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UNITED STATES PATENT OFFICE 
2,453,905 

FACSIMILE RECORDER CONTROL CIRCUIT 
Boris F. Grib, Brooklyn, N. Y., assignor to Times 

Facsimile Corporation, New York, N. Y., a cor 
poration of New York 
Application March 15, 1946, serial No. 654,559 

6 Claims. (Cl. 178-6.7) 
This invention relates to signal inverters for 

electrical communication equipment, particularly . 
telefacsimile receivers and recorders. 
In telefacsimile systems, the signals transmit 

ted are either directly or inversely proportional 
to the amount of light reflected from the copy in 
the usual form of transmitter, depending upon 
whether a negative or a positive transmission is 
made. At the receiver, the signals may be em 
ployed to energize a recording lamp to reproduce 
the picture by exposing the photographic film or 
paper at each elemental area in accordance with 
the amplitude of the transmitted signal. In this 
manner, a reproduction of the copy is obtained 
which is either a "positive' or a "negative' de 
pending upon the character of the signals trans 
mitted from the transmitting station. However, 
by inverting the signals at the receiver so that the 
current through the recorder lamp increases as 
the received signals decrease, a positive recording 
may be made from a negative transmission and 
vice versa. 

In the transmission of news photographs, it is 
usually desirable to record the picture on the 
light-sensitive film as a negative, since as many 
prints can be made from the negative as are re 
quired. However, this method requires develop 
ment of the film and the printing of a positive be 
fore the plate is made. Occasionally when the 
time is short for meeting a publication deadline, it 
would be preferable to receive and record the news 
photo directly as a positive on photographic paper. 
Accordingly it is an object of the invention to pro 
vide an improved signal-inverting recording ap 
paratus adapted for this purpose, so that the oper 
ator at the receiving station can elect to record 
either positive or negative. 
The tone values of the recorded picture are afor 

fected by several factors, some of which are not 
under the control of the receiving Operator. They 
are dependent for example upon the contrast of 
the original copy and the characteristics of the 
photocell modulator and amplifier of the trans 
mitter, as well as the characteristics of the record 
ing lamp and of the recording sheet or film. 
Greatly improved results in the appearance of the 
received picture can often be obtained by expand 
ing the tone range over the entire scale of the re 
cording or a part thereof, and it is another object 
of the invention to provide a signal inverter which 
embodies improved means for expanding the sig 
nals applied to the recording element or for 
changing the recording characteristics by ex 
panding or contracting the tone range as desired. 
Another object of the invention is to provide a 
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2 
simple and reliable signal inverter which will not 
change in adjustment or characteristics over a 
long period of time. 
Other objects and advantages of the invention 

will appear from the following description of the 
preferred embodiments thereof shown in the ac 
companying drawings, wherein 

Fig. 1 is a schematic diagram of a preferred sig 
nal inverter; and 

Fig. 2 is a similar view of a modification. 
Referring to Fig. 1, there are shown in this 

figure the elements of a recording system which 
may be used to record pictures received from a re 

• mote facsimile transmitter of conventional type. 
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Transmitted signals in the form of an amplitude 
modulated carrier are impressed upon the termi 
nals 0 of the recorder equipment. An amplifier if 
is shown connected to the terminals 0 through a 
condenser 2, resistor f3 and gain control 4 for 
amplifying the received signals. The amplified 
signals are impressed upon a transformer fs, in 
the embodiment of the invention shown by way of 
example, the secondary winding of the transform 
er 5 being connected to a rectifier 6 and low-pass 
filter 7. In this manner a direct-current signal 
is obtained in the output conductors 8 of the 
filter, which is proportional to the instantaneous 
amplitude of the facsimile signal carrier im 
pressed upon the recorder. It will be understood 
that the amplifying and rectifying System shown 
forms no part of the present invention except as 
it is used in connection therewith. 
The purpose of the low-pass filter 7 is to 

smooth out the double-frequency ripple from the 
full-wave rectifier 6 and, in case of an unbalance 
in the rectifier 6 or in the windings of transform 
er 5, to filter out the component resulting from 
such unbalance which has a frequency equal to the 
carrier frequency. The carrier signal impressed 
upon the terminals O varies during transmission 
between predetermined minimum and maximum 
Values. It Will be assumed for purposes of ex 
planation that a negative transmission is being 
received, i.e. a train of signals in which the maxi 
mum signal corresponds to the whitest portion of 
the copy and the minimum signal to the black 
shading or tone. r 

In accordance with the invention, when the 
switch 2 is in the position shown, the potential 
across the output conductors 8 of the filter 7 
is impressed upon a vacuum tube or space-dis 
charge device 22 in such a manner as to vary the 
current through the recorder lamp 23, in series 
with said tube, directly in accordance with the 
amplitude of said potential. Thus the current 
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through the lamp 23, which is indicated on the 
associated level meter 24, varies directly with 
the amplitude of the transmitted carrier and 
the lamp may be employed to expose a photo 
graphic film (not shown) to produce a negative 
recording. The film may be supported upon a 
rotating drum which is kept in synchronism with 
the drum supporting the copy at the transmit 
ting station in accordance with the usual prac 
tice. Obviously a light valve or other equivalent 
device may be substituted for the recorder lamp 
23. However the use of a recorder lamp that 
emits a quantity of light which varies with the 
amount of current traversing the lamp, such as 
the Sylvania amp #R-1130B, is preferred. 
As shown the vacuum tube 22, which may be 

an ordinary triode or tetrode, has the anode 
thereof connected directly to the Source of Space 
current and the cathode connected to ground 
through the recorder lamp, and also through a 
shunt path including a voltage regulator tube 
26 and a resistor 2 as shown. The voltage reg 
ulator tube 26 is a gas-filled diode having a con 
stant voltage-drop Over a Wide current range and 
is preferably an RCA #991 tube or equivalent. 
The voltage regulator tube, being in series with 
the cathode of the space-discharge tube 22, main 
tains the cathode bias of the tube substantially 
constant. It also provides a voltage reference 
point for use with controls 28 and 29. 
With the switch 2 in the position shown, for 

negative recording, the positive conductor 8 
is connected through the normally closed right 
hand contacts of the Switch to the control elec 
trode of the tube 22. The negative conductor 8 
is connected through the normally closed left 
hand contacts of Switch 2 to the adjustable tap 
on the potentiometer 28 connected in shunt re 
lation to the voltage regulator tube 26. With this 
arrangement it will be seen that the grid-bias 
on the control-electrode of the tube 22 is equal 
to the rectified potential across the conductors 8 
plus the drop of potential across the portion of 
the potentiometer 28 between the adjustable tap 
and the cathode of tube 22. The latter poten 
tial is constant because of the constant voltagee, 
drop in the voltage regulator tube 26. Accord 
ingly the potential of the control electrode of 
the tube 22 varies directly in accordance with the 
anpiitude of the rectified output voltage of the 
filter or as a direct function thereof. Since 
S&e current traversing the tube 22 and the re 
coice: lamp 23 in series relation therewith in 
3raases as the transmitted carrier increases, neg 
ašiva recording is obtained. The adjustment of 
the potentiometer 23 enables the proper point 
on the characteristic curve of the tube 22 to be 
Selected in Crder to obtain any desired expansion 
of the tone scale by causing the applied signals 
to saturate the tube 22 or to operate over a se 
lected portion of the characteristic curve of said 
tube. Afte" the potentiometer 23 has been prop 
erly adjusted, no readjustinent is required for 
Subsequent transmissions unless the maximum and 
minimum amplitudes of the transmitted carrier 
Vary. 

In order to Vert the signals, for positive re 
cording, the switchi 2 is actuated to its alternate 
position in which the negative conductor 8 is 
connected to the control electrode of the tube 22 
and the positive conductor 8 is connected to the 
adjustable tap on a second potentiometer 29 in 
shunt relation to the voltage regulator tube 26. 
In this case, a increase in the potential across 
the output conductors 88 of the filter 8 in 
creases the negative bias applied to the control 

4. - 

grid of the tube 22, thus reducing the recorder 
lamp current as the amplitude of the impressed 
carrier from the transmitting station increases. 
The potentiometers 28 and 29 are adjusted to ob 
tain a desired initial bias on the grid of the tube 
22, depending upon the amplitude variations of 
the transmitted carrier, and the grid voltage 
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plate current characteristic of the tube employed. 
After proper adjustment of the potentiometer 28 
or 29 has been made, no further adjustment dur 
ing the transmission of successive pictures is ordi 
narily required. . 
The purpose of the voltage regulator tube 26 

is to maintain the Voltage drop across poten 
tioneter. 28 or 29 constant during variations of 
the applied signals. A shunt resistor 3? may be 
connected in parallel With the cathode-anode cir 
cuit of the tube 22 if desired, for the purpose of 
supplying current to the voltage regulator tube 
26 when the current through the tube 22 drops 
to zero. The resistance of the resistor 3 may 
be of the order of A or 42 megohm. In case the 
modulation frequencies are relatively high, by 
pass condensers 32 and 33 may be connected as 
shown to prevent slight fluctuations in the volts 
age across the regulator tube 26 resulting from 
the signal variations. 
The signal inverter shown works equally well 

in the event of a positive transmission, but in 
that case a negative recording is effected when 
the switch 2 is actuated. -N. 

Fig. 2 shows a modification of the invention 
which employs pulsating current for recording. 
In this modification, no filter is employed and 
the output of the rectifier 6, shunted by a re 
sistor 35 to provide a direct-current return, is 
impressed through contacts of a switch 36 upon 
a control tube or space-discharge device 3. The 
switch 36 corresponds to the switch 2 of Fig. 1, 
and when actuated, changes the recording from 
negative to positive (assuming that a negative 
transmission is impressed upon the recorder). 
The tube 37 may be a pentagrid converter, as 
shown, and is employed to key the carrier cur 
rent of fixed amplitude supplied from an external 
Source 38. The frequency of the Carrier Sup 
plied from the source 38 is preferably twice or 
more than twice the frauency of the facsimile 
carrier received from the remote transmitter. In 
this modification, the recording lamp or valve is 
connected through a condenser 39 to the anode 
of the converter tube 37. The cathode and Con 
trol element circuits of the tube 37 are connected 
to the rectifier 6 in the same manner as in Fig. 

except that no filter is shown. The cathode 
circuit includes a voltage regulator tube 4 cor 
responding to the tube 26 and shunt potentiom 
eters 42 and 43 corresponding to the potention 
eters 28 and 29 of Fig. 1. Similarly the series 
resistor is and bypass condensers 45 and 46 cor 
respond to the elements 2 and 32 and 33 of 
Fig. . 

In this modification, with the Switch 36 in the 
position ShoW, the potential Of the Control ele 
ment of the converter tube 37 varies directly in 
accordance with the amplitude of carrier signals 
received from the transmitter, Consequently 
the output; current of the converter varies in a 
manner to effect negative recording. However if 
the switch 36 is actuated to its alternate position, 
the grid variations of the tube 3 are reversed and 
positive recording is effected. The potentiome 
ters 42 and 3 permit the adjustment of the an 
ode current of the tube 3 to obtain proper re 
cording level, 



It will be evident that the invention provides a 
simple and effective arrangement whereby the re 
ceiving operator can record either positive or neg 
ative at will by simply throwing the Switch op 
erating the inverter circuit. In some cases the 
filter shown in Fig. 1 may be omitted or a filter 
employed in the arrangement shown in Fig. 2. 

It is to be understood that the phrase “record 
ing lamp' as used herein shall be construed as 
including a light valve or equivalent device capa 
ble of modulating a beam of light. 
While I have shown two embodiments of the 

invention for the purpose of explaining the prin 
ciples thereof, it is not limited to the apparatus 
or circuits shown by way of example. Warious 
modifications in the apparatus and circuits de 
scribed above will occur to those skilled in the 
art and may be made without departing from 
the Scope of the invention as defined in the ap 
pended claims. 

I claim: 
1. A facsimile recorder comprising means for 

rectifying an amplitude-modulated carrier, a 
space-discharge device provided with an anode, 
a cathode and a control electrode, a voltage reg 
ulator tube connected in the Cathode-anode Cir 
cuit of said space-discharge device, said voltage 
regulator tube being of the type having Substan 
tially constant voltage drop across the terminals 
thereof, a connection from the negative terminal : 
of the rectifying means to the control electrode of 
said space-discharge device, a connection from 

2,458,905 

5 

20 

the positive terminal of said rectifying means to 
said voltage regulator tube whereby the rectified 
carrier signals are inverted in the space-discharge 
device and a recording device in circuit With said 
space-discharge device. 

2. A facsimile recorder comprising means for 
rectifying an amplitude-modulated Carrier, a 
space-discharge device provided with an anode, a 
cathode and a control electrode, a voltage regu 
lator tube connected in series relation with the 

- cathode-anode circuit of said Space-discharge de 

across said potentiometer and a recording lamp 
connected to said space-discharge device whereby 
the current traversing said lamp is controlled by 
the amplitude of the rectified carrier and the 
adjustment of said potentiometer. 

4. A facsimile recorder comprising means for 
rectifying an amplitude-modulated carrier, a 
space-discharge device provided with an anode, 
a cathode and a control electrode, input and out 
put circuits for said space-discharge device, Said 
input circuit including said control electrode, a 
recording lamp in the output circuit of said 
space-discharge device, a voltage regulator tube 
connected in series relation with the cathode 
anode circuit of said space-discharge device, said 
voltage regulator tube being of the type having 
substantially constant voltage drop across the 
terminals thereof, a two-position Switch and 
means including said switch for connecting the 
rectified carrier voltage to the control electrode 
of the space-discharge device either additively or 
in opposition to a portion of the potential acroSS 
said voltage regulator tube to effect either posi 
tive or negative recording as desired. 

5. A facsimile recorder comprising means for 
rectifying an amplitude-modulated carrier, a 
space-discharge device provided with an anode, 
a cathode and a control electrode, a voltage reg 
ulator tube connected in series relation with the 
cathode-anode circuit of said space-discharge de 
vice, said voltage regulator tube being of the 
type having substantially constant voltage drop 
across the terminals thereof, two potentiometers 
in shunt relation with each other and With Said 
voltage regulator tube, means including said rec 
tifying means for impressing rectifying signals 
of reversed polarity upon said control electrode 
and the adjustable tap of the respective poten 

vice, said voltage regulator tube being of the 
type having a substantially constant voltage drop 
across the terminals thereof, means for biasing 
the potential of the control electrode of Said 
space-discharge device jointly in accordance with 
the output potential of Said rectifying means 
and with the voltage drop across said Voltage 
regulator tube, said biasing means including a 
connection from said rectifying means to said 
voltage regulator tube for opposing the voltage 
drop in the voltage regulator tube by the recti 
fied Signal potential and thereby inverting the 
signals in the output circuit of said space-dis 
charge device with respect to the amplitude var 
iations of Said carrier, and recording means in 
the output circuit of said space-discharge device. 

3. A facsimile recorder comprising means for 
rectifying an amplitude-modulated carrier, a 
Space-discharge device provided with an anode, 
a cathode and a control electrode, a voltage reg 
ulator tube connected in the cathode-anode cir 
cuit of said Space-discharge device, said voltage 
regulator tube being of the type having substan 
tially constant voltage drop across the terminals 
thereof, a potentiometer in shunt relation to said 
voltage regulator tube, connections between said 
potentioneter and Said space-discharge device for 7 
biasing the control electrode of said space-dis 
charge device jointly in accordance with the out 
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put voltage of Said rectifying means and the drop 

tioneters and a recordiling lamp connected to 
said space-discharge device. 

6. A facsimile recorder comprising means for 
rectifying an amplitude-modulated carrier, a 
space-discharge device provided with an anode, 
a cathode, a control grid and an injector grid, a 
voltage regulator tube connected to said Space 
discharge device, said voltage regulator tube be 
ing of the type having substantially constant 
voltage drop across the terminals thereof, means 
for controlling the potential of said control grid 
jointly in accordance with the output of Said 
rectifying means and the drop in said voltage reg 
ulator tube, the polarity of the connections of 
Said rectifying means and voltage regulator tube 
to said control grid being such as to invert the 
signals, and a Source of alternating current con 
nected to said injector grid whereby the anode 
current of said space-discharge device Comprises 
a modulated alternating current of the same fre 
quency as said source and varying inversely to 
the variations of Said rectified carrier. 
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