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5 Claims.

This invention relates to modulated carrier
wave transmitters suitable for transmitting
speech, music, television signals, and other forms
of intelligence.

It is common practice at the present time to
effect modulation of carrier waves to be trans-
mitted at a fairly high power carrier frequency
amplifying stage of the transmitter, the modu-
lating potentials being amplified by audio or
similar modulating frequency amplifiers until of
sufficient strength to enable modulation at the
high power stage to be effected.

According to this invention modulating poten-
tials are applied to modulate a carrier wave at a
relatively low power stage (which may be an oscil-
lator or a carrier frequency amplifier stage) and
the resultant modulated carrier energy is rectified
to derive uni-directional potentials which are then
utilized to effect modulation at a high power car-
rier stage of the transmitter. The rectifying
means for transforming the low power modu-
lated carrier wave energy into uni-directional po-
tentials may be of various different forms, for ex-
ample they may comprise thermionic diodes and
associated filter or smoothing circuits, and the
low power carrier which is modulated may be of
the same carrier frequency as the carrier to be
transmitted or it may be of any other desired
suitable frequency.

In carrying out this invention the uni-direc-
tional potentials obtained are applied to what

-may be termed a high power modulating tube, (or

bank of tubes) by which modulation at the high
power modulated stage is effected, and it will be
appreciated that various different adjustments of
the normal grid potential of the high power modu-
lating tube may be made to produce different de-
sired results. PFor example, the uni-directional
potentials applied to the grid of the high power
modulating tube may be arranged to be of nega-
tive polarities and no additional bias provided,
in which case, assuming that complete modula~-
tion was effected at the low power modulated car-
rier wave stage, the grid potential of the high
power modulating tube may be varied by the
applied varying uni-directional potentials from
zero to cut off or beyond (depending upon the
initial adjustment) so that so-called class A oper-
ation (up and down the relatively straight por-
tion of the characteristic) or so-called class B
operation (starting from the bend of the char-
acteristic) of the high power modulator may be
obtained.

Alternatively the working point on the char-
acteristic of the high power modulating tube may

(C1. 179—171)

be adjusted to a potential which is the resultant
of the rectified uni-directional potentials (which
may be arranged to be either positive or negative)
and an additional applied bias potential of oppo-
site sense (negative or positive) and in such a 5§
case it is possible to obtain the effect that the
characteristic of the modulator is fully “swept
over” with quite a low degree of modulation of
the low power stage and without operating the
rectifying means over the non-rectilinear lower 10
portion of its characteristic.

Again in carrying out the present invention
the low power modulated stage may be coupled
to two larger power modulating tubes (or banks
of tubes) one of which has in its grid circuit a 15
rectifier producing negative umi-directional po-
tentials from the low power modulated output,
said rectifier being in series with and opposed by
a source of positive bias potential and the other
of which has in its grid circuit a similar rectifier
producing positive uni-directional potentials said
positive uni-directional potentials being opposed
by and in series with a negative bias source. 'With
such an arrangement the following effects will
occur: 25

During the half cycles of sighal potential pro-
ducing an increment of the oscillatory current,
one of the main modulating tube grids will be
rendered less negative and the other modulating
tube grid will be rendered more negative, while g¢
during the half cycles of signal potential pro-
ducing a decrement of the oscillatory current the
reverse effect will occur. In this manner, given
suitable connections between the anode circuits
of the two modulating tubes and the load circuit, 35
results like those of the so-called ‘“push-pull”
Class A or Class B type modulators can be ob-
tained in a more simple manner than by the
usual chain of phase-opposed transformer-cou-
pled amplifiers. ‘ 40

The invention is illustrated in the accompany-
ing drawings where Figures 1 to 3 inclusive each
show diagrammatically various circuit embodi-
ments of my novel modulation circuit.

Referring to Figure 1 which shows one specific 45
embodiment of the invention carrier frequency
energy of low power is applied through a coupling
condenser | to the grid 2 of what is herein termed
a sub-modulated amplifier 3 the said grid being
connected to the cathode 4 through a grid re- 50
sistance 5. The anode-cathode space of the sub-
modulated amplifier 3 is in series with the anode-
cathode space of what is herein termed a sub-
modulator tube 6 the two valves being in series
across a source of anode potential HV and the 855

3]

0




10

15

20

25

30

35

40

i
S

50

55

60

65

70

75

2

circult extending from the positive terminal of
said source through a high frequency choke 7
through the sub-modulated amplifier 3 through a
second high frequency choke 8 and through the
sub-modulator tube 6 to the negative terminal
and earth. Modulated potentials are applied

through a transformer 9 between grid {0 and-

cathode Il of the sub-modulaior tube. Coupled
to the anode 12 of the sub~-modulated amplifier 3
is a carrier frequency tuned circuit 13—14-the
coil 13 in which is coupled to a-rectifier which

may be, for example, as shown, a diode 15, said -

diode being in series in a loop circuit with the
coupling coil 16 and a condenser {1. 'The said
condenser is shunted by a resistance 18 one end
of which (the positive end) is connected to the
grid 19 of a high power modulating tube 20 (or
bank of tubes). The negative end of resistance
18 is connected to the negative terminal of a
grid bias battery 21 whose positive terminal is
connected to the cathode 22 of the said high
power modulating tube 20.  The anode 23 of the
high power modulating: tube 20 is connected to
the positive terminal of a source of anode poten-
tial HV and the cathode 22 is connected through
a high frequency choke 24 to the anode 25 of a
high power carrier frequency amplifier tube 26
(or -bank of tubes) whose cathode 27 is earthed as
is the negative terminal of the source HV. The
grid 28 of the tube 26 is connected to the cathode
27 thereof through a grid resistance 29 and wave
energy of the carrier frequency to be transmitted
and of high power is applied to the said grid 26
through a coupling condenser 30. Coupled to the
anode of the high power carrier frequency am-
plifier 26 is a tuned output circuit 31 from which
energy is taken to any suitable utilization device,
stuch as an aerial 32, ‘

In a modified arrangement illustrated in Fig-
uré 2 the low power modulated carrier energy
output from the sub-modulated amplifier 3, the
elements of which are designated by reference

characters similar to those used in Figure 1, is

passed through the series connected primaries of
two transformers 33, 34. Transformer 33 has
one end of its secondary connected through a
rectifier {5a to the grid 19a of a first high power
modulating tube 20a (or bank of tubes) the other
end of said secondary being connected through a
bias battery 2la to the cathode 22g ‘of said tube
said battery being of such polarity as io oppose
the rectified potentials. The bias battery is also
in series between the cathode 22a and the grid
{9a through a grid resistance 18a which is shunt-
ed by a condenser [Ta. 'The second transformer
34 has its secondary connected through a similar
circuit arrangement including a rectifier 155,
resistance 18b, condenser (1t and battery 215
across. the grid-cathode circuit 195, 22b, of a
second high power modulating - tube 2080 and
again the bias battery 21b and the rectifier 156
oppose one another, but in this case the rectifier
156" and bias battery 21b are the opposite way
round as compared to the corresponding elements
(I5a, 21a) in the grid circuit of the tube 20aq.
The two high power modulating tubes 20a, 20b
are in series with one another the cathode 226 of
tube 200 being earthed and the anode 23a of the
tube 20¢ being connected to the positive terminal
of ‘a-source 35 of anode potential whose negative
terminal is connected to the positive terminal of
a second source 36 whose negative terminal is in
turn. earthed.  The junction point of the two
sources 39, 36, is connected to a point between the

two series connected high power modulating tubes
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20a, 20b through a low frequency choke 31. The
anode to cathode space of that high power modu-
lating tube which is on the positive side (. e., tube
20c) is shunted across a circuit including the
anode to cathode space 25a, 2Ta of a high power
carrier frequency amplifier 26a the arrangement
being, as shown, such that the high power modu-
lating tubes 20¢ and the carrier frequency am-

-plifier tube 26a are connected in a parallel modu-
- lation circuit. The anode of tube 20D is connected

to the cathode of tube 26¢ the arrangement being
such that 26a and 20b are in a series modulation
circuit. Tubes 26 and 28a are in parallelastothe
direct current source 39, while the output im-
pedance of 28q is in a direct current series circuit
including the output impedance of 20b and re-
actor 37 in parallel. In the whole arrangement
modulation in one direction is effected by the
barallel modulator 20¢ and modulation in the
other is effected by the series modulator 20b.

In a further modification illustrated in Figure
3 the positive terminal of a scurce of anode poten-
tial HV is connected through a low frequency
choke 38 and the anode-cathode space of a sub-
modulator tube 6a to earth and modulating po-
tentials are applied between grid {%a and cathode
{1a of this sub-modulator tube in any convenient
way, e. g., by means of a transformer 8a. In
shunt across the anode-cathode space of the tube
€a is a circuit including a high frequency choke
39 in series with the anode-cathode space 12a—4a
of a sub-modulated amplifier 3a, carrier fre-
quency at low power bheing applied through a
coupling condenser 1@ across a grid resistance 5a
in the grid circuit of the said amplifier 3a. The
anode {2a is coupled to a tuned output circuit 13,
14 the coil in which acts as the primary of a
transformer having two secondaries. One sec-
ondary 16a is connected at one end through a
rectifier 15a in series with a high frequency choke
to the grid 19¢ of one high power modulating
tube 20a and the other end of said secondary is
connected through a bias battery 21a to the cath-
ode 22a of the said tube 20a the said battery being
also in series between cathode 22a and grid 18«
through a ¢apacity shunted resistance combina-
tion 11a, 18a. -The arrangement is such that the
bias battery 2la opposes the potential applied to
the grid 19¢ from the rectifier 15a. The cathode
22¢ of the high power modulating tube 20a is
connected to the cathode 22b of a second, similar,
high power modulating tube 20b and the grid
cathode circuit 19b—22b of this second modulat-
ing tube 20b includes an arrangement like that
provided in the grid circuit of the first rmen-
tioned high power medulating tube except that
the bias battery 21b and the rectifier i5b are the
opposite way round from the corresponding ele-

ments 21a, 15¢. The two anodes 23a, 23D of the

two high power modulating tubes 20a, 20b are
connected to one another through the center
tapped primary of a low frequency transformer
40 the center tap being taken to the common
cathode point of the two said high power mod-

ulating tubes through a suitable anode potential

source (not shown). The se¢ondary of the low
frequency transformer 40 is connected in a loop
circuit with a low frequency choke 41 and a con-
denser 42 the junction point of said choke and
condenser being connected to the positive ter-
minal of a source of anode potential HV and the
other end of said choke being connected through
a high frequency choke 42a to t{he anode 250 of a
high power carrier frequency modulated amplifier
26b whose cathode 270 is earthed. The carrier
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Irequency to ke transmitted is supplied at high
power to the grid of the amplifier 26b through a
coupling condenser 30, the said grid being con-
nected to the earthed cathode 276 of the said
tube through a grid resistance 28. The anode of
the high power modulated carrier amplifier is
coupled to a tuned output circuit 31 which in turn
feeds into a utilization device such as an aerial 32.

The invention has several important advan-
tages: For example, in many constructions in
which it is desired to position the modulating
tube at a point having a relatively high potential
to earth, it is a matter of difficulty to construct
an effective grid input transformer with suffi-
ciently low inter-capacity to prevent loss of high
note response, whereas in carrying out the pres-
ent invention the coupling between the low power
modulated stage and the grid circait of the high
power modulating tube or tubes can readily be
arranged to have negligible capacity to earth.

Again, if it is required to operate a high power
modulating tube over a very wide frequency band
from an initial signal of small amplitude, much
difficulty is experienced on account of the appre-
ciable self-capacity of the tubes necessary to pro-
duce the required modulating potentials, whereas
by employing the present invention the difficulty
is considerably reduced.

The modulated low power oscillator or ampli-
fier may be arranged to produce a constant car-
rier and modulation side bands or in certain
applications the carrier may be suppressed and
only the modulation side bands or cne of them
rectified and applied to the main modulating
stage.

The carrier frequency of the modulated low
power stage may in all cases be the same as that
to be transmitted or it may be widely different
therefrom.

If desired, in carrying out the invention, the
process of modulating a relatively low power
carrier, rectifying the modulated output and
applying the rectified potentials to effect modu-
lation at a relatively high power stage may be
repeated as many times as desired, i. e., the
modulated output from the relatively high power
stage may be rectified and the resultant rectified
potentials utilized to effect modulation at a stage

" of still higher power, and so on.

i}
<t

60

I claim:

1. In a modulated carrier wave transmitter
comprising a relatively low power carrier fre-
quency relay stage, a modulating stage inter-
connected with said relay stage for modulating
the amplitude of the carrier energy output of
said relay stage in accordance with signals to be
transmitted, a pair of rectifiers connected in cir-
cuits coupled to the output of said low potential
relay stage and energized by modulated energy
therefrom, said circuits each including an im-
pedance wherein the rectifier of the circuit pro-
duces uni-directional potentials, a relatively high
Dower carrier frequency relay stage connected
with a second modulating stage in a series modu~
lation current circuit, means connecting said rel-
atively high power carrier frequency relay stage
with a third modulating stage in a parallel modu-
lating current circuit, said second and third mod-
ulating stages each comprising an electron dis-
charge tube having a grid circuit, means for ap-
plying said uni-directional potentials produced in
the impedance in one rectifier circuit together
with superimposed opposing direct current bias to
the grid circuit of said second modulating stage
whereby said second modulating stage acts as a

3

series modulator to effect modulation in one di-
rection, means for applying uni-directional po-
tentials produced in the impedance in the other
rectifier circuit together with superimposed op-
posing grid bias to the grid circuit of the third
modulating stage whereby said third modulating
stage acts as a parallel modulator to effect modu-
lation in the other direction, and a utilization
circuit energized from the output of said high
power relay stage.

2. In means for producing substantially linear
modulations on carrier wave energy characteris-
tic of a wide band of signalling potentials, a low
bower carrier wave amplifier stage including an
electron discharge device having input electrodes
on which said carrier wave energy may be im-
pressed and output electrodes from which modu-
lated carrier wave energy may be derived, means
for impressing modulating potentials character-

istic of said wide band signalling potentials on 2

the electrodes of said device to modulate therein
sald carrier wave energy, a high power carrier
wave amplifier tube having input electrodes cou-
bled to a source of oscillations of carrier wave
frequency, and having output electrodes coupled
to a utilization circuit, a modulator tube, a source
of direct current potential, a modulation poten-
tial circuit connecting the impedance of said
modulator tube in series with the impedance be-
tween the oufput electrodes of said high power
amplifier tube and with said source of direct cur-
rent potential, said modulator tube having input
electrodes, a rectifier having input electrodes cou-
pled to the output electrodes of said device of said
low power amplifier stage, and a circuit coupling
the output electrodes of said rectifier to the input
electrodes of said modulator tube.

3. In a system for producing substantially lin-
ear modulation of carrier wave energy in accord-
ance with signalling potentials, a low power car-
rier wave amplifier tube having input electrodes
coupled to a source of oscillating potentials and
output electrodes coupled in an output circuit, a
modulator tube having output electrodes coupled
in series with a source of direct current potential
and with the output electrodes of said low power
amplifier tube, said modulator tube having input
electrodes, means for impressing modulating po-
tentials on said input electrodes, a high power
amplifier tube having input electrodes coupled
with a source of carrier wave oscillations and
having output electrodes connected in a series
modulation circuit comprising the impedance be-
tween the said output electrodes of said high
power amplifier tube and the impedance between
the output electrodes of a second modulator tube
and a source of direct current potential, said sec-
ond modulator tube having input electrodes, a
rectifier having output electrodes connected to
the input electrodes of said second modulator,
said rectifier having input electrodes and a cir-
cuit coupling the input electrodes of said rectifier
to the output electrodes of said low power ampli-
fier tube.

4. A system as recited in claim 3 wherein said
second named modulator tube, having the im-
pedance between its output electrodes connected
in the series modulation circuit including the im-
pedance between the output electrodes of said
high power amplifier and said source of direct
current potential, is in a portion of said direct
current circuit of relatively high direct current
potential with respect to the low potential ter-
minal of said source of direct current.

5. In a system for accomplishing substantially
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linear modulation of carrier wave energy in ac-

cordance with signals, a low power carrier wave

amplifier tube having input electrodes coupled to
2 source of oscillations and having output elec-
trodes coupled with an-output circuit, one of said
electrodes being a cathode, a modulator tube hav-
ing cathode coupled between the output elec-
trodes  of said amplifier tube and ground, said
modulator tube having input electrodes coupled
to g source of modulating potentials, a source of
direct current potential connected in shunt to the
output impedances of both of said tubes, a high
power amplifier -tube having input electrodes
coupled to a source of oscillations and having
output electrodes coupled to a load circuit, a
source of direct current potential, a second modu-
lator tube having input electrodes and having
output -electrodes coupled by a modulating po-
tential reactor in shunt to a portion of said source
of direct current potential, means connecting the
output electrodes of said high power amplifier
tube in shunt to another portion of said source of

2,118,172

potential whereby said high power amplifier tube
and said second modulator tube are connected in
a series modulation circuit, a third modulator
tube having its output electrodes coupled in
shunt to the output electrodes of said high power
amplifier tube to form therewith a parallel modu-
lation circuit, said third modulator tube having
input electrodes, a pair of rectifiers each having
input electrodes coupled in input circuits and
output electrodes coupled in output circuits in-
cluding impedances, means for impressing modu-
lated wave energy from the output of said low
power amplifier on the input circuits of said rec-
tifiers, said rectifiers being reversed to produce
potential drops of opposed polarity in said im-
pedances, means for impressing the potential
drop in one of said impedances on the input elec-
trodes of said second modulator and means for
impressing the potential drop in the other of said
impedances on the input electrodes of the third of
said modulator tubes.

: WILLIAM THEODORE DITCHAM.




