 
netic material and having steel pivot pins in 
serted in its opposite ends, and pivotal bear 
ings in which said pivots turn. 

10. In a voltmeter or other instrument for 
electrical measuring, the combination with 
an exciting coil, a scale-plate, an index arm 
traversing said scale-plate, and a movable ar 
mature connected thereto for moving said in 
dex, of an adjustable stationary pointer L. 
projecting inwardly across the face of said 
scale-plate from the outer side thereof, and a 
pivoted pointer arm L' carrying said pointer 
and extending behind the Scale-plate. 

11. In a voltmeter or other instrument for 
electrical measuring, the combination with an 
exciting coil, a scale-plate, an index arm trav 
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ersing said scale-plate, and a movable arma- In witness whereof I have hereunto signed 
ture connected thereto for moving said index, my name in the presence of two subscribing IC 
of adj life stationary pointer L, a RE, witnesses. 
oted arm I' carrying said pointer, a curve 

5 arm L'branching therefrom and formed with JAMES J. WOOD. 
segmental teeth r, and a pinion S meshing Witnesses: 
therewith connected to an actuating knob M. ARTHUR C. FRASER, 
for adjusting said pointer. GEORGE H. FRASER. 


