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To all whom it may concern:

Be it known that I, EDWARD WESTON, of

Newark, Essex county, New Jersey, have in-
- vented a new and useful Improvement in.

Standard T.:mgen t-Galvanometers, of which

the following is a specification.

(o

- My invention relates to that class of galvan-

ometers in which the tangent of the angle of
deflection of the magnetle needle is propor-
"tional to the strength of current traversing
“the coil or coils of the instrument. -

The pa,ruculal form of tangent—ga,lvanome-
ter herein illustrating my invention includes

‘a central hollow s_ta,ndald on opposite sides

of which: are secured the coils. The magnet-
needle is suspended within the standard in
stuch position that the needle-center will be in

~ line with the coil - ecenters and equidistant

- therefroms-.
‘mirror, which in turn is supported by a fiber,

“the rod joining mirror and needle being ri gld

26

The needle is suspended from 3

~-So that the vibrations of the needleare trans-

2

30

‘passes.
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‘mitted to the mirror.
“ported upon a tripod-base, which is pmwded-_
“with the usual leveling-screws. . |
- Thebase of thecen tral standard in my pres-
--ent apparatus rests upon a larger base or
-platform, which is algo provided with suitable
Supported from said last-
-mentioned base isa circular chamber, through
the center of which the standard column
The index-mirror is arranged in that
part of the column which is wholly incloged

by said chamber.
25- of the chamber is a scale for showing the de-
"7 flections of the mirror, and in the wa,ll of the
chambérmay be dlsposed sight-openings.or

- telescopes directed toward the mir ror, So that
by locekmg into said telescopes the sed,le on
‘the innex periphery of. the chamber may be
“seen refiected in the mirror.
where the standard' column passes through

'The standard is sup-

leveling - screws.

Upon the inner periphery

‘At the point

the sc¢alé -chamber a universal joint is pro-

 yided, which -allows of a suitable amount of
43 ‘play between the standard :md the top and
o bottom walls of the chamber. -

- My invention -eonsists in the combmatwn |
"'of the index-mirror and:the circular scale ex-
tending: around the same,in the marking of
said scale,in- ‘the combination of the mirror

| wmth a sca.‘e marked as deb('rlbed and w1th_

differentia. conductors upon a eml
is a’'side view of a eoil, and Fig. 14 a section 90

sight- openings arra,no'ed as set forth, in the

constructlon and arra,nwement of the seale-

chamber and its comblnatlon with the galvan-
ometer - standard, and in the novel construe-

-tion of the coils of the instrument, together

53

with various other novel instrumentalities -

and combinations,all as herema,ftel more par-
tleularly set; forth.
The object of my mventmn is o prowde a

standard tangent-galvanometer provided with

6o

a suitable scale for showing the mirror deflec-

tions, the said scale being arranged so that a
very wide range of measurement can be had

and the 1nstrument and seale formmg one ap-

paratus.

"65

- In the accompanying dra,wmﬂ‘s, Flgure 1is

a plan view of my galvanometer. Fig.2 isan
elevation thereof. Fig. 3is a dlaglam show-

-ing the arrangement of scale, two felescopes,
-and mirror.
‘arrangement of scale and mirror with one
telescopein lieu of two.

Fig. 4 is adiagram showing the

showing the arra.ngement of scale and mir-
ror with a lamp in place of the -single tele-

scope shown in Fig. 4. Fig. 61is a Seetlon of

the scale-chamber and telescope on the line

o x of Fig. 4, Fig. 7 is a section of the scale-
chamber and lamp on the line z z of Fig. 5.

Fig. 8 is a far~ view of the scale as repre-

scale-chamber.
18 & diagram illustrating the arrangement of
Fig. 13 -

thereof on the line &’ 2’ of Fig. 13, -Fig. 151s-
an enlarged partial seetion of the coll, show—

- Fig. 16 18 a dia- -

70

Fig. 518 a diagram
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S0

Sented 1n Kig. 3. Fig. 9 shows in detail the
device for permit-tin'g some play of the cen-
tral supporting-column at the points where it
passes through the covering-plates of the
Fig. 10 is a section on the 8y
liney y of Fig. 9. Fig. 11 is a plan view of
‘the centering device for the tripod. Fig. 12

ing the a,rra,nﬂ'ement of conduectorsin the gide .
and pemphery of the spool. .

oram showing the arrangement of the differ- 05

|"ential conductm S mth refet ence to the center

of the magnet.

bumlm lettelb of lefexence mdleate like

parts |
A is a central hollow st&ndard pwoted at

1t8.lower extremity upon the tripod B. Upon
._0pp051te suieq of standard are fixed suppmts -

100 -
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- or brackets, to which are secured the spools
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R, upon which are wound the coils. These
coils may either consist of asingle conductor

wound in the usual way continuously around

the periphery of the spool or iwo conductors,
P and g, wound separately, as set- forth far-
ther on in this specification. Upon the tri-
pod B is a horizontal worm-screw, N, which

engages with a toothed segment upon the en-

largement O on the lower part of the stand-
ard A. By turning the screw N the standard

A may be rotated upon its vertical axis, and

the coils thus adjusted in the magnetic me-
ridian. In an enlargement at about the mid-
dle of the standard A is arranged a cylin-
der, E, of diamagnetic metal, having a central
chamber in which is suspended a ring-mag-
net, F. | o

- The cylinder-block E is made of diamag-
netic metal, so as to dampen or check the
oscillations of the magnet inclosed in the cen-
tral chamber. Said block is divided trans-

versely into halves, and the partsare inserted

into the bore of the enlargement of the stand-
ard A from opposite sides,.and are eonnected

together by screws.

Seated in a socket in the upper end of

stancard A is a glass tube, I, having atits up-
per extremity a vertically-adjustable hook or
other support, to which is attached'a fiber of
silk or other suitable material. This fiber
darries the mirror H, which is situated in the
chamber P in standard A. The side of this

chamber is open, so that the face of the mir-

ror 1s exposed. Depending from the mirror
18 a light aluminium rod, which at its lower
end carries the magnet F. At the extremi-
ties of the arms of the tripod B are leveling-
screws of usual construetion. =~ '
The construction and relation of standard
A and coils are such that a line joining the
centers of the coils intersects the longitudi-
nal axis of the standard at right angles there-

. to, and the magnet F is disposed so that its
center coincides with this point of intersec-

tion. ' |
- 'The aforesaid instrument is placed upon a

base, K, upon which is disposed a circular
plate, M, upon the upper side of which are

formed three grooves, g ¢’ ¢’’, radiating at
angles of one hundred and twenty degrees.
The lower ends of the supporting-screws of
the tripod B rest in the said grooves, and as
said ends are accurately equidistant from one
another and from the center of the tripod it
follows that when they are so placed the cen-
ters of the plate M and tripod B must coin-
cide, and the tripod is thus self-centered upon
the base K. From the base K rise three pil-
lars, J, which support the scale-chamber C.
This chamber consists of & peripherical ring,

C’, which rests upon the pillars J, and iscov-

ered above and below by glass plates £ and b,
Figs. 6,7, and 9. ~ | |
The standard A passes through the scale-

- chamber C,the upper and lower plates of

which come above and below the chamber in

F

at X will be seen in telescope T.

400,980

sald standard, wherein the mirror H is sus-
pended. In order to allow of movement of
the standard A in'the opening of said plates
through which it passes, as is necessary when

‘the instrument is raised or lowered or leveled

by means of the screws in the arms of the tri-
pod B, the hole A, Fig. 9, cut through the up-
per plate, f,i8 made larger than said column,
and the annular opening thus left is covered
by a loosely-fitting collar, e, provided on its

lower side with a soft-rubber washer, ;. In

70
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the lower plate, b, is made an aperture, 7, con- -

siderably larger in diameter than standard A.
This opening is closed by a rubber washdr, ¢,
which is held between two metal rings, d and
d’. The washer ¢ rests upon a flange, Q,

(said washer is shown in Fig. -9.as.slightly

above and separated by an interval-from

A

flange Q for the sake of clearness,) on the

standard A, and the wupper ring, d, bears
against the lower side of plate.b. This de-

“vice permits the requisite movement of the
central standard and effectually prevents the

access of dust or air-currents to the cham-
ber C. | o o
Around the inner periphery of the inclos-

ing-ring ¢/ of chamber C is marked a scale,

and passing through said ring are two tele-
scopes, T and TY. The disposition of this
scale and its relation to the telescopes and
the mirror H, I will now describe, reference
being had more particularly to the diagram,
Fig. 3. ﬁ SO

Let H represent the position of the mirror
at rest—that is, when no current traverses
the coils.  The circle W represents the inner
periphery of the ring C’, on which the scale
i1s marked. - From the point Z (a radial line

80
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from which point meets the face of the-mirror

at right angles) is set off on each side an are
of forty-five degrees, and at the ends of these

“arcs the telescopes T T are located. There-

fore these - telescopes are ninety degrees

110

apart, and lines drawn from each telescope to

the mirror will make equal angles of forty-
five degrees with the line drawn from 7 to
mirror-face. Consequently an observer look-

ing at the mirror through telescope T will see

reflected therein the image of a zero-peint of
the scale marked at the telescope I”, while on
looking at the mirror through the telescope

T” he will see another zero-point which is:

marked at the tclescope T. Now from the
telescope T” around to the point X is one hun-
dred and eighty degrees, and equally from
the telescope T around to the point Y is one
hundred and eighty degrees. Suppose next
that the mirror H be deflected over an angle
of forty-five degrees to the position H’, dotted
lines. This is obviously at right angles to
the line of sight of telescope T, and the forty-
five-degree mark at that te'escope will be di-
rectly reflected back into it. If the mirror
moves still further in the same direction, as

to the position H’’, then the end of the scale

total movement of the mirror has been but

Now the -

rig -
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 ninety degrees, but the imm of the scale has

1O
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been reflected overan axe of one hundred and
eighty degrees. This because of the well-
known optleel law that the angular movement

-of the reflected ray is equal to twice that of

the reflectingssurface. In lieu of marking
the scale, 'however, in divisions of one de-
gree from 0° to 180° and then halving the
reading to get the angular deviation of the
mirror, I mark two degrees of the scale as
one degree—that 1s, I mark one hundred and

- eighty degrees of the scale as ninety degrees,

20

30

- 35

40

45

~ation of the mirror.

-Fig. 3, and hence the reflected image of the

seele—readmﬂ' shows the actual a,ngle of devi-
Consequently by ob-
serving the mirror through telescope T, when
the direction of the current in the GOIIS is
such as to move the needle into the positions
indicated by the dotted lines H” H”/, I can
measure its-angular deviation of ninety de-

grees upon an arc of one hundred and eighty .

degrees from the zero-point at telescope T to
the point X, and equally when the currentis
in the other direction, and by observing the
mirror through the telescope 1", I can meas-

ure its angulardeviation over the corr espond:-

Ing scale- d1sta,nee from the zero- pomt at tele-
scope T to the point Y.
It will be -apparent that by this construc-

‘tion I am enabled to augment the useful scale

range of instruments of this class,and as one

degree deflection of the mirror is represented

by two degrees of the scale I am also enabled
to note slight variations in deflection with ac-

curacy. ThIS device also affordsa very cer-

tain and easy mode of proving the correet ad-
justment of the needle. If the mirror, when

observed through telescope 1, reflects the zero

at telescope 1Y, and vice versa, then obvigusly
its center point must be in the axial line join-
ing the centers of two coils.
to prove that the coils are in the magnetic
meridian, in: which case the deviation of the
needle Wlll be the same on either side of the

zero-point, it is requisite to simply establish |

the current and note the deflection through

~one telescope and then reverse the current

.55
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and note the defiection through the other tele-
scope. If the readings are the same in both
telescopes, the deflections are equal and the
coils are in the magnetic meridian.

In Fig. 8 1s ehewn a face view of the scale-

‘marking.

Whﬂe I greatly prefer the armngement of

the scale -above described and of two tele- |-

scopes, I may employ a single telescope lo-
cated at the point Z, with its line of sight

at right enﬂ'leq to . the mirror H when at

rest; but in such case the scale is to be
marked each way from a zero-point located at
said point Z, as shown in Fig 4, (two degrees,

as before, bemg marked as one degree.) In-

stead of the telescope, I may here subsmtute a

lamp, as shown in section in Fig. 5, and ob-
- serve the posmen of the reflected beem on

the scale 1n the usual manner.

. The eoils, as alreedy steted may eomprlse

Then in oraer

' each a single eonduefor, or they _mey:be made
differential and each include two conduectors,

as p and q,wound upon the same ring, R.
As shown in Figs. 13, 14, and 15, a groove or
channel is made in the periphery of the ring

R to receive one conduector, and a second
groove in the face or side of the ring to re-
ceive the other conductor.

These grooves are
so disposed that when the ring is in place a

-cone passing through the centel of both wires

will have its apex at the center of the mag-
netized needle, as indicated in the dla,n'ra,m
Fig. 16, the object being to preserve the ratio

o
73
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between the diameter of the turns of the re- -

spective wires to their distauces from the cen-
ter of the magnet. This result has hitherto

been attempted by winding the coils upon a

bobbin having a conical perlphery, which is
a difficult operaflen to accomplish so as to se-
cure the desired result with accuracy.

By varying the connections of the two con-
ductors p and ¢ a current may be passed
through them, respectively, in opposite or in
the sae d1rect10n In the former case the

Qo0

deflégtion of the magnet will be due to the
differential effect thereon of the currentin

‘the wires, and thus very large currents may

be meeeured with small deﬂectlens Again,

as the instrument is arranged with two (30115 |

one on each side, each of which may contain

- differential conductors, connections between

said conductors may- be made so as still fur-
ther to reduce the effect of strong currents
on the needle. In this way I avoid the ne-
cessity of using coils of very large diameter
for the measurement of strfmg currents in in-
struments of this class..

The conductors leadidg from the coils are
twisted together, and also carried outward in

95

100

105 .

a line radial to the coil-center and in the hori-

zontal plane of vibration of the needle, as

shown in Fig. 19 so as to prevent any ex-
traneous lﬂduetwe effect which thev mwht
exercise upon the magnet.

110

It will of course be obvious that the com- -

bination and arrangement of index-mirror,

scale, and sea,le-chember herein set forth may
be utilized in various electrical instruments
designed for testing 6r measuring—such, for
example, as electrometers—and it should be

115

understood, therefore, that I do not limit my -

‘invention in this respect specifically to its
combination in and with a galvanometer.

I claim—

120

1. In combination with an electrical instru- =

ment containing & vibrating index-mirror, a
curved surface extending around said mirror

and concentric with the ax1s of vibration
thereof, and a scale-upon said surface for
Shewmn' the angular deflections.of sald mnir-
roT, substentmlly as described. | |

2 In combination with an eleetrleal instru-
ment containirg a vibrating index-mirror, a

curved surface extending around said mirror

125

130

and concentric with the axis of vibration -

‘| thereof, and a scale upon said surface for.

she'“rix_’_]g“: the -deflections of said mirror, the



L

from the mirror-center

zero-point of said scale being marked at a |
point on said surface distant forty-five de-

grees in are from the point at which a radius
drawn perpendicular

to the face meets said surface when no cur-

renttraverses theinstrumen t,substantially as

- described.

IO

L5
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thereof, and a scale upon

the
center drawn perpendicular to the mirror-
face meets said surface when no current trav-
erses the
scribed.

tially as described. S _
9. In combination with an electrical instru-

tric with the axis of vibration of
~a scale on said periphery for showing the an-

line of sight drawn from said

3. In combination with an eleetrical instri-
ment containing a vibrating Index-mirror, a

curved surface extending around said mirror
and concentric with the axis of vibration
said surface for
showing the defleetions of said mirror; the
said scale having two zero-points marked, re-

spectively, at points on said surface distant

forty-five degrees in arc and at each side of
point at which a radius from the mirror-
instrament, Substantially as de-

4. In combination with an electrical instru-
ment containing a vibrating index-mirror, a

curved surface extending around said mirror
and concentric with the axis of vibration

thereof, and a scale upon said surface for
showing the deflections of said mirror, the

sald scales having two zero-points marked,

respectively, at points on said surface distant
forty-five degreés in arc and at each side of
the point at which a radius from the mirror-

-center drawn perpendicular to the mirror-face
-meets said surface when no current traverses
the instrument, and the said scale being laid
off in regular successive divisions from each

of said zero-peints toward the other, substan-

ment containing a vibrating index-mirror, a
wall extending around said mirror and havy-
ing its inner periphery curved and CONCED

gular deflections of said ‘mirror, and a sight-
opening in said wall in line with said mirror,
substantially as deseribed. | |

6. In combination with an electrical ingvru-

ment containing a vibrating index-mirror, 3
wall extending around said mirror and hav-

ing its inner periphery concentric with the

axis of vibration of said mirror, a scale on said

‘periphery for showing the angular deflections

of said mirror, and a sight-opening in said

-wall in line with said mirror, the position of

sald opening in said wall being such that a
| d opening to said
mirror shall make anincident angle of forty-
five degrees with the reflecting-surface when
no current traverses the instrument, substan-
taally as described. |

7. In ecombination with an electrieal instru-

~ment containing a vibrating index-mirror, a

65

wall extending around said mirror and hay-
ing its inner periphery concentric with the
axis of vibrationof said mirror,a scale on said
periphery for showing the angular deflections

‘ported therein, an

said mirror,

bottom plates or walls of

400,980

~wall and in line with said mirror, the positions

of said openings in said wall being such that
lines of ,sight drawn from said openings to
sald mirror shall make equal incident angle
with the reflecting-surface when no current

| T [

traverses the instrument, substantially as de-

scribed. - | -

3. In an electrical instrument, a vibrating
index-mirror and a scale-chamber
sald mirror, substantially as described. |

9. The combination of an electrical ingtri-
ment containing a standard, a vibrating in-
dex-mirror supported thereby, an independ-
ently-supported scale-ciamber inclosing said
mirror and surrounding sald standard, and
means—such as screws—for vertically adjust-
ing said standard in said chamber, substan-
tially as deseribed.

10. In an electrical instrument, a’  base, a
circular scale-chamber -supported thereon, a
central hollow standard
and passing through said scale-chamber, and

‘an index-mirror supported in said standard
| and inclosed in said scale-chamber, substan-

tially as deseribed. | o

11..In an electrical instrument, a base, a
circular scale-chamber supported thereon, a
central hollow standard resting on said base
and passing’ through said scale-chamber, an
index-mirror supported in said standard and
inclosed in said Scale-chamber, universal-joint
connections between said standard and the
topand bottom walls of said ch amber, means—
such as screws—for leveling said base and
chambe, and ‘means—such as screws G—for
leveling said standard upon said base, sub-
stantially as described. .

12, In an electrical instrument, a central
hollow standard, a vibratin g Index-mirror sup-

Scale-chamber inclosing said mirror, (through
which chamber said standard passes,) and
means—such as a tangent-screw and toothed

‘Segment—for rotating said standard on its

described. = - | .
13. In a galvanometer, a central hollow

axis within said chamber, substantially as

‘standard, a vibrating index-mirror supported

resting on said base

independently-supported -

; g .75
inclosing,

8o

0o
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therein, an independently-supported cham-

ber having side, top, and bottom walls inelos-

ing said mirror,

tions between said standard and the top and

| |1 said chamber, sub-
stantially as described. |

- '

(through which chamber said -
Standard passes,) and univeraal-joint connec-

120

14, A galvanometer-coil containing an an-

nular spool or bobbin and two enci reling con- |

ductors located, respectively, upon the periph-
ery and upon one face of said spool, substan-
tially as described.

15. A galvanometer-coil containing an an-

-nular spool or bobbin having two encireling

grooves or channels formed, respectively, in
1ts periphery and in
located in said grooves, substantially as de-

geribed. |

of said mirror,and two sight-openings in said |~ 16, A g&lvanometer-cciﬂ'containi:ng' an an-

125
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oune face, and conduectors
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nular spool or bobbin and two conduc’rors-

- forming loops of different diameters, located,
respectively, upon the periphery and upon
one face of %1(1 spool, substantially as de-

5 Serlbed |

17. In agalvanometer,a coil containing two
:?fapama,‘re conductors of unequal lengths, but
“each ‘making the same number of loops or

| turns, substa,ntlaally as described. -
10 18. Ina galvanometer, a coil containin; g two
separate conduetors formmﬂ' loops, respect-

1vely, of different diameters, substantla,lly as-

descrlbed

. Ina U‘&lvanometer a ¢oil contalnlnt" two
15 sepamte conductors each making thé same

number of loops or turns, but relatlvely vary- |

ing in electrical remstan(*e, substa,ntlally as
descrlbed |

- 20. Ina galvanometer a 0011 ha,vmg its lead-

720 ing-out terminals disposed in a line radial to

- the coil-center and in the horizontal plane of
vibration of the magnet-needle, substamlaﬂv
as described.

- 21. The combination, with a O‘alvanometer
25 containinga vibrating mdex-mlrror and a cen-
- tral hollow standard, A of the collars ¢ and
- Q,scale-chamber C havmg upper plate, 7, and
lower plate, b, and the flexible disk ¢, inter-

- posed between said collar Q and plate b sub-
| 30 stantially as described.

~ 22. The combination,in a ga,lvanometer of | -

-a magnet-needle and two- rings supported in
p&ra,ll_el planes on. eppomte_ sides thereof with

their centers in line with and equldlsté,nt from
the center of the needle, and two conducting- 35

coils supported concentrically by each of Sald |
-ymgs one conductor being on the face of the :

ring adjacent to the needle and the other con-
du(,tor being on the periphery of said ring, the
diameters of said coils being relatively such 40
that the circumferences of both coils will lie -

in the periphery of a cone having its apex at
the needle-center; substantially as described.

23. The Cmelﬂ&tmIl of the stafidatd A in- =
dex-mirrer H, chamber-C, containing the rim 43

'/, top plate, f? and bottom plate, b thezgiad
'plates f and b encireling. sald standard re-

spectively, above and below the p051t10n of the
mirror therein, and a scale on the inner periph-
ery of rim C’, substa,ntmlly as deseribed. 50
24, The combmatwn with a'galvanometer
containing the stand&rd A and mdex—mlrror
H, of the base K and curved wall C’, having a
scale on its inner periphery and supports upon
said base for said wall %uhstantlally as de- 55

| seribed.

25. The combination, Wlth a ﬂ‘alva,nometer
having the central standard A and tripod-
base B of the base K, scale-cha,mber C, sup-
ported on said base and surroundmﬂ' said 6ol
standard, and ‘the centering-plate M on said
base K, substantially as described. |

EDW’ARD WESTON
V\Tltnesse@, _
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