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WHAT IS CLAIMED IS:

1. 4 feesimile treansmitter comprising a machine
Tfor translating tone valuess into & correaponding modulated
audle freguency carrler, means Lo double the freguency of
selid carrler, means to rectify sald doubled frequency
carrier and to derive therefrom substantlally pure d.ce
gignals eorresponding to the original tone values, &
varisble frequency oaselllator, & control tubs for sold
ogselllator for noutrnll[ng the frequensy thereof, snd means
to vary the conductivity of aald combrol tubs by sald dece
slgnels.

2¢ A focalmlle transmitter secording to claim
1 in which the variable fregusncy slgnala are conflned to
en sudle freguency spectrum whereln the freguency corraspornds-
ing toe one extreme range of tone walus ia lsas than tha
gacond harmonle of the lowermost freguency corresponding

to the oppeslte extreme range of tone value.

Za A facalmile receiver comprlsing meana to
recalve and detect Creguency modulation ln an audlo
fregueney spectrum, the llmlits of which correapond to the
tone value limlta of a pleture to be recelved, meanz to
convert sald audle frequency spactrum inte corresponding dec.
amplitude varlatlona, the last-=mentloned means comprising
a natwork which has a variable attenuation affect on saild
apestrum ln accordance with the lndividual frequancles
thereof, a frequemncy doubler for sald spectrum, and a
rectlifier omd fllter for converting the doublad frequencles
inte substantially pure d.cs varlable amplituds signals,
and & Iacalmlle reproducer controlled by asald d.0. signels.
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Claim 4.

In a facsimile syatem, meana to peceive, over B

facaimile signala in the form of & frequency modulated
garrier wherein the carrier frequency 1le wilthin the same
order of frequency as the modulstions and which modulaticns
represent the tone waluea of the ordginal subjectematter
to be ftranemitted, mesns to detect said modulations, meana
Ineluding & rescnant network to eliminate therefrom all
paraaltie frequenciles which are a ssceond or higher harmoniec
of any freguency within the said medulatien renpge, means o
double the frequency of aesid detected modulatlons, and a
rectlifler and fllter for converting the doubled freguencleas
: Into substantlally purs D. 0. varisble amplitude slgnals,

- A and a facsimile reproducer controlled by said D. C. signala,
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Thia invention relates to fassimile Sranamisslon
gyatems &nd more especially to such syatems whilch employ a
tranamission medium or link that is aubjeset te fadlng,
haprmenle distortlon and the lika. .

A princlpal object Lls to provide an lmproved
ayatem for transmitting facsimlles and the llke over a radio
chanmel, whereby the effecta of selectlve fading, harmenle

) distortion and the like are materlally reduced.

A Teature of the invention relates to an lmproved
ayatem for comverting pleture shades and the 1lilke into a
fragueney-modulated carrisr the spectrum of whieh ia con-
fined to the andlo frequency range.

Another featurs relates to an improved frequency-
mndulatiné arrangement whereby the =ignal amplitude varla-
tions corresponding to pleture shades are converted into a
Hfraquannyhnndﬁlatad audiec frequeney earrier by a novel

combinatlon of ocaclllator tubes snd a control tube therefor.

A further feature relates to an lmproved manner
of varylng the frequency of an osclllator tube by vearylng
the impedance of a grid-controlled tube whose anode-cathode
dlischargs path is affectively in shunt %o an cscillatory
elreult through & condenser of low capaclty, *hﬂrahr the
varisationa of impsdance of the contrel tubs are rarléutad
as varlatlons 1n shunt capacltance aeross sald aselillatory
clroults

Ancther featurs relatea to an lmproved converber
for translating the output of a facslmlile transmltting
machine of the type producling pleture signals in the form
of an amplitude-modulated audio fregquensey earrier, into a
frequency-modulated carrler limited to the audio frequency

TENZG.

=]l
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Another feature relates to a recelver for
fogalmile aystems whereln the sublect matta;r 18 tranamitted |
as a frequency-modulated audio Irequsncy carrier, the
recelver having means to convert the Trequency-modulated
& garrler inte corresponding amplltude modulstlons while
limiting the converslion to & freguency spectrum wheraln the
uppermost frequeney is less than ths second harmenle of the
lowermost fregquancye. . _ *_. '

Another feature Nlataa*t; an improved sonverter
10 for transleting a recelved frequ;nnr-modulatsd andio
rreqﬁunay carrier into surrimpnﬁding variable-amplltuds
ds s algnals, . ' i

A still further feature relates to the novel )
orgenlzation, arrangement and relative interconnection oi‘.-
15 parts which conatituts an improved facslimlle transmlsaion
aysbom. . .

Other features and advantages not specilleally
enumerated will be apparent after a consldaration of the
_ following detalled deseriptiona and the appended clalms.
20 Referring to the drawing which by way of example
ghewa ons preferred embodiment,

Flg. 1 13 & schematle wiplhopg diasgram of the
transmission and of a facsimlile system embodyine Teaturaes
of the inventlon. '

5 * Fig. 2 13 a schematle wirding dlagrem of the
resalving end of a facaimile system embodyling features of
the inventlon.

Referring to Fig. 1, the numeral 1 representa
diagrammatieally any well-lmown form of facsimile trans-
30 mitting machine whereby the shadea or tome valusa of
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susceaslive alemental aress of the subject matter are
goanmned and trenalated into a corresponding amplltude-
modalated aundle frequencey carrler, for sxample & carrlsr
of 1800 c.p.8. Helerence mey be hed to U.S. patent Ho.
2,016,742 for a typloal machline of thls type. The cutput
of machine 1 is applied through trensformer £ acroas the
potentiometer realatance &, the adjustable arm 4 of whlch
18 eonnected to grlid & of amplifler tube 6. The potentlom-
ater 1z also connected through condenser 7 to the eathode
Be Grid 5 is negatlvely blesssd with reapsct to the
cathode by the IR drop caused by the plate current flow
through reslstor ©; and & sultable serles resistance 10 1s
connected betwsen potentlometer & snd ground. The steady
high voltage potentlal for plate 11 is applied over con=
duotor 12, serlies reslstor 13 end transformer primery ld.
Cenfductor 128 1z supplied with high voltage d.c. from any
wall-lmown sourcs consiating for example of the s.c. mains
14a; step-up transformer 15; full wave rectifisr 16; fillter
17, 18, 1%, 20, and any well-lmown voltage stabilizer 2l
The amplltude=modulated a.cs wave from tranaformer
14 1s applled to a frequency doubling arrangement comprla=
ing a twin triode tube 22, the Input clroulta betwsesn the

grids 23, 24, snd cathodes 26, 26, being cofnected in
balanced relatlon while the plates are comnscted in phase
to the primnr[_winﬂing of transformar E%s The cubtput of
tube 22 therefore conslsts of a 3600 c.p.s. wave which 1a
amplltuds=modulated in aceordance with the ordginal picture
slgnels from machine la. Th%a wave is then Impressed upon
o full wave: rectlifler tube B8 inrthe output cireult of

which 18 connected m sultable filtsr comprising slementa 29

—Ee
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30, 3L, 32, whareby subastantislly all fraguesncy flutter is
eliminated and there lsz developsd across the potentiometer
realstance 37, a d.c. voltage of wvoarying aEplitude correse-
ponding to the shades of the original subjsct matter
scanned by the machine 1.

The rectifled algnal from tube 28 18 applled to
ecntrol a frequency modulator comprising & variable-
Iroquency ocaclllator tube 53 and & fixed-Cregquency oa=
clllator tube 34 and & control tubs 35. The tube 35 may
be of the tricds type whese cantrol grld 36 1ls connectsd
to the adjustable arm of potentlometer 37 through a
suitable blas battery 38 whereby grid 56 1s negatively
blassed wlth respect to cathode 39, Plate 40 iz comnsctsd
to ground, as is the low pobential end of potenticmeter 37.
The gridecathode return cireult of tube 36 1s completed
through the control-grid te cathode circult of tube 33 and
ineludes the grid leak resister 41 and the lower sectlon
of osclllator coll 42, Coll 42 iz shunted by an edjustable
tuning condenser 43 and this combination of coil and eon-
denser is conmected to the control grid 44, through a very
low eapaclty condenser 45, for example of sbout 0001 maf.ds.
It will be seen therefore that the oseillatory cireult
formed by 42 and 45 1a effectively shunted by a circuls
eonsisting of the condenser 45, raniat&qﬂa 41 and the
cathode-to-plate dlscharge path of tube BS. Conssquently,
the frequency of cscillation of tubs 33 is determinsd in
part by the elements 42, 43, as well as by the effective
shunt capasitance of condenser 45 which iIn turn 1s con=
trolled by tube 35. It will be noted that while the plate
40 of the control tube 35 ls connscted to ground, it 1s

=
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effectively at posltlve potential with reapect %o the
cathode 59 when the tubse 33 i3 in an oseillating state
aince in that conditlon a grid current flow exlste bstwesn

the grid 44 and the cathods 46 1s of such & polarity ss to

render the grid 44 snd consequently the cathode 39 negatlve
with respset to ground. This is a de.o. potentlal differ- ?
ence becauas of the rectifying effect between the cathods
36 and grid 44

Tube 35 18 a2 so=celled electron-coupled oscillator,
for exemple s tubs of the type 6J7 comprising a eathode 48,
control-grid 44, shleld grid 47, suppressor grid 45 and r
plate 49. The upper section of eoll 42 ls connectsd ba-
tween 44 and 48 while the lowar sectlon of coll 42 is
connected between 48 and 47, thus generating oscillations
by feed-back setions The elementa 44, 46 and 47, form in
effect a trlode cselllator of which the element 47 is 1n
effect the smode, the plate 49 acting as & colleetor elec-
trode for the elsctrons passed by grid 47. The ozellletor
S¢ 18 similer to oselllator 33 except that ths fesd-back
coll 50 1a shunted by & fixed condenser 51 and the control

grld 52 la returned directly to ground through the leak

resistor 55. In both csclllators the respective suppressor
grids may be connected directly to the asscclated cathodes.
The controlled oseillator 33 is designed and set so that
variatlons of frequency cen be effected over a renge of
1000 cycles corresponding respectively to the range of

tons values or shades in the subject matter belng scanned
by the muchine 1. Thus cselllator 33 by means of potentlom
meter 37 and blas battery 38 can be edjusted me that for
white shadea there ls generated a frequency of 265.5 Kat.,
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and for black thers is generated a frequency of 266.5 k.ce
The oscelllator 34 may generate a flxed Crequency of E6E.O
k.c. The outputs of the two oselllators are applied to B

S

ecommon mixing tube 54 which way be of the type ELT. The
variable frequency voltages developed across realator &S
are applisd through coupling condenser 56 to the flrast
eontrol grid 57 of tube 54, the sald grid belng normally
negatively biassed by cathods realstor 58; & sultable leak
reslator B9 belng provided. Likewlse, the fixed frequency
voltage developed eeross reslator 60 i1s applied through
coupling condsnser 81 te the second centrol grid 82. A
sulitable azteady posltlve potentlial is applied to the
Manode=grid" 63 by meana of conducter 64s The fourth grid
65 iz connected dlrectly to the grid §7« By the well-known
astien eof thls type of tube, there ls developed across the
plate load resiator &6 voltagas whose freguency ls deter-
mined by the dlfference fregusney between the cselllators
8% and %4. In other words, under the above nzsumed condl-
tione, there is developed an eudlo frequency bend of from
3500 to 4600 c.p.se This varisble freguency algnal ia
applled to the output trensformer &7 through a radle fre-
queney chole coll 68 and coupling condensser 6% of the order
of 005 mefede The sudle frequeney modulations may then
be ap‘pli;d. to c-:m.tlr.-o]. tha- ;.nplitrud.a modulation of any
wall=known form of radlo transmitter represenied schemat-
ieally by the mumersl T0. It wlll be observed therefors,
that the slgnals representing the shade veluss are in the
form of audic frequaney mnﬂnlatinnfaﬁhnving & frequency
spectrum between 3600 snd 4500 c.p.s., 80 that the upper=
most signal fregquency, namely 4500 c.p.8. 18 less than the

5
o

=G
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second hermonlc of the lowermost signal fregquency, namely
G500 capass

At the recelving statlom, the recalved radlo
wave is detected and emplified by any welleknown form of
redio recelver 71 whereby the SB00-4500 sudic freguency
apactrum 1s applied to the coupling fSransformer T2. FPard
of the output of tranaformer T2 ls fed to a wvolume controlled
amplifier tube 73, for example of the type BL7; snd part of
the sutput of transformer 72 la applled teo the volume cons=
trol or regulator tube T4 which may be of tha.trpa GRT .
For the purpose of controlling the output levels, the flrat
control grld Y5 of tube V& 18 ponnected to & variable tap
7& on the potentiometer reslstance 77 Likewlse, the
control grid 78 of the regulator tube 74 la connected to an
adjustable tap 78. The tube Tﬁ iz of the delayed mctlon
type and doss not ltarélfﬁnﬁtiuning until a predetermined
minimim input level e.gs =12 d.bs. 18 reached, then tha
regulaetor tube T4 taltea control and holds the output of
tube T3 conatant to within spproximately 0.5 de.bs. until a
lavel of 2 dsbe la reached corrdsponding to the beglmming
of overloading of The amplifier. The =steady potentlels
for tha plate 80 and for the plate Bl are appllied over
gonductor B2 froem the high voltage d.c. supply unlt which
may be simllar to that wsed at the tranmmitter comprlsing
Bste meins B33 step=-up transformer 84; full wave rectifler
863 fllter 86, 87, 88, 89, and voltage stabllizer 90. In
pocordance with the welleknown operetlon of the type BHT
tube, that is tube 74, as the plate current increases 1t
applles a corresponding inereased potentlal to the auxlliary
anodes 91 whereby a corresponding blassing potentlal ia
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developed acroas the cathede reslstor 92 thus controlling
the current to plats BO and therefore determinlng the
potentlal of the second control grid 95 of tube T3. A
snitable ccmbinatlon of reslstora 94, 95 and condenser 96,
are provided having a predetsrmined time constent to
determine the extent of delny of action of the regulator
tube 74 on grld 93.

The plate or cutput clroult of tube 73 la
connected through a resensnt cirouit conslsting of the zerles
sondenser 97, 98, reslstor 99 snd a parallel winding 100 of
the coupling transformer 101 and shunt condenser 103. The
elements of the combinatiom 87 to 103 are ohnﬁan in magni tude)
g0 az to provide s resonant clreult whieh is rescnant at
ZEOD c.pess and which has s sloping charscterlstlc on elther
gide of 3500 cycles wlith a max%pum attenuation at 2500 and
45 oycles raspacﬁi?uly. Donaaquantlﬁ the signals that are
applied to the control grid 104 of a succeeding amplifier
tubs 105 are confined te the range between =500 and 4500
C.p=8. Conssequently, if there has been any harmonic distor-
ticn 1n the fopm of fregquency doubllng at any polnt betwesn
the trensmitter 70 mnd the recelver T1, 1t 12 sffectively
pliminated sinee the secomd harmonle of the lowermost aignal
frequency of 3500 c.p.8« 15 not passed to the amplifler tube
105. Tube 105 may be of the type 6N7 for amplifying the
2500-4500 spectrum applied to the eontrol grid therecl.

The output of tube 105 1s then passed through s frequency
doubling tube 106 of the typs SH7 similar to the fube 22 at
the transmitter. The doubled frequenecy signals are then
applied to the full wave rectifier tube 107, the clroult of

whieh ineludes s suitable Filter comprilalng elements 108,
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109, 110, 111, 113, 114, 115, 116, whereby subatantinlly

all fregusncy flutter 1s eliminated and the voltags

developed acroas the potentiometer resistor 117 consiaks of
dec. signals with smplitude verlations substantlally

5 identical with the amplitude varlations from the tube 28 |
at the transmitter. Thess d.c. amplitude varlatlons which
represent the orlginal pleture shades at the transmiltter
mechine 1, can be ussed to control ths ra;:rndm:ing aslement
of any well-=lmown form of facaimlle reproducing machlne

10 reprosented by the mmeral 118 which iIs malntained in time
and phase synchronlam with the transmltting machine 1 in
any menner well-known in the facsimile art. If the machine
118 13 of a type which i3 controlled by & modulated aundio
frequeney wave, then it 1s necessary to convert the variable
16 amplitude dec. slgnals across reslstor 117 into & corresponds
Ing emplitude-modulated andlo frequency carrier. For this
purpose, there is provided an auwdilec frequency oselllator
tube 119 which may be of the type &J7 having 8 feed=back
osclllator coll 120 comnected between the control gprid 121
20 and the cathode 122, sncther section of this ecell being
ccnnected betwean the cathode 122 and the "anode-grid® 123,
The suppressor grid 124 mey be connected directly to the
eathods., A tuning condenser 125a la connected aerossz the
osclllatery elreult to contrel the oaclllation freguency,
25 for axsmple 1800 G.pass The operating potemtisla for the
fenode-grid" 125 and the collecteor plate 126z are derived
over conductor 82. The LBOO gyele slgnal from osclllatbor
119 is applied in push-pull relation to the Input grids
125 of the mixer tubes 126, 127, which may be of the type

: 30 6LYs: The d.c. signels representing the piloture shodas ave
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] tapped off from the potentlometsr L17 and are applisd in
parallsl to the second control grids 128 of tubes 126, 127.

The plates of the tubes 126 and 127 sre connected in balanced
relatlon through the ocutput reslstor 129, the asteady plate
& potentisls belng derived over conductor 130. Conssguently
thera is developed across reslstor 129 an 1800 cyels
signel having amplitude modulations corresponding to the
original pieture shades. Thias smplltude modulated wave 1s
then passed through & sultable amplifier 131 which may be
10 of the type 6M7 preferably connected to operate az a "elasa
A" putput smplifier to ralse the signal to the desired lavel
for controlling the reprodusing slemsant of the fassimile
machine 118, '

I have found that with the foregoelng arrangement ,
15 a satlsfactory pleture having a wide range of tone values
can be tranmmitted over long disteances slther by wire or by
radic sand the effects of fading and harmonie distorticn such
&3 Irequency doubling and the like 1n the transmitting
link, are substantlally eliminated. While specifie ap‘pnrntuL
20 &nd elreults have bean diselosed for schleving the objecta
of ths invention, 1t will be uwnderstood that varlous chenges
and modlflcatlions may be made thersin without departing
Trom the splrlt end scope of the invention.

=10=
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