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PATENT OFFICE 
CHARLEs A. HOXIE, OF SCHENECTADY, NEW YORK, ASSIGNOR. To GENERAL ELECTRIC 

COMPANY, A. CORPORATION OF NEW YORK. 

ELECTRICAL ARPARATUS. 
riginal application filed October 29, 1920, Serial No. 420,491. Divided and this application filed 

October 10, 1922. 

My present invention, which is a division 
of Iny application, Serial No. 420,491, filed 
Oct. 29, 1920, relates to apparatus for Selec 
tively receiving and making a record of 

3 small current impulses and more particul 
Iaily for recording photographically in 
pulses corresponding to rapidly transinitted signals. 

In my Patent No. 1456,595, issued May 29, 
10 1923, i have described an apparatus for re 

ceiving radio signals, the same comprising 
means for causing a current whose vari 
ations correspond to the signals received to 
traverse a series of coils which surround a 

15 vibratory reed or diaphragm of magnetic 
material. This reed or diaphragm is Sup 
ported between the poles of two permanent 
agnets in such a manner that by varying 

the magnetic field produced by the currents 
20 in the coils the diaphragm is calised to vi 

brate. Means is provided to adjust the ten 
sion of the diaphragm to cause it to assume 
a natural period of vibration corresponding 
to the period of the received signals. It was O 

25 found that the disturbing effects due to stray 
in pulses could be eliminated to a large ex 
tent by operating with frequencies aboye 
1500 and tuning the diaphragm accordingly. 
My present invention seeks still further to 
liminate these disturbing effects by intro 
ducing in shunt to the operating coils for 
the magnetic diaphragm what may be 
terned a tone trap. This colmprises an in 
ductance and capacity, each of which is con 
nected across the operating coils and which 
together may be adjusted so that the local 
circuit in which they are included may be 
tuned to a frequency corresponding to that 
of the signals received. 
One object of the present invention is to 

provide an improved receiving system 
wherein an alternating current, whose inten 
sity corresponds to the received signals is 
rectified and alternate rectified impulses are 

45 passed through each of two coils surround 
ing the diaphragh of the galvanometer in 
Slich a manner that the effect of each im 
pulse is to move the diaphrag in the same 
direction. . 

59 Oiler objects and advantages of my in 

Serial No. 598,615. 

vention will appear as the description pro 
ceeds. - 

Referring to the accompanying drawings, 
Fig. 4 is ail end view of an apparatus em 

g inny invention with the end wall re 
showing the reflecting galvanola 

its innounting, the source of light and 
ensing lenses: Fig. 2 is a plan view of :. 

he galvanometer and its mounting: Fig. 3 
detailed view of a mounting of the gal 

Valoieter adjusting rod; Fig. 4 is a per 

... ) S 
pian view, showing a portion of 

the structure disclosed in Fig. 4: Fi 
an end view of the galvanometer, certain of 
the parts being shown in a section on the 
line 11-11 of Fig. 2: Fig. 7 is a side view 
if the galvanoheter, certain of the parts be 
iiag shown in a section taken on the line 
...a ig. 2: Fig. 8 is an enlarged de 

fail of the condensing lenses and its sup 
porting bracket: Fig. 9 is a diagrammatic 
view of a receiving circuit with the galva 
hometer connected thereto: Fig. 10 shows a 
Section of photographic record produced by 
apparatus employing the receiving circuits 
shown in Fig. 9: Fig. 11 is a diagrammatic 
view of a modified form of receiving cir 
cuit: Fig. 12 shows a section of photographic 
record produced by apparatus employing the 
receiving circuit shown in Fig. 11; and F: 
13 is a view similar to Fig. 1 but showing a 
sini) lified circuit arrangement. - 

Referring to Fig. 1 of the dra 
represents a light proof casing provided , 
a lower chamber 11 which contains the gest 
vanometer. This galvanometer which will 

2-2 of Fior 

be more particularly described hereafter is : 
mounted upon trunnions 13 pivoted in 
brackets 14 extending from the sides of the 
Supporting plate 15. The galvanoineter may 
be turned in a horizontal plane on the trun 
nions 3 by operation of the screw 16. Plate 
15 is pivoted at 34 to the base 17 and may 
be turned in a vertical plane on the pivot by 
rotation of the rod 18. This rod is loosely 
coupled to the bracket 19 formed on the sub 
porting plate 15 and is threaded to a collar 
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20 formed on the Outer end of the shaft 21 
(see Fig. 3 of the drawing). Shaft. 21 is 
pivotally mounted in a bearing 22 and is 
prevented from moving longitudinally in 
the bearing by engagement of a screw 23 
with the walls of an annular groove 24 
formed in the shaft 21. The upper portion 
of the casing A is formed with an enlarged 
portion 25 divided at its center by a parti 
tion 26 into two compartments 27 and 28. 
In compartment 27 are located two incan 
descent lamps 28 and 29 and across the bot 
tom of this compartment is secured a plate 
30 provided with openings 31 and 32. In 
the compartment 28 is the cylindrical lens 
33. One of the sources of light in the com 
partment 27 is employed to furnish the op 
erating beam to trace the desired curve upon 
the photographic tape. The other source 
of light is applied for the purpose of indi 
cating the position of the galvanometer and 
also to enable the operator to make the nec 
essary adjustments in the receiving circuit 
to insure the proper recording of the signal. 
The beam of light from this latter source 
is reflected from the galvanometer mirror 
through a spherical lens (not shown) which 
is located in proximity to the reflecting mir 
ror onto a ground glass plate located at the 
top of the casing A and by the position of 
the spot of light on this plate the operator 
is enabled to ascertain the adjustment of the 
galvanometer. This indicating means is 
clearly disclosed in my prior application 
above referred to and as the same forms ho 
part of the present invention, it will not be 
further described. The photographic tape 
or film may, by suitable apparatus which is 
described in the parent application, be fed 
along continuously and exposed to the beam 
of light from the source 28. - 

In Fig. 9 I have indicated a wireless re 
ceiving apparatus which comprises a vacuum 
tube detector 70 having coupled to its grid 
circuit 71 an antenna circuit 72. included in 
the plate circuit of the vacuum tube device 
is the source 73, the variable inductance 74 
and in parallel with the inductance the con 
denser 75. Bridging this inductance and 
condenser are the coils 76, 7 and 8 of the 
galvanometer. These coils are airl'anged in 
series and the middle coil is wound to op 
ose the end coils as shown in the drawing. 

79 and 80 are two permanent magnets and 
81 is a metallic reed or diaphragm secured 
at its ends and extending between the poles 
of the permanent magnets. Coils 76, 77 
78 surround the diaphragm 81 and when 
current is flowing therethrough serve to pro 
duce in the diaphragm consequent north and 

in r 

south poles as is indicated in the drawing. 
The permanent magnets are arranged so. 
that opposite poles occur on the same sides 

Attached to the dia of the diaphragm. 
phragm and movable therewith is a mirror 

vibrated at the rate of 1200 

it 

1,658,680 
82 which serves to reflect the light from the 
Source 28 onto the moving tape. 
Impulses received in the antenna circuit cause a varying potential to be applied to 

the grid of the vacuum tube device.70 and 
this produces a corresponding change in the 
current of the plate circuit, which includes 
the coils 76, 77 and 78 of the galvanometei 
12. As the current in these coils varies the 
strength of the poles produced in the dia- 75. 
phragm 81 by the coils varies and thus the 
portions of the diaphragm upon which these 
poles are formed and which as previously 
stated lie between the poles of the permanent 
magnets, are attracted toward certain of the : 
poles of the permanent magnets to a greater 
or less extent depending upon the intensity 
of the current of the coils. The movement 
of the diaphragm.81 moves the mirror 82 
which is attached thereto and the reflected is 
beam of light from the source. 28 which acts 
upon the photographic tape to produce when 
the tape is developed a line of the form sin 
ilar to that shown in Fig. 10. By means 
hereinafter to be described the tension of 
the diaphragm 81 is adjusted. So that its 
natural rate of vibration corresponds to the 
frequency of the waves which it is desired 
to receive. w 

have found that it is desirable 
rate of vibration of the diaphragm be as 
high as it may conveniently be made. Ex 
periments have shown that when the dia 
phragm vibrates at a frequency of 2000 
cycles per second, the effect of stray atmos 
pheric impulses or the so-called “static” is 
very much less than when the diaphragm is 

The elimination of the effect of static on the 
vibration of the diaphragm 81 is further in 
creased by the particular arrangement and 
adjustment of the receiving circuits herein 
disclosed. The inductance 74 and the capac 
ity 75 should be so adjusted that the local 
circuit in which they are included is “reso 
nant to the frequency of the current pro 
duced in the plate circuit by the signals. 
This results in a much greater portion of the 
current of signalling frequency passing 
through the coils 76, 77 and 78 than through 
the inductances and capacity, whereas cur 
rents of less frequency are almost entirely . 
short circuited by the inductance and capac 
ity and therefore do not have an appreciable 
influence on the coils of the galvanometer. 
in choosing the proper values for inductance 
and capacity, it has been found necessary to 
use a rather Sihall capacity and a large in 
ductance, the latter preferably having as 
Small a resistance as possible. In this al 
l'angement it is to be noted that the vacuum 
tube and hattely 73 act as a source of cur 
'ent having a high impedance. This induc 
tance 74 acts a short circuit for the di r RS 

rect current component of the plate current, i: 

3. 

that the 95 - 

per second. 
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Referring particularly to Figs. 2, 6 and 7, 
the reflecting galvanometer which I propose 
to use preferably comprises a base member 
160 formed with two uprights 161. Secured 
to these uprights by screws 162 is a top plate 
163 formed with end strengthening ribs 164 
and a central slot 165. Depending from the 
plate and guided by the slot 165 are supports 
for the permanent magnets 79 and 80. 
These supports comprise blocks 166 upon 
which are secured guide strips 167 by means 
of screw 16S. Screws 169, provided with 
washel's, serve to retain the guide strips 16 
within the slots 165. Each of the magnets 
is clamped between blocks 170 and 171 by 
means of a bolt which passes through both 
blocks into block 166. Screws 172 mounted 
in the ends of blocks 166 and formed with disc-shaped engagements 173 adapted to pro 
ject within slots 114 in the plate 163 serve 
to provide means for moving the magnets 79 
and 80 toward or away from one another. 
These magnets are each formed of a bar of 
steel of rectangular cross section and bent as 
utlined in dotted lines in Fig. 2. Sheet 

metal pole pieces 175 which are secured to 
the ends of the bars extend downwardly and 
are provided with lateral offset portions ar 
ranged to lie in close proximity to the dia 
phragm S1. This diaphragm is securely held 
between lips 176 formed at the ends of men 
bel's 17. Members 17 are arranged to slide 
in openings 18 formed in the uprights 161. 
Adjustable screws 179 engage threaded open 
ings 180 formed in the ends of the members 

These screws are provided with oper 
ting heads 181 formed with bearing sur 
aces 182 adapted to engage the outer faces 
f the uprights. In practice the tension of 
he diaphragm 81 will be adjusted so that its 
natural period of vibration will correspond 
to the frequency of the current to be record 
ed. As so constructed the lines of stress set 
up in Said diaphragm by vibrations are sub 
stantially all in the same direction. Sur 
'o inding the diaphragm are the coils 76, 77 
and 8 suitably mounted upon sheet metal 
clips. All supporting parts for the dia 
hi'agni, coils and permanent magnets are 

preferably for the of brass. 
the diaphi'agm 81 by means of members 183 
: ) (d. 84 is a triangular shaft, 185 of magnetic 
laterial. See Figs, 4 and 5. The end of 
the nember 184 is flattened at 186 where it 
is Secured to the shaft 185 so as to provide 
in effect a flexible connection therewith 
which will permit the shaft to rotate about 

Shaft 185 is held against V-shaped jeweled bear 
ings 187 by means of a permanent magnet 
188, these bearings being formed adjacent 
the poles of the magnet. Mirror 82 which 
serves to reflect the teams of light from the 
Sources 23 and 29 is mounted upon the shaft 
185. A casing 190 secured by screws to the pr 

Connected to 

8 

base 160 is provided with suitable openings 
for the passage of the incident and reflected beams of light. 

in Fig. ii which show's a hodified for in 
of receiving circuit, the plate 200 of the . 

thei'inionic vacut tie device is connected 
to the primary C 1'ansforme;' 201. 
tennial of tes alry (i the t'ai;foll 
er 2}l is connected through the condense." 
202 and resistance 203 to the grid 204 
the \acuum tube device 203 and through 
the battery 206 to the grid 20 of the yac 

in tube device 208. The other terminal 
of the secondary of the t it; iiiei' is coal 
nected to one tetiinal of each of the fil:) - 80 
lents 2i}) a? 2 (). The ei is ai'e Sul)- 

plied with heating current iroin a battery 
2di which is connected to the filialent 2G), 
210 though adjutable resistance 212. Sui 
plying the plate circuits of the 'acit in tie 3.5 
devices 205 and :08 is a batters 213 which 
is connected to the plate 234, thi'ough 
galvanometei coil 215 and to piate 2i; 
through galvanometer coil 21. Coil 
is bridged by condenser 218 and coil 
by a condense: 219 while both coils 
and 21 are bridged by a high resist: 
220. It is to be noted that tiere are 

phragm of the galvanomete'. These 
wound so that with current flowing f 
the battery 213 through each coil will te: 
to produce a pole of the Sanic sign at 
center of the diaphragm. Perina 
nets 221 and 222 are arranged upon C : - 0 
site sides of the diaphragin. Adjaceit. 
north and South poles al'e positioned 
close proximity to the central portion of this 
diaphragm. The remaining north 
south poles are not active in producin 
novelinent of the diaphragan. 
Alternations of curret in tie ti'ansio 1':- 

er 201 produce changes of potential on 
grid 204, 207. This results in pulsatility 
or intennittent flow of direct cur; 
the filament, 209, 21 () to the plate 
and through the coil 215, 2 i? { { } { 
inometer, each impulse of ' 'rent 
to create a magi)etic pole of its saille 
at the center of the diaphraga. Duri 
time when the fiew of current, through { 
vacuum tube device 2}5 and coil 215. 
mininnum, the potential of the grid 
the vacuum device 203 is such as to perit, 
a lalaximula current to low fro) the fil 
linent 210 to plate 216 and thi'sligh coil 21.7 
of the galvanometer. This difference in 
phase of the plate currents through two 
vacuum devices is due to the presence of 
the battery 206 in the circuit to the grid 
20 which has the effect of inaintaining the 
grid 207 at an initially different potential 
from that of the grid 20-3. The effect there 
fore of an alternating carient throug 

nary of the ti 'lia is to 

a; i. 
g a 205 

. 

20 
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galvanometer diaphragm to be uniformly 
urged toward one of te poles of the per 
manent magnets 221 or 222. A change in 
the amplitude of the alternations in the 
primary circuit of the transformer due to 
the reception of signals results in a change 
in the intensity of the intermittent or pull 
Sating current through the piate circuits of 
the vacuum tube devices 205 and 208 with 
the result that the intensity of the magnetic 
pole formed by these currents through the 
coils 215 and 217 is changed and the dia 
phragm is urged toward one of the poles 
of the permanent magnets by a force of 
greater or less intensity than before. The 
diaphragm will therefore assume a different 

g 
position and the reflected beam will be 
moved to form upon the tape an impression 
corresponding to the signal received. In 
this form of receiving apparat is it is desir 
able to have the galvanometer dead beat and 
for this purpose the tension of the dia 

30 

40: 

phragm should be adjusted so that it is out 
of tune with the frequency of the receiving 
signal. I have found with this type of ap 
paratus when the diaphragm is adjusted to 
the frequency of approximately 2000 and 
the frequency of the incoming signals is. 
from 20 to 50% higher that the signais are 
clearly recorded at a rate of approximately 
600 words per minute and this through ex 
tremely bad static conditions. The charac 
ter of record made by the apparatus with 
the type of receiving circuit disclosed in 
Fig. 11 is shown in Fig. 12. . . . 
Fig. 13 shows the somewhat simplified 

form of circuit arrangement in which but 
a single galvanometer coil is employed. The 
coil 250 is connected from the plate 251 
of the thermionic vacuum tube device 252 
to an adjustable contact 253 adapted to 
move over a resistance 254 which latter is 

45 

connected to opposite terminals of the bat 
tery 255. A resistance 256 is connected be 
tween the battely 255 and plate 251, as 
shown. From the drawing it will be seen 
that coil 250 in effect constitutes the bridge 
circuit of a wheatstone bridge of which two 
of the legs are the path through the ther Se S 

mionic device 252 and the lower portion of 
the resistance 254 and the 'emaining two 

60 
by Letters Patent of the United States, is - 

05 

legs are the resistance 256 and the lipper 
portion of the resistance 254. . . . 

It is obvious that the current which it 
the form of apparatus, showi in Fig. 9, 
passes through the galvanometer coils 76, 77 
and 78 may be rectified and thence passes 
around the diaphragin in the iihanner shown 
in Figs. 11 or 13. 
What claim as new and desire to secure 

1. The combination in a signal receiving 
system of a thermionic vacuum tube device 
so connected that audio frequency signaling 
currents will be produced in its output cir-. 

1,658,680 
cuit, an indicating device comprising pernia 
nent magnets, a vibratory diaphragm of 
magnetic material arranged between the 
poles of said permanent magnets, means for 
adjusting the tension of said diaphragm to 
change its natural period of vibration, coils 
connected in the output circuit of said ther 
mionic device and surrounding said dia 
phragm, and an adjustable inductance and 
capacity each connected in shunt to said 

70 

75 

coils and adapted to be tuned to the same 
frequency as that of the diaphragm. 

2. In an electrical apparatus, a movable 
magnetic member arranged in a magnetic 
field, two coils arranged end to end and stir 80 
rounding said magnetic member, two thermi 

a plate, grid and filament, a source of cur 
rent, connection from each of the plates to 
an outer end of each of said coils, a connec 
tion from said source of current to the inner 
end of each of said coils, a connection from 
said source to said filaments, means for in 
pressing an alternating potential upon the 
grids of each of said thermionic devices and 
a source of potential included in the circuit 
to one of said grids. 

3. The combination of a thermionic vacu 

ionic vacuum tube devices each of which have 

85 

90 

um tube device having grid and plate, means 
for impressing upon the grid varying po 
tentials corresponding to the signals re 
ceived, a transformer, the primary of which 
is in circuit with said plate, a second vacuuin 
tube device having a grid, plate and fila 
connected to one terminal of the secondary 
vice having grid, plate, and filament, the 
grid of said third device being likewise con 
nected to the above mentioned terminal of 
the secondary of said transformer, a source 
of potential included in the circuit to said 
last named grid, one terminal of each of said 
filaments being connected together and to 
the other terminal of the secondary of said 
transformer, an indicating device compris 

95 . . . 

ment, the grid of said second device being 100 
of said transformer, a third vacuum tube de 

05 

O 

ing a vibratory magnetic member arranged 
in a permanent magnetic field, oppositely 
wound coils surrounding said magnetic mem 
ber and arranged end to end the outer ter 5 

minals of each of said coils being connected 
to each of the plates of said second and third 
devices, and a connection between the inter 
mediate point of said coils and the other tel 
lminals of each of said filaments, said last 
made connection including 
lent. 

thermionic vacuum tube devices having plate 
and grid circuits, an indicating device com 
prising a movable magnetic member ar 
ranged in a permanent magnetic field, coils 
surrounding said magnetic member and ar 
ranged end to end, one of said coils arranged 
in the plate circuit of one of said thermionic 

4. In a selective receiving apparatus, two 

20 

a source of cur 

125. 
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vacuull devices and the other coil arranged 
in the plate circuit of the other of said ther 
mionic tube devices and means for impress 
sing upon the grid circuits of said thermi 
onic vacuum tube devices alternating poten 
tials whose amplitude corresponds to the im 
pulses it is desired to record, and means in 

8,680 re v 

the grid circuit of one of said vacuum tube 
devices for impressing thereon an additional potential. 
In witness whereof, I have hereunto set 

my hand this 9th day of October, 1922. 
CHARLES A. HOXE. 


