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5 Clalms
. This mvention relates to telephoto or telefac-

simile systems, and more particularly to a system- - .
‘of this- character employing a constant-ampli--

tude; variable-frequency sub-carrier.
Frequency modulation has beé€ proposed for
facsimile trahsmission but the prior systems have

- been rather complex and difficult to line upand -

maintain in adjustment, However the use of &
frequency-modulated , sub-carrier presents out-
standing advantages where high quality record-
ing is desired, especially where a long radio chan-
nel is employed, since the distortion produced by

fading, echo, parasitic disturbances and the like

" i{s:substantially eliminated. Consequently the ob-

_ject of my invention, in general terms, is to sim..

plify systems of this character in which the fre-
‘quency. of the sub-carrier is varied In: e.ccordance'
_with signal variations.

A further object of" my invention is to provide_

an. immoved arrangement for generating a fre-
_quency-modulated sub-carrier.

‘A still further object of my invention is to

“improve wave-signalling systems - ‘employing a

low-pass filter having g linear frequency-attenu.

-ation characteristic’ as a signal diécriminating
element at the receiver,

Other objects and advantages of the invention

will become apparent from the following deserip-

tion of the preferred embodiment thereof shown’ :

- on the accompanying drawing, wherein :
 PFig. 1 1s a circuit dlagram of a phototransmis-
. slon system embodying -the invention, and ¢ -

Figs. 2 and 3 are graphs illustrating the rela- -

. “tion betweeén light intensity, signal amplitude and
frequencyjn the system of Fig. 1.

For purboses of illustration, the invention ie .
‘shown as emhodied in a phototransmission sys-..~

"tem having a .transmitter and receiver of con-

yentional type but is not necessarily limited to »;
*. such a system. It may also be utilized in con-
nection: with other systems involving the trans. .

-mission of variable signals over a radio link or
* high ‘frequency channel,
‘the drawing, the system shown comprises & tac-
. gimile transmitter 10 arranged to modulate a
.- radio transmitter i1..

*_simile receiver or recorder {3 adapted to repro-

duce the photograph or copy on the drum of the. -

transmitter 10 in response to transmitted signals.

- The transmitter {0 and recelver 13 are lllustrated'
"a8 of the drum type, and ‘may be 91 any conven- .

" tional construction; for example, ‘as shown in

" the prior Patent No. 2,015,742 to A. G. Cooley -

" dated October 5, 1935 or of the well-known type

Referring to Fig. 1 of

The receiving station com-
--priseés a radio receiver 12 connected.to a fac-- '

1943, Serial No. 478,198 .
(C1. 1718—6) .

. using a recording lamp 1n the receiver.  The
transmitting and recording drums may be phased
" ag shown in the.patent to A. G. Cooley No. 2,275,-
. 249 dated March 3, 1942, and the drums may be
.driven by constant-speed motors to.avoid the
" necessity for transmitting synchronizing signals,
if desired. .
-'The output signals from the facsimile trans-
mitter 10 are rectified in the full-wave rectifier
10 I8 and smootheéd out in low-pass filter 16. It
* may be assumed for purposes of explanation that
the output signal level variastions from trans- -
mitter 18 are directly proportional to the changes
in light or shading of the picture or copy being
scanned. This relationship is represented by the
graph of Fig. 2. If a non-linear relationship be- -
. tween signal and light,pick-up is involved, suit-
able correction or compensation can be made if
desired;: -

The low=-pass ﬁlter |6 is designed to reduce the
"component of the rectified‘current resuiting from .
the alternating-current variation or chopping im-
pulses employed in connection with the optical-
pick-up in the. transmitter 10. If the latter is
1800 C. P. 8., the filter 18 may cut off at 1200
C.P.8,, for exa.mple
The rectiﬂed signal variations in the output -
.. of the filter (6 are dpplied toa frequency modu-

lator: tube 20 arranged to control the beat fre- :
30 quency generated by the oscillators 21 and 22, in
" connection with-the mixer 23. The variable-fre- -
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quency signals are: controlied in accordance with ‘

the invention, as explained in detail hereinafter,
‘so that a linear relation obtaing between the
- 35 .variations in power of the amplitude—modulated
plcture signals and the variations in frequency
- the sub-carrier generated by the oscillators
1 and 22. The frequency-modulated sub-carrier
is amplified in amplifier 24 and utilized t6 modu-
40 late the radio frequency carrier, as indicated.
At the receiving station, the signals from the
radlo transmitter 11 are detected and applied -
" through the limiter 2T and low-pass filter 28 to
an-amplifier 29 and lamp or fecording device 39
45 of the: facsimile receiver f3. . As shown, the low-
- pass fllter 28 may comprise serles inductance -and
-shurt capncitance and a simple filter ‘of this
. type has a substantially linear frequency-attenu-
ation characteristic over the working range. The -
50 assumed linear characteristic of the filter 28 is

-represented by the dotted line jin Fig. 3. Tt is also .
- assumed that the signal level varies from about.

- plus 13 db. to'plus 20 db. from “black” to “white,”
and that the corresponding - frequency shift of
uthesub-carrleristromsmoc P. 8. to 1800




C. P 8.  In cases where because of apparatus lim-
itations or other reasons it is desirable to em-

" . ploy other ranges than those referred to, appro-

priate adjustment or changes in the ampliﬂers
oscillators, filters and recording equipment could
be made, while still using the principle of. the
invention.

Since the frequency-attenuatlon characteristic
of the simple low-pass filter may be made linear
over the entire range of frequency shift of the

sub-carrier, the output of the fllter consists of

amplitude variations proportional to the changes
in frequency of the . frequency-modulated sub-

carrier; and these amplitude-modulated signals

to control the receiver will correspond over the
entire range to the variations in: power at the
output of the facsimile transmitter 10 #f the fre-

quency modulation system matches the linear:

- demodulation characteristic of the filter 28, : The
curve 38, Fig. 3, represents the amplitude-fre-
quency characteristic of the frequency modula-
tlon system of Fig. 1 which in connection with a

]

3 see,ses

change in the frequency of oscmator 21, as the'
level increases, unless the screen-grid resistor
38 1s émployed. When the resistor 88 is used, .
as the tube 20 draws.more current, the potential

of the screen grid becomes less positive than

-the plate potential and the combined change in

cathode-plate - impedance and. cathode-screen
grid impedance maintains the desired linear re-
lation between input power changes and the fre-

. quency changes in the sub-carrier.

Various changes in the arrangement descrlbed
above for the purpose of explaining the inven-
tion may be made without departing from the
scope thereof as deflned in the appended claims,

- I claim: “

1. Ina facslmue transmitter edapted to gen-
erate a frequency-modulated sub-carrier, the
combination of an oscillator, a vacuum tube am-
plifier of the screen-grid type connected to the
resonant circult of sald oscillator to control the

frequency of its output current, means for im-

" pressing  variable-amplitude picture- signals on

low-pass filter 28 having a linear frequency-at- .

tenuation characteristic at the recelving station
provides substantially distortionless . recording

without elaborate compensating clrcuits or appa~ -

ratus. On the other hand, the curve 34 repre-
sents the amplitude-frequéncy characteristic of
the modulation system of Fig. 1 when g triode is
substituted for-the wvacuum tube amplifier 20, the
varying amplitude picture signals, after rectifi-

s
wt

the input to said amplifier and means including
a resistor connected between the screen grid and -
plate of said tube for changing the normal tube .

*impedance curve or characteristic ‘and thereby

affecting the modulation cha,ra,cterlstics of the

B “combination set forth.

no

cation, being impressed upon the control grid of

said triode. The discrepancy between the curve
34 and the dotted lirie representing the charac-
teristic of filter 28 renders evident the reason why
such an arrangement is unsatisfactory, and it is
difficult to match the filter to the modulatlon
. characteristic of the modulator, :

" The frequency modulator embodying the in-
vention comprises the vacuuny tube 20 coupled

:2. In g facsimile transmitter adapted to gen-
erate ‘a frequency-modulated ‘sub-carrier, the
combination of an oscillator, a vacuum. tube am-
plifier -of the screen-grid type having .its plate
{mpedance effectively in the resonant circult’ of
sald oscillator to control the fréquency. of its
output current, means for impressing variable«

- amplitude plcture signals on.-the input to said

amplifier and means including & resistor con-
nected between the screen grid and plate of sald

- vacuum tube amplifier for obtaining &. lnear

40:
~nals and the frequenoy of the oscillator output

. through. a small condenser §§ to the resonant -

‘circuit 86 of oscillator 21 whereby the tube im-
pedances are effectively connected in the res-

cnant circuit and variations in the grid and’
plate impedances. are reflected in frequency vari-

" ationsin the output of the oscillator 2f.

relation between the q,mplltude of the input sig~

. current.

frequencles of the -oscillators 21 and 22 may be . -

for example approximately 100 to 150 k'uocycle's

" or more, and the. beat frequency of ‘the sub- -
cirrier may vary between. say, ‘1800 C. P. 8. and:

3400 C. P. 8.

The tube 20' is ahigh gain pentode a.mpllﬂer. .

for example type 7C7,; but. may be any similar
. tetrode or pentode, preferably a tube in. which
~ screen-cathode capacity, suppressor-cathode ca-

50

- 8. In & facsimile transm!tter adapted to gen-
erate a frequency-modulated sub-carrier, the

.combination of an oscillator, & vacuum tube am-

plifier of the screen-grid type having its plate
impedance effectively in the resonant circuit of
said -oscillator to control. the frequency of . its

* output current, means . for. 1mpressing signals of
varying power. on the.input.to said vacuum tube .
‘amplifier, a- tesistor of the order of Y2 megohm .

connected between the screen grid ‘and plate of

" 'sajd vacuum- tube amplifier and means for sup-

55

pacity and plate-cathode capacity are low, In:the -

- case of & pentode; the suppressor is connected to-.

--the plate, as shown.. The input cireuit may in- "
clude‘a grid bias resistor:31. .The screen grid of -

tube 20 is connected to. the plate of the. ‘tube
through & resistor 38 of, say, onie-half megohm;:

source through & resistor 38 of; 8y, one-qua.rtor :

- ‘megohm.

The deaorlbed arrmement is substantmlyc:

similar to conventional systems with the excep-
tlon .of th¢ resistive grid-plate connection -38.
"It has-been found that this connection results

a0

- -"plying positive potential to the plate through a .

second resistor.of the order of % megohm. .
-4, A tacsimile system ‘comprising sending and

" recelving stations, 8 vacuum tube amplifier of the -
“screen grid type at the sending station, mesns
_including -an oscillator for generating a . fre-

quency-modulated sub-carrier at sald. sending

... station, means. for- impressing picture signals of
and the plate 1s-conneeted to the high-voltage =
" .:a small éondenser coupling the plate circult of

o

_varyihg power on the input to said amplifier, .

sald . amplifier- to -said oscillator to contrpl the
frequency of .ita output’ current In: a,ccordance
with sald-. slgnals of varying power, a resistor
connected between the screen grid and plate of -

- said amplifier for obtalning a Knear relation be-

- in a constant proportionality between the varie -

" ations in: frequency: of “the. sub-carrler and the-

variations in the power of the input signals, as
shown by actual tests (see curve 33, Fig. 3).

The giid bias on the moédulator -control tube

varles logarithmically with the power of the in-

.- put signal, and thl; causes & dlsproportiomte

70

" tween -the ‘power of the input signals and the

Irequency of the sub-carrier, and receiving means.

. “at the recelving station for reproducing trans-
mitted- ftcsimﬂe coples in accordance with:the
_frequency variations of ‘said sub-carrier, sald re- -

75

celvinig means including a limiter, a-Iow=pass fil- -
ter l_mvtng & substantially linear frequency-at-



S

tenuaf;loxi characteristic and recording means re-

3,366,363

sponsive to the modulated signal output vari- -

ations from said filter. .

5. A frequency modulation facsimile system in
which: picture signals of varying amplitude are
converted into frequency variations of a sub-
carrier characterized in that a screen grid tube

s copnected to.be responsive to the signals of

3

varylng amplitude and to control the sub-car-
rier generator, said screen grid tube having re-
sistance of the order of one-half megohm con-
nected between the screen grid and plate of said
tube to obtain the desired relationship between
the signals of varying amplitude and the corre-
sponding output signals of varying frequency.
JOHN R. SHONNARD.




