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DUCING SYSTEM, METHOD, AND APPARA 
TUS 
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Press Wireless, Inc., Chicago, Ill., a corporation 
of Delaware 

Original application April 16, 1941, Serial No. 
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9 Claims. 
1. 

This invention relates to facsimile transmission 
Systems and more especially to such systems 
which employ a transmission medium or link 
that is subject to fading, harmonic distortion and 
the like. 
A principal object is to provide an improved 

System for transmitting facsimiles and the like 
OVer a radio channel, whereby the effects of se 
lective fading, harmonic distortion and the like 
are materially reduced. 
A feature of the invention relates to an im- . 

proved System for converting picture shades and 
the like into a frequency-modulated carrier the 
Spectrum Of Which is confined to the audio 
frequency range. 
Another feature relates to an improved fre 

quency-modulating arrangement whereby the 
Signal amplitude Variations corresponding to pic 
ture shades are converted into a frequency 
modulated audio frequency carrier by a novel 
combination of oscillator tubes and a control 
tube therefor. 
A further feature relates to an improved man 

ner of varying the frequency of an oscillator tube 
by varying the impedance of a grid-controlled 
tube whose anode-cathode discharge path is effec 
tively in shunt to an oscillatory circuit through 
a condenser of low capacity, whereby the varia 
tions of impedance of the control tube are re 
flected as Wariations in shunt capacitance acroSS 
Said oscillatory circuit. 
Another feature relates to an improved con 

Verter for translating the output of a facsimile 
transmitting machine of the type producing pic 
ture signals in the form of an amplitude-modul 
lated audio frequency carrier, into a frequency 
nodulated carrier limited to the audio frequency 
age. 
Another feature relates to a receiver for fac 

simile systems wherein the subject matter is 
transmitted as a frequency-modulated audio fre 
quency carrier, the receiver having means to 
convert the frequency-modulated carrier into 
corresponding amplitude modulations While lim 
iting the conversion to a frequency spectrum 
wherein the uppermost frequency is less than the 
Second harmonic of the lowermost frequency. 
Another feature relates to an improved con 

verter for translating a received frequency 
modulated audio frequency carrier into corre 
sponding variable-amplitude D. C. signals. 
A still further feature relates to the novel Or 

ganization, arrangement and relative intercon 
nection of parts which constitute an improved 
facsimile transmission System. 

(C. 250-6) 
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Other features and advantages not specifically 
enumerated will be apparent after a considera 
tion of the following detailed descriptions and 
the appended claims. 

Referring to the drawings which by way of ex 
ample shows One preferred embodiment, 

Fig. 1 is a Schematic Wiring diagram of the 
transmission end of a facsimile System embody 
ing features of the invention. 

0 Fig. 2 is a schematic wiring diagram of the 
receiving end of a facsimile System embodying 
features of the invention. 

Referring to Fig. 1, the numeral represents 
diagrammatically any well-known form of fac 

5 simile transmitting machine whereby the shades 
or tone Values of successive elemental areas of 
the subject matter are Scanned and translated 
into a corresponding amplitude-modulated audio 
frequency carrier, for example a carrier of 1800 

20 C. P. S. Reference may be had to U. S. Patent 
No. 2,015,742 for a typical machine of this type. 
The output of machine f is applied through 
transformer 2 across the potentiometer resistance 
3, the adjustable arm 4 of which is connected to 

25 grid 5 of amplifier tube 6. The potentiometer is 
also connected through Condenser 7 to the cath 
ode 8. Grid 5 is negatively biassed with respect 
to the cathode by the IR drop caused by the 
plate current flow through resistOr 9; and a suit 

30 able series resistance 0 is connected between 
potentiometer 3 and ground. The steady high 
Woltage potential for plate is applied over con 
ductor 2, series resistor 3 and transformer 
primary 4. Conductor 2 is supplied with high 

35 voltage D. C. from any well-known source con 
sisting for example of the A. C. mains 4a, step 
up transformer 5; full wave rectifier 6; filter 
7, 8, 9, 20 and any well-known voltage stabi 

lizer 2. 
40 The amplitude-modulated A. C. wave from 

transformer 4 is applied to a frequency doubling 
arrangement comprising a twin triode tube 22, 
the input circuits between the grids 23, 24, and 
cathodes 25, 26, being connected in balanced re 

45 lation while the plates are connected in phase to 
the primary winding of transformer 27. The 
output of tube 22 therefore consists of a 3600 
C. P. S. Wave which is amplitude-modulated in 
accordance with the original picture signals from 

50 machine . This wave is then impressed upon 
a full wave rectifier tube 28 in the output circuit 
of which is connected a suitable filter comprising 
elements 29, 30, 3, 32, whereby substantially all 
frequency flutter is eliminated and there is de 

55 veloped across the potentiometer resistance 37, 



2,403,358 
3. 

a D. C. Voltage of Varying amplitude correspond 
ing to the shades of the original subject matter 
Scanned by the machine . 
The rectified signal from tube 28 is applied to 

control a frequency modulator comprising a Var 
iable-frequency oscillator tube 33 and a fixed fre 
quency oscillator tube S4 and a control tube 35. 
The tube 35 may be of the triode type whose conr. 
trol grid 36 is connected to the adjustable arm of 
potentiometer 37 through a suitable bias battery 38 
whereby grid 36 is negatively biassed with respect 
to cathode 39. Plate 46 is connected to ground, 
as is the low potential end of potentiometer: 3. 
The grid-cathode return circuit of tube 36 is 
completed through the control-grid to cathode 
circuit of tube 33 and includes the grid leak re 
sistor 4 and the lower Section of oscillator coil 
42. Coil. A2 is shunted by an adjustable tuning 
condenser A3 and this combination of coils and 
condenser is connected to the control grid 44, 
through a very low capacity condenser 5, for 

*...example of about . .000i mfcd. ... It will be. Seen 
...therefore that the oscillatory: circuit formed by 
42 and 43 is effectively shunted by a circuit Con 
sisting of the condenser. 45, resistance. 4. and the 
cathode-to-plate ... discharge... path of tube .35. 

... Consequently, the frequency of oscillation of tube 
33 is determined in part by the elements: 2, A3, 
as well as by the effective. shunt capacitance of 

... condenser. 45 which in turn- is controlled-by-tube: 
i: 35. It will be noted that while.the plate. 40 of the 

control tube 35 is connected to ground, it is effec 
- itively. at positive potential with respect. to the 
cathode 39 when the tube 33 is in an oscillating 
state since in that condition a grid-current flow: 

- exists between the grid 44 and the .cathode 46 is 
of such a polarity as to render the grid .44 and 
consequently the cathodes 39 negative. With re 
spect to ground. This is a D.C. potential differ 
'ence because of the rectifying effect between the 
cathode 36 and grid-44. 
Tube'.33 is a so-called electron-coupled-oscil 

lator, for example a tubes of the type-6J7 com 
prising a cathode 46, control-grid-44, shield grid 
47, suppressor grid 48 and plate-49. The upper 

- section of coil 42 is connected between 4 and 46 
while the lower section of coil: 42 is connected 

r between 46 and 47, thus generating oscillations 
by feed-back action. The elements 44; 46 and 4, 
form in effect a triode oscillator of which the ele 
ment 47 is in effect the anode, the plate 49 acting 
as a collector electrode for the electrons passed 
by grid 47. The oscillator 34 is similar to oscil 
lator 33 except that the feed-back coil:50 is 
shunted by a fixed condenser 5i and the control 
grid 52 is returned directly to ground through 
the leak resistor 53. In both oscillators the re 
spective suppressor grids may be connected di 
rectly to the associated cathodes. The controlled 
oscillator 33 is designed and set so that' varia 
tions of frequency can be effected over a range 
of 1000 cycles corresponding respectively to the 
range of tone values or shades in the subject 
matter being scanned by the machine ... “Thus 
oscillator 33 by means of potentiometer 37 and 
bias battery 38 can be adjusted so that for white 
shades there is generated a frequency of 265.5 
k, c., and for black there is generated a frequen 
cy of 266.5 k, c. The oscillator. 34 may generate 
a fixed frequency of 262.0 k. c. The outputs of 
the two oscillators are applied to a common mix 
ing tube 54 which may be of the type 6J7. The 
variable frequency voltages developed across re 
sistor 55 are applied through coupling condenser 

4. 
56 to the the first control grid 57 of tube 54, the 
said grid being normally negatively biassed by 
cathode resistor 58; a suitable leak resistor 59 be 
sing provided. Likewise, the fixed frequency volt 
age developed acroSS resistor 60 is applied 
through coupling condenser 6, to the second con 
trol grid 62. A suitable steady positive potential 

... is applied to the "anode-grid' 63 by means of 
conductor 64. The fourth grid 65 is connected 

O directly to the grid 57. By the well-known ac 
tion of this type of tube, there is developed acroSS 
the plate load resistor 68 voltages whose fre 
quency is determined by the difference frequency 

5 
between: the Oscillators 33 and 33. In other 
words, under the above assumed conditions, there 
is developed an audio frequency band of from 

- 3500 to 4500 C. P. S. This variable frequency sig 

20 

nal is applied to the output transformer 6 
through a radio frequency choke coil 68 and cou 
pling condenser 69 of the order of .005 mfcd. The 

... audio frequency modulations may then be ap 
plied to control the amplitude modulation of any 

... well-known form of radio transmitter represent 

25 

30 

ed., schematically by the numeral. i0. It will be 
observed therefore, that the signals represent 
ing the shade values are in the form of audio fre 
quency, modulations having a frequency spectrum 
between 3500 and 4500 C. P.S., so that the up 
permost signal frequency, namely 4500. C. P.S. is 
less than the second harmonic of the lowermost 
signal frequency, namely, 3500 C. P. S. 
At the receiving station, the received radio 

...wave is detected and amplified by any well-known 

40 

form of radio receiver whereby the 3500-4500 
audio frequency spectrum is applied to the cou 
pling: transformer. 2. Part: , of : the... output of 
transformer 2 is fed, to a volune, controlled an 
plifier tube.73, for example of the type. 6L7;...and 
spart of the output of transformer T2 is applied to 
the volume control or regulator. tube: 74. Which 
may be of the type 6R7. For the purpose of con 
trolling the output levels, the first control grid 

...f5 of tube.73 is connected to a variable: tap 16 
on the potentiometer.resistance.T.. Likewise, the 
control grid 78 of the regulator tube .4 is con 
nected to...an adjustable tap 9. The tuber 74 is of 

: the delayed action type and does not startifunc 
...tioning. until... a. predetermined iminimum input 
level, e.g. - 12 db. is reached, then the regulator 

50 tube.74, takes control and holds the output. of 
tube 73 constant to within approximately 0.5: db. 

... until a level of 2 db. is reached corresponding to 
...the... beginning of overloading of...the amplifier. 

55 
The steady: potentials for the plate. 85);and for 

, the plate 8; areapplied over conductor,82. from 
"the high Voltage, D.C. supply unit which may be 
similar to that used at the transmitter.compris 
ing A. C. mains 83; step-up transformer;84; full 

... wave rectifier85; filter. 86,87.88, -89, and voltage 
O stabilizer:99. In accordance with the Well-known 

operation of the type: 6R tube, that is tube 14, 
... as the plate current increases it applies a corre 

65 

Sponding: increased potential: to the ; auxiliary 
anodes. 9d whereby a corresponding biassing. po 
tential is developed across the: cathode resistor 
92 thus controlling the current to, plate: 80; and 
therefore determining the potential of the second 
control, grid. 93 of tube T3. A suitabie.combina 

O 
tion of resistors 94, 95 and condenser;96, are pro 
vided having a predetermined time-constant to 
determine the extent of delay of action of the reg 

... ulator tube 74 on grid: 93. 

5 

The plate or output circuit of tube. 13 is con 
nected through a resonant, circuit consisting of 
the series condensers. 97,98, resistor, 99 and a par 



2,408,858 
5 

allel winding OO of the coupling transformer of 
and shunt condenser 03. The elements of the 
combination 9 to 03 are chosen in magnitude 
so as to provide a resonant circuit which is res 
onant at 3500 C. P. S. and which has a sloping 
characteristic on either side of 3500 cycles With 
a maximum attenuation at 2500 and 4500 cycles 
respectively. Consequently the signals that are 
applied to the control grid 04 of a succeeding 
amplifier tube 05 are confined to the range be 
tween 2500 and 4500 C. P. S. Consequently, if 
there has been any harmonic distortion in the 
form of frequency doubling at any point between 
the transmitter To and the receiver T, it is ef 
fectively eliminated since the second harmonic 
of the lowermost signal frequency of 3500 C. P. S. 
is not passed to the amplifier tube fo5. Tube 05 
may be of the type 6N7 for amplifying the 2500 
4500 spectrum applied to the control grid thereof. 
The output of tube 05 is then passed through 
a frequency doubling tube 06 of the type 6N7 
similar to the tube 22 at the transmitter. The 
doubled frequency signals are then applied to the 
full wave rectifier tube foll, the circuit of which 
includes a suitable filter comprising elements 08, 
09, O, f, 3, 4, 5, 6, whereby substan 

tially all frequency flutter is eliminated and the 
voltage developed across the potentionetter re 
sistor consists of D. C. signals With amplitude 
variations substantially identical With the ampli 
tude variations from the tube 28 at the trans 
mitter. These D. C. amplitude variations which 
represent the original picture shades at the trans 
mitter machine , can be used to control the 
reproducing element of any Well-known form of 
facsimile reproducing machine represented by the 
numeral 8 which is maintained in time and 
phase synchronism with the transmitting ma 
chine in any manner well-known in the fac 
simile art. If the machine 8 is of a type which 
is controlled by a modulated audio frequency 
wave, then it is necessary to convert the Variable 
amplitude D. C. signals across resistor it into a 
corresponding amplitude-modulated audio fre 
quency carrier. For this purpose, there is pro 
vided an audio frequency oscillator tube 9 Which 
may be of the type 6J having a feed-back oscil 
lator coil 20 connected between the control grid 
2 and the cathode 22, another section of this 

coil being connected between the cathode 22 
and the “anode-grid' 23. The suppressor grid 
24 may be connected directly to the cathode. A 
tuning condenser .25a is connected across the 
oscillatory circuit to control the oscillation fre 
quency, for example i800 C. P. S. The Operating 
potentials for the “anode-grid' 23 and the col 
lector plate 26d. are derived over conductor 
82. The 1800 cycle signal from Oscillator 9 is 
applied in push-pull relation to the input grids 
25 of the mixer tubes 26, 27, which may be 

of the type 67. The D. C. signals representing 
the picture shades are tapped off from the poten 
tionetter 7 and are applied in parallel to the 
second control grids 28 of tubes 26, 27. The 
plates of the tubes 26 and 2 are connected in 
balanced relation through the output resistor 29, 
the steady plate potentials being derived Over con 
ductor 30. Consequently there is developed 
across resistor 20 an 1800 cycle signal having 
amplitude modulations corresponding to the orig 
inal picture shades. This amplitude modulated 
Wave is then passed through a Suitable amplifier 
3 which may be of the type 6N7 preferably con 

nected to operate as a "class A' output amplifier 
to raise the signal to the desired level for con 

O 

5 
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25 
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40 
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6 
trolling the reproducing element of the facsimile 
machine 8. 
I have found that with the foregoing arrange 

ment, a Satisfactory picture having a wide range 
of tone values can be transmitted over long dis 
tances either by Wire or by radio and the effects 
of fading and harmonic distortion such as fre 
quency doubling and the like in the transmitting 
link, are substantially eliminated. While specific 
apparatus and circuits have been disclosed for 
achieving the objects of the invention, it will be 
understood that various changes and modifica 
tions may be made therein without departing 
from the Spirit and scope of the invention. 
This application is a division of application 

Serial No. 388,742, filed April 16, 1941. 
What is claimed is: 
1. A frequency modulating System comprising, 

a Source of signals of variable amplitude and 
means to Convert Said amplitude Variations into 
corresponding frequency Variations for signal 
transmission and representing the signals from 
Said Source including a tuned inductance and a 
Variable shunt circuit across said tuned induct 
ance, Said Wariable shunt circuit including in se 
ries a low capacity condenser and a grid-con 
trolled electron tube. With its anode at Substan 
tially ground potential; and means to impress 
Said variable amplitude signals between the grid 
and anode of said tube varying said shunt and 
thereby to control said conversion. 

2. A frequency modulating system comprising, 
an OScillator tube for generating variable fre 
quencies Said tube having a D. C. control grid 
cathode return circuit, a control tube for vary 
ing the frequency of Said oscillator tube, said 
control tube having an anode, a cathode and a 
control grid, said anode being grounded, and a 
D. C. return path for the anode-cathode 
said control tube including the control grid to 
cathode D. C. return circuit of said oscillator 
tube, and means to vary the conductivity of said 
control tube by variable amplitude signals ap 
plied between the control grid and anode of said 
control tube to thereby produce frequency-mod 
ulated Waves representing original signals to be 
transmitted. 

3. A frequency modulating System comprising, 
an Oscillator tube for generating variable fre 
quencies, a control tube for varying the fre 
quency of Said Oscillator tube the plate of said 
control tube being Substantially at ground po 
tential, a D. C. circuit to bias the control grid 
of Said oscillator tube with respect to its cath 
Ode, said circuit including the D. C. return cir 
cuit of the anode-cathode discharge space of 
Said control tube, and means to vary the con 
ductivity of Said control tube by variable ampli 
tude signals and thereby to vary said bias ap 
plied between the control grid and anode of said 
Control tube and to cause said oscillator tube to 
produce desired frequency-modulated waves rep 
resenting the Original Signals to be transmitted. 

4. A System according to claim 3 in which said 
control tube has its anode substantially directly 
grounded and the potential for the space dis 

70 

s 

charge between the cathode and anode is de 
rived substantially directly from the grid poten 
tial of Said Oscillator tube. 

5. A frequency modulating system comprising, 
an OScillator tube of the electron-coupled type, 
a control tube for Said oscillator tube for vary 
ing the frequency of the oscillations, said con 
trol tube having a cathode, an anode and a con 
trol grid with the anode at ground potential, 



7 
means connecting said control tube to said oscil 
lator tube so that the potential for producing 
the space discharge between the cathode and 
anode of said control tube is derived from the 
grid potential of said oscillator tube, and means 
to impress D. C. signals between the grid and 
anode of said control tube to vary thereby the 
frequency of said oscillations. - - 6. A frequency modulating system comprising, 
an oscillator-generator tube, a tunable oscilla 
tory circuit connected to said tube, and another. 
circuit connecting the control grid of said oscil 
lator tube to ground said other circuit including 
a grid-controlled electron tube having its cathode 
connected to the grid of said oscillator tube and its plate substantially at ground potential, the 
grid of the last-mentioned tube being connected 
to a source of D. C. signal potentials for varying 
correspondingly the potential between the grid 
and anode of said electron tube and thereby 
varying the frequency of said oscillations to rep 
resent the original signals to be transmitted, and 
a utilization circuit to which said varied fre 
quency oscillations are applied. 

7. A frequency-modulator arrangement for 2 
converting amplitude modulations into frequen 
cy modulations for transmission and represent 
ing original signals to be transmitted compris 
ing an oscillator-generator tube having a circuit 
connected thereto for generating oscillations by 
feed-back action to a control grid of said tube, 
a variable resistance tube having a cathode, an 
anode at ground potential and a control grid, 
means connecting the D. C. return circuit of the 
anode-cathode space discharge path of said vari 
able resistance tube in common with the D. C. 
return circuit of the oscillator-generator tube so 
that the rectified grid current of the oscillator 
tube flows therethrough, and means to impress 
amplitude-modulated signals between the control 

5. 

0. 
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8 
grid and anode of said variable resistance tube 
to vary thereby the frequency of the oscillations 
from said generator tube, and a utilization cir 
cuit to which the varied frequency oscillations 
are applied. 

8. In an electric wave signalling system of the 
frequency modulation type, wherein the signals 
are transmitted over a communication channel 
which introduces distortion such as frequency 
doubling and wherein the frequency modulated 
signals are limited to an audio frequency spec 
trum wherein the uppermost frequency is less 
than the second harmonic of the lowermost fre 
quency, means to receive and reproduce said sig 
nals, comprising a grid-controlled amplifier tube, 
a grid-controlled regulator tube therefor, means 
to impress a portion of the received signals simul 
taneously on the control grids of both tubes, 
means normally biassing the control grid of the 
regulator tube so that it exerts substantially 
negligible control on said amplifier tube until 
the incoming signal level is above a predeter 
mined value, said amplifier tube having a level 
control grid, means to impress on said level con 
trol grid a D. C. potential controlled by the plate 
current of said regulator tube, and a network 
in the output of said amplifier tube which is 
resonant at a frequency approximately midway 
of said spectrum and which has maximum at 
tenuation at the upper and lower ends of said 
spectrum. - 

9. A system according to claim 8 wherein said 
resonant network is connected to a frequency 
doubler and then to a rectifier, and the rectifier 
is connected to an audio frequency oscillator so 
as to produce modulations therein under control 
of said rectifier. 

ANTHONY E. GERHARD. 
EVEREIT. G. FRAIM. 


