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The present invention relatés to telégraphic
communication by facsimile signals and more
particularly to recéivihg 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 shéet eiritig spacing intervals,
L e, intervals during which the reeeived carrier
is not modulated with a facsimile signal. These
interference or noise signals may emanate from
various sources. One such scurce, which is
particularly troublesome when using 2 frequency
modulation channel, is an adjacent voice modu-
lated FM signal. Another souree, which is of
particular importance in mobile faesimile re-
corders, is automotive ignition hoise.

The presence of background marks on a fac-~
similé copy sheet causes the copy shieet o appear
soiled and materially reduces the legibility of the
recorded information.

Accordingly, it is an objéct of the invension to
provide facsimile receiving and recording appg-
ratus in which the copy sheet will be substan-
tially free of background marks caiised by inter-
ference or noise signals.

More particularly, it is an object of the inven-
tion to provide facsitfile receiving and Fécording
apparatus having low sensitivity to interference
" or noise signals duririg spaeifig ittervals.

A further object of thé liivention is to provide
& facsimile receiver and recorder suitable for
use on a frequericy modulation chanfiel and in
which background mdrks oi the copy shest réx

sulting from intérference dié to voice modulated .

FM channels are substantially elimiinated.

Anotheér object of the inivention i§ t6 provide
a simple and comipdact facdsimile réceiver and
recorder suitable for use in a mobile installatici
and in which copy sheet backgreiund marks re-
sulting from iginition or other hoise signals dve
substantially eliminated. )

Further objects of the ifiventidn will appéss
from the followitig déscription.

According to the inventior, these objects are
achieved by providing a facsirhile receiver and
recorder coupléd to the output of & Fadio receiver
and comprising & biased facsiinile cariiér fre-
quency multiplier and & recording amplifier
arranged to shorten and straighfen the effective
recording chardctéristic of the recording copy
sheet, 3 _

The invention will now be describéd il gréater
detail with referéics to the appefided diawings
in Which: ’ ) '
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Fig. 1 is a block diagram of a faesimile 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 eircuits 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; , )

Fig. 9 illustrates the current-shade character-
istic for a fypical 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 doubiler
provided with a threshold controel voltage;

Fig. 13 shows the transmission loss character=
isties of the circuit of Fig. 12 for two values of
thresheld control voltage; and

Figs. 14 and 15 show a faesimile 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 21 are scanned by a light beam 22 from
lamp 28, the reflected light passing through a
small aperture 24 of a diaphragm 25 and onto
a phototube 28. The speed of movement of the
copy sheet 21 is adjusted relative to the marke
ings thereon so that the facsimile signal de-
veloped across phototube load resistor 27 eon-~
tains the desired irequency range. For pur-
boses 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
21 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 2§ which correspond to marks on
copy sheet 21 are characterized by mazimum
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 31, intercoupling modulator 29
and a transfer modulator 32, suppresses all fre-
quencies lying outside this range. The facsimile
signal in transfer modulator 32 is modulated on
an oscillation of 14,000 cycles from an oscillator
33, the modulated signal heing applied to a filter
34 to suppress all modulation 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 fransmitted from
an antenna 36. .

The double modulation process described pro-
duces an undistorted facsimile siznal envelope on
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 4l
is applied to a filter 42. Assuming 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 fo 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 5. 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-
npantly high frequency in character, will appear
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at the output of receiver 41 as voice freguency
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 47 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, 5T and $8 poled as shown
in Fig. 3, causes the low freguency facsimile car-
rier frequency to double, although modulation
components in the envelope thereof vetain the
same 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:

e==A sin 2xfot+ Ame sin 2xfat—Eo cos 2rf1f

where A is the amplifude of the unmodulated
11,700 cycle output of oscillator 36, f2 equals 2300
cycles, ma is the percentage modulation, Eo is
the amplitude of a voltage having a frequency
of 2000 cycles, and f1 equals 2000 cycles. This
wave is rectified by the carrier frequency doubler,
the resultant wave ai terminals YY’ being given
by the relationship:

e=—E, cos 21rf1t+A2+m“A2( Ej cos 2n i) +

A4+m A4

(—Epcos 2rfid)+ .
where

Aaz=sin 2(2zxfat),
As=5sin 4 2xyal),

and Kz and K4 indicate amplitude constants. In
this latter egquation, 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
Az=sin 2(2xfef) where the sin is a function of
2f2 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 58 and 66, a second series branch 61 and
62 and a shunt branch 83 and §4 intercouples
terminals YY’ and ZZ’. The filter passes sub-
stantially only the second harmonic of the car-
rier plus or minus the envelope freguencies, so
that the wave at terminals ZZ’ is constituted
almost entirely by frequencies within the range
2600 to 6600 cycles.

Pig. 4, which illustrates a carrier frequency
guadrupler, 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 22’ of Fig. 4 there is added
a second doubler section 867 similar to section 65
and g filter section 68 tuned to a freguency dou-
ble that of filter 88. 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. 8a illustrates the attenuation characteris-
tics of the filter of Fig. 3 or flter 66 of Pig, 4.

As is apparent from the drawing, the filter passes’

a band of frequencies from 2600 to 6600 cycles.
¥ig. 5b shows that the input faesimile signal at
terminal XX’ extends from 300 to 4300 cycles.
Fig. 5¢ 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-
hals 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 g facsimile signal
is applied to terminals XX’'. In Fig. 5¢ 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 ighition 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,
57, 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.

59, 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 87 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 at ter-
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 ;

voltages will be quadrupled in frequency by dou-

bler 85 and will pass through filter §3. However,.

the power of the undesired voltages at terminals
BB’ of Fig. 4 or terminals 27’ 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. 8
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 ¢
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--

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 18, the facsimile signals V being applied
across the series combination. .. | C
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“-In Fig. 8, copy sheet 48 is included in the anode
circuit of a tube 71. A pair of resistance elements
12 and 138 are coupled in series across copy sheet
48, the facsimile signal v being applied between
grid 74 and the junction of resistors 12 and 73.
Cathode 75 is connected to ground, while anode
16 is connected to the Jjunction 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 bressure, 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 voltage
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. Curve d, 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 meag-
ured at 85 volts was 27,000 ohms, while the im-
bedance at 125 volts was 3,600 ohms. Because of
the variable impedance characteristic of the copy
sheet, the voltage range required to cover the
entire contrast range may be modified by modi-
fying the ecircuit 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 bPercentage 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-
cult 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 curve d, 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 g mark on the back-
ground, a circuit which increases this threshold
voltage and which also permits use of a high per-
centage modulation provides g material reduc-
tion in background marking,

A comparison of the circuits of Pigs. 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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signal. voltage in -percent: of .signal voltage -for
full black. Cuxve.g represents:the-egpy sheeb.in.
series with a resistor, which..may be:the circuit
of Fig. 7 or the copy sheet: included:in. the anode
circuit of a pentade. The: .contrast of .curve g
varies linearly from black.to-the threshold shade.
Below the threshold .shade there .is..a :sudden
change in contrast to the background :shade:
The threshold accurs .at .approximately :20% -of
full black voltage, and:interference or:noise. valt~
ages below this level will not be recorded.in. the:
absence .of a. carrier.signal, i.-e,, during spacing
intervals.

Curve h represents the circuil.characteristics:
when negative feedback -is employed :in ‘the xe--
cording .amplifier, as. in. Fig. 8. The threshold:
level has now been raised to.approximately-46%..
so that.more than twice the:interference-or.noise
level can be tolerated during spacing intervals.
This represents .an improvement.of :ahout.-6: b
and has been achieved Dby -shortening: and.
straightening the recording.characteristicof the
copy sheet circuit.

The threshold level .of -the copy .sheet .can: be
increased further by adding a small:negative:hias:
to the rectifiers of .the.carrier frequency.doubler,
as shown in Pig. 12 where as bias battery :80:is
shown connected hetween -doubler -65 :and: -ter-
minal Y’. Fig. 13 illystrates the transmission

loss characteristics of .doubler -§5 for two -vdlues: :

of bias. voltage. Curve i represents. zerc -hias,
while curve j represents.a small negative bias
such as —1.5. volts. Making the bias voltage
adjustable provides :a convenient means:of vary-
ing the recording.characterisiic secured by using
negative feedback in-the.recording-amplifier.

In a preferred embodiment .of the invention
using a. single .carxier :frequency doubler-filter
stage, a recording amplifier .of .the type shown

in.Fig. 8.and.a.doubler hias.voltage af —~1.5 walts, 4+

a clear background:was.recorded:on.a copy:sheat,
in _the presence:of interference:at the-ontpub:of:
the. radio.receiver having -a, peak value egualito:
65% of the full black:sighalilevel. This afvan-

tage was achieved, in. part, by shortening and. ,

straightening :the wvoltage~qurnent: mecording
characteristic and, in:part; by suppressingrinter-
ference voltages..

In .order faithfully .to. reproduge: the #rans-

mitted..copy -and to:-achieve full -advantage :in -

noise suppression, it.is desirable: that -the:fac-
simile. transmitter -have- & threshold:similar to
that of. the receiver, that the message back-
ground -produces. no carrier gutput, and;the light-

est:shade desired to, be-recorded:delivers:approzi- -

mately 50% of ;the:black level.

Figs. 14 and- 15, which illustrate o -complete
receiver- circuit-arrangement in.agcordanceswith
the .invention,, correspond generally -to:the -ar-
rangement. shown. in. Fig. 2.

Facsimilesignals intercepted by an antenna:4l;
are demodulated.in M reeeiver &l and.applied.
to0 filter 42. It.is to:be understood that thein-
vention. is. equally -applicable: to-.communication:
systems. other, than. frequency: modulasion,

The: outnut -of filter -42. is: applied: to--carripr-
frequency .doubler -43. which comprises xectifiers
20, 54, 52:and 93 poled, as.indicated.in.the-draw-
ing, to. prowide. .full-wave :rectification, 'The:

junction. of. rectifiers 40.and 82 is:connected:to ;
ground, while the junction-of rectifiers; 81 and:48;

is connected to one epg-of:& resistor94. Resis.
tor-94: is part of: axesistance padi dntercounling
donhler-A3-and:flter:-44.and .comprising resistors:
94;:95, 86, :9%:and 881 .coupled:together to: form:

(=3

' 8
an.H -pad. “The free end .of :resistor 97 is.con-
nected to the movable tapping of a potentiome-
ter :99. :One: end: of ‘potentiometer 99 :is :con-
nected torground, while‘the-.other end:thereof:is:
connected -to the :positive -terminal -of -a battery:
{80. Adjustment of the:fapping.of ipotentiometer
85.«varies the threshold bias:applied:to-doubler43
throygh: resistors 97, 96 .and :84. ‘The effect -off
varying -the. bias voltage appliediio:ithe doubler

- is:discussed ‘hereinbefore.in.connection with: Figs.

12:and13.

‘Filter 44: comprises:twosseries arms 104 and:402:
and’ - two shunt arms 103 .and: 104. 'The -outbut
of -the: filter is applied: ‘to. a. :potentiometer 408

. through a:eapacitor #05: “The tapping:of poten~

tiometer- +05::is connected. ithrough :a. conductor
107 to one end of a. primary -winding {08 of an
input: transformer::108. The-low:side-of peoten-
tiometer 105 is:connected to the other-end of pri--

20. mary winding 198 through a conductor 110.

o

iy

The secondary winding of transformer #09: s
splitinto: two halves #i{ and {2, oppesite ends
of the respective halves being coupled-to .control

grids 43 and {14, respectively; .of amplifier fiibes
< 4d5.and: 416 -in push-pull relationship. One end

of -each: of cathodes i and 11§ -are connected:
togethier andto.ground.. Therother-ends of-cath-.
odes 147 and 8 -are connected dogether and
10: g, source.of heating.current. :Suppressor-grids:
{48 and 428 ave ;conuected fogether .and to-
ground. Screen -grids: A 2..and. 122 are:connected
together-and coupled-torground-through ithe: par--
alis]l combination of ;& capacitor 128 :and a re-
sistor 184, Screen:grids (24 and#22:are dlso-con-

7. nactad toa source. of :positive potential through

a. volkage regulater tibe 125 and.a. resistor 128,
Inclusion.of a ¥oliage regulator iube in:the screen
grid..supply -circuit, prevents -amplifier Aubes. i 1§
and L8 from -drawing current. -untili the high
voltage supply exceeds a Dredetermined -wvalue.
Thus, if a.dynamotor is:used asra.source of high
voltage, the: dynamotor will not be :damaged by
undue -current -drain befere it reaches: operating
speed.

Anocdes. 127 and 128 of tubes fif-and LI6, ve-~
speetively, .are intercougied by a :series. circuit:
including ‘2. capagitar 128, xvesistors: 138, (134, (432
angd 133 and a -capacitor i32. The junction of’
resistors ‘$30-and 134 -and the junction of resis-.
tors ‘182, and 183 ave coupled to canirol-grids (3
and 16 respentively, fhrough secondary wind-
ing halves Lil and §i2; respectively: These-con~
nections provide voltage mnegative feedback for
each.of amplifier tubes 44§ and 1418 The june-.
tion -of resistors 134 and #32 is--connectedto a
source of negative potential -thereby -to provige
an -gperating -grid; ‘bias -potential for amplifier
tubes 115 and 1'35.

Anodes 427 and 128 are .also intercoupled

b through the primary winding halves 135 and 138

of a goupling transformer (37, Adjacent ends
of wingding halves i35.and 138.are interconnected.
and connected to a-souree of positive:potential.
Secondary winding halves 138 and 438 of trans-
former 137 are connected, respectively, -to. the.
controlgrids-of amplifier-tubes-148:and. 14L. The
circuit -connections of amplifier -tubes; {40 and
{1 are identical with those:of tubes. {15 and | I§;

. angwill:therefore:noeb:be set.forthiin.detail..

When: the receivey is to..be used:in:.a :mahile.
ingtellation where-power- consumption:bscomes; 8.
significant:factor, the ampiifier-tubes may advan-
tageously be-realized as type 5618.:and the:veoli~

‘age regulator tubes :as type QA2. Other tules:
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could, of course, be used and the voltage regula~
tor tubes might be dispensed with.

.. The amplified output signal of tubes 140 and
{41 is applied to the primary winding of an out-
pub transformer 142, the secondary winding of
which ig coupled to stylus 41. Stylus 47 is caused
to scan copy sheet 48 by means of a stylus motor
143. Copy sheet 48 is mounted on a conductive
surface of drum 48 which is rotated by motor
50. The surface of drum 49 is connected to
ground through normally open contacts (44 of
a relay 148. Relay 145, which may be, for in-
stance, a half nut solenoid, is energized through
conductors {48 and 147 connected to a control
circuit 148, , o

Control circuit 148, which is connected to the
output of filter 42 through conductors (48 and
150, 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 151 and 152, to a phasing control 153
which is mechanieally coupled to motor 50 and
which serves properly to phase the rotation of
drum 49 in accordante with the received fac-
simile signal. Phasing control 183, 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 143 is driven by a frequency gen-
erator 154 connected thereto through conductors
155 and 158. Frequency senerator 154, which
may be of any desired type that will produce a
substantially constant frequency, is ecaused to
deliver a driving voltage for motor 143 under
control of control circuit 148. ,

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 oceur 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: » o

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-
nal, said facsimile signal comprising a modu-
lated facsimile carrier, a first ecarrier 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 sighal 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 asseciated modulation envélope
said facsimile recorder comprisihg an electric
stylus arranged to scan a copy sheet ‘having a
given voltage-current recording characteristic, a
recording amplifier having an input circuit cou-
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10
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 suppressing en-
ergization of said recorder during spacing inter-
vals of said signal, comprising means to ‘demodu-
late a received radio wave having g mddulation
‘component comprising said facsimile signal, said
facsimile sighal comprising a modulated facsimile
carrier, a first carrier frequency doubler éoupled
to said demodulation means thereby to double the
carrier frequency of said facsimile signal, - first
filter means coupled to said first earrier fre-
quency doubler to suppress transmission of fre-
quencies lying outside the rangs 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 Hlter
means coupled to said second carrier frequency
doubler to suppress transmission of frequéncies
lying outside the range of the quadrupled fae-
simile carrier frequency and its associated ‘modu-
lation envelope said facsimilé 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 civeuit coupled to said second filter wieans
and an output circuit coupled to said stylus, and
circuit means intercoupling said output - ciféuit
and sald 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 o facsithile 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 démodilate
2 received radio wave having a modulation ¢om-
ronent comprising 'said faesimile signal, said fae-
similé signal comprising a modulated faésimile
carrier, a carrier frequency doubler comprising a
full wave rectifier circuit coupled to said -demodu-
lation means thereby to double the ‘Carrier fré-
quency of said facsimile signal, means to prevent
operation of said carrier frequency doubler for
signal voltage levels below g, predetermined value,
filter means coupled to said earrier frequency
multiplier to suppress transmission of frequen-
cies lying outside the range of the doubled fae-
simile carrier frequency and its associated modu-
lation envelope, said facsimile recorder compris-
ing an electric stylus aranged to scan s copy
sheet having ‘a given voltage-current recording
characteristic, a recording amplifier having an
input circuit coupled to said filter méans aid an
output circuit coupled to said stylds, and cirouit
neans intercoupling said output circuit and said
input circuit in degenerative relationship at the
frequency of said doubled carrier theréby sub--
stantially to straighten and shorten the effective
recording characteristic of said copy sheet.

.4 A receiver circuit arrangement for energiz-
ing a facsimile Tecorder during marking intep-
vals of a facsimile signal and. for suppressing
energization of said recorder during spacing in-
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tervals of sald 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 mul- !

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 am-

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 cireuit 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 & received radio wave hav-
ing a modulation component comprising said
facsimile signal, said facsimile signal comprising
o 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 circuib

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 guadrupled fac-
simile carrier frequency and its associated en-
velope, said facsimile recorder comprising an
electrie 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 g 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, 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 oufput 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 2 facsimile recorder during marking inter-
vals of a faesimile 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 & 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
mesns, a first filter coupled to the output of said
first carrier doubler means, a second carrier fre-
aquency 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-
vals of said facsimile signal, and means opera-
tively coupling the output of said second filter to
the said facsimile recorder.

8. In a receiver circuif 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 & 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 comprising a full wave rectifier
circuit coupled te said demodulating means, firs
vand pass filter means coupled to said first car-
rier frequency doubler, a second carrier frequency
doubler comprising a full wave rectifier circuit
coupled 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 g 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 fac-
simile signal, said facsimile signal comprising a
modulated facsimile carrier, filter means coupled
to said demodulating means, a recording am-
plifier, circuit means coupling said filter means to
said recording amplifier input, a facsimile re-
corder comprising an electric stylus arranzed to
sean a copy sheet having a nonlinear voltage-
current characteristic, said recording smplifier
having an output circuit coupled to said stylus,
and circuit means intercoupling said amplifier
output circuit and said amplifier input circuit in
degenerative relationship.

EDGAR S. GRIMES.
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