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T'o all whom it may concern:

Be it kmown that I, Umarens F. Hinpre,
a citizen of the United States, residing at
110 Bblaurice Avenue, Llmhurst, Long Is-
Jand, New 1ork, have invented new and use-
ful Improvements in (talvanometers, of
which the following is a specification.

My invention relates to galvanometers or
more particularly to those known as string
galvanometers, which ave devoted more or
less extensively to medical and scientific nses.

My improvements have for an object to
provide a string galvanometer of more per-
fect adaptability fo the specific purposes for
which it is designed, without affecting or
sacrificing its essential operable features.

Another object is to produce a device of
the class described of improved efficiency,
and one in which greater facility and wider
latitude of adjustment ave combined with a
high degree of accuracy and effectiveness,

both with velation to the parts adjusted and»

to the mechanism as a whole. )

A further object is to provide a string
galvanometer in which the inner nechanism
thereot, of which portions are necessarily of
extreme fineness and delicacy, is adequately
protected {from atmospheric and other dele-
terious influences.

(ialvanometers ave made of various de-
signs and aré employed for different pur-
poses, the type to which my present inven-
tion relates being known as the string gal-
vanometer, in which vibrations of a delicate
cord or string are empleyed to detect the
presence of and definitely to measure minute
values of electric current or voltage. Such
instrements, in their fundamental constrie-
tion, are based upon the familiar phenome-
non of the definite tendency of an electric
condtuctor (the string of the galvanometer)
to move laterally within a magnetic field.
the deflection thereof being proportionate to
the stvength of the current passing through
such conductor, the strength of the field re-
maining constant.  The extent and frequency
of the deflections o* the string of this type
of galvanometer, are ascertained and meas-
ared by means of havi ng shadows of the lat-
eral vibrations thereof vecorded photograph-
teally in highly magnified form upon a mov-
ing filin. The string galvanometer is there-
fore particularly adapted to being employed
to detect and accurately evaluate extremely
weal electrical impulses by the use of a cor-
respondingly delicate filament or string of

or
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suitable material which ig held as indicated

between the poles of o magnet of predeter-
mined strength transversely to the lines of
fovee thereof.  To obtain” this result the
string thus connected is etsablished in series
with the source of electric energy to be in-
vestigated, and while suspended within the
magnet field as described is also placed in
focal arrangenmient so as to intercept the di-
rect rays of an intense white light that is
intreduced through telescopic tubes and fo-
cussed upon the string in such manner that
the latter will cast a minute shadow which
i turn by magnifying lenses is projected
upon a sensitized film that moves at a pre-
determined rate before the shutter of a cam-
era, such film having graduations or other
markings previously applied thereto pro-
vides means for establishing and recording
the relative widths and recurrencies in point
of time of the successive shadowgraphs re-
corded thereon.

Therefore my invention considered in 1ts.

more general aspect comprises a horse-shoe
electromagnet supported horizontally upon
standards previded thevefor, having its re-
spective’ poles oppositely disposed and in
relatively close proximily, and having ad-
justably supported thereon the frame-work
or housing that contains the string and also
the mechanism for adjustably retaining that
delicate member in proper focal pogition for
the proper projection of the shadow to be
photographed therefrom.

Emproved means are also contemplated in
my invention in the open form of the electro-
magnet windings employed wherebv a con-
stant strength of magnetic field is main-
tained at a high tension without anduoly
heating the apparatus while in use and
through unequal expansion of portions of
the magnet, thereby disturbing the proper
relationship Dbetween the positions of the
string and the photographic apparatus.

At a suitable distance from the shadow
projecting mechanism to obtain the desiped
multiplication theveof, is placed any suitable
type of canera adapted to present » movine
fiIm for photographing continuonsly vibra-
tory movements of the string.

For convenience of description, my inven-
tion will be considered as comprising Lwo
branches, that relating to the galvanometer,
and the apparatus for photographing the
movements of the string of the galvanome-
ter: and in like manner the galvanometer
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itself will be described first with reference to
the features pertaining to the magnet proper,
and then to the mechanism for properly con-
taining the string in an airtight compart-
ment in combination with means for vari-
ously adjusting that member.

Referring to the drawings illustrated of

preferred embodiment of my invention,
Figure 1is a plan view of the galvanometer
proper;

Fig. 2 i3 a front elevation of the galva-
nometer with portions shown in vertical sec-
tional views;

Fig. 8 is a partial side elevation and sec-
tional view of the device shown in Figs. 1
and 2 showing internal string ad]usbmn
mechanisms and detail of the Wlndlncf upon
the magnet.

“Fig. 4 shows in plan the c‘etall of a verti-
cal strm(r adjusting mechanism seen in Figs.

l2and3

Fig. 5is a detall of the lateral strmo' ad-
]ustlno mechanism seen in Figs. 2 and 3;

Figs. 6 and 7 are respectlvoly plan and
side views of a member of the adjusting
mechanism shown in figs. 2 and 5;

Figs. 8, 9 and 10 are resPootlvelv plan,
side and end views of the under member of
the lateral adjusting mechamsm, supporting
the part shown in Figs. 6 and 7.

Fig. 11 shows the insulated supports to
which the string is attached; Fig. 12 is a
rear view of the string bracket supportiug
plate detached from the magnet;

Fig. 18 is an end view of the plate shown
n FlO' 12 with wupright member of string
bracket supported thereon;

Fig. 14 is a front view of the upright
plate of string bracket; Figs. 15 and 16 are
respectively Lop plan and vedae end views
of a pole piece;

Fig, 17T is a parblal detail of parts shown
in Flg 1; and

Iig. 18 is a front elevation of the galva-
nometer illustrated in comparatively reduced
form in connection with a lamp and camera
apparatus shown at the respective sides.

The electromagnet, in the preferred form
of my invention, 111ust1 ated in the drawings
to which reference is made, is repucented
by the numeral 1, which is clesmnod to be
energized by divect electrical current in the
usual way, the soft 1ron body of which is
composed of a casting 2, annular in form,
and having circular cross-sectional areas.
The forward portion of the casting 2 has
been cut away as by a vertical plan inter-
secting the casting to form the horseshoe
type of magnet reomred by my invention.
and thereby prondmv suitable surfaces for
receiving two similar pole pieces 3, 4, con-
Stltllulno the respective poles of the magnet.
The pole pieces are secured rigidly to the
member 2 by the bolts 7, and are oppositely
disposed in longltudmal alignment rela-

1,416,824

tively one to the other, prese enting wedge-
like faces at the point of approach, the re-
specilve apexes of which are shghtly flat-
tened to constitute two of the walls forming
the narrow rectangular chamber 5 for con-
taining the string of the galvanometer.

The magnet proper is adapted to be sup-
ported in a horizontal position upon the
three legs 6, one attached ciuecﬂy to the
rear poztlon ‘of the casting 2, and one simi-
larly connected with each of the pole pieces
3, 4. The wiring coils of the magnet are
apphed m a series of separable Wlndmos
which I may designate as spools 10, each
spool preferably composed of copper wire
11, insulated in the usual manner, and all
spools being wound in the same general di-
rection, the windings of each mdependent
spool bemo sepftmtely insulated in a con-
venient manner, the re pectlve ends pro-
jecting from the spools, being united to
form a continuous metallic circuit connect-
ing several spools; thus the end of the wire
of one spool connects with the oppositely
disposed end of the mnext adjoining spool,
which order is followed in connecting ad-
jacent spools throughout the series sur-
rounding the casting 2 of the magnet. The
several spools have been separated one from
the other in the manner indicated, to permit
free circulation of air in and arcund the
windings, thus preventing over-heating of
the maoneo and allowing an appreciably
higher deglce of electro motive force to Le
maintained in the electric maonet The
continuous circuit thus ex tendlno from one
end of the magnet to the other, terminates at
its opposite ends in binding posts 12 and
128, the latter having been Qmmoly attached
to the msulatmé blocks 13 on respective legs
6 of the magnet to which binding posts are
connected the opposite poles of the source of
direct current electric energy employed to
energize the magnet.

The necessity “for obtaining a high mag-
netic fleld in devices of this class has made
it practically necessary to use current in
such quantity as tc produce excessive heat
ing of the magnet, disturbing the adjustment
of the strmo in prooer focal relationship,
with the result frequently of incapacitating
the entire mechanism. Tor this reason in
using other forms of magnet winding it has
been found necessary to operate the device
at 2 lower tension than was required to
produce the desired results. Therefore, to
obviate this difficulty, T have provided the
means described for obtaining high electric

efficiency with a minimum of the heating

disturbances referred to.-

TWhile I have thus described the construe-
tion of the preferred form of magnet to be
used in connection with the galvanometer of
my invention, other modlﬁcatlonb may obvi-
ously be made to obtain the same general ve-
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sult, although not as effectively and com-
pletely as in my preferred embodiment. I
desire nevertheless in thus describing com-
pletely a preferred form, not to limit 'nysel
to that particular des1gn of electromagnet,
or in fact to a magnet of the general Ly\)
lustrated.

The adjustable string suy )pOl‘tl 1 and con-
taining mechanism, as Thas been pou&ed out,
is more or less intricate, due to the concen-
tration of the diverge structuwi and func-
tional elements by which it is characterized.
The first reqmslte of its designing is to sup-
ply a dratt- prool chamber for ihe string;
next it must pe provided Wlth means for in-
troducing horizontal rays of light focused at
1 -)(;mt to be mtelceptw by the string, so us
to form a shadow to be projected in the op-
posite dllc tion through magnifying lenses
on a camera mechanism to be deseribed in
another connection; also the position of the
string requives u‘eqmnt readjustments from
side to side to keep it in exact focal align-
ment with the light rays; and turthermore,
delicate means ave equully important for
regulating the tension of the string, \Vpich is
e\ceaclmoly fine and fragile, but must never-
theless be maintained at the 1‘equned taut-
ness. )

n describing the string mechanism I will
first vefer to the means em ployed in forming
the string Chamber and supporting the
shadow projecting lenses in suitable rela-
tionship therewith; and then proceed to de-
seribe the mechanism employed in effecting
the adjustments of the string.

The wedge- sh wed ends of the pole pieces
8, 4, instead] of iermrmtmo n s .shalp edge,

ave flattened slightly to form the narrow
walls 3¢ and 4 upon the respective apexes
thereot, and when the pole pieces are in place
normally the surfaces 3¢ nd 4% ave separated
by a small gap between the poles of the ma;
net, of approxim tely two' millimetres
width, thus constituting the two si
of the str ing chamber. The front and :
walls of the chamber 5 are suppli ad by f

1
g

wa L;‘S

i
blocks 18, 19, similar in form to the mpued

ends of the pole pieces, and thereby adapted
to fit into thf\ wedge-shaped gap formed at
the two sides thereof. has ng zmt*ﬂnvd apexes

B

and 4 of the pole pieces, (see Figs. 1 and
17y, Thuq when the fller blocks are in place

the wallg snpmn'ted by their respective sur-
faces 18 and 19 when bron: cht 1nto proper
relationship w hh the walls 8% and 4— ti‘e
rectangulay tical ch: l*ubej' 5 will aceord-
ingly be formed.  The front block u; is
secure ed to the pole nieces L:Y means of the

LT
i

~

bars 18? to which the block is attached by
serews, and which in tu m 18 gecnved by
far screws to the respective nole

rearward wedge bloc] is in

heid in place by means of the pole connect-

.
8394 gy
yot &

ing plate 15 secured to the rear walls of the
pole pieces by means of the screws and bolts
16 upon which plate it will be seen Is sup-
ported ancther ver 1c:u bracket to which ave
‘tached the upper voand lower housings of
the ebrix 1g supy orting mechaniem next {o he
deseribed.

The

i

extremze niceties of the adjustments
of the delicate string member T have found
to have been freque mh disturbed by reason
of the ulmost imperceptible flexures of the
pole biading Lﬁlate 16, and other changes in
the relabive wrrangement of these paits md
to remedy such defective design of this hu-
portant feature of the string galvanometer
constiuct 1@1\ adopted, I have provided a
Dracket plate 20 and 1 have tho%by eliminated

attachment of this plate I*t“l('ket $0
the pole connecting plate 15 so that any dis-
slacement or movement of the muuu‘ rmay
not be communicated to the latter. Thns I
employ a single stud 21 (Figs. { and 3)
which is secured rigidly to the central por-
tion of the plate 15 (see Mg, 12;) projecting
ar(”‘ threugh an ouhw 29 in the plate
20 and the boss 28, The ovifice 22 is made
Iarger than the dinmeter of the bolt so that
my tendency of the lalter to move out of
its normal pL ce will not be communieated
to the plate 20, and thereby communicated
to the string

JECHE

au‘,)por* ing mechanism and dlS-
turbing the delicate wttmn of the string.
Upon dle th '*zu'i' 4 outer end of the stud 21

» » means of which a compres-
2 U5 08 o d’i ustably held against the
on the braclet j ‘Lt’w 20, & collar 26
i ag a bearing for the

boss Qv)
Iuvmg been provided
end of the spzmo
e action of
zzd apted to pre 53 the plat
of the pole bind 1 1o membe

05

3 is therefore
le direction
but the adju-
do not come

the spung 2
e 20 in
it 15,

pla o

ot “;i e Lwo plak
1t in
t

ont snrfaces
mto immediate contact by stead  three
proje ting members on the plate ')‘) are em-

loyed i the manner of supporting feet m

i £

08t («H(.Hmt the glno The three contact
members or teet of the plate 20 ()1‘7‘)"1;3\4
the three serews 27, 928 md ench pred for-

(8}
7
v oot hardened gteel, suitablv held in the

o
P
Rl 7

o resgogwmoh threaded m“ve in ,;.m
plate. At the lower central portion of the
¥ 1 ;u\ed the serew 27 the 1o uaded end

L bears i Hcf;]\' upon the surface of

cts bevend ﬂm outer
ac ‘)0 having a lock-nut at
ﬂn(\ (

its o Teet 98 and 29 are
gimitarly Wmﬁ,(i i theeaded orifices at
£ pfn’imn o Liw plate 20 at the
sicdes th 1, and instead of

1 . 'F(\“ U

DO; r*tu

'mﬂn f‘w woint of 2
)IM S10T 2‘
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28 is held within the horizontally dispose d
V-gshaped groove 28 of the fiat head pin 28

Tt 18 thus pluvided that the playe 90 is
held in normal position against vertical dis-
placement by mesns of the point of the

serews 28 and 29 being firmly held in the
groove 28 and depression 29°, while in case

ofany tendency of the plute 15 to expand
or contract or otherwise become distorted,
the groove 28" permirs the lateral sliding of
the screw point 28 therein, and to maintain
itsnormal posulon unaffected thereby. Like~
wise the round nose screw 27 at the botto

“of the plate 15 being free to slide on the sur-

face thereof, similarly prevents any pos-
sible modification or dis‘j)hxcuuent of, or
flexure in, that plate to affect the plate 20
in the wanner mdlcatm.

The bracket plate 20 has upon its top and
bottom ed&:es e\ieumng 1*umuhmeiy above
and below the pole pieces 3 and 4, and bear-
ing against the respective upper and lower
surfaces thereof, are the two similar hori-
zontal plate memb“rs or base portions 31 and
32 (see Figs. 1 and 2; the upper member 31
bomo be st shown in pmn in ¥1g. 1) to which

ttached or made integrally “ther ewith the
s of the string
mechanism, which ave dlus operably. sup-
ported uDou the ’3010 pieces nunl"dmtely
above and below the st ring chamber 5. The
rectangular siring chamber 5 thus consti-
tutes n communication between the res
tive chanbers of the said housings which
contain the supports to which the string 30
is attached, which supports, as has been
poinfed out, are insulated from the eluctllu
conductive portions of the apparvatus, and
are further made adjusteble so as to move
the string in all directions,
its tension by means of a longitudinal ad-
justment of cne of the string supports. I
will now describe the string supporting
mechanism.

Upon the respective bracket plates 31 and
39 ave supportably mounted the two hollow
cylinders or shells 83 and 83%, similar as to
their general aspect both in form and in
function, with the exception that the upper
shell 33 has at its top an extension or cham-
ber 34 within which, as will presently be
seen, is housed the mechanism for control-
ling the tension of the string, the shells 33
and 83t containing the sumuuh' acting
means for moving the string laterally. which
T will now deseribe more in detail, in con-
nection with the string supporting mecha-
nism.

The string 30 is u thread-like formation of
quartz drawn to extreme fineness and having
a metailic coating usually of gold or silver
to render it electrically conductive, the diam-
eter of string thus coated rarely exceeding
.003 mdhmetres and its length approxi-
mately 18 centimeters. The string is at-

and to regulate-

1,416,824

tached at each end, by a suitable adhesive,
to the flattened side 41 of a pin 40; held in
insulated brackets or string holders 85, 357,
(see Hig. 11). The construction of the
string holding brackets being identical in
form, I will therefore describe in detail as
applicable to both the mechanisms, the
upper holder bracket 85. The string bracket
hoider, it will be seen by 1’eference to Higs.
9 and’ 11, comprises an L-shaped- metallic
bedy pluce 35 upon the vertical arm of which
Jb attuched in any convenient manner a block
38 of insulating material which in turn has
surtably mounted upon its outer surface a
slotted clamping block 39 into which the pin
40 is held by means of the small thumb
screw 42; a second small screw 37 having
been fitted in a suitably threaded apertur
in the block 39 pertforms the function of 2
binding post of the wire over which is con-
ducted the current to be measured.

Into the horizontal arm of the body plece
35, 36 is secured the stem 43 which in turn is

1dubly secured to the upper laterally slid-

able member 45 of the two way slides consti-

tuting the string adjusting mechanism next
to be deqcmbed, the stem 43* of the lower
adjusting mechanism being rigidly attached
to the COll‘LSY)ODdlllO member 35" of that
mechanism. ’
The mechanism employed for moving the
string into the focal point of the shadow
.)1‘019\,11110 mechanism, excepting as to 2
ieﬂtdw presently to be explained, is like-
wise composed of similar parts for the ve-
spective ends of the string 30, and the up-
pennos{ mechanism will dccordanIV be de-
seribed as ‘1pplymo to the similar parts
and features of both mechanisms.
Thus for the lateral adjustment of the
string holding bracket 85 I employ a two
way ‘slide member 45 into which slidably
fits the stem or shank 43 of the strmo
bracket 35 which slide 45 is seated upon a
second shde 46, which in turn is seated upon
the plate 47 of the shell or housing 33, suit-
able clearance apertures having been cen-
h-»llv prov ided in the slide 46 and plate 47
to permit the stem 43 free passage there-
threugh. The member 46 is guided so as
to e slidable in one direction onlv by means
of a Vs thlped gib 48 on its under surface
which fits into a corresponding V-shaped
groove 49 provided in the plate 47. Take-
wise upon the under surface of the slide 45
is a similar oib 50 adapted to be guided by
a cmlebpondmolv formed groove 01 in tne
slide 46, the direction of the groove 49 in
the top surface of the slide having been dis-
posed af right angles to that of The gib 48
on the botfom of the slide, limiting the
movement thereof to two directions and per-
mitting the like movement of the slide 45
seated thereon in the two opposite  direc-
tions. As pointed out, the stem 43 of the
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string ‘holder bracket 85 is adjustably sup-
ported by the slide 45 and for this purpose
a bushing 76 is secured thercto into which
the stem 43 slidably fits. The slides 45 and
46 are firmly held in their respective seats
by zeens of o top plate 52 supported upon
side pieces which hold it parallel to the sur-
face of the plate 47 against the under sur-
5 bears. The slides

face of which the slide
4 and 15 ave movable against spring action
i effecting “adjustments, the supporting
slide 46 being held by two compression
springs 33 similavly supported at one end

by the Iip piece 54, their opposite ends bear-
mg against the adjacent side of the slide.

A similar lip piece 55 is also provided upon
the top plate 47 having the thumb screw 58
suitably mounted therein for engaging the
side of the slide opposite the spring, the
stem of the screw projecting beyond the
housing 33, to reader it accessible to the
operator for adjustment. A like spring
holder lip 47 iz similarly provided upon the
slide 46 having compression spring 58
adupted to engage the slide 45, & lng 58 on
said slide 46 holding a thumb serew 60 in
suitable arrangement to engage the side of
the slide 45 opposite the spring. the thumb
rerew 60 also projecting through beyond the
shell 33,
Thus are provided means for adjustably
moving the strine holding hracket forward
or back and to the right or left by means of
two thumb serews 56 and 60. _
Thus far the parts described in connec-
tion with the string adjusting mechanism
which are contained within the housing 23
above the pole pleces, have their evact coun-
terpait in the similirly acting mechanism
housed in the lower shell 337 exceptine that
the order of arrangement of the parts of
the latter ds inverted relatively to that of

‘the wpper mechanism and as’ already re-
ferved- to. the stem 43 of the upper string

o

bracket 33 4s longitndinally adjustable in
the shding member 45, while the stem 437
of the lower bracket 85” is rigidly attached
to-the slide 457, thus supph
controliing the tension of the «f

ed to the annn .
pesed in the upper portion of th y
shell 24, wwhich shaft has upon its shanlk
above the thread the worm gear 89 monnted
to shide longitudinally thereon hnt held
fromvotating relatively thereto hy means of
a spline 70, The gear 89 vests npon head 67
and Is held longitndinally in place hy means
of the tep plate of the shell 24, and is actu-
ated for the purpoese of rotating the screw
chaft 65 within its threaded aperture, by
means of a worm 71 pinned to the end of
a shait 72, suitably mounted in 2 bushing

seRCcuY

54" 10 the walls of the housing extension 34,
having the knurled wheel 73 upon its outer
end uccessible to the operator for turning
between thumb and finger to manipulate the
vertieally adjusting serew 65.

Tmimediately beneath the adjusting serew
G5 s the flat head T4 of the vertically slid-
able stem 43 which is normally held against
the adjusting serew by action of the com-
pression spring 75 vesting upon the flange
(67 of the bushing 76 through which the
st 43 passes, and bearing upwardly
ainst the disk-like head 74 of the stem
43, The end of the serew itself, however,
dces not bear directly upon the head 74,
but upen a small hardened steel plate 77
vesting centrally upon that member, being

70

75

80

held in place thereon by means of a short

stem 78 extending into fhe top of the shaft
43, In the end of the screw 65 is embedded
securely a small hardened steel ball, which
is brought into immediate contact with the
top surface of the small plate 77. The di-
ameter of the disk plate 77 is determined
by the extent of lateral adjnstment required
of the stem 43 in itz movements both to the
right and left, and forward and back: and
the stem 1% is held agninst whatever tend-
ency to rofate the same may be cansed when
the adjusting sevew 65 is furned, hv means 9
of two pins 79 extending upwardly from the
bushing 77 into suitable apertures in the
head 74 thereof.

In the pole pieces 8, 4 are the

85

90

telescoping

tubes 80 and 80’ that are longitudinally dis. 100
£ Y

pesed centrally thereof. The tube 807 in the
pole piece 3 in the form illustrated, receives
the Tight and by means of the usual arrange-
ment of suitable lenses is adapted to bring

the yays from a lamp apparatus 90 (as shown 105

m Fig. 18) or other source of light, into
focus at the point to he traversed by the
string 30: and in like manner the tube 80
is held by the pole piece 4 and receives the

rays of light as they diverge from such focal 110

point, and project them, highly magnified,
upon the phetographic film of a suitable
camera.

The respective tubes 80, 81 are inserted in

longitudinally disposed cavities in the re- 115

spective pole pieces to which they relate, and
have the nsual means for adinsting the rela-
i ths lenses, my invention
al reference to those par-

wowever, that the telescopic tubes
hemgel requive lateral adjustment at
ames, and for this purpose I have mounted
the respective tubes upon annular bearings

81, 81" which are attached in like manner 125

to the outer ends of the pole pieces 8, 4. The
mechanisms for supporting the respective
tubes are identical in structure and opera-
tion, and T will describe in detail the parts

attached to the pole piece 4 shown in section 180

Tt has been 120
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in Fig. 2, supporting the tube 80, with the
intention that such specification apply also
¢ the adiustable supporting means for the
tuhe 80, 80" upon the pole piece 3. The an-
nalar beaving 81 has two parallel inner sur-
faces 8% adapted tn receive therein a corre-
sponding member 82 shich is made in the
foim of a collar surrounding the tube 80 to
which it is rigidly attached substantially
midway of its length, the end surfaces of
which ‘are adapted to bear against the in-
ner faces of the annular member 81, the
width of the collar 82 being designed to fill
the space between said surfaces, and the di-
ameter of the ceniral opening of the latter
having been made larger than that of the

tube, Lo admit of the necessary latitude of

adjustment thereof. Tn the periphery of the
annular bearing 81 ave three threaded ori-
fices equally spaced circumferentially there-
of, into which are inserted three similar
thumb screws 84 except that the stem of the
one at the front projects less from the sur-
face of the bearing than those in the rear
of that member. Thus it is provided that
by loosening or withdrawing one, or, 1t may
be, two of the screws and tightening the re-
maining serew or screws, the tube may De
shifted bodily in all dirvections laterally
thereof.

The rays of light passing through the
tubes 80, 807 when properly adjusted will
by action of the lenses of the tube 80 be pro-
jected through the shutter of the camera 93,
in which is a moving sensitized film, pref-
erably having gracduations both transversely
and Jongitudinaliy, which film is caused to
pass before the usual shutter of the camera
at a predetermined rate of speed, and that
when the string 30 has been properly
brought in to the focal point between the
tubes 80 and 807, successive shadows thereof
will be photographed. It is deemed suffi-
cient for the purposes of the present speci-
fication: to indicate the general type of cam-
era used, and means for actuating any of
the familiar types of cameras adapted to
photographically record successive views.
Thus, I employ a camera box 98 having two
shafts 97 and 98, the latter having pinned
thereon o pulley 9 which mayv be driven by
any - convenient means, such as the small
glectric motor 109 from a small pulley cn
the shaft of which is the belt shown in Fig.
18, The film js then placed in the camera
hozx upon the usual spool upon the shaft 97
and brought immediately in front of the
shutter indicated at 101 and attached to a
second spool on the shaft 98, upon which it
is wound after passing before the shutter of
the camera.

In the front of the casings 33, 33" are simi-
lar ovenings 33* extending all the way to
the base of each housing, and at the respec-
tivesides thereof are small openings33b. A

824

votatable inner shell or door. 33° is held
within the vespective shells 33 and 33/,
which have openings 53¢ and 33¢ correspond-
ing in size, shape and relative arrangement

with the openings 38* and 33" so that when 7

the closnre shell 33 is rotated to the proper
position, its opening 33¢ coincides with the
opening 33%, thereby bringing the openings
33" and 33° into coincidence, as shown in

X7y

When the doors are thus opened and the
wedge filler 78 has been removed, the string
holding mechanism is sufficiently exposed to
admit of free access in removing and replac-
ing strings when required. Thus also it will
he seen when the piece 18 is veplaced and
the door membesr closed by rotating the same
into such position, the string containing
cavity has been rendered immune against
air drafts or the accumulation of moisture
or other damaging effects.

Having described my invention, what I
claim is:

1. In a galvanometer having an electre-
magnet with oppositely disposed pole mem-
bers, adjustable means for suspending a
string between said pole memhers, said
reeans being laterally and longitudinally ad-
justable relatively to said pole members into
a plurality of parallel positions relative to
itself.

2. In 2 galvanometer for measuring feeble
electrical currents, an electro-magnet and
oppositely disposed pole pieces thereon; an
clectro-conductive string member suspended
hetween said pole picces adapted to carry
cloctric currents therethrough; means for
projecting rays of light through snid pole
pieces, comprising lenses in telescopic tu-
bular cases; and enclosed means for adjust-
ing into a plurality of parallel positions,
said string relatively to itself and to said
pole pieces and said lenses.

3. In a galvanometer for measuring fechle
electric currents, an electro-magnet and op-
positely disposed pole pieces thereon;
electrocondnctive string member suspen
hetween said pole pieces; means for proj
1 of light through said pi
comprising telescopic tubes ~wit

]
s

o 1tl
adapted to cause said rays to conve
focal point intermediate said pole

clf-ndjusting means mounted 1w
pole pieces for adjustably snspend:

elactro conductive string -member {rans-
versely through said fecal point intercepting
a portion of said rays therebv to cast a
shadow of said string; and means for con-
trolling the tension of said string.

4. In a galvanometer for measuring feehle
electric currents, an electro magnet and op-
positely disposed pole pieces thereon; means
for projecting rays of light through said
pole pieces, comprising telescopic tubular
cases with lenses adapted to cause said rays
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.povteﬂ upon the other o‘F said slides:

scopic tubes with lenses

to converge at a focal pomt intermediate
sald nole pleces;  self adjusting  means
mounted upon said pole pieces for adjust-
ably suspending an electro conductive st ring
transversely through said focal point, inter-
cepting 2 portlon of said rays ‘therﬂbv to
cast a shadow of said string; means com-
prising a sensitized moving film for photo-
graphing said shadow in a succession of ex-
posures; and means for controlling the ten-
sion of said string.

5. Inag alvanometer for measuring feeble
electric currents, an electro magnet and op-
positely disposed pole pieces thm-eon, means
for projecting rays of light through said
pole pieces and Jmcussnﬂ said rays inter-
mediate said pole pleCCS' self ‘1dmsxmﬂ
means carried by said pole pieces for ad-
]ustablv supportmﬂ an Llectro (‘O'ldu"thP
string in the focus of said rays; mnsulated
supports for said string; means for housing
sald string and the supports thereof. said
housing means adapted to prevent air cur-
rents conmctmg said string; and spring
actuated means for reoulatmw the tension
of said string and a thumb screw for con-
trolling said spring actuating means.

6. Tna galvanometer for measuring feeble
electric currents, an electro-ma gnet and pole
pieces thereon; an electro- conductive <h ing
having terminals adaptable to form electri
cal conmections with animal bodies; insu-
lated brackets and means carried by said
pole pieces for adjustably supporting said
brwchﬂtq to which brackets the respective
ends of said string are attached: vﬂ(l inde-
pendeni means for mtom]h adjusting the
positions of said 1'05pccm*g Drackets, cach
(ompxmnﬂ o pair of slides, one of gaid
slides operably supported upon the other

'i'h( oo,

In a galvanometer for measuring feeble
eleotmc cm‘rem% an electro-magnet and pole
pieces thereon : an electro-conductive %trmo
having terminals adaptable to form elec-
trical connectlons with animal bodies; insu-
Tated brackets and means carvied by said
pole pieces for adjustably supporting said
brackets to which brackets the respective
ends of said string are attached: mr]npenre
ent means for laterally adjusting the posi-
tions of said respec‘clm hrackets, each com-
prising a pair of slides, one slida dably sup-
and
means for adjusta bly moving the bracket at
one end of said s 1 g 10110’1tudm«x1‘ v rela-
tively to the bracket at the other end of
said string.

8. In a galvanometer for measuring
ble electric ‘currents, an electro-m: agnet
1
g

e oppooltﬁlv dlqmsed pole DIG((‘S

rays of light 1)10chted ther tnrongn
)ortmf“ means for mfem\,amo 2 St”l”‘-
minute - cross-sectional ares of electro-con-

824 =
ductive material in said focus: insulated
by *1(*l\ei<‘ ‘or supporting sald string; manual
means for ul;usuag sacl ,1‘1(‘*%@ fate ‘“1&\/ :
and manua L‘nearlr for adjusting one of said
hra (‘Leis velatively to the othm.

9. Ina Qal\“‘nom pter for measuring feehle
electric currents, an :>,(e<-§'1fu magnel and pole

ieces theveon; means for focnssi mg iays of

mediate said pole pieces: self-ad-
1 on said pole pieces
L brackets adjacent
lectro-conduective string
ckets for receiving the
¢ easived; manung
,'ﬂ.es anch adapted to
ah c iat L\fﬂ\ to the other
Iy M‘mmno sat¢d by 1“1\91
id pole pleces; means for contro
15107 rﬂ Q‘“lﬂ Strin

: ¢ an electro-
', o“)pmc‘d pote members,
means for sapporting
iwion in the space he-
wembers, means for
said shmn supporting means in a
v of directions transy of the
withont warving & the

N 1
BN

the tension of

o galvanonieter baving an electro-
gnet with gpaced oppozed pole members,
aced :umm”% o conducting shring pass-
» hetween pole members and connected
to gaid tu*mmﬂ& and su ono ting means Tor
each terminal com pzx o oas tfli'vn:':s,'y men-
ber, an element adjus u’;ﬂ(\ thereon in one
direction and ’in 2 ';1:«\_: g v.:':)}ltaz\‘fﬂso to the
3 :mfl, a direction
‘1:(7 m%i element ‘mr’
kb 1%‘ erge to the strmne, saic
by second ele-

T
the

i ”(

":3 @ galvanometer having an eleciro-
£ with en ced pole members,

7 l terminals, o conducting string pass
: between the pe ﬂe ‘H?Hﬂ*(\.« s connect tod
1 ) neans for each

lonayry membaer,
ST one divee-

Ruemng

torming
an elou

3
et
A
1

stationnyy L opera

justed positions of ih(‘ nh‘mow for varving
the effect of the resilient means npon the
string.

13. In o galvanometer having spaced 0]
posed r)olﬂ ‘members, 2 conducking string,
means Aor suooo;& ng smi st in the

and under
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tension, optical mechanizm  extending
through the pole members for obserying the
movement of the conducting string when
current passes therethrough, and means for
adjusting the optical mechanism in said pole
mombers in a direction transverse bo itself
to place the image of the string in any de-
sired portion of the observation field of the
mechanism.

14. In a galvanometer having spaced pole
members, supports carried by said pole
members, a conducting string passing be-
tween said supports and in the space between
the pole members, the connection between

5 the string and one of the supports compris-

ing an element adjustable on said one sup-
port in one direction transverse to the string,
a second element adjustable on said fivst ele-
ment in a direction transverse to the string
and also in a direction different from the
direction of movement of the first element,
a sleeve carried by the second element and
parallel with the string, a terminal member
to which an end of the string is conmected
slidable in said sleeve, and spring means be-
ween the sleeve and the terminal member
for shifting the latter to tension the string.

15. In a galvanometer having spaced pole
members, supports carried by said pole mem-
bers, a conducting string passing between
said supports and in the space between the
pole members, the connection between the
string and one of the supports comprising
an element adjustable on said one support
in one direction transverse to the string, a
second element adjustable on said first ele-
ment in a direction transverse to the string
and also in 2 direction different from the
dirvection of movement of the first element,
a sleeve carried by the second element and
parallel with the string, a terminal member
to which an end of the string is connected
slidable in said sleeve, resilient means be-
tween the sleeve and the terminal member
for shifting the latter to tension the string,
and means adjustably carried by said one
of the supports and co-acting with said ter-
minal member in all of the adjusted positions
of the member for varying the effectiveness
of the resilient means upon the string.

16. In a galvanometer having spaced pole
members, a conducting string for connection

to an external circul arranged across the

space between the pole members, terminals
t0 which the ends of said string are con-
nected, a sleeve in which one of the terminals

is slidably mounted for movement in the

direction of the string; a spring acting be-
tween the said one of the terminals and the

sleeve for tensioning the string, a plate upon

wwhich the sleeve is mounted, means for ad-
justing the plate in ome direction trans-
versely of the string, means for shifting
said means in a direction transverse to the
string but different from the other direction

1,416,824

of movement of the plate, a contact member

adjustable to variable extents against the
enid of said one of the terminals through-
out all of its transverse movements with the
plate for varying the effect of the spring
vpon the string.

17. In a galvanometer having spaced pole
iembers, a conducting string, terminals be-
tween which the string is stretched with the
string extending across the space between

the pole members, means for shifting one of

said terminals in a plurality of directions
transverse to the string, resilient means tend-
ing to tension said string, a thrust member
agninst which the said one of the terminals
abuts in all adjusted positions, and means
for adjusting said thrust member to negative
to various extents the effect of the resilient
means upon the string.

18. In a galvanometer having spaced pole
members, a conducting string, terminals be-
tween which the string is stretched with
the string extending across the space between
the pole members, means for shifting one of
said terminals in a plurality of directions
transverse to the string, resilient means
tending to tension said string, a thrust mem-
ber against which the said one of the ter-
ininals abuds in all adjusted positions, and
means including & worm wheel carried by the
thrust member and a worm meshing there-
with for feeding the thrust member slowly
toward or from the terminal to negative

4o various extents the effect of the resilient

meang upon the string.

19. In a galvanometber having spaced pole
members, spaced terminals, a conducting
string connected between the terminals and
extending across the space between the pole
members, housing means carried by the pole
members and enclosing the string and ter-
minals, a plate mounted on said housing,
means for movement in a single direction
transversely of the string, a screw for forc-
ing the plate in this direction, resilient means
for opposing this movement of the plate, a
second plate mounted on said first plate for
movement in a direction at an angle to that
of the first plate, a screw for forcing the sec-
ond plate in its direction of movement, re-
gilient means opposing the movement of the
second plate bv the screw, a sleeve carried by
said second plate with its axis substantially
parallel with the string, one of said ter-
minals being slidingly mounted in said
sleeve, spring means acting between the
sleeve and said one of the terminals for shift-
ing the latter in the sleeve to tension the
string, and means for varying the tensioning
effect of the spring means upon said string.

90. In a galvanometer having spaced pole
member, spaced terminals, a conducting
string connected between the terminals and
extending across the space between the pole
members, housing means carried by the pole
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members and enclosing the string and ter-
minals, a plate mounfed on said housing,
means for movement in a single direction
transversely of the string, a screw for fore-
ing the plate in this direction, resilient means
for opposing this movement of the plate, a
second plate mounted on said first plate for
movement in a direction at an angle to that
of the first plate, a serew for forcing the sec-

ond plate in its direction of movement, re-
silient means opposing the movement of the
second plate by the screw, and means for se-
curing one of said terminals to said second
plate. :

In testimony whereof, I have signed my
name to this specification, this 25th day of

May, 1917.
CHARLES F. HINDLE.
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