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1 
This invention relates to... electric: signalling 

Systems employing control oscillators, and where 
in the accuracy' of signal reproduction is inde 
pendent of oscillator drift and the-like. 
A principal object of the invention is to provide 

a signalling. System' wherein a control oscillator. 
is used-either at the transmitter or at the receiver, 
and wherein the recording or signal reproduction 
at a receiving point. is controlled by a potential 
Which is arranged to vary symmetrically around 
a mean or Steady value, which mean value is sub 
stantially independent of frequency drift in the 
OScillator. 
Another principal object is to provide a method 

of keying-a signal potential symmetrically around 
a mean value, whereby said mean value...is inde 
pendent of frequency, drift in the transmisson 
channel. 
Another object is to provide an automatic bias 

compensation arrangement for, signalling. sys 
tems Of the keyed-signal type. 
A feature of the invention relates...to, a system 

for transmitting-signals such as telegraph or fac 
simile signals, by means of a variable frequency 
carrier, and wherein the signal reproduction...is 
substantially unaffected by uncontrolled or acci 
dentai frequency drift of the carrier. 
A further feature relates to an improved sys 

ten for transmitting telegraph or facsimile sig 
nals by means of a variable, frequency, carrier, 
wherein the frequency drift of the mean or base 
carrier frequency is automatically compensated 
for, insofar as the reproduced, signals are con 
cerned. 
Another feature relates, to a system of tele 

photo, transmission wherein at regular intervals 
during the Scanning of the subject matter, a series 
of impulses are transmitted. representing. alter 
nately, the extreme shades, e.g., “black and 
"white'; and at the receiver. a.special symmetri 
cally balanced condenser-rectifier network is em 
ployed! which is maintained in electrostatic. bal 
ance under control of said impulses, whereby fre 
quency, drift in the System ahead-of-the-network 
does not interfere with the shade recordings. 
A further feature relates: to an automatic sig 

nal bias-control. netWork for use: in a telegraph 
keying system, whereby the signal-controlled ex 
cursions of a recording-or signal potential are at 
all times Symmetrical With respect to a Zero... or 
base. potential. 
A further feature relates to... a system of teleg 

raphy employing- a carrier of signal-controlled 
frequency excursions on either side of a base fre 
quency, and wherein the reproducing: device at 
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2. 
the receiver is provided with a special signal re 
sponsive network for avoiding Zero wander. 
A still further feature relates to the novel or 

ganization, arrangement" and relative intercon 
nection of parts which cooperate to produce an 
improved variable frequency carrier signalling 
system. - - 

While the invention will be disclosed in connec 
tion with a telephoto or telegraph system, this is 
done merely for explanatory purposes. The ap 
plication of the inventive concept to other kinds 
of signalling will be clear after a consideration 
of the following detailed descriptions and the ap 
pended claims. Accordingly, in the drawing, 

Fig. 1A is a wave diagram representing an 
originalihtelligence message to be transmitted. 
Fig.1B shows how the waveform of Fig. 1A is 

changed at a certain point in the transmission or 
receiving systems. 

Fig. 1C shows how the wave of Fig. 1B is re 
converted to substantially the original wave shape 
of Fig. 1A. 

Fig. 1D illustrates how the conversion of the 
wave of Fig. 1B is distorted under certain'conidia. 
tions. 

Fig. 2 is a schematic and block diagram of a 
typical signalling system embodying features of 
the invention. 
In the transmission of such subject matter as 

photographs and the like over a radio or high 
frequency channel, it has been proposed to em. 
ploy a carrier whose frequency is shifted or varied 
in accordance. With the shade values of succes 
sively scanned elemental areas of the subject 
matter. By this method the base or optimumra 
tio of signal-to-noise is obtained. If during the 
transmission the base or normal frequency of the 
transmitter or carrier varies or drifts, there re sults, a change in the average density of the 
shades. in the reproduced subject matter. This 
undesirable effect is also produced by a drift of the 
local oscillator, when such an oscillator is em 
ployed in the radio receiver for detection" or de 
modulation purposes. For a detailed description 
of one form of carrier shift method of transmis 
sion that may be employed herein, reference can 
behad to U. S. Patent No. 2,387,098, dated Oct. 16, 
1945, the disclosure of which is expressly incor 
porated herein by reference. 
Where the original subject matter is merely 

“black' and “white' e.g., printed or written mat. 
ter, during the transmission period the carrier 
is subjected to. a. statistical excursion ini fre 
quency, between two extremes with respect to its 
normal or base frequency. This also is true where 
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the signals being transmitted are the usual tele 
graph signals of the "mark' and 'Space' kind. 
In Such Systems, it is usual to employ at the re 
ceiver, some kind of filter on which these Square 
waves are impressed, with the object of filtering 
out any extraneous noise frequencies beyond the 
useful pass-band representing the actual signals. 
Such filtering action however, very frequently de 
stroys or Suppresses the harmonic content of the 
Original square-topped signal Waves and leaves 
only the fundamental thereof. It is necessary 
therefore, in such systems, to follow the filter With 
Some kind of a peak limiter or the like, whereby 
the Smoothly rounded fundamental frequency 
waves can be reconstituted into equivalent square 
topped waves. I have found that if the transmit 
ting oscillator or the local beat frequency oscilla 
tor at the receiver is subject to fortuitous fre 
quency drift, there results a change in the normal 
bias of the reproduced signal due to the fact that 
the positive half waves of the reconstituted 
Square-topped waves are not of equal duration. 
with the negative half waves. If the recorder or 
keying device to be controlled by these reconsti 
tuted Waves is arranged to record shade varia 
tions equally on both sides of a mean shade value 
e.g., gray, this lack of symmetry in the recon 
stituted square waves is revealed as a change in 
the average density of the reproduction. 

Fig. 1A shows the original wave shape of tele 
facsimile or telegraph signals which, for pur 
poses of explanation, are assumed to represent 
a series of dots in the original subject matter. 
After these signals are passed through a low 
pass filter at the receiver, they assume the shape 
shown in Fig. 1B. The signals of Fig. 1B are 
then applied in the usual way to a peak limiter 
or the like whereby they are reconstituted into 
Square-topped waves as shown in Fig. 1C.. If in 
the meanwhile, the transmitter frequency has 
drifted, or if the frequency of the local beat 
oscillator in the receiving radio set has drifted 
the base line B of Fig. 1B, will no longer be 
symmetrical with respect to the positive and 
negative excursions but will have a non-Sym 
metrical appearance as represented for example 
in Fig. 1D. I have found that by employing a 
Special form of capacity and rectifier network 
ahead of the limiter, the undesirable effects of 
frequency drift are automatically compensated 
for. 

Referring to Fig. 2, there is shown in schematic 
form a telefacsimile system employing the in 
wention, but With Well-known parts of the System 
omitted for the sake of clarity. The picture or 
other subject matter f, to be transmitted, is 
Wrapped around the usual scanning drum 2, 
which is rotated so that the picture is completely 
Scanned in Successive elemental areas in the well 
known manner by means of an elemental light 
spot from source 3. The reflected light excites 
the photocell 4, whose output is amplified in 
any Suitable amplifying system 5. The amplified 
signals are then applied through a suitable switch 
6 to a radio transmitter preferably of the carrier 
shift type comprising a carrier source 7 arranged 
to generate a normal carrier frequency which 
will be referred to as the base frequency, and a 
frequency shifting arrangement 8, whereby the 
picture signals cause the frequency of the carrier 
to be shifted between predetermined limits. For 
a detailed description of a preferred form of 
carrier shift arrangement that may be used, 
reference may be had to U. S. application Serial 
No. 498,278, filed August 12, 1943, the disclosure 
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4. 
of which is expressly incorporated herein by ref 
erence. This method of carrier shift is to be 
distinguished from Ordinary amplitude modula 
tion of a carrier, wherein the carrier fundamental 
frequency remains and has simultaneously upper 
and lower side bands. The output from device 
8 consists at any given instant of a Substantially 
single frequency carrier which however can be 
varied in frequency. For example, if the Sub 
ject matter is printed matter or other simple 
black and white matter, the carrier may have a 
frequency of 9999.6 kc., when a black area, is 
being scanned, and when a white area is being 
Scanned, the carrier may have a frequency of 
10000.4 kc. It will be clear therefore, that with 
ordinary printed matter and the like the trans 
mitted carrier will make a great number of ex 
cursions above and below its mean frequency 
during each complete transmission, the excur 
sion in one direction from this mean frequency 
being equal to the excursion in the opposite direc 
tion. 
At the receiving station, the shifted frequency 

carrier is applied to any well-known type of 
radio receiver, preferably of the beat frequency 
type, so as to produce beats representing the 
frequency excursions of the transmitted carrier. 
It will be understood of Course, that the beat Oscil 
lator O at the receiver is designed to operate at 
a frequency which When beat against the signal 
from Oscillator Will produce signal frequencies 
to operate the succeeding equipment. 
The beats from receiver 9 which for example 

can be 2000 c. p. S., and 3000 c. p.s., are passed 
though a suitable input filter and limiter and 
then through a discriminator whereby they 
are converted into corresponding pulsating D. C. 
signals. These signals are then applied to a low 
pass filter 2 which suppresses the A. C. compo 
nents and produces at its output variable ampli 
tude D. C. signals corresponding to the original 
signals from cell 4. For a detailed description 
Of a discriminator and filter arrangement that 
is Suitable, reference may be had to U. S. Patent 
No. 2,299,937. As pointed out above, the signals 
applied to the discriminator are substantially 
Square-topped Waves (Fig. 1A) rich in harmonics, 
but at the output of filter 2 they are substan 
tially sinusoidal (Fig. B). In order to recon 
stitute the square-Wave shape, the waves are 
applied to a peak limiting arrangement 3 or 
similar device which is so adjusted that for a 
Small Voltage above the base line B (Fig. 1B), 
the limiter is keyed "on,' and at a small voltage 
below the line B, it is keyed 'off'; thus produc 
ing the Square Wave of Fig. 10. This square wave 
can then be used to control the recording element 
or printing hammer of any well-known form of 
telegraph reproducer or facsimile reproducer. 
So long as the OScillators 7 and to do not drift 

in frequency, the half waves of the reconstituted 
keying signal (Fig. 1C) are symmetrical, both as 
to amplitude and time duration. I have found 
however, that if the frequency of the transmitter 
Or receiver OScillator drifts, it will result in a 
shifting of the base line B (Fig. 1B), for example 
to the dotted line B'. The effect of this is that 
the limiter 3 will no longer operate symmetri 
cally in the plus Or minus directions, but rather 
Will produce a Wave form such as shown in Fig. 
1D. In other words, in the example men 
tioned, the negative bias D will be much greater 
than the positive bias D'. This will result in im 
proper operation of the recording element or 
keyer of the device 4. 
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in order to overcome these difficulties, there...is 
interposed between the filter 2 and the limiter 
3 aspecial network i? 5 (Fig. 2). The resistorf is 
represents the load resistor in the output of the 
filter 2, the Voltage across which is also chang 
ing between the two transmitted walues corre 
sponding to the 'signals from cell A. On the posi 
tive SWings of potential through resistor f6, con 
denser 7 is charged through rectifier 8 to the 
peak voltage of the Signal. The time constant of 
resistor f6 and condenser must below, enough 
SO that condenser 7 will reach its full charge 
during the duration of the signal pulse. The 
Voltage acroSS resistor 9, during this positive ex 
cursion of the signal, remains zero. At the same 
time, because of the poling of rectifier 20, con 
denser 2 transmits the positive voltage across 
resistorf 6-to-resistor. 22. When the voltage:across 
resistors restoresto normal, the negative charge 
on condenser is impressed across resistor 9. , 
Thus, the voltage at point (23 Swings equally, on 
either Side of Zero with respect to ground at the 
values of the peak input signal Voltages. When 
a negative voltage appears across resistor 26, the 
opposite effect occurs, so far as elements f 1, 8, 
F9, and 2, 20, and 22, are concerned. Resistors 
24, 25, are of equal value, therefore the voltage 
between 23 and ground will always vary equally 
in the plus and minus directions. The time-con 
stant of condenser 7 and resistor 9 must be 
such that the charge on condenser, 7 will not 
leak off appreciably through resistor 9 between 
the extreme pulses, and likewise for condenser 2 
and resistor 22. The point 23 is connected to the 
limiter f3 in such a way that for small changes 
of voltage in the positive direction, the limiter 
is keyed "on' and for Small changes of voltage 
in the negative direction the limiter is keyed 
“off.' When "no voltage appears across resistor 
f6 or when the voltage across resistor -6 is con 
stant, the voltage at point 23 with respect to 
ground is Zero. The limiter 3 can then be ad 
justed so that this zero or quiescent condition 
holds the local circuit of the telegraph keyer 26 
'or recording element of the facsimile reproducer 
4 in either “mark' or 'space' position as-de 

sired. The mean or average voltage across re 
sistorf G will not disturb this balance, because no 
direct current is transmitted through condensers 
7 or 2. Therefore, it does not matter whether 

the voltage across resistor B is varying about zero 
or about a plus or negative value. Only changes 
involtages impressed across resistor f6 determine 
the extremes of the voltages at point 23. Thus, 
the transmitter or receiver can drift any amount, 
resulting in any mean voltage across resistor f3 
Without disturbing the balance. The circuit will 
operate equally well when only occasional pulses 
are being received rather than , dots of equal on 
and off duration. In Morse signalling or teletype 
“Signals, the signals are far from Symmetrical in 
regards to the on and off diurations. An important 
application of this circuit is in teletype operation, 
where the slightest amount of "bias' (lengthen 
ing or 'shortening of the mark duration at the 
expense of the space) is extremely harmful. 
As above pointed out, where the telefacsimile 

subject mater is “black' and “white,” the trans 
mitted carrier is statistically shifted between its 
extreme frequencies. However, if the subject 
matter f is a variable density or shade photo 
graph, some means must be provided to shift the 
carrier between its extreme frequency excursions 
a multiplicity of times during the transmission. 
This can be effected by providing contrasting 
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6 
'black and 'white's strips 2,28, on the drum, 
thus a "black' and "white'strip may be inter 
posed between the Spaced edges of the picture i? 
which is Wrapped around the drum. Consequent 
ly, sat each rotation of the drum, the carrier from 
the transmitter is shifted, between its extreme 
frequency excursions. In the case of telegraph 
such as teletype or Morse signal transmission as 
above described, where only two 'extremes of Sig 
nal conditions are encountered, the shifting of 
the carrier takes place, automatically during 
transmission. In the case of a variable:Shade Sub 
ject matter therefore, the point 23 instead of 
being connected through a limiter 3, may con 
trol the recording lamp. 29 of any suitable tele 
photo recorder 23. Under these conditions, when 
point 39 is in its quiescent condition, Sufficient 
current will flow through the recording lamp. 29 
to record mid-gray values of shade, "Whereas the 
two extremes in voltage appearing across re 
sistor. 6 will cause the voltage at point 23 to cor 
respondingly vary between the blackest black'and 
the Whitest white. The half tones transmitted 
between these extremeitones will then alwaySVary 
about the mid-gray value, and a transmitter or 
receiver frequency drift will not cause the aver 
age density of the photo-reproduction to vary. 
Various changes and modifications may be 

made in the disclosed embodiments without de 
parting from the spirit and scope of the inven 
tion. 
What is claimed is: 
1. In an electric signalling system of the type 

employing a carrier whose frequency is purposely 
varied with respect to a mean frequency and 
between predetermined limits representing sig 
nals to be transmitted, means to receive said car 
lier and including a local oscillator to detect 
said signals, signal-reproducing means, circuit 
connections between said receiving means and 
said reproducing means and including a point 
whose potential corresponds to the said detected 
signals, and means between said receiving means 
and said point for, varying the potential of said 
point only corresponding to said signals even 
though there exists undesired frequency drift in 
the said mean carrier frequency during said signal 
detection, the said means between said receiving 
means and said point comprising a capacity and 
rectifier network whereby the potential of said 
point changes only when the signal voltages in 
pressed on said .network are Varying and inde 
pendently of frequency drift in said local oscil 
lator, said network including a pair of rectifiers 

5 having a common return and each connected 
through respective condensers to the said receiv 
ing means, a pair of rectifier load impedances 
having a common junction connected to said 
common return, and an output impedance bridged 
across both said rectifier load impedances, said 
point being located at the electrical midpoint of 
said output impedance. 

2. In an electric signalling System of the kind 
employing a carrier whose frequency is shifted 
symmetrically in opposite directions with respect 
to a mean frequency under control of signals 
above and below a predetermined level, receiving 
means of the beat frequency detector type for .de 
tecting said signals, a filter for the detected sig 
nals for eliminating the frequency components 
outside a predetermined band, a network having 
an output point whose potential varies only When 
said detected signals vary, said network having a 
signal input point and including a pair of Con 
densers and a pair of rectifiers oppositely poled 
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with respect to ground and connected across said 
condensers, means to impress the detected signals 
between said input point and ground, a loadim 
pedance connected across said rectifiers with the 
electrical midpoint connected to ground, another 
impedance connecting said output point Symmet 
rically with respect to said first impedance, and 
a signal responder connected to said output point. 

3. In a system of the character, described, 
means to receive and detect signal voltages from 
a received frequency-shifted carrier, a signal re 
producer, and a network between said receiving 
means and said responder for compensating for 
undesired frequency drift in the carrier, said net 
work comprising a pair of conductors having their 
input ends bridged by a pair of condensers, and 
their output ends bridged by an output imped 
ance, input impedance means to impress detected 
signals on the common junction point of Said con 
densers, means connecting said signal responder 
to the electrical midpoint of Said impedance, a 
pair of rectifiers bridged across said conductors 
adjacent said condensers, said rectifiers having a 
common return to said input impedance and be 
ing connected back-to-back with respect to said 
common return, a pair of impedances bridged 
across said conductors adjacent said first-men 
tioned impedances, said rectifiers and said pair of 
rectifier load impedances also being connected to 
said common return, and said rectifiers being 
oppositely poled with respect to said common 
return. - . . . - - 

4. A receiving system for receiving a frequency 
shifted carrier... whose frequency excursions are 
above and below a mean carrier base frequency, 
said receiver, including in sequence a beat fre 
quency detector. employing a local oscillator, a 
frequency discriminator, a filter, a rectifier-capac 
ity network to compensate for undesirable fre 
quency drift in the mean frequency of Said car 
rier and to compensate for undesirable frequency 
drift in said local oscillator, a peak limiter which 
is keyed on and off in response to small changes 
in signal voltages from said filter, and a signal 
responder connected to said peak limiter, said 
network including a pair of rectifiers having ... a. 
common return and each connected through re 
spective condensers to said receiver, a load in 
pedance for each rectifier, said load impedances 
having a common junction connected to said 
common return, and another impedance, bridged 
across both said load impedances and to the elec 
trical midpoint of which said signal responder is 
connected. - . . . 

5. In a signalling System, means to Scan a Sub 
ject matter having “black' and “white' areas to 
produce symmetrical and substantially Square 
topped signal waves, a carrier generator, means 
to shift the frequency of said generator Symmet 
rically around a mean frequency and between 
predetermined limits corresponding to said 
“black' and “white' areas, means to receive and 
detect said signals and including a frequency 
discriminator and filter for the detected signals, 
a frequency-drift compensating network having 
at least one input point and one outpoint point, 
said network including a pair of rectifiers having 
a common return and connected back-to-back 
with respect to said common return, means con 
necting said rectifiers to the receiving means So 
that only the pulsating components of the de 
tected signals are applied to said rectifiers, said 
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8. 
output being symmetrically connected to the 
combined output of said rectifiers so that Said 
output point is maintained in a quiescent poten 
tial condition even though there exist undesired 
carrier frequency drifts in the system. 

... 6. In a signalling system, electro-optical mean 
to Scan a picture or the like having a range of 
tone values between “black' and “white' to pro 
duce electric picture signals, means to shift the 
frequency of a carrier between predetermined 
limits corresponding to the extreme ranges Of 
Said tone values, means independent of the pic 
ture to subject the carrier to alternate frequency 
excursions between said predetermined limits, 
means to receive and detect the signals from said 
Carrier, a picture shade reproducer, and means 
between the receiver and reproducer for repro 
ducing a range of signal voltages corresponding 
to Said picture Signals. With the mean value of the 
reproduced signals corresponding with the mean 
Value of the original signals and independently of 
any accidental drift in the mean frequency of said 
Carrier, said last-mentioned means including a 
pair of rectifiers having a common return and 
each Connected through respective condensers to 
said receiver, a load impedance for each rectifier, 
Said load impedances having a common junction 
connected to said common return, and another 
impedance bridged across both said load imped 
ances and to the electrical midpoint of which said 
shade reproducer is connected. 

7. A system according to claim 6 in which the 
means for subjecting the carrier to alternate fre 
quency excursions independently of the picture 
comprises longitudinal “black' and “white' strips 
which are scanned in cyclical recurrent intervals 
between the ends of each scanning line of the 
picture. 

8. In a System of the character described, car 
rier frequency drift compensating means com 
prising a pair of rectifiers connected in parallel 
With an impedance, a common ground return 
connection between the junction of the said rec 
tifiers and the electrical midpoint of said imped 
ance, said rectifiers being oppositely poled. With 
respect to Said common return, a pair of conden 
sers connected in series across said rectifiers, a 
Signal input impedance connected between the 
common junction of said condensers and Said 
common return, whereby signal voltages: are im 
pressed in parallel on said condensers, a load 
impedance connected acroSS Said first impedance, 
a signal responder, and means. Connecting one 
terminal of said responder to the electrical mid 
point of Said load impedance and the other ter 
minal of said responder to said common ground 
return. - 

ROBERT M., SPRAGUE. 
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