
C. F. HINDLE, 
GALWA N0 METER. 

APPLICATION FILED JULY 2, 1917. 
Patented May 23, 1922. 

4 SHEETS-SHEET t. 
1,416,824. 

  



GALWA N 0 METER, . 
C, F, HINDLE, 

APPLICATION FILED JULY 2, 1917. 
Patented May 23, 1922. 1,416,824, 

4. SHEETS-SHEET 2. 

Ø 

?vvive vivtov 

  

  

  

  

    

  

  

  

  

  

  

  



C, F, HNDLE, 
GALWA N0 METER, 

1,416,824. APPCAON FILED w m Patented May 23, 1922. 
4 SHEETS-S HEET 3. 

s 

  

  

  

  

    

  

  

  

  

  

  

  



C. F., HNDLE, 
GALVANOMETER. 

1,416,824. APPLICATION FILED JULY 2, 1917. Patented May 23, 1922. 
4 SHËETS-SHEET 4. 

s 

* \N-4 d?owcy 

  



0 

5 

2 5 

30 

40 

45 

55 

| NET ET SHA TES 
LGYSLGLLGLk00LL LLS GGLGLLGLLGSzS LG LLSLLkS YLGLLLLSS SLLL GGYLk GGLLLLSSS 

GALVANOMETER. 

1,416,834? 
Application filed July 2, 1917, 

To all at hon, it may concern ; 
Be it is nown that i, CHARLEs F. HINDLE, 

a citizen of the United States, residing at 
1 () is laurice Avenue, Einhurst, Long is 
land, New York, lave invented new and use 
ful improvements in Galvanometers, of 
which the follo YY ing is a specification. 

vily invention relates to galvanometers or 
more particularly to those known as stiling 
galvanometer's, which are devoted more or 
less extensively to nedical and scientific uses. 
My improvements have for an object to 

provide a string galvanometer of more per 
fect adaptability to 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 are combined with a 
high degree of accuracy and effectiveness, 
both with relation to the parts adjusted and 
to the mechanisin as a whole, 
A further object is to provide a string 

galvanometer in which the inner mechanism 
thereof, of which portions are necessarily of 
extreme fineness and delicacy, is adequately 
protected from atmospheric and other dele 
terious influences. 

Galvanometer's are made of various de 
signs and are employed for different pur 
poses, the type to which inly present inven 
tion relates being known as the string gal 
vanometer. in which vibrations of a delicate 
cord or string are employed to detect the 
presence of and definitely to measure minute 
values of electric current or voltage. Such 
instruments, in their findamental constric 
tion, are based upon the familiar phenome 
non of the definite tendency of an electric 
conductor (the string of the galvanometer) 
to move laterally within a magnetic field, 
the defection thereof being proportionate to 
the strength of the current passing through 
such conductor, the strength of the field re 
maining constant. The extent and frequency 
of the defections of the string of this type 
of galvanoineter, are ascertained and meas 
ured by means of ha ving shadovys of the lat 
era vibrations thereof recorded photograph 
ically im highly nagnified form upon a mov 
ing filia. The string galvanometer is there 
fore particularly adapted to being employed 
to detect and accurately evaluate extremely 
weak electrical impulses by the use of a cor 
respondingly delicate filament or string of 

Specification of Letters Pater. Bateiated Say 23, 2922. 
Serial No. 178,136. 

suitable inaterial which is held as indicated 
between the poles of a magnet of predeter. 
lined strength transversely to the lines of 
force thereof. To obtain this result the 
String thuis Connected is etsablished in series 
With the source of electric energy to be in 
Vestigated, and while suspended within the 
lagnet field as described is also placed in 

focal all'"allingeilient SO as to intercept the di 
'ect rays of an intense white light that is 
introduced through telescopic tuibes and fo. 
classed upon the string in such manner that 
the latter will cast a minute shadow which 
in turn by magnifying lenses is projected 
upon a Sensitized film that moves at a pre 
determined rate before the shutter of a cam 
era. Stich film having graduations or other 
markings previously applied thereto pro 
Vides means for establishing and recording 
the relative widths and recurrencies in point O i tille of the Siccessive shadow.graphs re 
corded thereon. ---- 

Therefore my invention considered in its 
more general aspect comprises a horse-shoe electionagnet supported horizontally upon 
standards provided therefor, having its re 
Spective poles oppositely disposed and in 
relatively close proximity, and having ad 
ill stably supported thereon the framework 
or holising that contains the string and also 
the mechanism for adjustably retaining that 
delicate member in proper focal position for 
the prope' projection of the shadow to be 
photographed there from. - 

finproved means are also contemplated in 
my invention in the open form of the electro 
magnet Windings employed whereby a con 
stant Strength of magnetic field is inmain 
tained at a high tension without unduly 
heating the apparatus while in Lise and 
thì'Oligh unequal expansion of portions of 
the lagnet, thereby disturbing the proper 
relationship between the positions of the 
string and the photographic apparatus. 
At a suitable distance from the shadow 

projecting mechanism to obtain the desired 
in ultiplication thereof, is placed any suitable 
type of 'illnera adapted to present a noving 
film for photographing continuously vibra 
tory movements of the string. 

For convenience of description, my inven 
tion will be considered as comprising two 
b' inches, that relating to the galvanometer, 
and the apparattis for photographing the 
movements of the string of the galyanone 
te': 'Fid in like manner the giv“: norreter 
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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 
a preferred embodiment of my invention, 
Figure 1 is a plan view of the galvanometer 
proper; 

Fig. 2 is a front elevation of the galva 
nometer with portions shown in vertical Sec 
tional views; 

Fig. 3 is a partial side elevation and sec 
tional view of the device shown in Figs. 1 
and 2 showing internal string adjusting 
mechanisms and detail of the winding upon 
the magnet. 

Fig. 4 shows in plan the detail of a verti 
cal String adjusting mechanism seen in Figs. 
2 and 3; Fig. 5 is a detail of the lateral string ad 
justing mechanism seen in Figs. 2 and 3; 

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

Figs. 8, 9 and 10 are respectively plan, 
side and end views of the under member of 
the lateral adjusting mechanism, 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 supporting 
plate detached from the magnet; 

Fig. 13 is an end view of the plate shown 
in Fig. 12 with upright 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 top plan and wedge end views 
of a pole piece; 

Fig. 17 is a partial detail of parts shown 
in Fig. 1; and 

Fig. 18 is a front elevation of the galva 
nometer illustrated in comparatively 'educed 
form in connection with a lamp and camera. 
apparatus shown at the respective sides. 
The electromagnet, in the preferred form 

of my invention, illustrated in the drawings 
to which reference is made, is represented 
by the numeral , which is designed to be 
energized by direct electrical current in the 
usual way, the soft iron body of which is 
composed of a casting 2, annulai' in form, 
and having circular cross-sectional areas. 
The forward portion of the casting 2 has 
been cut away as by a vertical plaine inter 
secting the casting to form the horseshoe 
type of magnet required by lay invention, 
and thereby providing suitable surfaces for 
receiving two silnilar pole pieces. 3. 4. Con 
stituting 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 longitudinal alignment rela 

i,416,824 

tively one to the other, presenting wedge 
like faces at the point of approach, the re 
spective apexes of which - are slightly fiat 
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 directly to the 
rear portion of the casting 2, and one sini 
larly connected with each of the pole pieces 
3, 4. The wiring coils of the magnet are 
applied in a series of separable windings 
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 independent 
spool being separately insulated in a con 
venient manner, ühe respective ends pro 
jecting from the spools, being united to 
form a continuous metalic circuit connect 
ing several spools; thus the end of the wire 
of one spool connects with the oppositely 
disposed end of the next adjoining spool, 
which order is followed in connecting ad 
jacent spools throughout the Series Suur 
arounding 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 around the 
windings, thus preventing over-heating of 
the magnet and allowing an appreciably 
higher degree of electro motive force to be 
maintained in the electric magnet. The 
continuous circuit thus extending from One 
end of the magnet to the other, terminates at 
its opposite ends in binding posts 12 and 
12, the latter having been suitaioly attached 
to the insulating 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 enployed to 
energize the magnet. 
The necessity for obtaining a high mag 

netic field in devices of this class has inade 
it practically necessary to use current in 
such quantity as to produce excessive heat 
ing of the magnet, disturbing the adjustment 
of the string in proper focal relationship, 
with the result frequently of incapacitating 
the entire mechanism. For this reason in 
using other forms of magnet winding it has 
been found necessary to operate the device 
at a lower tension than was l'equired to 
produce the desired results. Therefore, to 
obviate this difficulty, I have provided the 
means described for obtaining high electric 
efficiency with a minimum of the heating 
disturbances referred to. 
While 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 modifications may obvi 
ously be made to obtain the same general 'e- 
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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 preferired form, not to limmië, myself 
to that particular design of electromagnet, 
or in fact to a magnet of the general type 
illustrated. 
The adjustable string supporting and con 

taining mechanism, as has been pointed out, 
is more or less intricate, due to the concen 
tration of the diverse structural and fune 
tional elements by which it is characterized. 
The first requisite of its designing is to stip 
ply a draft-proof chamber for the stiring; 
next it must be provided with means for in 
troducing hoirizontal rays of light focused at 
a point to be intercepted by the string, so as 
to foran a shadow to be projected in the op 
posite direction through magnifying lenses 
on a camera mechanism to be described in 
another connection; also the position of the 
string requires frequent readiustments from 
side to side to keep it in exacü {ocal align 
ment with the light rays; and furthermore, 
delicate means are equally important for 
regulating the tension of the stiring, which is 
exceedingly fine and fragile, but must never 
theless be maintained at the required taut 
€SS. . 

In describing the string mechanism will 
first refer to the means employed in forming 
the string chamber and supporting the 
shadow projecting lenses in suitable relia 
tionship there with; and then proceed to de 
scribe the mechanism employed in effecting 
he adjustments of the sting. 
The Wedge-shaped ends of the pole pieces 

3, 4, instead of terminating in a sharp edge, 
are flattened slightly to form the na:: roºy 
walls 3 and 4 upon the respective apexes 
thereof, and when the pole pieces are in place 
normally the surfaces 3 and 4 are separated 
by a Sinhall gap between the poles of the mag r 

net, of approximately Yo millimetres in 
width, thus constituting the tvo side 
of the string chamler. 
Walls of the chamber 5 are supplied by filler 
blocks 18, 19, similar in fo'n to the tapered 
ends of the pole pieces, and thereby adapted 
to fit into the wedge-shaped ga) formed at 
the two sides thereof, having flattened apexes 

and 19 corresponding to the surfaces 3 
and 4 of the pole pieces. (see F | alimdi 
17). Thus when the filler blocks are in place 
the walls supported by their respective sur 

correspondingly threaded or 

faces 18 and 19 when iorought into projer 
relationship with the waits 3' and 4.'', the 
rectangular vertical chamber 5 will accord 
ingly be formed. The front block 18 is 
secured to the pole pieces icy means of the 
ba's 18 to which the block is attached by 
screws, and which in turnis secl'ed by simi 
lar screws to the respective )fole blocks: the 
rearward wedge block 1:9 is ir ikke in anner 
held in pace ky leas oli ühe pole coninect 

ing plate 15 secured to the rear walls of the 
pole pieces by means of the screws and bolts 
16 Upon wich pla?te i? Will be seen is sup 
poi'ted another vertical bracket to which are 
attached the uppel and lowei' housings of 
the string supporting nechanish next to be 
escribed. 
Tille extremilie ni cetes of the i ljustments 

of the delicate string itember I have found 
to ha Y'e bee: frequi; ently distribed by reason 
() in the tal:bost, imple i'ceptible flexures of the 
boje binding piate iä5, and other changes in 
tie reative : Frangenest of tiese pirts and 
to einedy such defective design of this ill 
portant feature of the si ing gavanoianeter 
consili'iction), adopted, i la ve providet a 
bi'ici et plate 20 and have thereby eliminated 
the rigid attachment of this plate bracket to 
the pole connecting plate 15 so that any dis 
plg Ceinent Or Novenent of the fol’Iller may 
not be coininunicated to the latter. Thus I 
è imploy a single studi 21 (Figs. 1 and 3) 
which is secured rigidly to the central por 
tion of the plate 15 (see Fig. 13) projecting 
re:i'yYai'd lly through an orifice 22 in the plate 
20 äld lie jGSS 23. ille orifice 22 is lila de 
Arge:' thain, tine ?iai neter of the bolt so that 

aily tendency of the latter to move out of 
its no 'inal place will not be cominunicated 
to the plate 20, and thereby communicated 
to the Stl’ing Supporting mechanism and dis 
turbing the delicate setting of the string. 
Upon the thi'eaded outer end of the stud 21 
is tile inlit 2-4 by means of which a compres 
sion siring :5 is adjustably held against the 
boss 23 on he bracket plate 20, a collar 20 
havig been provided as a bearing for the 
end of the spring. - 

she action of the spling 25 is therefore 
: (lapted to };'ess the ij is: te 20 in tille direction 
of the ole bilinding In einbe" 45, i ut tilne altija 
cent St}}'faces of the two plates do not cone 
into innediate contact but instead three 
projecting membe's on the plate 20 are en 
loyed in the nanner of supporting feet t ) 

8. 

}’est, against the plate. The three contact 
heinbei's ol' feet of the piate 20 ('only),ise 

the ti'ee Screws 27. 28 and :29, etch pi’efe’- 
ably of hardened steel, suitably held in this 

fice in saiti 
At the lower central portion of the 

) is placed the screw 2 the rounded ent 
ich be: 13 di'Octly upon the surface of 
te # 5 and projects beyond the outer 

sui face of the i late 20, ha viag a ck-nut at 
its end. The other two feet 2S and 23 are 
similarly supported in thi'aade: Orifices at 
the Lippe: portion {}i the plate 260) i, te 
espective sides thereof, and instead of 

hai Yi ting a l'ou::Ref! end as ir 
do YY e' scire XY, 27, each nas 
en: the }oint () f : 
2'esponding conical depression 29 in 
}|lke (); : }}; }'( e ned s( 2). 

ie simila: Poit of the screw pi:üe iö, Wilile 
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28 is held within the horizontally disposed 
V-shaped groove 28 of the flat head pin. 28. 

It is thuis provided that the plate 20 is 
held in normal position against vertical dis 
placement by means of the point of the 
screws 2S and 29 being inly held in the 
groove 28 and depression 29, while in case 
of any tendency of the lite i5 to expandi 
or contract or otherwise become distorted, 
the groove 28 pe: its the lateral sliding of 
the screw point 28 therein, and to Imainiain 
its normal position linafected the'eby. Like 
wise the round nose screw 2 at the bottolin 
of tile piate 15 being free to slide on the sur 
face thereof, similarly revents any pos 
sible modification or displace illent of, or 
flexure in, that plate to affect the plate 20 
in the manner indicated. 
The bracket piate 20 has pon its top and 

bottom edges extending immediately 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 member's or base portions 31 and 
32 (see Figs. and 2; the upper member 31 
being best shown in pian in Fig. 1) to which 
are attached or made integrally there with the 
cylindrical boxes or housings of the string 
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mechanism, which are thus operably Sup 
ported upon the pole pieces inimediately 
above and below the string chamber 5. The 
rectangular siring chaimber 5 thus consti 
tutes a communication between the respec 
tive chambers of the said housings which 
contain the supports to which the string 30 
is attached, which supports, as has been 
pointed out, are insulated from the electric 
conductive portions of the appa l'atus, andi 
are further made adjustable so as to move 
the string in all directions, and to 'egulate 
its tension by means of a longitudinal ad 
justment of one of the string supports. I 
will now describe the string Supporting 
mechanism. 
Upon the respective bracket plates 31 and 

32 are supportably mounted the two hollow 
cylinder's or shells 33 and 33", similar as to 
their general aspect both in fol'm and in 
function, with the exception that the uppe:' 
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 33 containing the similarly acting 
means for moving the string laterally, which 
I will now describe more in detail, in con 
nection with the string supporting mecha 
nism. 
The string 30 is a thread-like formation of 

quartz drawn to extreme fineness and having 
a metailic coating usually of gold or silver 
to renderit electrically conductive, the diam 
eter of string thus coated rarely exceeding 
.003 millimetres, and its length approxi 
mately 13 centimeters. The string is at 

tached at each end, by a suitable adhesive, 
to the flattened side 41 of a pin 40, held in 
insulated brackets or string holders 35, 35", 
(see Fig. 11). The construction of the 
string holding brackets being identical in 
form, I wil i therefore describe in detail as 
applicable to both the mechanisms, the 
upper holder bracket 35. The string bracket 
holder, it will be seen by reference to Figs. 
2 and 11, comprises an -shaped metallic 
body piece 35 upon the vertical arm of which 
is attached in any convenient manner a block 
38 of insulating material which in turn has 
suitably mounted upon its outer surface a 
slotted clamping block 39 into which the pin 
i0 is held by means of the small thumb 
screw 42; a second small screw 37 having 
been fitted in a suitably threaded aperture 
in the block 39 performs the function of a 
binding post of the wire over which is con 
ducted the current to be measured. r 

into the horizontai arm of the body piece 
35, 36 is secured the stem 43 which in turn is 
slidably secured to the upper laterally slid 

90 able member 45 of the two way slides consti 
tilting the string adjusting mechanism next 
to be described, the stem 43 of the lower 
adjusting mechanism being rigidly attached 
to the colresponding member 35’ of that 
mechanism. 
The mechanism employed for moving the 

stling into the focal point of the shadow 
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projecting mechanism, excepting as to a 
Feature presently to be explained, is like 
wise composed of similar parts for the re 
spective ends of the string 30, and the up 
permost mechanism will accordingly be de 
scribed as applying to the similar parts 
and features of both mechanisms. 
Thus for the lateral adjustment of the 

string holding backet 35 employ a two 
way side member 45 into which slidably 
fits the stem or shank 43 of the string 
bracket 35 which slide 45 is seated upon a 
second slide 46, which in turn is seated upon 
the plate 47 of the shell or housing 33, suit 
able clearance apertures having been cen 
trally provided in the slide 46 and plate 47 
to permit the stem 43 free passage there 
through. The member 46 is guided so as 
to be slidable in one direction only by means 
of a W-shaped gib 48 on its under surface 
which fits into a corresponding V-shaped 
groove 49 provided in the plate 47. Like 
wise upon the under surface of the slide 45 
is a similar Qib 50 adapted to be guided by 
a coil'espondingly formed groove 51 in the 
slide 46, the direction of the groove 49 in 
the top surface of the slide having been dis 
posed at right angles to that of the gib 48 
on the bottom 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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secured to the annular 
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string holder bracket, 35 is adjustably Sup 
ported by the slide 45 and for this purpose 
a bushing (5 is secred thereto into which 
the sten 3 slidably fits. The slides 45 and 
46 : 'e firmly held in their respective seats 
by her is of top plate 52 supported upon 
side pieces which hold it parallel to the su 
face of the plate 47 against the under sur 
face of which the slide 45 bears. The slides 

gainst Spring action 

. . 

45 and í; are movable ag 
in effecting adjustinents, the supporting 
slide 46 being held by two compression 
springs; 53 similarly supported at one end 
by the iip piece 54, their opposite ends bear 
ing against the adjacent side of the slide. 
A similar lip piece 55 is also provided upon 
the to plate 47 having the thumb screw 56 
suitably mounted therein for engaging the 
side of the slide opposite the spring, the 
stein of the screw projecting beyond the 
housing 33, to render it accessible to the 
operato; for adjustment. A like spring 
holder lip 57 is similarly provided upon the 
slide 46 ha ving compression spring 58 
adapted to engage the slide 45, a lug 59 on 
said slide 46 holding a thumb screw 60 in 
suitable arrangement to engage the side of 
the slide 45 opposite the spring. the thumb 
screw (30 also projecting through i.eyond the 
shel 33. 
Thus are provided means for adjustably 

moving the string holding bracket forward 
or back and to the right or left by means of 
two thun screw's 56 and 60. 
Thus far the parts described in connec 

tion with the string a disting mechanism 
which are contained within the housing 33 
allove the pole pieces, have their exact coun 
to rait in the similarly acting mechanism 
holised in the la ) Yver siell 33" excepting tha 
the order of arrangement of the parts of 
the latter is invertel relatively to that of 
the upper mechanism and as already re 
ferred to, the stem 43 of the upper string 
bracket 35 is longitudinally adjustable in 
the sliding member tij. while the stem 43 
of the lover bracket 35 is rigidly attached 
to the slide 45, thus supplying means for 
controlling the tension of the string 30. 
The string tension regitiating means also 

by the threaded hus: 
rib 68 internal liv dis 

Cser in the tipper portion of the housing 
shell 34, which shaft has upon its shank 
above the thread the worm gear 69 mounted 
to slide longitudinally thereon bit held 
from rotating relatively thereto hy means of 
a spline 70. The gear. 69 rests upon head 67 
sind is held on eriti dinally in place hy means 
of the top plate of the shell 23 i, and is actu 
ited for the purpose of rotating the screw 
shaft 65 within its threaded aperture, by 
means of a worn 7 pinned to the end of 
a shaft. 72, Suitably mounted in a bushing 

it is the walls of the housing extension 34, 
having the knurled wheel 73 upon its outer 
eil« accessible to the Operator for turning 
between thumb and finger to manipulate the 
vertically adjusting screw 65. 

in Inediately beneath the adjusting screw 
(35 is the flat head 74 of the vertically slid 
able stem 43 which is normally held against 
the adjusting screw by action of the com 
Pression Spring 75 resting upon the flange 
T6 of the bushing 76 through which the 
sten 43 passes, and bearing upwardly 
against the disk-like head 74 of the stem 
-43. The end of the screw itself, however, 
does not hear directly upon the head 74, 
ut supon a smail hardened steel plate 77 

resting centrally upon that member, being 
held in place thereon by means of a short 
stem 78 extending into the top of the shaft 
43. in the end of the screw 65 is embedded 
Securely a small hardened steel bail, which 
is brought, into immediate contact with the 
top Surface of the Small plate 77. The di 
a meter of the disk plate it is determined 
hy the extent of lateral adjustment required 
of the Stem 43 in its movements both to the 
right and left, and forward and back; and 
the stem 43 is held against whatever tend 
ency to rotate the same may be caused when 
the adjusting screw (35 is turned. by means 
of two pins 79 extending upwardly from the 
lishiny TT into suitable apertures in the 

? head 74 thereof. 
In the pole pieces 3, 4 are the telescoping 

tubes 80 and 80 that are longitudinally dis 
pesed centrally thereof. The tube 80' in the 
pole piece 3 in the form illustrated, receives 
the light and by means of the usual arrange 
ment of suitable lenses is adapted to bring 
the jays from a lamp apparatus 90 (as shown 
in Fig. 18) or other source of light, into 
focus at the point to be traversed by the 
stiring 30: and in like manner the tube 80 
is held by the pole piece 4 and receives the 
'ay's of light as they diverge from such focal 
point, and project them, highly magnified. 
upon the photographic film of a suitable 
C{i}}{2}"8, 

The respective tubes 80, 81 are inserted in 
longitudinally disposed cavities in the re 
spective pole pieces to which they relate, and 
have the usual means for adjusting the rela 
five arrangement of the lenses, my invention 
haying no especial reference to those par 
ticulars further than Stated. It has been 
foi und however, that the telescopic tubes 
themselves require lateral adjustment at 
times, a ind for this purpose have mounted 
the respective tubes upon annular bearings 
81, 81 which are attached in like manner 
to the outer ends of the pole pieces 3, 4. The 
mechanisms for supporting the respective 
tubes are identical in structure and opera 
ion, and I will describe in detail the parts 
attached to the pole piece 4 shown in section 
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in Fig. 2, supporting the tube 80, with the 
intention that such specification apply also 
to the adjustable supporting means for the 
tithe 80, 80 upon the pole piece 3. The an 
nular bearing 81 has two parallel inner sur 
faces 83 adapted to receive therein a corre 
sponding member 8:2 which is made in the 
form 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 colia 82 being designed to fill 
the Space between sail surfaces, and the di 
ameter of the central opening of the latter 
having been made larger than that of the 
tube, to admit of the necessary latitude of 
adjustment, thereof. In the periphery of the 
annular bearing 81 are three threaded ori 
fices equally spaced circuimferentially 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, it may 
be, two of the screws and tightening the re 
maining screw or screws, the tube may be 
shifted bodily in all directions laterally 
thereof. 
The rays of light passing through the 

tubes 80, 80 when properly adjusted will 
by action of the lenses of the tube 80 be pro 
jected through the shutter of the camera. 95, 
in which is a moving sensitized film, pref 
erably having graduations both transversely 
and longitudinally, 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 80', 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 cain 
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 a pulley 99 which may be driven by 
any convenient means, such as the Small 
electric motor 10) from a small pulley on 
the shaft of which is the belt shown in Fig. 
18. The film is then placed in the camera 
bor, 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 openings 33° extending all the way to 
the base of each housing, and at the respec 
tive sides thereof are small openings 33b. A 
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rotatable inner shell or door. 33° is held 
within the respective shells 33 and 33, 
which have openings 33 and 33 correspond 
ing in size, shape and relative arrangement 
with the openings 33 and 33 so that, when 
the closire shell 33° is rotated to the proper 
losition, its opening 33 coincides with the 
opening 33, thereby bringing the openings 
33 and 339 into coincidence, as shown in 
Fig. 2. . . . . . - 

When the door's 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 
be seen when the piece 18 is replaced and 
the door member 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 electro 

magnet yyith oppositely disposed pole mem 
bers, adjustable means for suspending a 
string between said pole members, said 
liceans being laterally and longitudinally ad 
justable relatively to said pole nemhers into 
a plurality of parallel positions relative to 
itself. - 

2. in a galvanometer for measuring feeble 
electrical currents, an electro-magnet, and 
oppositely disposed pole pieces thereon: an 
electro-conductive string member suspended 
hetween said pole pieces adapted to carry 
eject Fric, cujº Frents therethrough ; nens for 
projecting rays of light through said 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 feeble 
electric currents, an electro-magnet and op 
positely disposed pole pieces thereon; an 
electroconductive string member suspended 
between said pole pieces; means for project 
ing rays of light through said pole pieces, 
comprising telescopic tubes with lenses 
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adapted to cause said rays to converge at a 
focal point intermediate said 
elf-adjusting means mounted upon 
pole pieces for adjustably suspendi 
eiecÜIo cond Ictive string Hen 

pole pieces; 
s 

*?* ? a S 

vet'sely through said focal point intercepting 
a portion of said rays thereby to cast a 
shadow of said string; and means 
trolling the tension of said string. 

4. In a galvanometer for measuring feeble 
electric currents, an electro magnet and op 
positely disposed pole pieces thereon; means 

for con 

for projecting rays of light through said 
pole pieces, comprising telescopic tubular 
cases with lenses adapted to cause said rays 
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to converge at a focal point intermediate 
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ported upon the other of said slides: 

said pole pieces: self adjusting means 
mounted upon said pole pieces for adjust 
ably suspending an electro conductive string 
transversely through said focal point, inter 
cepting a portion of said rays thereby 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. In a galvanometer for measuring feeble 
electric currents, an electro magnet and op 
positely disposed pole pieces thereon; means 
for projecting rays of light through said 
pole pieces and focussing said rays inter 
mediate said pole pieces; self adjusting 
means carried by said pole pieces for ad 
justably supporting an electro-conductive 
string in the focus of said rays: insulated 
supports for said string; means for housing 
said string and the supports thereof. Said 
housing means adapted to prevent air cur 
rents contacting said string; and Spring 
actuated means for regulating the tension 
of said string and a thumb screw for con 
trolling said spring actuating means. 

6. In a galvanometer for measuring feeble 
electric currents, an electro-magnet and pole 
pieces thereon; an electro-conductive string 
having terminals adaptable to form electri 
cal connections with animal bodies; insu 
lated brackets and means carried by said 
pole pieces for adjustably suppoiting said 
brackets to which brackets the respective 
ends of said string are attached; and inde 
pendent means for laterally adjusting the 
positions of said respective brackets, each 
comprising a pair of slides, olie Of sit 
slides operably slipported li polin tilhe otilel!' 
the 'eof. 

7. In a galvanometer for measuring feeble 
electric currents, an electro-magnet and pole 
pieces thereon: an electro-conductive string 
having terminals adaptable to form elee 
trical connections with animal bodies: insul 
lated brackets and means carried by said 
pole pieces for adjustably supporting said 
brackets to which brackets the respective 
ends of said string are attached; independ 
ent means for laterally adjusting the posi 
tions of Said respective brackets, each coin 
prising a pair of slides, one slidably 

8): 

means for adjustably moving the bracket at 
one end of said string longitudinally rela : 
tively to the bracket 
said string. 

8. n agalvanometer for meas riig ºe 
ble electric currents, an eiectro-magnet ha Y 
ing oppositely disposed pole pieces: tele 
scopic tubes with lenses adapted to focus rays of light projected therethrough: Sup 
porting means for interposing a string of 
minute cross-sectional area of electro-coil 

at the other end of 

dictive material in Said focus; insulated 
hi'ackets for supporting said string; olanual 
quneali2S :fo1" a. (!jülstiing S:aic{ b]?:ackeÉs i:a, te1":i!iy ; 
a ( :anual means for adjusting one of said 
}) 1'}} ckets t'elatively to the othe?'. 

9. In a galvanometer for measui 3’’ing feeble, 
electric currents, an electro-magnet, and pole 
pieces the 'eon: means for focussing 'ays of 

ht intern ediate said pole pieces: self-ad 
ing neans mounted on said pole pieces 

for supporting insulated backets adjacent 
said pole pieces; aia electro-conductive string 
attiched to said hirackets for 'eceiving the 
electric curreit, to be ineasi red: mantnaj 
ineans coin Irising sides each adapted to 
love at right angies relatively to the other 
for laterally adjusting said brackets inter. 
rediate said pole pieces; means for control 

the tension of said string. i 
i{}, in a galvanometer having an electro 

inhagnet with spaced opposed pole members. 
a conducting skiing, means for Supporting 
Said string under teilsion in the Space be 
tween said pole neinbers, and means for 
shifting said string supporting inneans in a 
pit raility of iirections transverse ity of the 
string without. Yra nying the tension of the 
?{{ - 

a gravain{1} {et er in: ving in electro 
net with Spaceki oppo:zed pole members, 

paced erminals, a condicting sting ass. 
ing beëween the pole member's and connected 
to said terminais, anel Supporting means for 
each terminai comprising a Stationary nem 
bel, an element adjustable thereon in one 
(ii'ection and in a plane i'ansverse to the 

lenheit in a direction ?? ? ? ? ? ???? : 

: roin that of Said first element, a? 
, '; }s \; { 2!"se 4) to st' in F. Saici 

ly sai« Second elle 
i 2. ; , ; galva nometerº ha \rigº : n elec{re)- 

nagrine?, with Saºed top: sed je sie inne inders, 
scree terminais, at er ni ietingªr string pass 
ing between the poie niemlers and co:n ected 
to si teri niinits. Supporting inne III: for each 
terminal callisirising a stationary member. 
an element a list ºi i Qia (irº (* 
*i) ar: in 3 ilaine 4r: ? ?? 

e in in a tirection differ 
* fro:n { h 8 | first element and in 

also (, i. ring. Sa 
being carried bw said second 

ment, Fesilieni means carried by the se 
edennen“; of the Citpportina imeans for Oi 
the terminals a 

he string a 
Id exering 

ir mean: era irred c :) : 

t ji positions of the clement: * g 
the effect of the resilient means ipo the 
string. - . 

13. In a galvanoimeter having spaced op 
posed pole members, a conducting string, 
means for supporting Said sting in the 
space between the pole members and under 
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tension, optical mechanism extending 
through the pole membel's for observing the 
movement of the conducting string when a 
current passes therethrough, and means for 
adjusting the optica i mechanism in said pole 
menber's in a direction transverse to itself 
to place the inhage 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 ohe Sup 
port in one direction transverse to the string, 

, a second element adjustable on said first elle 
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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, 2 terminal member 
to which an end of the string is connected 
slidable in said sleeve, and spring means be 
tween 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 elle 
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 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 circuit arranged across the 
space between the pole members, terminals 
to 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 
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sleeve for tensioning the string, a plate upon 
which the sleeve is mounted, means for ad 
justing the plate in one direction trans 
versely of the string, means for shifting 
said means in a direction transverse to the 
string but different from the other direction 
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of movement of the plate, a contact member 
adjustable to variable extents against the 
end of said one of the terminals through 
out all of its transverse movements with the 
plate for varying the effect of the spring 
l:}}oin the string. 

1. in a galvanometer having spaced pole 
illenbei's, a conducting string, terminals be 
tween which the strino 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 
ki'ansverse to the string, resilient means tend 
ing to tension said string, a thrust member 
against which the said one of the terminals 
buts 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 
ti'an,SY'erSe to the string, resilient means 
tending to tension said string, a thrust mem 
ber against which the said one of the ter 
ininals abuts in all adjusted positions, and 
means including a 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 
to varios extents the effect of the resilient 
means upon the string. 

19. in a galvanometer having spaced pole 
heinbei's, spaced terminals, a conducting 
siri ing connected between the terminals and 
extending across the space between the pole 
member's, housing means carried by the pole 
Yaenbei's and enclosing the string and ter 
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minals, a plate mounted. On Said housing, 
means for movement in a single direction 
transversely of the string, a screw for forc 
ing ühe 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 
silient means opposing the movement of the 
second plate by 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. 

20. 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- ond plate in its direction of movement, re- 10 
minals, a plate mounted on said housing, silient means opposing the movement of the 
means for movement in a single direction Second plate by the Screw, and means for Se 
transversely of the string, a screw for forc- curing one of said terminals to said second 
ing the plate in this direction, resilient means plate. - 
for opposing this movement of the plate, a in testimony whereof, I have signed my 15 
second plate mounted on said first plate for name to this specification, this 25th day of 
movement in a direction at an angle to that May, 1917. 
of the first plate, a screw for forcing the sec- CHARLES F. HEN DILE. 


