
E. S. GRIMEs 2,672,504 
FACSIMILE RECEIVER 

March 16, 1954 

6 Sheets-Sheet Filed March 16, 195 

OG 

| 83 L-II 

83 17TH-] 

3:3 

INVENTOR, 
E. S. GRIMES 

BY 

??????? ? 
ATITORNEY 

  

  

  

  

  

        

  



March 16, 1954 E. S. GRIMES 2,672,504 
FACSIMILE RECEIVER . 

Filed March l6, 1951 6 Sheets-Sheet 2 

F. G. 3 

SIGNAL AT XX" 

DETECTED DOUBLE CARRER QUADRUPLE CARRER 
COMPONENTS PLUS ENVELOPE PLUS ENVELOPE 

AT YY A? Y Y' AT Y.Y. 
C 

OUTPUT SIGNA AT ZZ' 

NOISE 
AT XX' 

C2 
NOSE At YY 

NOISE AT ZZ 

? PASS AND OF 
0 " FILTER AAN EBB" 

O 2 4. 6 8 ? 2 

FREQUENCY IN 4C 

INVENTOR. 
E. S. GRIMES 

BY 

????? ??? ????777.97G 
ATTORNEY 

  



March 16, 1954 E. S. GRIMES 2,672,504 
FACSIMILE RECEIVER 

Filed March 16, 1951 6 Sheets-Sheet 3 

24 l |- g 
?? 

9. 20 H -l 
?= 

? 16 -- -- 
-l 2 

? 

9 8 | 
Lld 
g 
O 4 
Z 

? 

F G. 7 

7? 48 
V 

F G. 9 

BACKGROUND 

LITHRESHOLD 
?- ?---------??? -- -- ???????? ????????? ?????????????? ?? ???? ---- -? 

Z 
H 

?2 

Sì 
C 

? INVENTOR. 
CURRENT THROUGH PAPER --> BY E. S. GRIMES 

?%ru 
ATTORNEY 

  

  



March 16, 1954 E. S. GRIMES 2,672,504 
FACSIMILE RECEIVER 

F. G. 

H 

g 

? 25 5O 75 OO 
SIGNAL VOLTS IN PER CENT OF BLACK 

F.G. 2 FIG. 3 

INPUT DB INVENTOR, 
E. S. GRIMES 

ATTOPRNEY 

B 

  

  

  



2,672,504 March 16, 1954 E. S. GRIMES 
FACSIMILE RECEIVER 

AT TORNEY 

  



2,672,504 E. S. GRIMES 

FACSIMILE RECEIVER 

March 16, 1954 

ORNEY AT 

  



Patented Mar. 16, 1954 2,672,504 

UNITED STATES PATENT OFFICE 
2.672.504 

FACSIMILE RECE IVER, 
Edgar S. Grimes, Ridgewood, N. J., assignor to 
The Western Union Telegraph Company, New 
York, N. Y., a corporation of New York 
Application March 16, 1951, Serial No. 215,967 

(CI. 178—6.6) 9 Claims. 
1. 

The present invention relates to telegraphic 
communication by facsimile signals and more 
particularly to receiving and recording facsimile 
Signals. 
When receiving facsimile signals transmitted 

over a radio channel, interference or noise sig 
nals tend to produce background marks on the 
recording copy sheet during spacing intervals, 
i. e., intervals during which the received carrier 
is not modulated with a facsimile signal. These 
interference or noise signals may emanate from 
various sources. One such source, which is 
particularly troublesome when using a frequency 
modulation channel, is an adjacent voice modu 
lated FM signal. Another source, which is of 
particular importance in mobile facsimile re 
COrders, is automotive ignition noise. 
The presence of background marks on a fac 

simile copy sheet causes thi? copy shieet to appeär 
Soiled and materially reduces the legibility of the 
recorded information. 

Accordingly, it is an object of the invention to 
provide facsimile receiving and recording appa 
ratus in which the copy sheet will be substan 
tially free of background marks caused by inter 
ference or noise signals. 
More particularly, it is an object of the inven 

tion to provide facsimile receiving and recording 
apparatus having low sensitivity to interference 
or noise signals during spacing intervals. 
A further object of the invention is to provide 

a facsimile receiver and recorder suitable for 
use on a frequency modulation chiarifiel and iri 
Which background marks on the copy sheet rë 
sulting from interference due to voice modulated . 
FM channels are substantially eliminated. 
Another object of the invention is to provide 

a simple and compact facsimile receiver and 
recorder suitable for use in a mobile installation 
and in which copy sheet background marks re 
sulting from ignitioni or other noise signals are 
substantially eliminated. 

Further objects of the invention will appear 
from the following description. 
According to the invention, these objects are 

achieved by providing a facsimile receiver and 
recorder coupled to the output of a radio receiver 
and comprising a biased facsifhile carrièr fre 
quency multiplier and a recording amplifier 
arranged to shorten and straighten the effective 
recording characteristic of the recording copy 
sheet. 
The invention will now be describëd iñi greater 

detail with reference to the appended drawings 
in whichi: 
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Fig. 1 is a block diagram of a facsimile trans 

mitter Station; 
Fig. 2 is a block diagram of a facsimile receiver 

and recorder in accordance with the invention; 
Fig. 3 illustrates a carrier frequency doubler 

and filter in accordance with the invention; 
Fig. 4 illustrates a carrier frequency quad 

rupler and filter in accordance With the in 
Vention; 

Fig. 5 is a series of curves showing the noise 
and interference suppression characteristics of 
the circuits of Figs. 3 and 4; 

Fig. 6 is a series of curves illustrating the noise 
frequency-energy relationship at various points 
in the circuit of Fig. 3; 

Figs. 7 and 8 illustrate recording circuits for 
facsimile copy sheets; R 

Fig. 9 illustrates the current-shade character istic for a typical recording copy sheet; 
Fig. 10 shows the voltage-current character 

istic curves for a typical recording copy sheet 
included in various recording circuits; 

Fig. 11 shows voltage-shade characteristic 
curves for a recording copy sheet; 

Fig. 12 illustrates a carrier frequency doubler 
provided with a threshold control voltage; 

Fig. 13 shows the transmission loss character 
istics of the circuit of Fig. 12 for two values of 
threshold control voltage; and 

Figs. 14 and 15 show a facsimile receiver and 
recorder in accordance with the invention. 

Referring now to the drawing and more par 
ticularly to Fig. 1, the markings 20 on a copy 
sheet 2 are scanned by a light beam 22 from 
lamp 23, the reflected light passing through a 
small aperture 24 of a diaphragm 25 and onto 
a phototube 26. The speed of movement of the 
copy sheet 2 is adjusted relative to the mark 
ings thereon. So that the facsimile signal de 
veloped across phototube load resistor 27 eon 
tains the desired frequency range. For pur 
poses of illustration, a frequency range of from 
0 to 2000 cycles will be assumed. It is to be 
understood, however, that this frequency range, 
as well as other frequencies and ranges to be 
Specified hereinafter, are given solely for pur 
poses of illustration and are not to be considered 
as limiting. 
The facsimile signal developed across resistor 

27 is applied to D. C. amplifier and inverter 28, 
the output of which is applied to a balanced 
modulator 29. Amplifier and inverter 28 may 
comprise, for instance, a single stage triode 
amplifier. - 

Those portions of the facsimile signal applied 
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to modulator 29 which correspond to marks on 
copy sheet 2 are characterized by maximum 
voltage. The facsimile signal in modulator 29 is 
modulated on an oscillation from an OScillator 
30. If this oscillation has a frequency of 11,700 
cycles, the output of modulator 29 will include 
frequencies lying within the range 9,700 to 13,700 
cycles. A filter 3, intercoupling modulator 29 
and a transfer modulator 32, Suppresses all fre 
quencies lying outside this range. The facsimile 
signal in transfer modulator 32 is nodulated. On 
an Oscillation of 14,000 cycles from an oscillator 
33, the modulated signal being applied to a filter 
34 to SuppreSS all nodulation components lying 
outside the range 300 to 4300 cycles. The re 
Sultant facsimile signal constitutes a 2300 cycle 
carrier having a 2000 cycle envelope. This signal 
is applied to a frequency modulation transmitter 
35 and the resultant FM. Wave is transmitted from 
an antenna, 36. , 
The double modulation process described pro 

duceSan undistorted facsimile signal envelope om 
a carrier having a frequency only slightly higher 
than the range of facsimile signal frequencies. 
Other modulation methods tend to produce ap 
preciable amounts of distortion. 

Balanced modulator 29 and transfer modula 
tor 32 may be of any conventional type. For 
instance, transfer modulator 32 may con 
veniently be realized as a modulator of the type 
shown in U. S. Patent 2,462,093, issued February 
22, 1949, to E. S. Grimes. 
In Fig. 2, an FM wave received on an antenna, 

40 is applied to an FM receiver 4. The received 
FM wave may emanate from a transmitter of the 
type shown in Fig. 1 or from any other FM trans 
mitter. The demodulated output of receiver 4 
is applied to a filter 42. ASSunning the frequency 
ranges of Fig. 1, filter 42 should suppress all 
frequencies lying outside the range of 300 to 
4300 cycles. 
The output of filter 42, which comprises a 

2300 cycle carrier with a 2000 cycle "envelope, 
i. e., 300 to 4300 cycles, is applied to a frequency 
doubler 43, the output of which includes a carrier 
frequency of 4600 cycles having a 2000 cycle en 
velope, i. e., 2600 to 6600 cycles. The output of 
doubler 43 is applied to a filter 44 which sup 
presses frequencies lying outside the 2600 to 6600 
cycle range. A threshold control 45 prevents 
transmission of energy from doubler 43 to filter 
44 except when the energy level exceeds a prede 
termined value. 
The output of filter 44 is applied to a recording 

amplifier 46, the output of which is, in turn, 
applied to a stylus 47 arranged to Scan a copy 
sheet 48 on a drum 49 driven by a motor 59. The 
arrangement of Fig. 2 will be described in greater 
detail hereinafter in connection with FigS. 14 
and 15. 
During spacing intervals, i. e, intervals dur 

ing which a blank portion of the copy sheet at 
the transmitter is being Scanned, the FM re 
ceiver output should have some predetermined 
minimum value such as Zero. In practice, how 
ever, the receiver output during spacing will ex 
ceed the desired minimum value because of in 
terference or noise signals modulated on the FM 
carrier or otherwise present in the receiver. For 
instance, voice modulated FM signals having the 
same or an adjacent FM carrier frequency will 
produce interference signals in the receiver out 
put lying within the voice frequency range. 
Automotive ignition noise, which is predomi 
nantly high frequency in character, will appear 
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at the output of receiver 4 as voice frequency 
noise signals. 
During marking intervals, these interference 

and noise Signals Will be modulated. On the low 
frequency facsimile carrier and will tend to 
vary the shade of the marks produced on copy 
sheet 48. However, Such shade variations are 
not unduly objectionable. During Spacing in 
tervals, on the other hand, the interference and 
noise signals will tend to cause stylus 7 to re 
cord marks, thereby producing the effect of a 
Soiled copy sheet. If these signals are sufficiently 
strong, it may become difficult to differentiate 
between the background and marks. 
The carrier frequency doubler and filter illus 

trated in Fig. 3 Serves to SuppreSS a large propor 
tion of the interference and noise signals present 
in the receiver output during spacing intervals. 
The carrier frequency doubler, which comprises 
rectifier elements 55, 56, 5 and 58 poled as shown 
in Fig. 3, causes the low frequency facsimile car 
rier frequency to double, although modulation 
components in the envelope thereof retain the 
Sane absolute spacing from the doubled carrier. 
In the example assumed, the instantaneous 

value e of the voltage at terminals XX is given 
by the relationship: 

where A is the amplitude of the unmodulated 
11,700 cycle output of oscillator 30, f2 equals 2300 
cycles, ma is the percentage modulation, Eo is 
the amplitude of a voltage having a frequency 
of 2000 cycles, and fi equals 2000 cycles. This 
Wave is rectified by the carrier frequency doubler, 
the resultant wave at terminals YY being given 
by the relationship: 

e = - Eo cos 2 f i++ "??? )-E ? cos 27r ft) -+-- K. K. 
A4 
K 

maA. 
K ( - ?? COS 2arfit) -- 0 8 

Where 

and K2 and K4 indicate amplitude constants. In 
this latter equation, the low frequency facsimile 
carrier of 2300 cycles has been suppressed by 
being balanced out, and new components have 
been generated. These new components include 
a second harmonic of the carrier, indicated by 
A2=sin 2(2aTf2t) where the sin is a function of 
2fa or 4600 cycles, and having the original 2000 
cycle envelope. Also included are successive 
even harmonics each with the original envelope. 
A T filter Section comprising a first series 

branch 59 and 60, a second series branch 6 and 
62 and a shunt branch 63 and 64 intercouples 
terminals. YY and ZZ. The filter passes Sub 
stantially only the Second harmonic of the car 
rier plus or minus the envelope frequencies, so 
that the wave at terminals ZZ' is constituted 
almost entirely by frequencies within the range 
2600 to 6600 cycles. 

Fig. 4, which illustrates a carrier frequency 
quadrupler, comprises a first doubler section 65 
and a first filter Section 66, identical to the 
doubler and filter section, respectively, of Fig. 3. 
However, at terminals ZZ' of Fig. 4 there is added 
a Second doubler section 6 similar to section 65 
and a filter section '68 tuned to a frequency dou 
ble that of filter 66. The carrier frequency at 
terminals BB' is 9200 cycles, while the envelope 
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at this point extends from 7200 cycles to 11,200 cycles. 
. The function of the carrier frequency multiplier 
and filter circuits in Suppressing interference and 
noise signals during spacing intervals will now 
be described in connection with Fig. 5. 

Fig. 5d illustrates the attenuation characteris 
tics of the filter of Fig. 3 or filter 66 of Fig. 4. 
As is apparent from the dra Wing, the filter passes 
a band of frequencies from 2600 to 6600 cycles. 
Fig. 5b shows that the input facsimile signal at 
terminal XX' extends from 300 to 4300 cycles. 
Fig. 5c shows that the major components present 
at terminals YY' constitute a detected band from 
0 to 2000 cycles, a doubled carrier plus envelope 
band from 2600 to 6600 cycles, and a quadrupled 
carrier plus envelope band from 7300 to 11,200 
cycles. As indicated in Fig. 5d, the output sig 
nals at terminals ZZ are constituted by the dou 
ble carrier plus envelope band extending from 
2600 to 6600. 
The above discussion has had reference to 

marking periods during which a facsimile signal 
is applied to terminals XX'. In Fig. 5e there is 
shown a noise or interference voltage band ex 
tending from zero to 1500 cycles. During spacing 
intervals no facsimile signal is present in the re 
ceiver so these noise or interference voltages will 
not be modulated on the facsimile carrier. The 
major portion of the power from interfering voice 
Signals and from ignition noise falls in the band 
from Zero to 1500 cycles, so any suppression which 
can be produced in this band will greatly lessen 
the copy sheet background marking. From Fig. 
5f, it can be seen that at terminals YY the un 
desired voltages occupy a doubled band extend 
ing from Zero to 3000 cycles. As indicated in Fig. 
5g, the filter action suppresses the undesired volt 
ages except those within the narrow band of 
2600 to 3000 cycles. 

If the undesired voltages are again doubled in 
frequency, as by adding additional double-filter 
sections 67 and 68, the undesired voltages at 
terminals AA will lie outside the pass band of 
filter 68, so that there will be substantially none 
of the original undesired voltages present atter 
minals BB'. Of course, Some undesired voltages 
will be present at terminals BB' because some 
of the noise and interference signals will lie above 
1500 cycles and because some of the undesired i 
voltages will be quadrupled in frequency by dou 
bler 65 and will pass through filter 66. However, 
the power of the undesired voltages at terminals 
BB' of Fig. 4 or terminals ZZ of Fig. 3 will be 
sufficiently low so that marking of the copy sheet 
background will be substantially reduced. 

Suppression of noise and interference signals 
in the circuit of Fig. 3 is also illustrated in Fig. 6 
which is a plot of noise voltage versus frequency. 
Curve a represents automotive ignition noise 
present at terminals XX. Curve b shows the 
noise voltages at terminals YY, while curve C 
shows the substantially reduced noise voltages 
present at output terminals ZZ'. 

Fig. 7 shows one recording circuit for copy 
sheet 48. Copy sheet 48 may comprise a non 
electrolytic conducting paper having an electro 
sensitive marking coating thereon and may be of 
the nature disclosed in U. S. Patents Nos. 2,251,- 
742 and 2,528,005, issued August 5, 1941, and Oc- i 
tober 31, 1950, respectively, to B. L. Kline. This 
sheet, which may be represented as a variable re 
sistance element, is connected in Series With a 
resistance '70, the facsimile signals W being applied 
across the series combination. . . . . . . . . . 
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"...In Fig. 8, copy sheet 48 is included in the anode 
circuit of a tube 7. A pair of resistance elements 
T2 and T3 are coupled in series across copy sheet 
48, the facsimile signal V being applied between 
grid 74 and the junction of resistors 72 and 73. 
Cathode 5 is connected to ground, while anode 
T6 is connected to the junction of resistor 72 and 
copy sheet 48. 

Fig. 9, which illustrates the current-shade 
characteristic of a typical copy sheet material 
for a given stylus pressure, indicates that the 
shade is proportional to current through the copy 
sheet over most of the recording range. However, 
at a given low value of current, no mark will be 
recorded on the copy sheet. This constitutes the 
threshold shade of the copy sheet. At high values 
of current, shade ceases to vary with current. 
This constitutes the black shade of the copy sheet. 
It is evident that noise or interference voitage 
applied to the copy sheet during spacing inter 
vals need only produce the threshold current 
through the copy sheet in order to produce an 
objectionable mark thereon. 
The voltage range required to traverse the 

shade producing current range of Fig. 9 is shown 
in Fig. 10, which is a plot of current through the 
copy sheet versus signal voltage. Curved, which 
represents the copy sheet alone, indicates that the 
impedance of the copy sheet decreases from a 
relatively high value at low signal voltages to a 
relatively low value at high signal voltages. 
Using a typical copy sheet, the impedance meas 
ured at 85 Volts was 27,000 ohms, while the im 
pedance at 125 volts was 3,600 ohms. Because of 
the variabie impedance characteristic of the copy 
sheet, the voltage range required to cover the 
entire contrast range may be modified by modi 
fying the circuit in which the copy sheets con 
Stitutes a circuit element. 
The voltage range M of Fig. 10 represents the 

Voltage variation necessary to cover the con 
trast range of curve d. The voltage range M, 
With a typical copy sheet, might be in the order 
of 4 db, or a facsimile carrier percentage modu 
lation of 37%. If a resistance element in the 
order of 10,000 ohms is connected in series with 
the copy sheet, as in Fig. 7, the resulting cur 
rent voltage characteristic is that of curve e. 
The voltage range now required to cover the en 
tire contrast range is materially increased, for 
instance, from 4 db to 14 db. 

If the copy sheet is included in the anode cir 
cuit of an electron discharge tube provided with 
negative feedback, as in the circuit of Fig. 8, 
the voltage range required to cover the entire 
Contrast range decreases to about 8 db. Curve 
f represents the copy sheet included in the cir 
cuit of Fig. 8. The voltage scale of curve f differs 
from that of curves d and e in that it represents 
grid voltage. When the copy sheet is included 
in a circuit similar to that of Fig. 8, the ratio 
of the voltage required to cause a threshold 
marking current to the total contrast voltage 
range is increased relatively to the same ratio 
for the copy sheet alone, as in curved, or in series 
With a resistor, as in curve e. Since an inter 
ference or noise voltage must be higher than the 
threshold voltage to produce a mark on the back 
ground, a circuit which increases this threshold 
voltage and which also permits use of a high per 
centage modulation provides a material reduc 
tion in background marking. 
A comparison of the circuits of Figs. 7 and 8 

with respect to these characteristics is given in 
Fig.11, which is a plot of shade brightness versus 
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could, of course, be used and the voltage regula 
tortubes might be dispensed with. 
The amplified output signal of tubes 40 and 
4 is applied to the primary winding of an out 
put transformer 42, the secondary winding of 
which is coupled to stylus 47. Stylus 47 is caused 
to scan copy sheet 48 by means of a stylus notor 
43. Copy sheet 48 is mounted on a conductive 

surface of drum 49 which is rotated by motor 
50. The surface of drum 49 is connected to 
ground through normally open contacts 44 of 
a relay 45. Relay f45, which may be, for in 
stance, a half nut solenoid, is energized through 
conductors 46 and 47 connected to a control 
circuit 48. . " 
Control circuit 48, which is connected to the 

output of filter 42 through conductors f49 and 
50, is fully disclosed in the copending U.S. pat 
ent application of C. Jelinek, Ser. No. 230,123, 
filed June 6, 1951. 

Control circuit 48 is also coupled, through 
conductors 5 and 52, to a phasing control f 53 
which is mechanically coupled to motor 50 and 
which serves properly to phase the rotation of 
drum 49 in accordance with the received fac 
simile signal. Phasing control f 53, including the 
mechanical coupling to drum 49, is fully disclosed 
in the copending U.S. patent application of Fred 
erick G. Hallden et al., Ser. No. 6,846, filed Feb 
ruary 7, 1948. 

Stylus motor 43 is driven by a frequency gen 
erator 54 connected thereto through conductors 
55 and 56. Frequency generator 54, which 
may be of any desired type that will produce a 
substantially constant frequency, is caused to 
deliver a driving voltage for motor 43 under 
control of control circuit 48. 
While the invention has been described in spe 

cific embodiments thereof and in specific uses, it 
is not desired that it be limited thereto for ob 
vious modifications thereof will occur to those 
skilled in the art without departing from the 
spirit and scope of the invention as set forth in 
the appended claims. 
What is claimed is: - - - - 

1. A receiver circuit arrangement for energiz 
ing a facsimile recorder during marking inter 
vals of a facsimile signal and for suppressing 
energization of said recorder during spacing in 
tervals of said signal, comprising means to de 
modulate a received radio wave having a modu 
lation component comprising said facsimile sig 
na, said facsimile signal comprising a modul 
lated facsimile carrier, a first carrier frequency 
doubler coupled to said demodulation means 
thereby to double the carrier frequency of said 
facsimile signal, means to prevent operation of 
said carrier frequency doubler for signal voltage 
levels below a predetermined value, first filter 
means coupled to said first carrier frequency 
doubler to suppress transmission of frequencies 
lying outside the range of the doubled facsimile 
carrier frequency and its associated modulation 
envelope, a second carrier frequency doubler 
coupled to the output of said first filter means to 
thereby quadruple the carrier frequency of said 
facsimile signal, second filter means coupled to 
said second carrier frequency doubler to suppress 
transmission of frequencies lying outside the 
range of the quadrupled facsimile carrier fre 
quency and its associated modulation envelope 
said facsimile recorder comprising an electric 
stylus arranged to scan a copy sheet having a 
given voltage-current recording characteristic, a 
recording amplifier having an input circuit coul 
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O 
pled to said second filter means and an output 
circuit coupled to said stylus, and circuit means 
intercoupling said output circuit and said input 
circuit in degenerative relationship at the fre 
quency of said multipled carrier thereby substan 
tially to straighten and shorten the effective re 
cording characteristic of said copy sheet, 

2. A receiver circuit arrangement for energiz 
ing a facsimile recorder during marking inter 
vals of a facsimile signal and for suppressingen 
ergization of said recorder during spacing inter 
vals of said signal, comprising means to demodu 
late a received radio wave having a modulation 
component comprising said facsimile signal, said 
facsimile signal comprising a modulated facsimile 
carrier, a first carrier frequency doubler coupled 
to said demodulation means thereby to double the 
carrier frequency of said facsimile signal, first 
filter means coupled to said first carrier fre 
quency doubler to suppress transmission offre 
quencies lying outside the range of the doubled 
facsimile carrier frequency and its associated 
modulation envelope, a second carrier frequency 
doubler coupled to the output of said first filter 
means to thereby quadruple the carrier fre 
quency of said facsimile signal, second filter 
means coupled to said second carrier frequency 
doubler to suppress transmission óf frequencies 
lying outside the range of the quadrupled fac 
simile carrier frequency and its associated modul 
lation envelope said facsimile recorder compris 
ing an electric stylus arranged to scan a copy 
sheet having a given voltage-current recording 
characteristic, a recording amplifier having an 
input circuit coupled to said second filter means 
and an output circuit coupled to said stylus, and 
circuit means intercoupling said output circuit 
and Said input circuit in degenerative relation 
ship at the frequency of said quadrupled carrier 
thereby substantially to straighten and shorten 
the effective recording characteristic of said copy 
sheet. 

3. A receiver circuit arrangement for energiz 
ing a facsimile recorder during marking intervals 
of a facsimile signal and for suppressing ener 
gization of said recorder during spacing intervals 
of said signal, comprising means to demodulate 
a received radio wave having a modulation ?om 
ponent comprising said facsimile signal, said fac 
Simile Signal comprising a modulated facsimile 
carrier, a carrier frequency doubler comprising a 
full wave rectifier circuit coupled to said demodu 
lation means thereby to double the carrier fre 
quency of said facsimile signal, means to prevent 
Operation of said carrier frequency doubler for 
Signal voltage levels below a predetermined value, 
filter means coupled to said carrier frequency 
multiplier to suppress transmission of frequen 
cies lying outside the range of the doubled facil 
Simile carrier frequency and its associated modu 
lation envelope, said facsimile recorder compris 
ing an electric stylus aranged to scan a copy 
sheet having a given voltage-current recording 
characteristic, a recording amplifier having an 
input circuit coupled to said filter means and an 
output circuit coupled to said stylus, and circuit 
means intercoupling said output circuit and said 
input circuit in degenerative relationship at the 
frequi&ncy of said doubled carrier thereby sub-. 
stantially to straighten and shorten the effective 
recording characteristic of said copy sheet. 

4. A receiver circuit arrangement for energiz 
ing a facsimile recorder during marking inter 
vals of a facsimile signal and for SulppreSSing 
energization of said recorder during Spacing in 
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tervals of said signal, comprising means to de 
modulate a received radio wave having a modu 
lation component comprising Said facsimile sig" 
nal, said facsimile signal comprising a modulated 
facsimile carrier, a carrier frequency multiplier 
comprising a full wave rectifier circuit coupled 
to said demodulation means thereby to multiply 
the carrier frequency of said facsimile signal, 
biasing means coupled to said rectifier circuit to 
prevent operation of said carrier frequency mull 
tiplier for signal voltage levels below a predeter 
mined value, band pass filter means coupled to 
said carrier frequency multiplier to SuppreSS 
transmission of frequencies lying outside the 
range of the multiplied facsimile carrier fre 
quency and its associated modulation envelope, 
said facsimile recorder comprising an electric 
stylus arranged to scan a copy sheet having a 
given recording characteristic, a recording an 
plifier having an input circuit coupled to Said : 
filter means and an output circuit coupled to Said 
stylus, and circuit means intercoupling said out 
put circuit and said input circuit in degenerative 
relationship at the frequency of said multiplied 
carrier thereby substantially to straighten and 
shorten the effective recording characteristic of 
said copy sheet. 

5. In a receiver circuit arrangement for ener 
gizing a facsimile recorder during marking inter 
vals of a facsimile signal and for Suppressing en 
ergization of said recorder during Spacing inter 
vals of said signal, the combination comprising 
means to demodulate a received radio Wave hav 
ing a modulation component comprising Said 
facsimile signal, said facsimile signal comprising 
a modulated facsimile carrier, a first carrier fre 
quency doubler comprising a full wave rectifier 
circuit coupled to said demodulating means, first 
band pass filter means coupled to said first car 
rier frequency doubler to suppress transmission of 
frequencies lying outside the range of the doubled 
facsimile carrier frequency and its aSSociated 
modulation envelope, a second carrier frequency 
doubler comprising a full wave rectifier circuit 
coupled to the output of said first band pass filter 
means to thereby quadruple the carrier frequency 
of said facsimile signal, second band pass filter 
means coupled to said Second carrier frequency 
doubler to suppress transmission of frequencies 
lying outside the range of the quadrupled fac 
simile carrier frequency and its associated en 
velope, said facsimile recorder comprising an 
electric stylus arranged to scan a copy sheet, a 
degenerative amplifier having an input circuit 
coupled to said second band pass filter and an 
output circuit coupled to said stylus. 

6. In a receiver circuit arrangement for ener 
gizing a facsimile recorder during marking inter 
vals of a facsimile signal and for suppressing en 
ergization of said recorder during Spacing inter 
vais of said signal, the combination comprising 
means to demodulate a received radio Wave hav 
ing a modulation component comprising Said fac 
simile signal, said facsimile signal comprising a 
modulated facsimile carrier, carrier frequency 
multiplier means couplied to said demodulating 
means, filter means coupled to the output of said 
carrier frequency multiplier means, said facsimile 
recorder comprising an electric stylus arranged to 
scan a copy sheet having a nonlinear voltage-cur 
rent characteristic, a recording amplifier having 
an input circuit coupled to Said filter means and 
an output circuit coupled to Said stylus, and cir 
cuit means intercoupling said output circuit and 
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said input circuit in degenerative relationship at 
the frequency of said multiplied carrier thereby 
to substantially straighten and shorten the effec 
tive recording characteristic of said copy sheet. 

7. In a receiver circuit arrangement for ener 
gizing a facsimile recorder during marking inter 
was of a facsimile signal and for Suppressingen 
ergization of said recorder during spacing inter 
vals of said signal, the combination comprising 
means to demodulate a received radio Wave hav 
ing a modulation component comprising Said fac 
simile signal, said facsimile signal comprising a 
modulated facsimile carrier, a first carrier fre 
quency doubler coupled to said demodulating 
means, a first filter coupled to the output of said 
first carrier doubler means, a second carrier fre 
quency doubler coupled to the output of said first 
filter, a second filter coupled to the output of Said 
second carrier frequency doubler, Whereby noise 
signals are suppressed during the Spacing inter 
was of said facsimile signal, and means Opera 
tively coupling the output of Said Second filter to 
the said facsimile recorder. 

8. In a receiver circuit arrangerient for ener 
gizing a facsimile recorder during marking inter 
walls of a facsimile signal and for SuppreSSing en 
ergization of Said recorder during Spacing inter 
was of said signal, the combination comprising 
Yeans to demodulate a received radio wave hav 
ing a modulation component comprising Said fac 
simile signal, said facsimile signal Coimprising a 
modulated facsimile carrier, a first carrier fre 
quency doubler comprising a full wave rectifier 
circuit coupled to said demodulating means, first 
and pass filter means coupled to said first car 

rier frequency doubler, a second carrier frequency 
double comprising a full Wave rectifier circuit 
couped to the output of Said first band pass filter 
means, second band pass filter means coupled to 
said second carrier frequency doubler whereby 
noise signals are suppressed during the spacing 
intervals of said facsimile signal, and means oper 
atively coupling the output of said second band 
paSS filter means to the said facsimile recorder. 

9. In a receiver circuit arrangement for ener 
gizing a facsimile recorder during marking inter 
Walls of a facsimile signal and for suppressing en 
ergization of Said recorder during spacing inter 
vals of said signal, the combination comprising 
means to demodulate a received radio wave hav 
ing a modulation component comprising said fac 
Simile signal, Said facsimile signal Comprising a 
modulated facsimile carrier, filter means coupled 
to said demodulating means, a recording ann 
plifier, circuit means coupling said filter means to 
Said recording annplifier input, a facsimile re 
corder comprising an electric stylus arranged to 
Scan a copy sheet having a nonlinear Woltage 
current characteristic, said recording atmplifier 
having an output circuit coupled to Said stylus, 
and circuit means intercoupling said anplifier 
output circuit and Said amplifier input circuit in 
degenerative relationship. 

EDGAR S. GRIVES. 
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