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mum overal] efficiency,
In general, there exist .griq modulated radio

bedance inversion network,
called the “carrier” channel, op-
erates throughout the modulation range.

from that stage,

Such an arrangement was described by F. E,
Terman in the Proceedings of the Institute of
Radio Engineers for August, 1938,

mitter, in addition to
the transmitted signals,

It is another object of this invention to DProvide
a signal modulated carriey Wave transmitter hay-
ing increased overall efficiency,

A still further object of this invention is to
brovide such g transmitter of signal information
which transmitg that information with maximum
fidelity.

These improvementsg make the signa] transmit-
ter especially adapted to the transmission of tele~
Vision or “video” signals, Therefore, this inven-
tion will pe discussed in terms of g transmitter
of video signals although the applicability of the
invention is not 50 confined,

The features of the present invention which are
believed to be novel are set forth with particy-
larity in the appended claims, The present in-
vention itself, both as to itg organization and
manner of operation, together with further ob-
Jects and advantages thereofr may best be under-
stood by reference to the following description
taken in connection with accompanying drawings
in which:

Figure 1 is g block diagram of a signal mody-
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lated radio transmitter embodying the features of
this Invention; ‘

Figure 2 jg 3 detailed cireuit diagram of g por-
tion of the transmitter of Figure 1;

Figure 3 drawing of an element of the ¢jr-
cuit of Figure 2; and

Figure 4is a detailed circuit diagram of another
portion of the transmitter of Figure 1,

In Figure 1 carrier fina] amplifier | and peak
final amplifier 2 are driven by carrier driver am-
plifier 3 angd peak driver amplifier 4 through car-
rier transformer 5
Spectively, Carrier 3 and peak
driver amplifier 4 are constant voltage amplifiers.
By the term constant, voltage amplifier is meant
one which ig self-biased ang driven suficiently
hard to cause It to operate in the class © region.
In class © Operation the grig of the amplifier
tube is biaseq to severg] times the Dotential re-
quired to cut off plate current in the tube, and
only the peaks of the driving voltage are ampli-
fled. As the load resistance varies the self-bias

In combination with stepdown transformers
5 and 6, driver ampliflers 3 ang 4 form a source
of extremely constant driving voltage despite

v incorporating limiting circuits in carrier
modulator T it ig made to supply only those mody-
lating signals which lie in th
broximateyl 509,

amplitude of the moduy-
lating signals,

It is seen from the foregoing description that
the term “limiting” Includes both top and bot-
tom clipping; in other words, Specifically con-
fining the range of signalg which wil] be ampli-
fled.

When this invention is €mbodieq in g~ black-
white” television or “videg” transmitter, carrier
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final amplifier 1 transmits signals corresponding
to the white to gray portions of the overall tele-
vision picture. ‘Peak final amplifier 2 transmits
the gray to black portions of the television pic-
ture, and in addition, transmits the synchroniza-
tion impulses.

As a result of this amplitude splitting of the
modulating signal, each of the modulating chan-
nels operates over & narrowed dynamic range,
with the result that each operates with a consid-
erably higher average efficiency than could he
realized with a single channel amplifier. Fur-
thermore, the linearity of power output with
modulating power is retained and amplitude dis-
tortion is prevented.

The grid limiting circuits assure @& constant
maximum dynamic modulating signal range and
thus prevent the distortion of the modulating
signals which occurs when the power output from
final amplifiers { and 2 corresponding to a given
reference point on the modulating signal is not
constant from slgnal to signal.

Final amplifiers { and 2 are coupled together
transmission line impedance in-
peak final amplifier 2 is biased 80 it
remains inoperative until the level of the
lating signals exceeds approximately 509% of the
maximum amplitude of the modulating signals,
with the result that both stages operate at rela-
tively high efficiency and the linearity of power

output with modulation is retained. Amplitude:

disortion of the modulating signal is thus pre-
vented.

In Flgure 2, in detai}, radio frequency voltage
at the desired fregquency from an appropriate
source 1B is applied simultaneously to inductance
11 and transmission line 12.
age applied to grids 13 and (4 of vacuum tubes
t§ and (6 from grid coil 1T 1s in time phase quad-
rature with the voltage applied to grids 1§ and 9
of vacuum tubes 20 and 2i through link 22 and
grid coll 23, because the electrical length of trans-
mission line {2 is one-quarter wavelength or 90
electrical degrees atthe carrier frequency. These
excitation voltages are of sufficient amplitude so
that they drive the.grids of amplifier tubes i5,
16, 20 and 21 in class C operation when the maxi-
mum load appears across the tank circuit of am-
plifiers 3 and 4. Vacuum tubes 15, 16 and 20 and
2] are connected in a balanced or push-pull ar-
rangement. They are biased to approximately
twice the plate current cut-off voltage by erid
current flowing through resistors 24 and 285, re-
spectively. arid bias source 26 provides a pro-
tective, relatively small, fixed bias which supple-
ments the self-bias.

The continuous voltage obtained from plate
voltage source 21 is applied to plates 28, 28, 30
and 3t of vacuum tubes 15, 16, 20 and 21 Tespec-
tively. -

Plate inductance 32 resonates with the inherent
stray capacitance 33 existing between plates 2
and 29 to provide a purely resistive impedance
at the carrier frequency. Similarly, plate in-
ductance 34 resonates with the stray capacitance
35 between plates 30 and 31 at the carrier fre-
quency. '

Cathode 38 of vacuum tube i5 and cathode 31
of vacuum tube {6 are heated by current from
transformer 38 to cause electron emission. Simi-
1arly, cathodes 39 and 40 of vacuum tubes 20 and
21, respectively, are heated by current from trans-
former &i.

Condensers 42 and 43 by-pass radio frequency
currents around transformer 38. Similarly, con-
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densersuandllby-pmradion-equencycur-
rents around transformer 41 and prevent degen-
eration.
Condensers“andl‘lneutranzethegﬂdto
plate capacity of vacuum tubes {5 and {8, respec-
tively, and prevent self-excited oscillation of the
tubes. Similarly, con-
grid to plate

tubes 15 and 16, Similarly, indicator 51 meas-
ures the plate current flowing to tubes 20 and 2§.

Step-down transformer $ is o transmission line
or its equivalent, one-quarter wavelength long at
the carrier frequency, effectively terminated by
a short circuit because of the negligible reactance
of condensers 62 and §3 at that frequency.

The impedance looking toward carrier driver
3 decreases as conductors 54 and §5 are con-
nected to transformer 5 nearer and nearer to
its short circuiting termination. ‘The exciting
voltages impressed between cathode 56 of vacuum
tube 51 and cathode 58 of vacuum tube 59 cor-
respondingly decrease. The combination of self-
biased class C amplifier 3, which itself is capable
of supplying current to maintain & nearly con-
stant voltage across & varying load, with the im-
pedance step-down transformer 95, provides a
source of constant exciting voltage for amplifier
{, despite variations in the load presented to the
combination by amplifier | as it is grid modu-
1ated throughout the dynamic range of the modu-
lating voltages. Similarly, conductors 60 and 61
are. connected to a low impedance point on peak
step-down transformer 6 and impress an excit-
ing voltage of constant amplitude ketween cath-
ode 62 of vacuum tube 63, cathode 64 of vacuum
tube 85, and ground.

Inductances 66 and 61, effectively in parallel,
resonate with the reactance of stray capacitance
68 at the carrier frequency. Since conductors 54
and B5 are very short, the input capacitance to
conductors 54 and 5% measured at their junction
with step-down transformer § is extremely smail
and the broad band characteristics of the source
of driving current for amplifier | are retained.

The use of two inductances 61 and 66 permits
the introduction of filament power for tubes 57
and b9 from transformer 68 without introducing
hum modulation of the output signal from am-
plifier 1. Condensers 10 by-pass radio frequency
current across filament-cathode 56 and 58 of
amplifier tubes 87 and 59, respectively.

Correspondingly,-mductances 1i and 12, effec-
tively in parallel because of the low reactance of
by-pass condensers 73 and 14 to carrier frequency
currents, resonate with stray capacitance 15 at
the carrier frequency.

Cathode heating power is supplied by trans-
former 16 through inductances 11 and 12 to am-
plifier tubes 63 and 65.

Modulating voltages are impressed on grids 11,
18, 19, and 80 of tubes 57, 59, 63 and 65, respec-
tively. These grids are at ground potential a8
far as voltages at the carrier frequency are con-
cerned., Screen grids 81, 82, 83 and 84 are directly
grounded.

By utilizing for amplifler
65, tetrodes which have by their construction
inherently low interelectrode capacitance, and
low electrode-space capacitance, and, further,
operating those tubes as grounded grid amplifiers,
the cathode to ground, plate to ground, and plate

tubes 67, 59, 63 and



to plate capacitances gre kept extremely low,
thus increasing the spectrum of frequencies over
th

thermore, the need for neutralizing condensers
Is obviateq, thus aiding the reduction of circuit
capacitance,

Final plate inductances 8§ and 86 resonate with
blate to plate capacitances 87 ang 88 at the car-
rier frequency to form the plate tank circuits of
amplifiers | and 2, respectively,

Radio frequency chokes 89 ang 80 isolate radio
frequency currents from the bower supply cir-
cuits,

As has been explained, up to carrier leve] (254
of full power) amplifier 2 {5 inoperative, The
load terminating inverter ¢ under these congi-
tions is simply the impedance of load §1 reflected
through the transformer formed hy mutually
coupled inductances 86 and 92 This impedance
Is made €qual to one-half of the impedance into
which amplifier I should Oberate at fyp modulg-
tion for optimum performance, This optimym
load being called R, the terminating impedance

creases and the bower output from that stage
increases, At the 100 modulation level peak
amplifier | ang carrier amplifiey 2 are both effec-

tion range, the linearity of the power output with
modulation is retained ang contrast in the signal
information is not Jost,

In g particular embodiment of this Invention
the optimum value of B Was found tg be 4,000
ohms, Therefore, the required valye of the char-
acteristic impedance for the transmission line
forming inverter g was also 4,000 ohms, Open

wire or coaxial lineg using straight conductors

rarely have characteristic impedance eXceeding
1,000 ohmg because the physical characteristics
of lines having impedances €xceeding that value
tend to make such lines impractical.

In Figure 3 impedance inverter g includes coiled
conductors 93 and 94 Supported by in.su]ating means
95 and 96 and separateq by a reasonab]e distance,
In g barticular embodiment of this mvention,
given burely by way of €xample, thijs distance
was 4 inches, By coiling the conductors compos-
ing the transmission line the inductance per unit
length of the line is increased more rapidly than
the shunt Capacitance ig increased, with the resulg
that the characteristic Impedance of the trang.
mission line, ag glven by the equation

L
Z=_fL
C

Is increaseq rapidly, The velocity of Propagation

6
through the transmissign line is given by the
equation

10

where V jg the velocity of Propagation, ang tis
15 the frequency, reducing v reduces the velocity
of the bropagation anq correspondingly reduces
the Wavelength within the line. The required
bhysical length of inverter g is reduceq, A com-
pact high impedance line is thys pProvided,
20  While the various amplifier stageg in the

30 In Figur.e 4 the output of Modulation voltage
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split by means of potentiometers 102 gng 103
and fed in-phase to grids 104 anqg 105 of vacuum
tubes 10§ and (07, which gre includeq In peax
input amplifier {08 and carrier input amplifier

9, Tespectively,

Automatic self-bias jg developed 8Cross re-
sistors {p and {1} jn amplifiers {0g and {09,
respectively, and the pegkg of the modulating
signal are held at the Zero bias Jeye] of operation
5 for vacuum tubes {06 and |
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7 8
Similarly, the signals of negative polarity from Similarly, carrier rectifier 149 inciudes step-up
plate 121 of vacuum tube 107 sre coupled through transformer (88, rectifier tube 159, across which

condenser 122 and grid clipping resistor 123

grid 124 of intermediate amplifier tube

to the high voltage from transformer {88 is im-
28. pressed, voltage regulator 160, which maintains

The output from amplifier 109 is also impressed & a constant output voltage from the rectifier, and
on cathode 126 of diode 121 and the negative po- filter condenser 161, which aids in eliminating
tential on anode 128 18 adjusted by means of po- ripple from the continuous voltage delivered by
tentiometer 129 so that the synchronizatlon tips the rectifier. The voltage appearing across filter

iie beyond the cut-off voltage for amplifier tube

condenser 161 is applied petween screen grid 143

128, and only the gray and white portions of the 10 of carrier modulator 148 and cathode 162 of that

same tube.

The output signals from plate 130 of interme- Carrier grid current meter 183 is connected be-
diate amplifier tube 116 are of positive polarity tween grid load resistor 184 and the negative ter-

and are coupled through condenser 131 and

re- minal of bias supply 187, to minimize the capaci-

sistor 182 to grid 128 of peak modulator tube 134, 15 tence shunted between grids 71 and 18, and

1f the peaks of the signals impressed on grid
{end to exceed the zerc bias operating point

138 ground.
for While particular embodiments of the present

the tube, grid current flows and 8 biasing voltage jnvention have peen shown and described, it will
is produced across resistor 135 which is main- be obvious to those skilled in the art that changes
tained at an average value by the combination of 20 and modifications may be made without depart-

condenser 131 and resistor 135. As a resul

t of ing from this invention in its proader aspects.

the direct current re-insertion action just de- and, therefore, the aim in the appended claims .
seribed, the portion of the signal lying below the is to cover all such changes and meodifications 23
grid bias cut-oft yoltage increases until once {all within the true spirit and scope of this in-
again the tips of the modulating signals lie at 25 vention.

the zero bias level of operation for modulator 1 claim:

tube 134,

1. The combination, in o device for transmit-

In corresponding fashion the signal of positive ting signals having amplitude variations, of 2

polarity from plate 136 of amplifier tube 125

is source of carrier wave voltage, & pair of constant

coupled through condenser 131 and grid resistor 30 voltage ampiifiers connected to amplify separate-

{38 to grid 139 of carrier modulator tube 140, 1y carrier wave voltage from said source, an im-
The maximum signal amplitude, which corre- pedance inversion netwgrk. a pair of carrier wave
sponds to the gray region of the transmitted tele- final amplifiers respectively driven by said con-

viston picture, is Y aintained copstant at the Z8¥0 stant voltage amplifiers and having output termi-
bias level of operation for modulator tube 140 be- 35 nals interconnected by said impedance inversion
cause of the biasing action of resistor i44 and network, & common 10ad connected to one end of

. gondenser 131, in combination.

said network to which sald final amplifiers sup-

To assure low capacitance to ground on modu-~ ‘ply power additively, and means for grid modu-
lated grids 11, 18, 19 and 80 in final amplifiers i lating sald carrier wave final amplifiers accord-
and 2, and hence, 0 minimize frequency distor- 40 ing to seid variations. .

tion of the modulating slgnals‘ a number of spe- 2. A high efficiency transmitter of &gnals hav-
cial features are provided in modulators 134 and ing amplitude variations, including g source of

140. .

carrier wave voltage; & pair of constant voltage

Pirst, the modulators are operated as cathode amplifiers each excited by said source; 2 20
followers which inherently assures 10W capaci- 49 phase shifting network interposed between one

tance to ground.

of sald constant yoltage amplifiers and said

Second, the continuous voltage for sereen grid source to cause said amplifiers to be excited in

142 in peak modulator tube 134 and for screen time phase guadrature; an impedance inversion
grid 143 in carrier modulator tube (40 is supplied network; & pair of final amplifiers. including

from 8 low capacity power supply |84 which in- 50

vacuum tubes having plate, grid and cathode ele-

cludes a high frequency oscillator 145, operating ments, driven by said constant voltasge amplifiers,
at 16 kilocycles in & particular embodiment of for individually amplifying over contiguous por-
this invention, peak power amplifier (46 and tions of the maximum amplitude range of said
carrier power amplifier 147 receiving exciting signal variations, and interconnected by said im-
voltage from oscillator 148, and peak and carrier 55 pedance inversion network; & load connected to

rectifiers 148 and 148, respectively.

one end of said network, whereby said load re-

. Peak rectifier 148 includes step-up transformer ceives power additively from said final amplifier;
180, which has a very low capacity to ground be- identical jmpedance step-down transformers re-
cause 8o few turns are required on the transform- spectively arranged to couple said constant volt-
er to provide adequate inductive reactance at the 60 agé amplifiers to said final amplifiers to effect in-
high supply frequency, rectifier tube {5t across creased constancy of the driving yoltage for sald
which the high voltage from transformer 180 is final amplifiers; and means for modulating the
impressed, vyoltage regulator {52 and filter con- grid of each of said ﬁna_l ampiifiers according to
denser 83. The continuous voltage appearing said signals over respective portions of the maxXi«
across filter condenser 153 1s jmpressed between 65 mum gmplitude range of sald signals.

screen grid 142 and cathode 154 of peak modula~ 3. A transmitter of signals having amplitude
tor 134, The entire screen voltage supply thus yariations including means for generating a car-
has very low capacity to ground which aids in rier wave and means for modulating the amplitude

producing 1ow capacity to ground for the m
lator as & whole.

odu- of said carrier wave according to said variations,

7o sald first means including & Source of carrier

Grid current meter 185 is connected between waves, & constant voltage amplifier connected t0

grid load resistor 166 and grid blas source 187

sald source, & second constant voltage amplifier

?

which results in the addition of minimum capaci- and a 90° phase shifting network connected be-
tance between grids 19 and 80 of peak final am- tween sald second constant yoltage ampiifier and

plifier tubes 83 and 85, and ground.

75 sald source, & pair of impedance step-down trans-
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formers, a pair of final
pled to said constant voltage amplifiers through

mon impedanece inversion network connected be-
tween the plate

final amplifier associated with sald second ¢nn-
stant voltage amplifier, said means for modu-
lating sald carrier wave generator Including »
source of signal voltage, a direct current rein-
sertion circuit exclted from saig slgnal source
and arranged to limit the maximum amplitude of
said slgna) voltage, a pair of slgnal amplifiers
Separately driven by saiq direct current reinser-
tion circuit, one of said signal ampliflers includ-
ing means for amplifying substantially only the
lower amplitude portion of said signal voliage,
the other of saig amplifiers Including means for
amplifying substantlally only the remaining por-
tion of saig signal voltage,

final amplifier.,
4’ In combination, in g transmitter of signals
having

additively to g common load, and
to amplify over contiguous lower
and upper portions, respectively, of the maximum
amplitude range of

plifier becomes Operative,
5. A transmitter of signals having amplitude
variations including means for generating g car-

ations, said first mentioned means Including g
source of carrier waves, a constant voltage am.-
plifier connected to said source, a second con-
stant voltage amplifier and a 90° bhase shifting
network connected between said second constant

a source of signal voltage, a direct current rein-
sertion circuit excited from said signal source
and arranged to limit the maximum amplitude of
i pair of signal amplifiers

amplifiers including means for limiting the am-
plification therein to Substantially only the re-
maining portion of said_slgnals. one of said sig-

amplifiers cathode cou
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nal amplifierg being connecteq to grid modulate
wave final amplifiers and the

& low capacity voltage sup-
Ply connected to the screen grigq electrodes of
sald tetrode vacnum tubes, including g high fre.
quency alternating voltage Source, a low capaci-
transformer

electrodes ang ground is minimizeq,
6. A device for supplying to a load signals hav-
ing amplitude variations within a given amplitude

hected to drive each of said employed carrier
amplifiers from n arrier wave source,

7. A transmitter of signals having amplitude
variations including means for generating g car.
rier wavr 4nd means for modulating the ampli-
tude of s .ig carrier wave according to said vari-
ations, said first means including g Source of car-
rier waves, g constant voltage amplifier connecteq
to saig Source, a second constant voltage ampli-
fier and a 90° bhase shifting network connected
between saidq Second constang voltage amplifier
and said source, a pair of impedance step-down
transformers, g, pair of final amplifiers cathode
coupled to said constant voltage amplifiers, g,

in a given amplitude range, a direct current rein-
sertion circuit excited from said signal source
and arranged tq limit the maximum amplitude
of said signaj voltage, a pair of signal amplifiers
Separately driven by said direct current reinser-
tion circuit, one of said signa} amplifiers includ-
Ing means for amplifying one portion of said am-
plitude the other of sald amplifiers in-

a pair of impedance step-down transform-
€rs; a pair of signaj amplifiers, including vacu-
um tubes having grid, anode and cathode ele-
ments, cathode-coupled through said transform-
ers to said constant voltage amplifiers and oper-
ating with grids at & fixed reference potential
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mum amplitude range; an impedance inversion
network interconnecting said anode elements of
sald final amplifiers; a load connected to said
network for receiving power additively from sald
final amplifiers; and means for modulating the
grid of each of said final amplifiers according to
its assigned portion of sald amplitude range of
signal variations.

9. A transmitter of signals having amplitude
variations within a given maximum amplitude
range including: & source of carrier wave voltage;
a palr of constant voltage amplifiers each exclted
by said source; a 90° phase shifting network in-
terposed between one of sald constant voltage
amplifiers and sald source to cause said ampli-
fiers to be excited in time phase guadrature; &
pair of impedance step-down transformers; a
pair of signal amplifiers, including vacuum tubes
having grid, anode and cathode elements, cath-
ode-coupled through said transformers to sald
constant voltage amplifiers and operating with
grids at a fixed reference potential for said car-
rier voltage; an impedance inversion network in-
terconnecting sald anode elements of sald final
amplifiers; a load connected to said network for
recelving power additively from said final ampli-
fief's; and means for effecting grid modulation of
each of said final amplifiers in accordance with
an assigned one of different portions of said am-

plitude range of signal variations.
= 10, A device for supplying modulated carrier
wave signals to a load comprising: a source of
carrier wave voltage; a palr of constant voltage
amplifiers coupled to said source; a 90° phase
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shifting network interposed between one of sald
smplifiers and said source; & pair of final ampli-
fiers coupled to and driven by said pair of con-
stant voltage amplifiers; an impedance inverter
coupled between sald final amplifiers and coupled
to said load for supplying signals additively to
sald load from sald final amplifiers; a source of
modulating signals having amplitude variations
within a given maximum amplitude range,;
means for translating different portions of sald
range, including & pair of stabilizing networks
for establishing a selected amplitude value of
each of said different portions at a fixed refer-
ence potential; and s palr of modulators associ-
ated with said stabilizing networks and coupled
to said final amplifiers for effecting modulation
of each final amplifier in accordance with the
stabilized modulating signal of an assigned one
of said portions of said range.

. JOHN F. BELL.
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