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To all whom it may concern:

Be it known that I, EDWARD WESTON, of
Newark, KEssex county, New Jersey, have in-
vented a new and useful Improvement in Tan-
gent-Galvanometers, of which the following is
a specification.

The ordinary form of tangent-galvanometer
consists, essentially, of a coil of wire wound
in a groove in the cireumference of a circular
ring, 1n the center of which ring the magnetie
needle is piaced. In order that the magnetic
Influence of the current on the needle may be
the same at whatever angle the necedle may
assume, the length of said needle must be
very sma,ll compared with thediameter of the
coll, and the position of the needle must be
such that ifs central point is at the axis of
and also in the same plane with the single
coil. It has been found that the error due to
the magnetic needle not being infinitely short
may be obviated by suspendmfr the needle, not
at the center of the coil, but at a point on the
axis thereof ata dlStd.l]CG from the centerequal
to one-half the radius of the coil, and it has
further been determined that the error due to
the center of the needle not being truly at the
point above indicated may be eliminated by
arranging a second coil similar to the first at
equal distance on the otherside of the magnet.
In that my hereinafter-described msbrument
embodiestwo coils disposed at equal distances
on each side of the magnet which is located on
the axial line joining the centers of said coils,
1t may be regarded as of the general type of
apparatus last above noted. Galvanometers
of this description, however, when intended
for exact electrical measnrements have been
found difficult and expensive to manufactare
and wanting in accuracy. I.caving the ques-
tion of greatly inereased and, for gencral usage,
prohibitive cost aside, it by no means follows
that the multiplication of delicate parts and
adjusting mechanism, as is frequently done,
results In increased celmmw in the mdlca
tions of the instrument. ¥rror in oneadjust-
Ing device may easily affect the operation of a
Second, and this of a third, and so on, or mu-
tual Interaction, so to speak, of distnrbing
causes may introduce uncertainty throughout
the whole chain, so that the mere operation of
putting an instrument into condition for use
may easily result in a long and tedious series

(N'o model.)

of trials for relative adjustments, terminating
only when a real or more often assumed con-
dition of equilibrium of the opposing forces is
attained, and this even then may besubject to
unknowninaccuracy dependentuponthe **per-
sonal equation’’ of the observer or adjuster.
My invention consists in a standard abso-
lute galvanometer, accurate primariiy and nec-
essarily byreason of itsconstruction. I make
1t, 1n other words, so that by reasonof its con-
struction its coils when placed on the instru-
ment 1n thelr stationary position and on oppo-
site sides of the central standard shall berela-
tively parallel with their centers equidistant
from the longitudinal axis of saild standard,
and disposed on a line intersecting said 101]{?"1-
tudinal axis at right angles. Within tms
standard I support the magnet. It is neces-
sary, then, simply to adjust the movable mag-
net, so that its center will be at the point of
intersection already permanently and exactly
established. Therefore thisis aninstrumentin
which the proper position of the magnet with
reference to the coils, and vice versa, is once
forall fixed,not by relative adjustments of mag-
net and coils, but by the absolute relation and
positions of the parts of the rigid structure,
whereby said magnet and coils are held and
supported. The position of the coils with ref-
erence to the magnetis invariable, The point
which the magnet center should oceupy with
reference to the coils is fixed and invariable.
1t remains, then, to move the movable mag-
net so that its center will be in that position,
or to allow it to take that position naturally,
as by the aetion of gravity upon it. Conse-
quently, in order to render my instrument
ready for immediate operation, the coils being

. secured in place, 1 have merely to observe that

the magnet 1s rightly located, and then 1 can
proceed to make absolute electrical measure-
ments with an accuracy not attainable, 1f at
all, other than by the use of the most compli-
cated and delicate adjustments. 1 also secure
certain other features of benelit, whereby a
great range of measurement covering very
large and very small currents i1s obtained, and
whereby the manipulation of the instrument
1s simplified. 1 also simplify the details of

the construction, whereby the necessity for
highly-skilled labor in the manufacture is ob-
- viated, the number of parts lessened, and the
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general structure rendeled strong and com-
pact.

~In the accompanying drawings, Figure 1 is
a front elevation of my galvanometer. Fig. 2
18 a vertical section of the same. Tig. 3 is a
plan view of the base. Tig. 4 is a side eleva-
tion and partial section of the lower part of

the instrument, showing the device for rotat-

10O

ing the standard. Figs.5 and 6 illastrate the
mode of producing the standard and supports
for the coils on a single pair of centers. Figs.

7 and 8 1llustrate, resy:ectwe]y, the magnet

-~ and its relation to the 31ght holeT du1mg ad-

15

justment.

Similar letters of 1efe1ence mdleate like
parts.

A is the central hollow supporting column

~or standard, having at its lower portion a

20

tapering extensmn J which is received in a
correspondingly- formed opening in the center
of the tripod-base B. By means of the screw
K and washer L the extension J is drawn into

the tapering opening in the base B, and in

- this way the standard is centrally plvoted to
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the base. The base Bis provided with level-
ing-screws B, of the usual construction, located
at the ends of the tripod-arms. -

The standard A is enlarged at its middle
portion, and is there bored transversely at m,
Fig. 6, to receive the cylindrical block E, of
copper or other diamagnetic metal, which con-
stitutes a dampening device and prevents un-
due osciliation of the needle F, which is sus-

pended in a central spherical cavlby, S, 1n said
block. 'The block Ii is divided: transvelsely-

into halves and the partsare inserted intothe
Irore of the enlargement of the standard A
from opposite sides, and are connected to-
gether by screws (3, Figs. 1 and 2. After the
block is adjusted in the bore it is secured in
place by the set-screw P, dotted lines, Fig. 1.
The needle or magnet F as here shown 18
of ring shape, as ShOWI] in detail in I‘w 7.
']]Ktendmg diametrically across it is a fine - wire
bar, Q, which exactly at its middle point, and
hence at the center of the ring,carries a small
circular disk, R. When the magnet is sus-

- pended in the chamber or cavity S in block E,

95

60

this disk R comes directly in line with a mght
hole, T, so that if the disk is accurately cen-
tered then a true circle of light will appear
around it on looking through the sight-hole,
as indicated on the “left of Flg 8, whereas if
it be not properly centered, then the eccen-
tricity will be obvious by the ureﬂ*ulal breadth
of the light annuius, as $hown on the right of
Hig. 8. .
The particular construetion and form of the
magnet B,its arrangement in combination with
the bloclﬁ. ]] the mode of adjusting said magnet,
and also the device for attaching it to its sus-
pension-rod,as herein shown,are all diselaimed

by me in this application for the reason that

65

they are fully deseribed and eclaimed in an-

other application for Letters Patent,Serial No.
273,518, filed by me SImulta.ueously herewith.

589,274

standard A is a vertical glass tube, M, at the

‘upper extremity of which (not shown) is any
‘suitable support, whereto is attached a silk or 4

other fiber, which extends down through said

tube and into the standard A, and carries a
mirror, H. This mirror is seen through an

opening, U, in the side of a chamber or cou-
partment, k in standard A. 1t will be ob-

served that 1 do not cover the opening U with

glass, as is commonly done, in order to protect
the mirror from possible air-currents. 1 find
that it is better to leave the face of the mirror

exposed, for the reason that the refraction of 8o

the glass shields, often an unknown quantity,
is apt to impair the accuracy of the reflected
image. - Depending from the mirror H 18 a

thin aluminium rod, O, which is connected to

-and supports the magneb F. Mirror H and
magnet F stand in the same vertical plane, |

which, when no carrent traverses the coil, is

| parallel to the vertical planes p&%smﬂ' throu gh
‘said coils.

Uponthestandard A aresupportsorbrackets
I1” I’. ["7, which preferably are made integral -
with the said standard. On the opposite faces

of these brackets are curved grooves ! cut 1n

| true arcs of a circle, and receiving the metal-

flanged rings V V'. Resting against the rings
V V’are therings D D, which are made of ebon-
ite or other msulatmcr material, and which

constitute the spools '0'1* bobbins for the coils
“The rings V V'and D D’ are clamped -

W W
to the brackets I I’ by means of set-screws a,
which pass through said rings and enter said
brackets. At the center of the base B is an
upwardly-projecting circular boss,b, upon one
side of which is formed a toothed segment,
¢, Figs. 1 and 3. Secured to one side of the

bracket 1”7 I'” is a collar, d, and end bearing,
¢, for the worm Screw f.

Thethlead on Screw
f engages with the toothed segment ¢, and
hence, by rotating said screw, sald SCrew moves
over the said segment and thus rotates the
standard A on its vertical axis, the extension
J turning in its socket in the base B. Above

the en]arcrement on standard A, and on oppo-
site sides of said standard,are slots N, through
‘which the rod O may be seen.

The coil- ter-
‘minals are shown at g, Fig. 1.
Referring to Figs. 5 and 6, I will now ex-

plain my mode of mauufaetme whereby I se-

cure a construction which Insures the accuracy
of the instrument, as already set forth. In
Fig. 5isshownthe blank for thestandard A dis-

posed between the Jathe centers 2 4. Whenthe
standard is turned in the lathe to the desired
form, obviously the line ¢4/, extending between
said lathe-centers, is the longitudinal axis or
center line of the standard, “and in this way
this line is very simply _ﬁxed The standard
is then applied to the face plate of the lathe,
as Indicated in Fig. 6, and is centered thereon.

Theface-platethen benmrotated the grooves{

in the brackets I 1’ 1”7 I’”. are f01 med, and the

bottoms' of the said grooves, respeetwely in
brackets I I’ and in hrackets I” 1", are made

Restmg in a socket in the upper end of ! equidistant from the axis i ¢’; or, in other
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words, the orcoves 7 are in arcs of circles
struck from centers equidistant from the longi-
tudinal axis 4 4 and located upon line j§ ¢’
at right angles to and intersecting said axis.
The grooves/, asalready stated, conform to the
curves of the circles of the spools D 1) of the
colls. Therefore, when said coils are fixed in
sald grooves, 1t will follow necessarily, first,
that the said coils will stand in parallel planes
and on opposite sides of the standard; second,
that the centersof said coils will be equidistant
irom the longitudinal axis of said standard.
It follows, then, that the point of intersection
of the line j ' and the axis‘ 4" will be the trae
position for the magnet. Whilethe standard
18 centered upon the face-plate the cylindrical
bore m, into which the block E enters, is also
tarned. If, now, the line § 4' be the axis of
the bore m and also of the sight-orifice T in
the block If, which fits said bore, it follows that
when the block is in place therein and the cen-
ter of the magnet becomes symmetrically ad-

justed with reference fo said sight-orifice, as
already deseribed, then said magnet center |

will be accurately at said point of intersection
of axis 7+ and line 4§, and thus the exact rel-
atlve posibtions of coils and the magnet be-
come cstablished. It will be apparent, there-
{fore, that the precise point for the location of
the needle center is thus made fixed definite

and 1nalterable by the actual constructionem- | ¢he tangent of the angle

ployed. In operation the base B is leveled

_ . P Y : . - ] .
by means of the serews B, and the aluminiom | magnetism at the place where used gives the

rod O 1s observed through the slots N until it
appears to have assumed, as nearly as can be

approximated, a true vertical in the standard ;

axis. Thenon looking through the sight-hole
1" the adjustment can be more accurately con-
tinued until a ring of light of even breadth
appears around the magnef-disk. This done
the magnet is aceurately centered and the in-
strument 1s ready for use. The current trav-
ersing the coils influences a magnet in a way
that 1s-well understood and therefore need not
here be described. The mirror H, moving
simultaneously with the magnet, may reflect
a reading irom a scale disposed in suitable
proximity, or reflect a beam of light npon a
marked scale, by which means the extent of
its angular displacement can be determined.

In my present application I do not describe
any particular arrangement or construction of
scale, for the reason that various dispositions
therefor are well known and may be adapted
to use in connection with the present instru-
ment by any competent electrical workman or
other person skilled in the art. The adjust-
ing-screw aiiows of the standard A being ro-
tated on its vertical axis,as already deseribed
and 1n this way the coils may be set with ref-
erence to the magnetic meridian,

The coll rings D are secured in stationary
position to the sapports, and may be perma-
nently so fastened,if desired. Itis preferable,
however, to provide several coils varying in
effect upon the magnet, and to this end the
turns of the conductors, respectively, on said

' coils may vary from the single turn of a large
conductor to many turns of a small conductor.
These coils areall to be applied to bobbins or
spools of like shapeand dimensions,and hence
all made interchangeable with reference to
the supports I T, &c. T provide, also, pairs
of coils, the econductor forming one coil of the
. pair bemn s0 arranged or oonstructed as Coll-
pared mbh the cmuluctm forming the other
coil that the effeet of both JOII]“} upon the
necdle will depend upon the ratio existing be-
tween the said conductors, and this ratio I

. mark in suitable characters upon the pairs ot

colls themselves.

Inagsmuech as the position of the coils with
reference to the magnet center is made fixed
and invariable, it tollows that the constant of
the instrnment may once for all be determined
for each coil. Referring to the well-known ex-
pression for the constant

! ()

for a single coil, in which « is the distance of
the coil from the magnet-center, it 1s obvious
that in the present instrument this distance
is once for all fixed; hence it is necessary sim-
ply to divide this constant by the number of
turns of the coil to determine the constant of
the 1nstlmnent for any particular coil of more
than one turn.” The quotient multiplied by
of deviation of the
magnet and by the strength of the earth’s

nmeasurement of the current 1n absolute elec-
tro-magnetic units.

I claim~—

1. In a galvanometer, a hollow standard, a
vibrating magnet therein, fixed supports inte-
orally formed of said standard and upon oppo-
site sides thereof, coils received by said sup-
ports and held in parallel planes, and means
for securing said coils to said supports, sub-
stantially as described.

2. In a galvanometer, a hollow standard, a

vibrating mwgnet therein, two parallel St‘lﬂ
tionary coils fixed upon opposite sides of said
standard, and means for adjusting the center
- of said magnet into coincidence with a line
joining the centers of said coils, substantially
as described.

3. Ina galvanometer,a vertical hollow stand-
ard, a magnet suspended therein, and two
stationary paraliel coils fixed upon opposite
sides of said standard, the center of said mag-
net coinciding with the point of intersection
of the vertical axis of said standard, and in
line with the centers of said coils,substantially
- as described.

» | 4. In agalvanometer,a central hollow stand-

~ard, a vibracng magnet therein, ring - sup-

ports on opposite sides thereof, colls, and
means for securing said coils to said ring-sup-
ports, the ares ol sald ring-supports being
struck from centerslocated on a line 1ntersect-
ing and at right angles to the longitudinal axis
of the Stfm{].:wd Sl]bstm;tmlly as deseribed.

D, Ina fmlmn(}metm ,avertical hollow stand-
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ard, ab]ock of diamagnetic metal contammﬂ‘ lard A, receiving the magnet, and provided

a central chamber and supportedinsaid Stand

ard, a magnet suspended from the uppzr part

of said standard an¢l within said central cham-
ber, and two stationary coils,respectively sup-

ported upon and on opposite sides of said

standard in parallel planes, substantially as
described.

6. In a ga]vanometm containing a vertical

hollow standard and a ma,gnet suspended

therein, an open chamber in said standard and

-4 IlllI‘l"OP connected to and partaking of the
motion of said magnet arranged within said

chamber, substantially as descrlbed
7. Tn combination with agalvanometer con-

taining vibrating magnet, coils, supports, and
‘a means for securing said coﬂs to said supports,

- two or more colls of differentinductive capaci-

2C

25

30

ties interchangeably adapted tosaid supports,
substantially as desecribed. |

8. In eombination with a walvanometer COTl-
taining a vibratiog needle, eml supports, and

a means for attaching coils to said supports,

two coils of different inductive capacities in-
terchangeably adapted to said supports and
marked with characters indicating the ratio

of their respective capacities, substantially as |

described.

9. The combination, in a ﬂ'a,lvanometel con-
taining a vibrating mmgnet and coils disposed
on opposite sides thereof, of the hollow stand-

with supportq L I', for the coils, substantially
as deseribed.
'10. The combination, in a galvanometer con-

talning a vibrating magnet and coils disposed
on opposite sides thereof, of the hollow stand-

ard A, provided on opposme sides with fixed
supports [ I, having curved grooves for the
reception of the coils, the arcs of the curves

40

of said grooves being struck from centers- -

equldlstant]y located from the longltudmal
axis 7 ¢’ of said standard and upon a line, j 7,

intersecting and at right angles to said longi-

tudinal axis, substantially as described.

A, vibrating magnet therein, supports I I' 1”
I"” rings O coils D, and (:zla,mpm,gr SCrews d,
bubstantmll y as descrlbeu
12. The combination of the standard A, hav-
ing the conical extension J, base B, washer 1,
and scerew-bolt K, substantlally as descubed
13. Thecombmatwn of the StandardA Sup-

uuuuu

ports d e therefor with the b&se B, hzwmg
boss b,and toothed sefrmen_t ¢ on said boss,sub
stantially as deseribed.

]*_;D\VAR D WESTON.

WVllne'%ses |
- Epw. E. QUIMBY‘
- PARK BENJAMIN.

45
11. The comblnablon of the hollow ktandard
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