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MODULATING METHOD AND APPARATUS

. Reobert M. Sprague, Hicksvﬂle, N. ¥., assignor to
Press Wireless, Inc., Chieago, T, a comomtﬁon

of Delaware

Original applicaﬁon October 27, 1929, Serial No.
301,563, now Patent Ne. 2,292,937, dated Oeto-

ber 27, 1942,

Divided and thﬁs a.mxlncatﬁon

Maxch 13, 1942, Serial Neo. 434,498

5 Claims.

This invention relates to wave signalling sys-
tems and more especially to systems of carrier

wave transmission wherein the characteristics of

the original signal, for example signal-ampli-
tude characteristics, are converted inte a corre-
sponding varying ifrequency spectrum.

A principal object of the invention relates to
an improved system for transmitting signals
whether oral, visual or control signals in the form
of frequency modulations.

. A further object is to provide an improved sys-
tem for transmitting message signals over an
amplitude-modulated high frequency or radio
carrier channel by amplitude-modulating the car-
rier by a frequency-modulated subcarrier. ]

A feature of the invention relates to a novel
method of converting amplitude~-modulations
into a corresponding variable frequency spectrum
of substantially uniform amplitude.

Ancther festure relates to a frequency modu-
lation system employing a pair of oscillators for
producing a variable beat frequency wherein the
beat frequency is varied in accordance with ca-
pacity changes controlled by a grid-controlled
electron tube. As a result of this feature oscil-
lators can be employed whose frequency is inde-
pendent of voltages on their elements thus giving
a beat frequency oscillator that is substantially
independent of power supply voltage variations on
the oscilletors.

Another feature relates to the method of fre-
quency modulation wherein the signals are gen-
erated in the form of a modulated sub-carrier
with the modulations confined to a range less
than the second harmonic of the lower limit of
saiq medulaiions. The signals are then rectified
and passed through a specially designed filter of
the band-pass type. Preferably, in accordance
with the Invention, the said lower lmit is also
chosen so that unattenuated frequency shifts are
obtained up to the limits of the flter.

A further feature relates to an improved fre-
guency modgulator wherein a linear variation of
ouiput freguency with relation to input voltage is
obtained over & very wide range.

A further feature relates to a frequency modu-
lating system employing a photo-electric cell or
similar device as the source of modulating volt-
age, and wherein a frequency modulated oscillator
is employed and so arranged that the osciilator
output is substantially free from amplitude varia-
tions of frequency components of the said voltage
source,

A further feature relates to a transmitter of
the frequency-modulated wave type wherein novel
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means are previded for adjusting the frequency
bands in accordance with the minimum and max-
imum amplitudes of the signals to be transmitted.
Thusin the case of & facsimile transmitter, it is
possible conveniently and expeditiously to obtain -
the zero or minimum frequency-modulating volt-
age which is correlated to zero outoput voltage
from the faésimile generator.

Other features and advantages not speclﬁcally
enumerated will be apparent after a consideration
of the following detailed descriptions and the ap-
pended claims.

While the invention will be illustrated in con-
nection with facsimile transmitting and receiving
systems, it will be understood that this is merely
for explanatory purposes and that various fea-
tures and aspects of the invention can be em-
ployed in other kinds of signalling or control sys-
tems. Accordingly in the drawings,

Figs. 1 and 2 are a schematic wiring djagram
of & transmitting system according to the inven-
tion.

j Fig. 3 is a modification of the amplitude-to-fre-
quency conversion section of Fig. 1.

Referring to Fig. 1, block T represents any well-
known form of signal generator, for example a
facsimile converter of the type shown in U. S.
Patent No. 2,209,720, Preferably the device T is
of & known type whereby the signals to be {rans-
mitted are generated in the form of & carrler of
relatively low or audio frequency, for example
1800 C. P. S. and hegving amplitude modulations

‘or variations corresponding to the origins! sig-

" nals to be transmitted. It will be understood

&3

that the term “carrier” is used in its broad aspect

- &s including either a sustained alternating cur-
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rent, & pulsating current or a chopped current
such as that produced for ezample by & ight
chopper photo-electric cell combination as is well-
known in the facsimile art. )

The signal from device T is applied acress the
input terminsls &, B, and thence through the
hetwork comprising resistor elements { to § in-
clusive and thence through input transformer 6.

The output of transformer § is fed to any well-

known form of linear amplifier preferably through
potentiometer 7. Merely for purposes of illus-
tration, this amplifier comprises & three element
tube & connected into eircuit in the ususl way
and including the grid-bias resistor 9; the plate
resistors {{, i8, through which plate voltage is
fed over the conducter C from the A. C. power
supply, the latter consisting for example of the
A. C. power transformer (16, full wave rectifier -
{17, smoothing filter 118, {8, {20, and thence
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through the filter comprising the elements 49,
121. In accordance with conventional practice,
condensers 10 and 15 are shunted across resistors
9 and 16. The signal voltage developed across
* coupling resistor 11 is fed through coupling con-
denser 12 and thence through the leak resistance
{4 and the single-pole double-throw switch 13 to
the control-grid 28a of tube 28. Tube 28 may be
of any well-known type, for example a type
6C8-G comprising two sets of -triode elements
with the cathodes 28b and 28e connected together

10

and biassed with respect to the grids 28¢ and 28d .

by the bias resistor 29. The plates 28c and 28f
are connected to the plate supply conductor C
through the limiting resistor 33 and the respec-
tive coupling resistors 30, 31, so as to provide a
balanced input to the succeeding amplifier stage
comprising amplifier tubes 41 and 42, The tubes
41 ang 42 are coupled to tube 28 through the con-
densers 34 and 86 in balanced or push-pull rela-
tion, the tubes 41 and 42 being preferably of the
pentode type. The plates of tubes 41 angd 42 are
connected to the D. C, supply through the primary
winding of coupling transformer 43. Preferably,
although not necessarily, transformer 43 is pro-
vided with an auxiliary secondary or feed-back
winding D which is connected through resistor 17
to the cathode of tube 8 to reduce distortion in
the amplifier. The main secondary of trans-
former 43 is applied to a rectifier 44 and thence
through the low-pass filter 45 to eliminate the
1800 cycle carrier component. Consequently at
the output terminals of filter 45 there is present
only the amplitude demodulated signal corre-
sponding to the photo-electric current delivered
by the photo-electric cell of machine T.

The frequency inverter or modulator

The demodulated and amplified signal.voltages
developed across resistor 41 are then fed through
the isolating resistor 48 to the control grid 50a
of a pentode tube 68 which, in accordance with
the invention, is employed as a modulator tube
to control the beat frequency developed by the
. oscillator tubes 65 and 88, Tube 65 is provided
with a variable frequency control circuit while
tube 86 is of a fixed frequency which is deter-
mined by the tuned oscillatory circuit 715, 76,
connected between the control grid 88a and the
cathodes 86b, 86c, through respective bias re-
sistors 126, 127, and through by-pass condensers
130, 131. The plate 86d is coupled back to the
control grid 86a through the feed-back condenser
89 and a grid leak condenser combination 87, 88.
Likewise plate 86e is coupled to control grid 867
through condenser 85. As a result of these con-
nections, oscillations of fixed frequency, for ex-
ample 600 kilocycles are developed across resistor
82. The tube 65 is similarly provided with circuit
connections inciuding elements 62, 63, 64, 68, 67,
124, 125, 128 and 129, and a tunable oscillatory
circuit comprising coil 61 and shunt condensers
§9, 60, 123, whereby sustained oscillations of the
desired range, for example 601.8 to 603 kilocycles
are developed across resistor 72. Oscillator tube
65 is adjusted to the correct frequency, for ex-
ample the lower limit of 601.8 kilocycles by varl-
able condensers 59 and 60 and the frequency of
this oscillator tube is automatically varied in ac-
cordance with a change in the plate resistance or
plate-to-cathode capacity of tube 50. '

This frequency modulation is accomplished in
the following manner. The plate circuit of tube
50 is connected across the oscillatory circuit 89,
‘80, 61, through series condenser 54. Tube 50
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when connected as shown, is capable of varying
its plate resistance and to a certain extent its
plate-to-cathode capacitance in accordance with
the control grid voltage impressed thereon, and
since this plate resistance is in serles with con-
denser 54 any change in said plate resistance has
the effect of changing the effective capacity of
condenser 54 so far as affecting the frequency of
the oscillatory circuit is concerned and hence the
frequency of the voltages developed across re-
sistor 72, Preferably tube 50 is of the pentode
type, for example & type 6F8, which after nu-
merous tests I have found appears to change the
output frequency of tube 65 substantially linear-
ly over the widest frequency range, The sup-
pressor-grid 500 of tube 50 is connected to cath-
ode 50c which latter is biased negatively with
respect to control-grid 50a by the bias resistor
51 and its by-pass condenser 52. Prefersbly,
plate 50d and screen-grid §0e are connected to-
gether and to the plate supply conductor E
through resistors 53 and 57 and the filter choke
122 which latter is by-passed by the condenser
58. )

T have also found that by using the varied plate
resistance or the varied plate-to-cathode capaci-
tance of tube 50 to vary the frequency of tube
65, very little change in the amplitude of the re-
sultant beat frequency between tubes 85 and 86
is produced. Consequently the beat frequency of
tubes 65 and 86 is substantially undisturbed by
any frequency component that may exist in the
photo-electric cell output voltage of machine T.

The beat frequency from tubes 65 and 86 is
obtained by applying their respective outputs to
respective signal grids of the mixer tube 90 which
may be a heptode such as a type 6L7-G compris-
ing the cathode 80a; #1 signal grid 90b; shield-
grid 90c; #2 signal-grid 90d; suppressor-grid
80e connected to cathode 90a; and plate 90f. .
The cathode 90a is biased with respect to grids
90b and 90d in known manner by the biasing
resistor 92 with its by-pass condenser 9{, The
condenser 132 is also provided, and by means of
condenser 93 and high frequency choke coil 94,
the output currents flowing through coupling re-
sistor 99 are the desired audio frequency signals
which vary frequency for example between 1800
C. P. S. and 3000 C. P, S. in accordance with the
corresponding shade values of the particular area
of the subject matter in machine T which is being -
momentarily scanned. The D, C, supply for tube
80 is applied over conductor F and thence through
resistors 100 and 97, the voltage for screen-grid
90c also being applied over conductor F in series
with resistor 88, it being understood that the
resistors 98 and 100 are by-passed by respective
condensers 96, 101 and 102.

The beat or audio frequencies flowing in the
plate circuit of tube 90 are impressed upon the
control-grid of & suitable power amplifier tube
103, the grid of which Is biased by resistor (04
and by-pass condenser {05. The amplified out-

. put of tube 103 is applied through audio fre- .
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quency transformer 106 to a low-pass filter 107 in
order to eliminate any harmonic distortion, Fil-
ter {07 is designed to cut-off frequencies above
the first octave of the lowest signal frequency.
The flltered signals are then fed through the re-
sistor network or pad 108 to 112 to any suitable
form of radio transmitter represented schemati-
cally by the block RT. The signals are recaived
and reproduced in a receiver R which is described
in detail in application Serial No. 301,563, filed
October 27, 1939,
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Preferably, and In accordance with the inven-
tion, the system is so adjusted that for the maxi-
mum range of shade values in the subject matter
being scanned by the machine T, for example
that corresponding to black and white respec-

tively, the signal frequencies are confined to one

octave or less. Thus, if a black area is repre-
sented by a frequency of 1802 C. P. S., then &
white area should be represented by a frequency
of less than 3600 C. P. S., for example 3000 C. P. S.
since during transmission the second harmonic
often appears with an amplitude many times that
of the desired fundamental., If the signal fre-
quencies are restricted below the second harmonic
of the lowest signal frequency as will be described
hereinbelow, then by means of filter 187 the sec-
‘ond harmonic distortion during transmission is
effectively eliminated so far as any effect on the
reproduced signal is concerned. )

In order to be able o correlate the upper and
lower shade values of the subject matter with
the corresponding upper and lower limits of the
modulation frequencies applied to transmitter RT,
there'is provided a tube 20 which is s monitor
mixing tube to combine a part of the 1300 cycle
subcarrier signal from machine T with the out-
put frequency from fube {83, If as above as-
sumed, the picture shades are represented by o
frequency range between 1800 and 3000 C. P. S.,

“with. 1800 C. P. S. representing black and 3000
C. P. S. representing white, it is necessary to ad-
just the cutput frequeney from tube 163 to 1800
cycles when Zero or e predetermined minimum
voltage is impressed on the grid of tube $6. The
1800 cycle signal which is applied to the tube 20
directly from the output of tube 8 is used as a
standard of comparison. For this purpose, tube
20 is preferably of the 6F8-G type comprising
two sets of triode elements. The grid 26a of one
triode is exclted by a part of the 1800 cycle signal
from the output of tube 8 The grid 205 of the
other triode is excited by part of the output of
tube §63. The plates 202 and 26d are supplied
with D. C. plate potential respectively over con-
ductors C and E. Likewise plates 28c ang 2064
are connected through a single-pole double~-tarow
switch 2% to.a monitoring jack 24 into which a
frequency meter or a pair of head phories may be
plugged. Switch 2§ is preferably of the type such
that in its extreme end positions it makes contact
with the respecfive fixed contacts, but in an in-
termediate position it makes contact with both
fixed contacts. When the blade of switch 23 is
in its intermediate position as shown in the draw-
ings, the 1808 C. P. S. signal from machine T and
the signal from tube {03 are koth applied to jack
24 for comparison purposes. When the blade of
switch 23 is in its right-hand position, only the
signal from tube (02 is applied to the jack. A
single-pele double-throw switch {3 is provided
between the tubes 8 and 28, and when the blade
of this switeh is in iis uppermeost position, direct
ground is applied to the control grid of tube 28.
When the blade is in its lowermost position, the
switeh {8 comnects the cuiput of tube 8 through
potentiometer (4 to tube 28. By throwing the
blade of switch {3 to ifs uppermost position, no
voltage exists at grid Be of modulator tube BB,
A normal white signal is then sent from machine
T and is heard at jack 2§ with switch 28 in its
intermediate position which combines input and
output frequencies. The beat frequency of tubes
68 and 86 is there adjusted, for example by con-
denser §§ until the output from tube {038 appear-
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ing at jack 24 is the same as that derived from
machine T through tube 8. The switch {3 is then
thrown to its lowermost position whereby the
amplified picture signal voltages from' machine
T can be applied to the grid 28a and the gain is

"adjusted by potentiometer 17 until voltmeter 48

indicates the predetermined magnitude necessary
to shift the amplified beat frequency in the out-
put of tube 83 by 1200 cycles that is, from 1800
to 3000 cycles. After this preliminary adjust-
ment, the transmitter and inverter are in readi-
ness for transmission. With switch 23 in its right-
hand position, the transmitter output can be
monitored. ‘

While in the foregoing description reference has
been made to the transmission of a picture by
mesans of frequency modulations between 1800
C. P. S. and 3000 C, B. 8., it will be understood
that the invention is not necessarily limited
thereto. However, I have found from actual tests
and demonstrations that the above shift of from
1800 to 3000 C. P. S. is more than sufficient to
transmit all the frequencies present in modern
plcture or facsimile transmitters. On the other
hand, I have transmitted with good results with
the equipment described, using a frequency shift
of from 1200 to 1800 cycles. Furthermore, while
particular apparatus snd parts have been de- |
scribed, it will be understood thet variations may
be made therein as will be obvious to those skilled
in the art and without departing from the spirit
and scope of the invention. With the equipment
as described, I have succeeded in passing linearly,
frequencles up to 1400 cycles with no apparent
attenuation at the upper frequencies and further-
more I have transmitted articular speech and
music through the equipment merely by replacing
the transmitter T by a voice frequency generator
and by replacing the reproducer R by & voice fre-
quency reproducer. With a higher range of fre-
quencies such as between 5000 and 7500 C. P. S.,
or even 5000 and 6500 C. P, S., frequencies up to .
4500 C. P. S. can be passed. The invention is
not limited to facsimile transmission or to ordi-
nary voice frequency telephony. The system is
well suited for secret radio transmission because
the original voice signals that may be impressed

- by the transmitter T are radiated from the radio
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transmitter RT in an unintelligible form, and in

order that they may be reproduced, a receiver
such as shown in Pig. 2 and adjusted and corre- .
lated with the transmitter of Fig. 1, must be em-
ployed. I have also found that a system as de-
scribed when useq in facsimile or voice communi-
cation eliminates to a substantial extent, well-
known echo effects. .

. While in the foregoing, the frequency conver-
sion at the transmitter is effected by a fixed fre-
quency oscillator 88 and a variable frequency.
oscillator 85, a pair of variable frequency oscilla-
tors may be employed. Such an arrangement is
shown in Fig. 3 wherein the parts shown between
the dot-dash lines may be substituted for the part
of Fig. 2 between the dot-dash lines. In Fig. 3
the left-hand rectangle represents diagram-
matically the transmitting equipment shown 'in
detail in Fig. 1; while the right-hand rectangle of
Fig. 3 represents diagrammatically the part of
Fig. 2 to the right of the dot-dash line. In the
embodiment of Fig. 3 the signal conductors J, Ji

are connected not only to the tube 580 as de-
scribed in connection with Fig. 2, but are alse
connected to a similar tube 462 so.that the ampli-
tude variations on conductors J, Ji, result in si-




4

multaneous shifting in opposite directions of the
requency of the oscillators 65 and 86. For this

purpose the resistance 47 is connected in bal- .

anced relation across the control grid of tube 50
and the control grid of tube 402, the connection
'to the latter grid including a potential source 401
poled as shown and having a potential equal to

the peak voltage swing applied to conductors J, -

Ji. The plate of tube 50 is coupled through con-
denser 54 to a tunable oscillatory circuit such as
that represented by 128, 89, 60, 61 (Fig. 2). Like-
wise the plate of tube 402 is coupled through a
similar condenser 34a to a tunable .oscillatory
circuit 75, 16, assoclated with the osciilator tube
86. If desired, the tuned circuit 15, 16, may-be
replaced by a circuit similar to that of Fig. 2 in-
cluding elements 123, 59, 60 and 6i. The ar-
rangement of Fig. 3 has the advantage that the
frequency shift for a given amplitude variation
on conductors J, J1 is doubled as compared witi
the arrangement of Pig. 2. It also has the advan-
tage that any non-linearity of frequency shift on
one oscillator tube e. g. tube 68 is balanced by an
equal and opposite non-linearity on the other
tube 86.

Various changes and modifications may be

made in the disclosure without departing from
the spirit-and scope of the invention. Thus,
if under certain conditions of operation, for ex-
ample at very high speeds of transmission, un-
desirable phase shifts occur in the various filters
described, these phase shifts may be compensated
for by connecting in circuit with one or more
of the filters suitable phase equalizers. How-
ever, it has been found that at ordinary com-
mercial transmission speeds, such equalizers are
not necessary.

This application is a division ¢f application Se-
rial No. 301,563, filed October 27, 1939, issued
as Patent No. 2,293,937,

What I claim is:

1. In a wave signalling system, an electron
tube oscillator having a tunable oscillatory cir-
cuit, a frequency-modulator tube having a cath-
ode, control grid, suppressor grid, -anode, and
another grid between the control grid and sup-
pressor grid whose potential varies with the an-
ode potential by being connected to said anocde
‘and which other grid controls the inherent plate
capacitance of the tube, and means to impress
signals on said control grid to vary said plate
capacitance and thereby to vary the frequency
of said oscillator but without substantial ampli-
tude modulation, said suppressor grid being at
substantially cathode potential, said tunable
oscillatory circuit being coupled across the anode
and cathode output circuit of sald frequency
modulator tube.
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2. In a wave signalling system, a source of sig-
nal voltage variations, and means to convert sald
signal variations into corresponding frequency
variations; sald means including an oscillatory
circuit, an electron tube of the type having a
cathode, control grid, shield grid, suppressor
grid and anode, the inherent electrostatic capec-
itance between said anode and control grid form-
ing part of the frequency-determining elements
of said circuit, the shield grid of said tube be-
ing connected to the anode so as to vary in po-
tential with the variations of the anode poten-
tial, and said suppressor grid being connected
substantially to cathode potential, and means
to impress said variable amplitude signal volt-
ages on said control grid to convrol said inherent
capacitance and thereby to vary the frequency
of said cscillatory circuit, said oscillatory circuit
being coupled across the anode-cathode output
circuit of said tube. .

3. A wave signalling system according to clai
2 in which saild suppressor grid is connected
substantially directly to the cathode to.cause
said variations in frequency to be substantially
free from amplitude modulations.

. 4. In a wave signalling system, an electron
tube oscillator having a tunable oscillatory cir-
cuit, a source of signal voltages, an electron tube
coupling said source to sald circuit, said tube
having in sequence a cathode, first, second and
third grids and an anode, means to impress sald
signals across the first grid and cathode, means
connecting the second grid to the anode so that
the potential of said second grid varies with the
anode potential variations, means to connect
said third grid to substantially cathode poten-
tial, and means connecting said oscillatory cir-

. cult across said anode and cathode for the pur- -
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pose set forth.

5. In a wave signalling system, an electron
tube oscillator having a tunable oscillatory cir-
cuit, & frequency modulator tube of the pentode °
type having cathode, control grid, anode, shield
grid and suppressor grid, means connecting said
shield grid to said anode so that the shield grid
potential varies dynamically with the dynamic
variations of the anode potential, means con-
necting said suppressor grid to substantially
cathode potential, means to impress signals on
said control grid and thereby to vary the inher-
ent plate capacitance of said tube, and an oscil-
latory circuit having its high potential terminal
connected to the anode and shield grid and
its low potential terminal connected to said
cathode for the purpose set forth.

ROBERT M. SPRAGUE.



