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This invention relates to electric signalling sys 
tems and more especially to control arrangements 
for use in telegraph systems, telefacsimile systems 
and the like. 

Facsimile transmission can be roughly divided 
into two classes; one where the subject matter 
comprises a gradation of shades or half tones 
between "black' and "white'; the other where 
the Subject matter consists only of two shades, 
e.g., "black' and “white.' Ordinary printed or 
Written matter, line drawings and the like, would 
fall Within the second class. In one known system 
of transmitting half tones by telefacsimile, the 
various shade values are converted into a fre 
quency-modulated carrier which is required to 
handle a range of frequencies, for example be-, 
tween 1800 C. p. s. representing 'black' shades and 
3000 c. p. s. representing “white' shades, the in 
tervening shades being represented by inter 
vening portions of the 1800-3000 cycle spectrum. 
Such frequency converters can be used to trans 
mit either class of subject matter. However, the 
electrical elements of the converter introduce the 
equivalent of a time lag, for example in scanning 
Sudden changes from “black' to “white' and vice 
WeSa. 

Accordingly, it is a principal object of this in 
vention to provide a system for transmitting 
facsimiles of "black' and "white' subject matter 
wherein the Switching of the conversion from one 
frequency to another is effected instantaneously. 
A feature of the invention relates to a simple, 

efficient and improved keying control arrange 
ment which is particularly useful in telefacsimile 
transmission although its utility is not neces 
Sarily limited to that type of system. 
Another feature of the invention relates to a 

novel method of translating two different shade 
values of a facsimile subject into two separate 
representative frequencies. 
Another feature relates to a novel system of 

transmitting "black' and "white' shade values of 
a facsimile Subject, whereby the facsimile ma 
chine proper produces a signal in response to one 
shade value, while the other shade is represented 
by a separate injected signal which is independent 
of the facsimile machine. A 
Another feature relates to a keying arrange 

ment for transmitting spacing and marking tele 
graph signals wherein the Subject matter is 
scanned by facsimile methods to produce a signal 
for marking conditions only, while the interven 
ing spacing conditions are represented by a local 
Source which is independent of the facsimile 
SCalle. 
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A further feature relates to a keying control 
arrangement for transmitting marking and Spac 
ing signals, wherein one signal is raised to a very 
much higher level than the other and both are 
passed through a Special limiting device S0 that in 
the output only one signal is present even though 
both signals are present at the input. 
A further feature relates to a keying arrange 

ment employing two sources of oscillations, one 
representing marking condition and the other 
representing spacing condition, or vice versa and 
with the relative levels of the two signals greatly 
different; in conjunction with a power limiting 
arrangement. Whereby Switching from Spacing 
to marking and vice versa is controlled by the 
"swamping' action of one signal on the other in 
passing through the limiter. 
A further feature relates to a novel form of 

“threshold' and power-limiting arrangement. 
A still further feature relates to the novel or 

ganization, arrangement and relative intercon 
nection of parts whereby a simple and efficient 
transmission of 'black'' and “white' facsimile 
subjects can be effected. 
Other features and advantages not specifically 

enumerated will be apparent after a considera 
tion of the following detailed descriptions and 
the appended claims. 
In the drawing which shows one preferred 

form, 
Fig. 1 is a Schematic wiring diagram of a fac 

Simile transmission System embodying features of 
the invention. 

FigS. 2, 3 and 4 represent modifications of a 
portion of the System of Fig. 1. 

Referring to the drawing, numeral represents 
any well-known form of signal generator such 
for example as a facsimile transmitting machine 
of known type having means to scan the succes 
sive elemental areas of the subject matter to be 
transmitted whereby the shade values of such 
areas are translated into a corresponding elec 
trical signal, e.g., an audio frequency carrier 
signal. For a detailed description of such a de 
vice, reference may be had to Patent No. 2,209,- 
719. The generator is connected through an 
adjustable resistance "pad' 2 to a coupling trans 
former 3. In the case of “black' and “white' 
subject matter, devices and 2 are adjusted so 
that the facsimile signal is of some predetermined 
fixed maximum level when a "black' area is being 
SCanned, and this level drops substantially near 
to Zero when a "white' area is being scanned. 
In other words, for "black' areas there appears 
at the primary winding of transformer 3 an audio 



2 
frequency signal, e. g., 1800 c. p. S. of high level, 
e.g., 30 decibels, whereas for “white' areas there 
is substantially no signal applied to transformer 
2, or if there is, it is of , the lowest possible 
amplitude. 
In the event the signal from device corre 

sponding to “white' areas is not at the desired 
minimum amplitude, for example because of leak 
age conditions in the facsimile equipment, the 
signals are passed through a threshold limiter. 
This limiter comprises a pair of diodes 4, 5, which 
may be in separate tubes or they may be mounted 
within the same tube but electrically isolated from 
each other. The signal from transformer 2 is 
applied to cathode 4a directly, and to anode 5b 
through condenser 6 and resistor . For negative 
half cycles the space between cathode 4a and 
anode 4b is conductive thus applying the Signal 
to grid 3a of the triode 3. On the positive half 
cycles, diode 5 becomes conductive between cath 
ode 5a, and anode 5b applying the signal through 
the condenser 8 and resistor 9. Resistors 0 and 

are merely grid return resistors for a tube f3. 
The anode 3 b is supplied with steady positive 
potential from a suitable power Supply, the posi 
tive terminal of which is indicated in the draw 
ing. A potentiometer 2 and voltage divider re 
Sistor 4 are connected acroSS the power Supply 
source, and another set of voltage divider resistors 
5, 6, are connected across the power supply for 
purposes to be described. 
When a positive bias is applied from potenti-. 

ometer f2 through the secondary of transformer 
3 to cathode 4d and through resistor 9 to cath 
ode 5d., each diode is non-conductive until the 
applied signal from transformer 3 is greater than 
this bias. This condition obtains during the 
negative half cycles on diode 4 and for the posi 
tive half cycles on diode 5. Thus the diodes act 
as threshold limiters for both the negative and 
positive half cycles of the signal waves. In 
stead of providing the cathodes 4a and 5d. With 
a positive bias and tying the respective anodes 
to ground, the cathodes can be tied to ground 
and a negative bias applied to anodes 4b, 5b; 
or in the alternative the cathode of one diode 
may be positively biassed while simultaneously 
a negative bias is applied to the anode of the 
other diode. These two alternative arrange 
ments are schematically illustrated in Figs. 2 
and 3. 
The tube 3 is coupled through a transformer 
to a pair of balanced diodes 8a, 8b, for 

full-wave rectification, the cathodes 9 and 20 
of the two diodes being connected in balanced 
relation across the secondary of transformer 7 
Whose electrical midpoint is grounded. 

Since maximum output is desirable from tube 
f3, transformer T should be a step-up trans 
former and tube 3 should be biassed by grid 
bias resistor 33 So that tube f3 operates as a 
"class A' amplifier or as a "class AB1' amplifier. 
Tubes 8a, and 8b feed a tube 2 which is of 
the double-triode tube, the triodes being ar 
ranged to cutoff plate current to their respective 
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anodes for relatively low grid-bias voltages on 
their respective grids 2fa, 2 lb. The plates of 
tube 2 are connected in balanced relation to 
the primary of transformer 22 and the plate 
voltage is applied through voltage divider 5, 6, 
So that tubes 2 operate at a much reduced plate 
Voltage. The common bias resistor 23 is ad 
justed So as to provide a bias for grids 2a, 2 b, 
approximately half way between zero bias and 
plate-current cutoff bias. Resistor 24 is pref 
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erably of the same value as resistor 23 and plates 
25 and 26 of the diodes are connected in bal 
anced relation through resistors 2 and 28. The 
positive bias on the anodes 25 and 26 of the two 
diodes will equal the negative bias on the grids 
2 a. and 2 b thus providing a balanced and sym 
metrical arrangement. 

Therefore, on positive half cycles the diodes 
8a, 8b will be respectively conductive up to the 

point of grid current flow in tube 2 thus limiting 
the signal waves in the positive direction. On 
negative half cycles the diodes 8a, 8b, are 
conductive, but the grids of tube 2 are driven 
beyond plate current cutoff, thus limiting the 
signal Waves in the negative direction. Conse 
quently, the peak limiter is symmetrical to both 
halfs of the signal Wave cycles, as well as being 
balanced because of the push-pull arrangement. 
This Symmetry has the advantage that Only odd 
harmonics are generated and filter 29 may be 
made to attenuate only the third and higher 
harmonics so that even the poorest filter will have 
little effect on the fundamental frequencies. 
The signals from the filter 29 are therefore sub 
stantially sinusoidal and can be transmitted over 
any channel such as a radio channel to the re 
ceiving apparatus 30. If the apparatus 30 is a 
facsimile receiving machine, it will be operated 
in Synchronism. With the machine f as is well 
understood in the art and will be provided with a 
recording mechanism which is selectively respon 
sive to the marking and Spacing signals so as 
to reproduce the whites and blacks of the orig 
inal Subject matter in the known manner. 
Connected through a resistance 3 to a suitable 

point between resistors 0 and f is a source 
32 of oscillations of substantially uniform an 
plitude but of a different frequency from the 
"black' facsimilie signal frequency. For ex 
ample, source 32 may produce a 3000 c. p. s. sig 
nal for purposes to be described. Merely for 
explanatory purposes the 1800 c. p. s. signal 
from device will be called the "marking' sig 
nal, while the 3000 c. p. s. signal from source 32 
will be called the "spacing' signal. The level 
of Source 32 is adjusted to the point of limiting 
by the peak limiter, but not beyond. I have 
found that for complete squelching or blanking 
of the signal from Source 32, the level of the 
Signal from machine must be about 20 decibels 
greater than the level of the signal from source 
32 or in a voltage ratio of 10 to 1. 
Since the local oscillator 32 is permanently 

connected in circuit, when the machine is in 
operation, two Signals are applied to the peak 
limiter, namely an 1800 c. p. s. marking signal 
from machine representing "black' elemental 
areas of the subject matter being scanned, and 
a 3000 C. p. S. Spacing signal from oscillator 32. 
I have found that when the power level of the 
marking Signal is many times higher than the 
power level of the spacing signal, the presence 
of the marking signal completely masks the 
Spacing signal in the output of the limiter. For 
the best results, the marking signal should be 
about 20 decibels or more higher than the spac 
ing Signal. Thus the marking signal may be of 
the Order of 30 decibels while the spacing signal 
may be 10 decibels or less. 
The operation of the system is as follows. The 

Spacing Signal from source 32 is adjusted to such 
a level that it is just barely limited on its peaks 
by the limiter. In other words, it just reaches 
the Saturation point of the limiter so that any 
drop in the Spacing Signal will give a drop in 
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the output from tube 2 but any increase of the 
spacing signal will give no further increase in 
the Said output. Consequently, when no mark 
ing signal is being received from the device , 
a slightly flattened signal wave appears across 
transformer 22, at the spacing frequency but 
of a fixed maximum amplitude. When the de 
vice is to be set in operation, it is adjusted so 
that its power level at the input to the limiter 
is many times the level of the spacing signal, 
preferably of the order of 20 decibels higher. 
When a marking signal is applied to tube 3 from 
the facsimilie device , it is prefrably at least 
10 times the voltage level of the signal applied 
at the grid of tube f3 from source 32. Under 
these circumstances, at the output of the peak 
limiter, namely at transformer 22, there will ap 
pear substantially only the marking signal and 
it will be of the same amplitude as the spacing 
signal would be in the absence of the marking 
signal. With a level ratio of 10 times between 
the marking and spacing signals, there remains 
Substantially no vestige of the spacing signal 
in the output of the limiter. 

Because of the characteristics of the particu 
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lar limiter described, there will be substantially 
no time delay or transients in the keying or 
Switching between the marking and spacing sig 
nals, nor will there be any chance of interaction 
between the two signals since one is always many 
times the other. The spacing and marking sig 
nals are transmitted over the channel L to a suit 
able facsimile receiver 30, which may be of the 
type described in my application Serial No. 
301,563, the electrical portions of which may be 
as described in said application and the mechani 
cal portion of which may be as described in Pat 
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ent No. 2,209,719. As a result, the 1800 c. p. s. 
signal is translated into a “black' area on the 
receiving paper or film while the 3000 c. p. s. sig 
nal is translated into a “white' area. On this 
paper or film, it being understood that the fac 
Simile transmitting machine and the facsimile 
reproducing machine are - operated in Synchro 
Inism as well-known in the art. 
While in the foregoing, the system has been de 

scribed as employing a threshold limiter between 
the facsimile machine f and the peak limiter 
8a-8b-2, in certain instances, the threshold 
limiter may not be necessary. Thus, regardless 
of the actual signal level corresponding to 
"white' and "black' as delivered by the machine 
l, if the difference between the two signals is rel 
atively great, e. g., 40 decibels or better, the level 
of the signals from the facsimile machine with 
respect to the level of the signals from source 32 
can be adjusted so that a marking signal from 
machine will squelch or blank the signal from 
source 32; while on a spacing signal from ma 
chine the signal from source 32 takes control. 
For example, if the marking signal from the fac 
simile machine is adjusted to 40 decibels greater 
than that required to reach Saturation in the 
peak limiter, and if the source 32 is adjusted to 
20 decibels greater than the said saturation level, 
then the marking signal from the facsimile ma 
chine being 20 decibels greater than the signals 
from source 32, the latter would be blanked. 
However, on a space signal from the facsimile 
machine, the source 32 would be 20 decibels 
greater and would then squelch the Space Signal 
from the facsimile machine. This modification 
however is not as desirable as that illustrated in 
Fig. 1 since it requires a peak limiter of much 
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greater range and the adjustments for the rela 
tive blanking conditions are more critical. 
Warious changes and modifications may be 

made in the disclosed embodiment without de 
parting from the spirit and scope of the inven 
tion. While in the foregoing the tubes 3 and 2 
are shown as of the triode type, it will be under 
stood that multi-grid tubes may be employed. 
Furthermore, while tube 2 is shown as a single 
tube containing two sets of triodes, it will be un 
terstood that two separate triodes can be em 
ployed. Consequently, in the claims the ex 
pression "grid-controlled tubes' includes ar 
rangements where the sets of electrodes, e.g., tri 
Odes, are in a single envelope or in separate en 
Velopes. Fig. 4 shows a modification of Figs. 2 
and 3 wherein the cathode 4a of tube 4 and the 
anode 5b of tube 5 are connected directly back 
to-back, with the cathode 5a positively biassed 
with respect to its anode 5b, and with the anode 
4b negatively biassed with respect to its cathode 
4a. 
What I claim is: 
1. In a facsimile transmission System, a fac 

Simile device having facsimile scanning means 
for producing a signal representing one range of 
shade values of a subject to be transmitted, 
another signal source independent of said device 
and scanning means representing a different 
range of shade values of said subject, the levels 
of said signals being adjusted so that one is many 
times higher than the other, a power limiter de 
vice, and means to impress said signals on Said 
limiter device with such a level difference that 
when both signals are impressed substantially 
only the higher level signals appear in the 
output thereof. 

2. In a facsimile transmission System, facsim 
ile scanning means to scan a Subject to produce 
a signal representing one shade of a Subject 
while substantially suppressing signals represent 
ing a different shade, means to produce a signal 
independent of said scanning means to repre 
sent said different shade, the level of one of said 
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signals being many times the level of the other, 
a device upon which both said Signals are im 
pressed, said device having the property of pro 
ducing in its output a response to substantially 
Only one of said signals when both are impressed 
On its input With said level difference, but ca 
pable of passing either signal alone. 

3. In a facsimile transmission system, facsimile 
means to scan the subject to produce a facsimile 
signal of high signal level representing one shade 
of a Subject and for producing substantially Zero 
signal level for a different shade of said subject, 
a signal source independent of said scanning 
means but representative of said different 
shade, a power limiter device whose output pro 
duces a signal level of predetermined maximum 
amplitude substantially independently of the 
level of the input signal amplitude, means to ap 
ply both said signals to said limiter, the said 
facsimile signal having a power level at the in 
put of said limiter which is many times the 
power level of said other signal So that When 
both signals are impressed upon the limiter only . 
the higher power signal appears in the output, 
but in the absence of said higher power signal at 
the input the lower power Signal appears in the 
output of said limiter. 

4. In a facsimile transmission system, a fac 
simile device for producing a facsimile signal of 
frequency f1 representing one shade of a subject 
to be transmitted, means separate from said fac   



4. 
simile device for producing another facsimile sig 
nal of frequency f2 but representing a different 
shade of said subject, a power limiter upon 
whose input both said signals can be impressed, 
and means to adjust the level difference of said 
signals on the input of said limiter so that said 
limiter acts to suppress substantially entirely in 
its output the signal of lower level. 

5. In a facsimile transmission System, fac 
simile scanning and translating means for pro 
ducing a signal of frequency f1 representing 
“black' areas of a subject to be transmitted 
while producing substantially Zero signals repre 
senting “white' areas of said subject, a Source 
of frequency f2 apart from said translating means, 
a power limiter upon which both said frequen 
cies can be impressed, and means to adjust the 
power levels of said frequencies prior to impres 
sion on said limiter So that one is many 
times the other, whereby when both are in 
pressed on the input of said limiter Substan 
tially only the higher power signal appears in 
the output of the limiter. 

6. In a facsimile transmission System, a fac 
simile machine for scanning a subject to trans 
late the “black' areas into a signal of prede 
termined maximum level and to translate the 
“white' areas into a predetermined minimum 
level, a threshold signal limiter, means to in 
press said signals on said limiter whereby sig 
nals do not appear in the output thereof until 
the signal input level is above said predetermined 
minimum, a source of signal voltage independent 
of said facsimile machine but representative of 
said “white' areas, means to adjust the signals 
representing said "black' areaS SO that the Out 
put of said threshold limiter has a signal level 
many times the level of said independent Signal 
voltage, and a peak limiter device upon which 
both the output of said threshold limiter and 
said separate signal voltage can be simultane 
ously impressed whereby the presence of both 
signals at the input causes the lower level signal 
to be substantially entirely suppressed at the 
output. 

7. A System according to claim 6 in which said 
threshold limiter is of the full-wave type having 
a pair of cathodes and cooperating anodes with 
the cathodes normally statically biased positively 
with respect to the anodes. 

8. A system according to claim 6 in which the 
threshold limiter comprises a pair of diodes on 
the cathodes of which said signals are impressed 
in opposed relation whereby both the positive 
and the negative half waves of the signal cycles 
are subject to threshold limitation. 

9. A system according to claim 6 in which the 
threshold limiter comprises a pair of diodes, a 
signal input circuit having its terminals con 
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nected respectively to the cathodes of said diodes, 
and means to impress a static bias between the 
cathode and anode of each diode so that neither 
diode becomes conductive until the input slig 
nails are above a predetermined minimum ampli 
tude. 

10. The method of telefacsimile transmission 
of “black' and “white' subject matter which 
comprises, scanning the subject to derive fac 
simile signals, generating two carrier frequen 
cies, controlling only one carrier frequency in 
accordance with said scanning, and adjusting the 
power level of one of said frequencies so that it 
is many times the level of the other of Said fre 
quencies, subjecting both adjusted frequencies 
to a common peak limitation to substantially en 
tirely suppress the frequency of the lower power 
level, and causing said suppression to be effected 
only when both frequencies are simultaneously 
subjected to the said power limitation opera 
tion. 

11. The method of transmitting intelligence 
using a plurality of different frequencies each 
representing a corresponding signal condition 
which comprises, adjusting the power level of 
the two frequencies So that One is many tinnes 
that of the other, keying one frequency only 
when one of said signalling conditions occurs, 
subjecting both frequencies to a common peak 
limitation to substantially entirely Suppress the 
frequency of the lower power level, and causing 
said suppression to be effected only when both 
frequencies are simultaneously subjected to Said 
power limitation. 

12. The method of transmitting marking and 
spacing signals which comprises, producing two 
different frequencies representing respectively 
the marking and spacing Signals, adjusting the 
power level of said frequencies so that one is 
many times the other, Subjecting both Said level 
adjusted frequencies simultaneously to a com 
mon power limiting action to Suppress the 10wer 
level frequency, and causing Said Suppression to 
be effected only when said power limiting action 
is effected on both frequencies simultaneously. 

13. In combination, a facsimile Scanner for 
producing an audio frequency carrier modulated 
in accordance with shade values, another source 
of audio frequency carrier of different frequency 
from the first carrier, means to adjust the power 
levels of said carriers So that one is many times 
that of the other, a power limiter for both said 
carriers, means to suppress said first carrier prior 
to impression on said limiter when shade values 
of a certain range are being Scanned, and means 
to impress both said carriers on said limiter 
when shade values of a different range are being 
Scanned. 

ROBERT M. SPRAGUE. 
  


