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This is a.division of our copending application
Serial No. 491,164, filed June 17, 1943, now Pat-
ent No. 2,412,314 issued December 10, 1946, and
describes an invention which relates to high fre-
quency apparatus and especially to the power
amplifier stages of high frequency transmitters.
- One object of the invention is to provide im-
proved high frequency vacuum tube power am-
plifying apparatus and circuits which shall oper=-
ate at high efliciency and in which spurious ef-
fects such as parasitic oscillations are minimized.
A Turther object of our Invention is to provide
high frequency amplifying apparatus wherein the
frequency of operation may readily and conven-
lently be changed. |

In brief, certain features of the
tion may be outlined as follows:

A push-pull conneeted vacuum tube driver
. stage is coupled through a condenser-divider ar-
rangement to a push-pull connected vacuum tube
power amplifier. The condenser-divider operates
in such a way that over a wide range of operating
frequencies - substantially constant radio fre-
quency excitation is applied to. the grids of the
. power amplifier with constant direct current volt-
age impressed upon the plates of the driver tubes.
In this connection it may also be mentioned that
biasing circuits are provided for the grids of the
power amplifier tubes which operate so as to se-
cure flow of equal grid currents over g wide oper-
ating range,

Reversible electric motors are provided for ad-
justing neutralizing and tuning condensers of the
bower amplifier stage and output circuit, Fyr-
ther instrumentalities under control of other re-

present inven-

tuning indicator which may be in

voll meter. In this way the tuning indicators

give a measure, by the respective volt meter read-
Ings, of the capacity in circuit and in other cases
the amount of coupling or the amount of induct-
ance in the power amplifier tank ecircuit,

The drawing is a
pull

& high frequency power am-
As illustrated, reversible electric motors

10

15

20

30

40

45

2

are provided for varying neutralizing and tun-
ing condensers, the Imductance of the tank circuit,
and the coupling hetween the tank circuit of the
' final output ecircuit to
which the tank circuit Is coupled. |

Referring to the drawing, any carrier fre-
quency within a range of, say, for example, 6 to
22 megacycles is fed into the primary coil 1L11#
and thence into the secondary ILi3, exciting the
control grids of tubes IV1 and 1V8 in phase op-
position. The carrier may be generated by any
suitable vacuum tube senerator followed by am-
plifiers and frequency multipliers. The second -
ary 1L43 is tuned by the split stator condenser
(C40. The amplified output of the driver stage
consisting of tubes i VI and (Vg appears in the
tuned output circyit comprising coil (1.6 and
condensers IC101, 1C86, 1087 and 1CI104. The
condensers are switched into the circuit as need-
ed, depending upon the frequency employed.

In order to prevent spurious oscillations, the
driver tubes iV1 and IV8 are
by-passed to ground by condensers IC46 and
For a range of lower frequencies, addi-
tional by-passing condensers 1C84 and |C85 are
also switched into the circuit, but are switched
out of circuit in the range of higher frequencies
That is to Say, condensers (C471 and | C46 will
serve to give sufficient by-passing to ground at
the higher frequencies since these condensers
may be constructed integrally with tha screen
grid connections to the tubes,

Over the entire range of frequencies, however,
neutralizing condensers {C68 and 1C69, which
may consist of sections of copper strap adjacent
the anodes, are also employed. That 1S, these
Neutralizing condensers are employed in addition,
to the screen grids and their by-passing circyits
to ground, over the entire operating range of fre-
The use of such neutralizing cirecuits
screening circuits insures free-
sSpurious oscillations and similar ef-

from the driver stage, including
and 1V8, to the fina] power amplifier
stage comprising water cooled tubes V9 and V] 0,

- 1s accomplished through capacitors 1C{00, iC48,

o0

bb

1IC102, IC103, iC49 and IC105.

The condensers ICI100, 1C48 and ICI102 are
equal in value, respectively, to condensers 1Cj 03,
IC49 and 1C105. The values of the upper three
capacitors in parallel and the lower three gre

therefore equal; or, they may be used singly or
in pairs so that the coupling capacities on both

sides of the pilate coil

ILI6 are equal. In this




2,485,856

- 3
way, proper voltage will be applied to the grids

of the final power amplifier tubes for different
operating conditions, |

From the foregoing, it will be observed that
the input capacity of the power amplifier tubes
(V9 and {VI0 form the low voltage legs of a
condenser divider. Hence, as long as the radio
frequency plate voltage of the driver stage 1Is
held constant, the condenser divider serves to
maintain a correspondingly constant excitation

voltage to the power amplifier across the power.

tubes of {V8 and tVI0 over a very wide fre-
quency range.

By virtue of the condenser dlvider tuning of
the driver output stage can be adjusted over the
entire frequency range without affecting the ratio
of driver plate to power amplifier grid radio
frequency voltage. Actually some fixed adjust-
ment of the coupling capacitors of the voltage
divider arrangement may be required. We have
found that the entire range from six to twenty-
two megacycles can be covered with three com-
binations of the condensers in the voltage divider
with wide non-critical points of overlap. Fur-
ther adjustment in the circuits may be made
by means of the taps on coil 11,16 and by changing
the position and coupling of a short-circuited
turn {LI6A with respect to the turns of coil 1L16.

The grids of the power amplifier tubes are
subjected to biasing action through the action of
a. common resistor IRI00 and the further re-
sistors IR100A. As indicated, one of the latter
is connected in series with the grid of tube IV8
and the other in series with the grid of the other
tube {VI0 of the power amplifier. Also, it will
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iM{4, iMi6 and IMIT are provided for adjusting
and indicating the adjustment of condensers
[C{12, coupling between inductors IL§1 and (L52
and condenser (Cl114. Supply voltage for the
tuning indicating system is derived from the
rectifier arrangement 1A30. Motor driving power
is - furnished through leads iB and 2A. The
power supply to these leads may be, for example,
220 volts 60 cycles A. C. current. |

The limit switches, such as {S12 and IS(3, may
be operated by cams, in turn operated or driven by
reduction gearing coupled to the motor 1A20, 80
that after a given number of revolutions in one
direction, limit switch 1S12 will be opened and
after a given number of revolutions in the other
direction limit switch (S13 will be opened. Sim-
ilarly, the potentiometer and tap arrangement
iR33 and 40B may be controlled by reduction
gearing also coupled to the motor 1A20, the tap
being in contact with and moved over a circularly
shaped potentiometer winding. Similar com-
ments are applicable to the other limit switches
and potentiometers controlling the tuning indica-
tors Ti. The latter are provided with by-passing
condensers 1C15 to (C19 inclusive.

Having thus described our invention, what we

claim is:
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be noted that chokes 1L50 and 1L50A and radio

frequency by-pass condenser IC{30 have been

nrovided in the grid circuit of the power ampli» -

fier stage. The grid circuit as described provides
halanced grid currents over the entire range of
frequencies employed.

Neutralizing condensers (CI0T and (CI06,
which will be described in greater detail herein-
‘after, are provided for the power amplifier tubes
iV9 and 1VI0. Also, as will be described more
fully hereinafter, the tank circuit of the power
amplifier comprises the inductance ILS1, tuning
condenser {C112, short-circuiting strap SB, con-
denser 1C123, by-passing condenser i1Ci24 and
choke 11.56.

The loading or output circuit, which also will
be described more fully hereinafter, comprises
the inductor 11.52, tuning condenser ICI{4 and
fixed -condensers 1CI(5 to 1C1122 inclusive.

Motor-driven adjustment or tuning of various
elements in the power amplifier stage and output
circuit are provided. Thus, reversible electric
motor {A20 drives neutralizing condensers {C106
and 1C107. Direction of rotation is controlled by
switch IST. Limiting switches, diagrammatically
indicated at IS12 and (S13, limit the amount of
rotation of the motor in either direction. The
angular position of motor (A28 is indicated on a
tuning indicator {M13 which is in effect a.volt-
meter, the voltage of which depends upon the
position of tap 40B upon- potentiometer IRA3.
The tap #0B is moved along the potentiometer
(RA43 by the action of motor 1A20. In other words,
motor {A20 simultaneously varies condensers
{C106 and ICI0T and the position of tap 40B
along potentiometer {RA43. o

Similarly, reversible driving motors (A28, 1A2{,
1A24 and 1A25, switches 1S9, 1S8, 1810, and
{Si1, limiting switches 1S16, 1S11, 1Si4, IS18,
IS18, 1819, (820 and 1S2{, and indicators (M/S,

40

1. A control system for high frequency appa-
ratus having a push-pull connected vacuum tube

power amplifier, comprising a variable conden-

ser arrangement including at least two variable
condensers, each one of said condensers con-
nected to the respective vacuum tubes of said
amplifier, a reversikle electric motor, switching
apparatus for controlling the direction of rota-
tion of said motor in either direction, and me-
chanical linkage hetween the armature of said
motor to a variable element on each one of said
variable condensers, whereby movement of said
motor simultaneously varies each condenser ca-

2. A control systcm for high frequency appa-

- ratus, comprising a plurality of variable con-
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denser and inductor impedance elements con-
nected to said high frequency apparatus, a plu-
rality of reversible electric motors there being
a motor individual to each condenser and induc-
tor element, switching apparatus for controliing
the direction and the amount of rotation of each
one of said motors, and mechanical linkage be-
tween said motors and the respective condensers
and inductors, whereby the movement of said
motors varies the reactance of the impedance
element linked thereto.

3. A motor control system including a push-
pull connected vacuum tube amplifier, compris-
ing a variable condenser arrangement including
at least two variable condensers, each one of said
condensers being connected to the respective

g0 Yacuum tubes of sald amplifier, a source of volt-

age, & reversible electric motor, a potentiometer,
a meter, connections from sald source of voltage
to sald potentiometer, a movable tap on said po-
tentiometer, said meter being connected to one
side of said potentiometer and its movable tap,
switching apparatus for controlling the direc-
tion of rotation of said motor and mechanical
linkage between the armature of said motor and
each one of said variable condensers and also

70 said movable tap, whereby the movement of said

motor varies the values of said condensers and
simultaneously the position of said tap, and the

meter indicates the angular position of said mo-
tor. - y

76 4. A control system for high frequency appe-
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ratus having a plurality of variable condensers
and inductors connected to said high frequency
apparatus, comprising a source of voltage, a plu-
rality of electric motors, there being a metor
controlling each condenser and a motor control-
ling each inductor, a plurality of meters, a plu-
- rality of potentiometers each having a movable
tap, each one of said potentiometers being con-
- nected across said source of voltage, each one of
sald meters being connected to one side of each
potentiometer and its movable tap, there being
& potentiometer associated with each condenser
and with each inductor, a link between the tap
on each potentiometer and its associated motor,
switching apparatus for controlling the direction
and the amount of rotation of each one of said
- motors, whereby the movement of any motor
varies the reactance of the condenser or induce
tor linked thereto and simultaneously causes the
meter associated with its respective potentiome-
ter to measure the change in said reactance.

b. A control system for high frequency appara-
tus having & plurality of variable condensers and
an Inductor connected to said high frequency
apparatus comprising a source of voltage, a mov-
able short-circuiting strap across & portion of
sald inductor, a plurality of electric motors, &
plurality of meters, a potentiometer individuail
to each condenser and to said inductor, each po-
- tentiometer having a movable tap, said poten-
tiometers being connected across said source of
~ Voltage, each one of said meters being connected
to one side of each potentiometer and its movable
tap, switching apparatus for controliing the di-
rection of the amount of rotation of each one of
said motors, and mechanical coupling apparatus
coupling sald motors respectively to different con-
densers and to said short-circuiting strap, and

linkage between each motor and the movable tap
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on its associated potentiometer, whereby the
movement of one of said motors varies the ca-
pacity of a condenser and another motor moves
sald short-circuiting strap simultaneously, and
the meters indicate the degree of movement of
sald motors. |

6. A control system for high frequency appara-
tus including vacuum tube amplifiers connected
in push-pull relationship comprising two vac-
uum tubes each having at least an anode, a grid
and a cathode, two neutralizing condensers each
in circuit connection between the anode of one
tube and the grid of another tube, a source of
voltage, a reversible electric motor linked to both
neutralizing condensers for simultaneously
varying the same, a potentiometer connected in
shunt with said source of voltage, a variable tap
for said potentiometer, said variable tap being
linked to said motor, and & meter in shunt with
said potentiometer.,

THOMAS JAMES BOERNER.
JOHN W. SANBORN.
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