(No Model.) ) 2 Sheets—Sheet 1.
_ E. WESTON.

ELECTRICAL MEASURING APPARATTS,
No. 302,387. __Patented Nov. 6,1888.

- ,

L1,

R [ —
R

\
7\ )
A W
Vi

g
7
%
7
2
72
4

V)

= L
¢ ;!!!i.é'
7 e V5
. . A
h [[]=
v F
: y
qWITNE&S’ES: 2N ﬁwroﬁ,
: . P .
lnehovid o Sourad Woein\

b A it RV IEIEN

K ATTORNEY.

IN. PETERS. Photo-Lithographer. Washington. D. C.




(No Model.) " 2 Sheets—Sheet 2.

"E. WESTON.
_ ELECTRICAL MEASURING APPARATUS. -
No. 392,387. Patented Nov. 6, 1888.

WITNESSES : v INVENTOR,

. ' /6:4 ATTORNEY,

N. PETERS. Photo-Lithographier. Washington. U. €.

S




10

5

25

30

35

4o

45

50

UNITED STATES

PaTENT OFFICE.

EDWARD WESTON, OF NEWARK, NEW JERSEY.

ELECTRICAL MEASURING APPARATUS.

SPECIFICATION forming part of Lietters Patent No. 392,387, dated November 6, 1888,

Original appiieation filed March 17, 1888, Serial No. 267,474. Divided and thisapplication filed August 17, 1888, Serial No.
282,991, (No model.)

To all whom it may concerm:

.Be it known that I, EDWARD WESTON, of
Newark, Essex county, New Jersey, have in-
vented a new and useful Improvementin Ap-
paratus for the Measurement of Klectricity, of
which the following is a specification.

My apparatus is moreparticularly designed
for the measurement of the electro-motive

.foree of electricalenrrentsinvolts. Its principle

is as follows: To organize and construct an ap-
paratus wherein the eurrent to be measured
in eirenlating through a coil orloop in the cir-
cuit, which coil is supported so as to be free
to move in a uniform maguetic field, shall
cause a movement of said coil due to the re-
sultant effect thereupon of the said current
and the magnet-poles; to oppose to the mo-
tion of said coil so produced a uniform resil-
ient resistance, so that the extent of move-
ment of said coil shall be directly propor-

“tional, or very nearly so, to the strength of

the actuating-current, or, when said current,
is previously caused to traversean interposed
electrical resistance,to theelectro-motive force
of said current; and, finally, to indicate the
extent of such movement and hence thecorre-
sponding electro-motive force upon a suitable
scale; also, to prevent undue oscillation of the

“coil by combining therewith a mass of dia-

magnetic metal to which an intense magnetic
field acts as a retarding medium, thereby pro-
ducing a magnetic dash pot or brake, and to
combine such diamagnetic mass with the said
coil in such a way as to enable said mass to
act to the maximum magnetic and mechan-
ical advantage in checking said oscillation.

In the accompanying drawings, Figure 1 is
a plan view of my new measuring-instrument
with a portion of the scale-plate broken away.
Fig. 2 is a section on the line # « of Fig. 1.
Fig. 3 is a partial section on the same line on
a larger scale than Fig. 2. Fig. 4 is a per-
spective view of the coil separately. Fig. 5
is a view of theinnerside of oneof thebridges
O O'. Fig. 6 isa diagram illustrating the rela-
tive polarities of the coil H and magnet-poles
B B'. Fig. 7 is a diagram showingthe circuits
in the instrument.

Similar letters of reference indicate like

parts.

A is a permanent magnet, which is here
shown as having a circular body, A/, and polar
extremities with their inner faces relatively
flat and parallel. To said inner faces are at-
tached pole-pieces B B’ by means of screws
C. The opposing faces of the pole-pieces B
B’ are concave, so that between said pole-
pieces a substantially-cylindrical opening is
produced.

Extending across the ends of the magnet A
is @ bar, D, of brass or other diamagnetic ma-
terial, which is secured to said magnet by
bolts or screws E. Attached to the middle
point of said bar D is a rod or pin, F, which
supports a solid eylinder, G, of iron or other
magnetic material. This cylinder is concen-
trically disposed with reference to the cylin-
drical space between the pole-pieces B B'. It
is, however, both shorter and of less diameter
than said eylindrical space, so that there is a-
free space at both its extremities and an an-
nular interval between its periphery and the
concave faces of pole-pieces B B'.

H is a hollow coil of insulated wire, which
incloses a frame, I, of copper or other diamag-
netic metal, and is itself inclosed in a frame,
J, of similar material,as shown in Fig. 4. The
copper frame J is thicker than the copper
frame I. Each side or face of the coil is cov-
ered with a plate of copper, one of which is
shown broken away at H. The whole coil H
is therefore inclosed on all sides inanenvelope
of diamagnetic metal.

K K’are pivot-pins, of metal, fixed to metal
plates L' I'. The plates I I/ are secured to
opposite endsof the frame J, as shown, byany
insulating cement,or a layer of insulating ma-
terial may be inserted between said plates and
the metal frame J, and the said plates may be
bound to the coil by wrappings M of silk
thread. In fact, any mode of connecting the
plates L I and frame J may be adopted which
shall not result in said frame forming a short
circuit between said plates. One end of the
wire composing the coil H connects to the
plate L and the other end of said wire to the
plate L/. .

At the ends of the pole-pieces B B’ are
formed recesses @, the shoulders b of which
-conform to the truly circular curve of the con-
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cave portions of said pole-pieces. O and O’
are two precisely similar bridges having a cen-
tral elevated portion and flanged edges . The
curve of the outer periphery of the flanges P
is truly circular.  The flanges I> enter the re-
cesses ‘a.  Therefore the peripheries of said
flanges correspond to and exactly fit against
the curved inner shoulders, b, of the recesses
a; but the curves of the shoulders b and re:
cesses ¢ correspond to the truly circular con-
cavity in the faces of the pole-picces I B,
Therefore it is necessary simply to adjust the
flanges I-of the bridges O O in the recesses «,
as described, to bring central points of the two
bridges O O’ and the longitudinal axis of the
fixed cylinder G in a straight line. At the
central points of the ‘bridges O O" are fixed
sleeves R, which receive jewels Q; in which
jewels the conieal ends of the pivot-ping KK’
are received and in whichsaid pins freely turn.
The fixed cylinder G then is supported in the
hollow spaee inside of the inner frame, I, and
the coil H, with its frames, snrroundssaid cyl-
inder and turns in the annular space between
the cylinder periphery and the pole-picces
BB

Theadvantageof the particularconstruetion
above set forth lies in the great ease with whieh
it allows of exactly centering the coil H, for,
as I bave shown; when the bridge-flanges P
mect the curved shoulders b of the recesses «
the eentral points of the two bridges O O, and
hence the pivot-bearings there located, come
directly opposite each other and in prolonga-
tion of the Jengitudinal axis of eylinder i, so
that the constructor has merely to sce that
shoulders b, recesses ¢, and flange-edges I are
truly circular and that the pivot-bearings are
centrally located in the bridges O O’ to he as-
sured that the parts will come together when
assembled with the pivot-bearings truly cen-
tered. Tt {ollows, also, that for all instruments
of a certain size the parts may thus be made
interchangeable and produced by milling or
other machinery for automatically making ex-
act reproductions—a result which, as is well
known, materially reduces the cost of manu-
facture.

The flanges P, as here shown, rest incirealar
recesses ¢, made in blocks of insulating mate-
rial, T, which are applied to the edges of the
pole-pieces instead of in similar recesses
formed in the edges of the pole-pieces them-
selves. This is simply an ineident of the par-
ticular congtruction here shown due to the
lead of the eircuit chosen. It should of conrse
be understood that I may dispense with the
blocks T' and form the recesses q, as first de-
seribed, directly in the pole-pieces B I, and
if it be desired to insulate the bridges O O',or
either of them,from said pole-pieces Imay ac-
complish that result in any other of the known
methods, which will readily occur to electrical
workmen and others skilled in the art.

Surrounding the pivot-pins K K’ are tight
washers or rings U U’, to which rings are fast-
ened the inner ends of coiled springs V V.

The outer ends of springs V 'V’ are held in
arms W, which are secured to the insulating-
blocks T.

The sleeves R extend beyond the inner faces
of the bridges. O 0" and receive upon them
rings Y 'Y', which rings carry arms 7 Z’. On
each arm are pins ¢ ¢, Fig. 5, between which
pins the eoiled spring is received, as shown
best in Iig. 3. The rings Y Y’ are a close fit
upon thesleeves I?, but may be tnrned on said
sleeves. In this way the arms % %' may op-
erate as moving abutments for said springs,
and may be adjusted so as to lengthen or
shorten the active part of said springs by sim-
ply moving them to the right or left at will.

To the pivot-pin K is secured alight needle,
d, which extends over a plate, I, upon which
is inseribed a scale of regular divisions.  In
the case e of the instrumnent I place a resist-
ance-coil, /, reverse wound in the usual way.

Directly in front of the polar extremities of
magnet A -is a bar, g, of iron or other magnetic
material, which, by mecans of the adjusting-
screw L, may be moved at will nearcr to or
farther from said extremities of the magnet.

Thecircuit in the instrument, as here shown,
can be conveniendly traced in IFFig. 7, and pro-
ceeds as follows: - Ifrom- the binding-post 1
on the base-board of the instrument to and
through the resistance-coil £ to bridge O, arm
Z, spring V, ring U, pin K, plate I, coil H,
plate I, pin K, ring U, arm 7, bridge O,
and binding-post 2.

I will now deseribeé the operation of the in-
stroment.  The coil H is an assemblage of
parallel loops in the cireuit.  The whole space
oceupied by a loop when a current traverses
the wire behaves, as is well known, like a mag-
netic shell—that is, as if the loop and inclosed
space were simply a magnet in slab form, one
face of the magnet exhibiting north and the
other face south polarity. Thusin Fig. 4 the
face turned toward the observerand comprising
all that area included within the frame J might
be of onc polarity, while the face turned from
the observer,and likewise included withinsaid
frame, might be of the other polarity. Now,
the polarity of either face of the coil will depend
upon the direction of the current circulating in
the coil, so that, for example, if the current
circulated through the coil from pin K to pin
K’ the faee turned to the observer in Fig. 4
mightshow north polarity, while if the current
moved from pin K’ to pin I{ that same face
might show south polarity. If, then, the coil
IT is placed in proximity to a magnet, it will
act when the current is traversing it with ref-
erence to that magnet just as any other mag-
net would aect—that is, if the face of the coil
in proximity to a given pole of the magnet is
of like polarity the pole of the magnet and
face of the coil will mutually repel, and, equal-
ly, if the face of the coil and pole of the magnet
be of unlike polarity they will mutually at-
tract. 1L, however, the magnet be fixed and
immovable and the coil be freely suspended
and movable, then the coil alone will be at-
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tracted to or repelled from the magnet-pole,

as the case may be. v

Referring, now, to the permanenf magnet
A, it will be observed that I have so arranged
that magnet and its pole-pieces B B’ as to pro-
duce a very intense field of force in the cylin-
drical space between said pole-pieces. Ihave
also placed in the center of this field a mass of
inductive metal, the cylinder G, which actsto

draw the lines of force into itself; or, in other

words, to prevent their diverging or straying
into regions outside of theintense limited field,
which is desired. In this field I delicately
poise the coil H, so thatit is free to vibrate on
its pivet-pins K K/, but not completely to ro-

tate, for the pin ¥, which supports the c¢ylin-

der G,will of course prevent complete rotation
of the coil around the ¢ylinder.

Now, suppose that the coil be so adJusted in
the field that its normal position is that repre-
sented in Fig.1, dotted lines, or in Fig. 6; full
lines, when no current is flowing. Suppose,
further, that the left-hand pole-piece, B, be of
northpolarityand theright-hand pole-piece, B,
be of south polarity. buppose, also, that the
current circulating in the coil moves in such
direction that the face of the coil opposite the
north-pole piece be of south polarity and the

face of the coil opposite the sonth-pole piece be

of north polarity, as indicated by the letters S
N in Fig. 6. The result will be that the north
pole of the permanent magnet will attract the
south side of the coil and the south pole of the
magnet the north side of the coil, and the at-

-traction of the two poles will act as a couple

tending to turn the coil on its pivots in the di-
rection of the arrow, Fig. 6, until the coil has
traversed half its path, or an angle of forty-
five degrees.
will be opposed to the north pole of the mag-

nep and the south side of the coil to the south

pole of the magnef, and repulsion will fol-
low, which, however, will tend to move the
coil still in the same direction, so that the
coil will finally assume a position at an angle
of ninety degrees from its original position,
as indicated by the dotted lines in Fig. 6.
If no resistance whatever were opposed to the
movement of the coil, then, theoretically, any
current which would polarize it as above de-
scribed would cause it to travel from one ex-
treme limit of its path to the other; but if to
the motion of the coil a constant resistance is
opposed alwaysdirectly proportional,or nearly
so,to the extent of its travel, then the coil will
move only to a point at which equilibrium

exists between the force whieh moves it and
Now, the-

the force which opposes its motion.
force which tends to move the coil is due to
the current which passes through it, and the
magpitude of this force depends upon - the
strength of the maguet-poles, upon the length
of wire in the coil, and upon the strength of
the current. The magnet A being a permanent
magnet and the field of force between its

_poles being concentrated and exceedingly in-
tense, the strength of this field may be re-

Then the north side of the eoil”

garded as constant. So, also, the length of
wire in the coil is constant. Consequently the
magnitude of the moving force is directly pro-
portional to the current strength. The op-
posing force to the movement of the coil is the
resiliency of the coiled springs V V’, which
are wound up, so to speak, as the coil turns.
This resistance is also a constant force and di-
rectly proportional to the extent of movement
of the coil. Therefore the only variable force
will be that of the strength of the current, and
the extent of movement of the coil will meas-
ure this strength, because the coil will come
to rest ab a point where the resistance of the
spring and the moving force of the current
balance.. This extent of movement is con-
veniently shown by the traverse of the needle
d, attached to the coil-pivot K,over the grad-
uated scale Z, which scale may be uniformly
divided into regular intervals, because, as al-
ready stated, for twice the current strength
the coil will move over double the distance,
and so on proportionately to the limif of its
possible travel.

I design this instrument principally for the
measurement of current-pressure or electro-
motive force in volts. To this end I support
the coil upon jeweled pivots, as already ex-
plained, so that it will turn with the minimum
of friction, and I oppose to its movement the
resiliency of a pair of very delicate springs.
In the path of the current before it reaches
the coil I place a high resistance very large
in proportion to the internal resistance of the
dynamo or battery the current-pressure of
which isto be measured. The strength of the
current which will reach the coil H will then
depend only on the difference of potential ex-
isting between the ends of the resistance-coil.
Consequently the coil H will move and the
needle d will swing over distances on its scale
exactly proportional to the electro-motive
force of the current traversing the coil H. If
now we know the total electro-motive force

| necessary to cause a movement of the coil over

its entire path, and hence of the needle over
the whole scale, it remains simply to lay off
the scale in equal divisions in order to recog-
nize the fractional electro-motive force present
when the needle comes to rest before reaching
its extreme limit of travel, or, in other words,
and to illustrate, if a current having an elee-

tro-motive force of ﬁ[ty volts after tmvelsmrr
a certain resistance is of sufficient strenoth
just to move the index-needle over its entire
path, then a current of twenty-five volts,
the resistance remaining the same, will be in-
dicated by the needle coming to rest half-way
between its limits, and so on.

It will be obvious that by varying the in-
terposed high resistance I may increase or di-
minish the current strength, and consequently
the extent of swing of the needle correspond-
ing to agiven electro-motive foree, or with dif-
ferent electro-motive forces produce an equal
swing of the needle, so that if, for example,
a given current with a resistance of one thou-
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sand ohms interposed produces a deflection of
the needle over a space of one hundred scale-
divisions, representing, for example, an elec-
tro-motive force of one hundred volts, the
same current with a resistance of but ten ohms
interposed would cause a like deflection of the
needle with an electro-motive force of but one
volt. Inthe former case the instrument would
measureto volts, inthe latter case to hundreds
of volts, the same deflection representing
eitheravolt or one one-hundredth ofavolt. 1t
follows therefore that in desiguing the instru-
ment for low-pressure currents, which it is de-
sired to measureaccurately to fractions of volts,
I provide a low resistance in the circuit and
produce very large deflections of the needle
per unit of measurement. On the other hand,
if high-pressure currents are to be measured
without special regard to fractions of the unit,
I provide a very high resistance and give the
needle a much smaller deflection per unit.
The point which I desire particularly to im-
press here, and I know of no other electrical
measuring apparatus of which it is true, is
that the sole factor which operates to move
the needle is carrent strength made dependent
upon the electro-motive force, and that I sim-
ply and in every instance weigh this current
strength against constantly-inecreasing resist-
ance here provided by the springs. 1t is per-
feetly immaterial whether the electro-motive
forcebehighorlow. Whateverthecorrespond-
ing current strength may be the instrument
weighs it. If the carrent strength is greater,
the coil will move a greater distance, and so
compress the spring more before a balance is
reached. If it De less, then the coil will move
a less distance, and so compress the spring
less before equilibriam results.  In either case
the movement of the coil, and consequently of
the needle in ave, other things being cqual, is
proportional to the pressnre of the current
and measures it. Not only, therefore, is it
possible to adapt this instrument to the meas-
urement of the pressure of the most powerful
as well as to that of the weakest currents, but
it can be designed to give large deflections for
currents of very low pressure, so that such
currents can thus be measured with a refine-
ment of accuracy now impossible, save perhaps
with apparatus of the most expensive and
elaborate character. TIurther than this,itisa
very simple matter to maintain the accuracy
of the instrument, even despite possible
changes in the magnetic field of the perma-
nent magnet by reason of the ease with which
it can be calibrated. To do this requires no
special skill whatever, as will readily be ap-
parent from the following deseription of the
operation.

At 3, Figs. 1, 2, and 6, is shown a binding-
screw which connects by a wire, m, with the
interposed resistance-coil, f, at such a point,
as m/, Fig. 6, thereon as that a current pro-
ceeding from said post 3 through the instru-
ment does not, traverse the entire resistance-
coil, but only some known fraction of it. To

the post 8 isnow to be connceted any standard
cell of known electro-motive force—say one
volt—and the deflection of the needle due to
the current is noted. The resistance may be
proportioned so that this deflection may be
counsiderable. As now the proportion which
the whole resistance bears to this fractional
resistance is known, it follows that it is nec-
essary simply to consider this difference in de-
termining the deflection due to the same cur-
rent-pressure when the whole resistance is in
circuit; or,to illustrate, if with the fraction of
the resistance in cireuit with a standard cell
ofanelectro-motive force of one volt the needle
shows, for example, ten degrees deflection,
then if the total resistance be ten times as
great one-degree deflection will correspond to
a current-pressure of one volt with absolute
certainty.

I propose for practical use to arrange the
circuitsubstantiallyasalready described—that
is, with a separate binding-post, 3, and wire
for calibration purposes. As, of course, it
would be very injurious to the coil I fo pass
a strong current accidentally througlh the
fractional resistance,l cover the post 3 with a
rubber screw-cap, n, which normally is to be
left in place, the object being to prevent con-
nection to the post 3 unless the user first re-
moves the cap, which it is presumed will not
be done unless advisedly.

I have already stated that the strength of
the field of the permanent magnet is a factor
in determining the influence of the carrent
upon coil H, and that this is practically a con-
stant. Where, however, the instrumentis in-
tended to measure with aceuracy, and alsofor
purposes of calibration, it may be desirableto
have a means of altering the strength of this
field. This means I provide in the movabie
bar or keeper g, which, as has been stated,
may be advanced nearer to or farther from
the polesof the magnet by the adjusting-screw
W. Wihen the bar ¢ is brought near to the
field, a number of the lines of force will flow
into said bar and out of the space between the
magnet - poles, so weakening the field. Con-
versely,when the bar is retracted le s lines of
foree will flow into it, and hence the field will
be stronger by the accession thereto of these
lines of force.

It is also desirable to provide a means of
adjusting the resiliency of the springs V V/,
80 as to be able to be set with reference to
the scale the points of equilibrium of ecur-
rent and springs. This I accomplish by the
movable arms Z Z, which, as I have stated,
when moved in one direction shorten the
springs and in the other direction lengthen
them, in one case reducing, in the other in-
creasing, the electricity of said springs, and
hence modifying their resistance to the move-
ment of coil H.

Referring now particularly to the coil H, it

has already been stated that said coil is wholly

inclosed in an envelope of copper or other dia-
magnetic metal, the parts of said envelope be-
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ing the outer frame, J, inner {rame, I, and side
plates, H'. The longitudinal faces of the frame
J are rounded or convex, 80 as to conform to
the curve of the concavities in the pole-pieces
B B/, and the similar faces of the frame I are
rounded or concave, so as to conform to the
curve of the cylinder G. It will also be ob-
served from Fig. 4 ¢hat the frame J is made
thicker than the frame TI.

The object of this construection is as follows:
It is a well-known fact that when a body of
diamagnetic metal--such as copper—is sus-

pended between the poles of a powerful mag-

net it finds in the field of force a powerful re-
sisting medium which opposes any motion of
the metallic mass and speedily brings it to rest.
I propose to utilize this phenomenon in order
to prevent undue oscillation of the -coil H,
whieh, as already explained, is inclosed in and
so has rigidly connected to it a mass of copper,
or, in other words, to render the instrument
‘‘dead-beat,”” the needle simply moving to
the point on the scale corresponding to the
number of volts electro-motive force of the
current and remaining there. The moving
mass of copper in the strong magnetic field
acts very much like the moving piston in the
mechanical dash - pot containing water, oil,
or glycerine, and, in fact, I may term the.de-
vice a ‘‘magnetic’’ or ‘‘electrical’”’ dash-pot.
1n order to secure more effective results, I dis-
tribute the mass of copper in greatest propor-.
tion in the thick outer frame, J, which, being
nearest to the polesof the permanent magnet,
is necessarily in the strongest part of the field.
So, also, said frame is (arthest from the center
of motion of the coil, and hence any retarding
force there applied exercises the greatest pos-
sible leverage upou the coil. In practice I
make the dimensions of the frame J such that
it will just clear the faces of the pole-pieces B
B’ and the dimensions of the frame I so that
it will just clear the periphery of the cylinder
G. The result is that the coil, cylinder, and
magnet-poles so closely approximate that I
have substantially a closed magnetic circuit
between the magnet-poles at all times, the coil
and cylinder, in fact, becoming a keeper or

_armature for the magnet, always in place,and

serving the purpose of preventing loss of
strength of the magnet and of keeping its en-
ergy in constant activity. The coil H and
diamagnetic metal united thereto,being in the
field of a permanent maguet,is in a field every-
where uniform, hence the dampening effect of
the copper is the same in all positions of the
coil. : )

It will .also be noted that the coil turns
wholly within the circle partly completed by
the concave faces of the. pole-pieces. Hence

in all positions of the eoil the whole of it is in.

the field, no portion extending into the adja-
cent space. :

This application is a division of another ap-
plication for Letters Patent, Serial No. 267,474,
filed by me March 17, 1888.

I claim—

[433

1. A permanent magnet and movably sup-
ported in the field of force thereof a paramag-
netic body inclosed -in a. continuous mass of
diamagnetic metal, the said mass operating to
retard or oppose the motion of said paramag-
netic body, substantially as described.

2. A permanentimagnet, an electrical con-
ductor in the form of a coil or loop movably
supported in the field of force of said magnet,
and a band or frame of diamagnetic metal con-
nected to and inclosing said coil or loop, sub-
stantially as described.

3. A permanent magnet, an electrical con-

ductor in the form of a coil or loop movably .

supported in the field of force of said magnet,
and a body of diamagnetic metal connected to
and inclosed by said coil or loop and operat-
ing to retard or oppose the motion of said coil
inthe magnetic field,substantially as described.

4. A permanent magnet, an electrical con-
ductor in the form of a c¢oil or loop movably
supported in the field of force of said magnet,
and a body of diamagnetic metal inclosed by
said coil or loop and eonnected thereto, sub-
stantially as described. g

5. A magnet, an electrical conductor in th
formofa coil or loop movably supported in the
field of foree of said magnet, and 2 band or frame
of diamagnetic metal inclosing and a band or
frame of diamagnetic metal inclosed by said
coil or loop, the said first-mentioned frame
being of greater thickness than said last-men-
tioned frame, substantially as described.

6. A magnet, an electrical conductor in the
form of a coil or loop movably supported in
the field of force of said magnet, and a shell
or covering of diamagnetic metal inclosing said
coil or loop, substantially as described.

7. A permanent magnet having pole-pieces
inwardly curved or concave on their opposing
faces, a mass of magnetic material conforming
to the shape of the field between said pole-
pieces and concentrically disposed and inde-
pendently supported insaid field, and an elec-
trical conductorin eoil or loop form surround-
ing said mass and vibrating on its axis in a
path parallel to the line of curvature of said
faces of said pole-pieces, substantially as de-
seribed. :

8. A magnet, an electrical conductor in coil
or loop form supported and vibrating in the
field of force of said magnet, a continuous mass
of diamagnetic metal also in said field of force
and connected to said conductor, and a resil-
ient body interposed between said coil and an
abutment, substantially as described.

9. A magnet, an electrical conductor in coil
or loop form supported and vibrating in the
field of force of said magnet, & resilient body
interposed between said coil and an abutment,
and means for varying the resiliency of said
body, substantially as described.

10. A magunet, an electrical conductor in coil
or loop form supported and vibrating in the
field of force of said magnet, and a spring in-
terposed between said coil and an adjustable
abubtment, substantially as described.
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11.: A magnet, an cleetrical conductor in eoil
or loop form supported and vibrating  upon
axial pivots in the ficld of force of said mag-
net, a coiled:spring having its inner end con-
neeted to oneof said pivots, and an-independ-
enfly - supported . abutment : receiving said
spring near its outer end. and movable upon
said spring. to vary the length of said spring
betweensaid pointof attachmentandsaid abut-
ment, substantially as described.

12. A magnet, an electrical conductor in eoil
or loop -form supported and vibrating upon
axial pivots in the field of force of 'said: mag-
net, and a coiled spring connected at its inner
end. to one. of said pivots and at its outer end
to an abutment, sabstantially as described.

13. A magnet, an electrical conductor in-coil
or Toop form supported and vibrating in the
field of force-of said magnet, and a resilient
body interposed betweensaid ¢oil and-an abat-
ment, in combination with a coil of definitely-
high electrical resistance in'clectrical civeuit
with'said vibrating coil.

14. -A magnet,-an electrical conductor in coil
or loop form supported and vibrating in the
field of force of -said magnet, a resilient body
interposed between said coil and an abutment,
and:a body of high clectrical resistance and a
body of relatively-low resistanece, the said re-
sisting bodies- being in: branch:electrieal cir-
cnit with said coil, sabstantially as deseribed.

15.:The permanent magnet A, having in-
wardly -rounded: or - coneave. opposite polar
faces, bridge- picces O O, coil ‘H, having - its
axis entering bearings in said bridge-picces,
needle d, fixed to one of said pivots, and scale
7, substantially as described.

16. The permanent magnet A, having its op-
posite polar ends, B B, inwardly rounded or

concave, similarly-curved recesses ¢ b in-the
sides of said. polar ends, bridge-pieces O O,
having flanges I’, with edges curved to con-
form to .said recesses .« b, bearings: centrally
disposed in said bridge-pieces, and coil H, the
axis of said coil being:received in said bear-
ings, substantially as deseribed.

17.. The. permanent magnet A, having in-
wardly - rounded or concavé: opposite polar
faces; bridge- pieces ‘O O eoil H, having -its
axis- entering. bearings in said bridge:picces,
and fixed-eylinder G, of - magnetic material, in-
dependently supported within. said coil, sub-
stantially as deseribed.

18. The: permanent magnet A, having in-
wardly - rounded or. .eoncave opposite -polar
fuces,; bridge-pieces O O'; coil H; having 'its
axis. K K" eutering bearings in said bridge:
pieces, and coiled spring V, connected to said
axis of said ¢oil-andto an abutment, W, sab-
stantially. as deseribed.

19. The permanent magnet A, having in-
wardly -rounded or- concave opposite polar
fuees, bridge-picees O O coil I, having piv-
ots - IC K, spring. V, bearings- R, ring Y, and
arm -Z, substantially. as desecribed.

20. The: permanent magnet A, having in-
wardly-rounded or concave . opposite polar
faces, bridge-pieces O O, coil H, having its
axis. entering bearings in said bridge-pieces,
{fixed eylinder G, of magnetic material, inde-
pendently supported within said coil, and ad-
justablebody g, of induetive material, in prox-
imity to the poles of said magnet, substantially.
as desceribed.

EDWARD WIISTON.

Witnesses:

D. H. Driscorny,
PARK BENJAMIN.
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