1,801,870

D. G. LITV/.E
RADIO TRANSMITTING SYSTEM

April 21, 1931.

Filed Aug. 11, 1927

0d

£ 2
WW@MW | AH- ‘ W. A
b ,
A ) <) <L
74 . u -
a B
o7 g/ ,
i - £ m £
\S;,__ 1 AH- | — [
1
22
WR 8@ %@ &@wm L,
7 S IR T _ .
) g8’ — 2
(113 o 9 ¢l | orzr1os0
o L A 242l
_v_l1 B T
o @ o) o) G /
A —H—5 1
RS A = PAS —
i b\\ SRy oM . b@ﬁ.@\ AP I U]

. INVENTOR

Donald G. Liiile

BY

ATTORNEY



Patented Apf. 21, 1931

~ UNITED STATES

1,801,870

PATENT OFFICE

. DONALD @: LITTLE, OF EDGEWOOD, PENNSYLVANIA, ASSIGNOR TO WESTINGHOUSE ..
' ELECTRIC & MANUFACTURING COMPANY, A CORPORATION OF PENNSYLVANIA

RADIO TRANSMITTING SYSTEM

E Application ﬁled August 11,‘.1927. Serial No. 212,153.

- My invention relates to radio transmitting
systems, and it has particular relation to sys-

tems in’ which transmission is effected by

utilizing carrier-currents of extremely high
8 frequencies of the order of 8,000 kilocycles or
higher. A 3 :

It hasbeen quite definitely established that
less energy is required- for communication
over long distances if high frequencies are

10 used, than is required for low frequencies.
It is not. feasible, however, in the case of
commercial transmitting stations, to reduce
the power to the point where fading, static,
etc., tend to interfere with the messages be-

15 ing sent, and all of such stations must of
necessity make use of a plurality of high-
power, water-cooled tubes in order that an
adequate amount of energy shall be radiated.

By reason of the large size of the elec-

20 trodes. in high-power, water-cooled amplify-

ing ‘tubes; their inter-electrode capacity is-

high, and when a plurality of them are con-
nected in parallel; as is customary if large
power-output is imperative; the total capaci-
" 28 tance is so great that it is substantially im-
possible to tune the output circuit associated
therewith to ‘wave-lengths below 100.meters.
The  amount of energy radiated at high fre-
quencies therefore, has been limited by the
_ 30 number of power-tubes that could be connect-
ed in parallel without de-tuning the output
civcuit from the desired transmission fre-
quency, the most powerful short-wave trans-

mitter with which I was acquainted previous

35 to the present invention being capable of ra-
diating only 15 kilowatts at 20 meters, and
having an effective commercial range of only:
500 miles. “: - : :

- It is accordingly an object of my invention

40 to provide a radio transmitting system that is

capable of radiating a larger amount of power .

at high frequencies' than similar systems

known to the prior art. -
Another object of my invention is-to pro-

45 vide a short-wave transmitting system in-

which high-power, water-cooled tubes may be
suecessfully - utilized. P

Another object of my invention is‘to pro-

" vide a novel circuit network. for a radio

50 transmitting” system, whereby the effect of

the inter-electrode capacity of the reqﬁiéite
number of high-power water-cooled amplify-
ing tubes is minimized. :

- I attain the aforementioned objects by sub-

dividing into a plurality of groups the power

amplifying tubes. necessary to provide the
requisite .amount of radiated power, and by
so limiting the number of tubes in each par-
allel-connected group that the total inter-elec-
trode capacity thereof is less than the ca-

pacity necessary to tune the otitput circuit-

to the desired frequency. Kach group of
power-amplifying tubes has its output circuit

- coupled to a radiating structure in series-aid-

ing relation, and-is energized from a master-
oscillator common to all the groups, through
an individual intermediate amplifier. =T have
also found it feasible to utilize a single
interinediate amplifier for two or more groups
of power amplifiers, and to control all of the
intermediate amplifiers from another ampli-
fier of lower power which-is directly ener-
gized from the master oscillator. :

. -Among the novel features of my invention
are.those particularly set forth in the ap-
pended claims. The invention itself, how-
ever, both as to its organization and its meth-
od of operation, together with further ob-
jects and advantages thereof, will best be un-
derstood from a consideration of the follow-
ing description of a specific embodiment,
taken in connection with the accompanying
drawing. :

The single figure offhe drawing is a di-

agrammatic view of a radio transmitting sys-
tem arranged according-to a preferred em-
bodiment of my. invention, certain élerments,
such as voltage sources, modulating devices,

switches; etc., that have no bearing on the.

invention, being omitted for sake of clarity.

Referring specifically to the’ drawing, a
master oscillator 1, which may. comprise: a
piézo-clectric crystal-controlled - thermionic
device or other appropriate oscillation gen-
erator, is. connected in. parallel by conduc-
tors 2,3, 4and 5 to a plurality of intermediate
amplifiers 6, 7.and 8.- Fach of the interme-

“diate amplifiers may comprise a plurality of

low-power. thermionic - devices coupled to-
gether in cascade, either by transformers,
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resistor-condenser networks or impedances
untuned or tuned to the frequency generated
by the master oscillator.

The intermediate amplifier 6 is connected to
a second intermediate amplifier 10, the out-
put of which is applied to the input circuit
of a plurality of- high-power water-cooled
thermionic devices 11, 12, 18 and 14 connecs-
ed' in parallel. A radio frequency trans-

former 15 may be utilized for coupling the

second intermediate amplifier 10 to the pow-
er amplifier stage as illustrated, or an im-
pedance coupling device of any well known
type may be used if desirable. For examples
of coupling devices, reference may be made to
the patent to Curtis, 1,648,811.

The anodes of the power amplifier thermi-
onic devices 11, 12, 13 and 14 are connected
in parallel by a conductor 16 to a tunable
output or tank-circuit comprising an induc-
tor 17 and a variable condenser 18. The in-
ductor 17 is coupled to an inductor 20 in-
cluded in a radiating structure which may
comprise an antenna 21 and ground connee-
tion 22, or the ground connection may be
replaced by a counterpoise. In the latter case,
the inductor 20 in the antenna circuit need
not be in inductive relation to the output
inductor 17, a single lead conductively con-
nected therebetween  sufficing to transfer
energy from the output circuit to the antenna.

The anodes of the power amplifier thermi-
onic devices are supplied from a source of
high voltage (not shown), and the cathodes
thereof may be supplied from the same source
(not shown) that supplies the cathodes of the
thermionic devices comprised in the inter-
mediate amplifiers and the master oscillator.

The intermediate amplifier 7 is coupled to
an intermediate amplifier 23 which may com-
prise a plurality of thermionic devices of
slightly higher power, though not of the wa-
ter-cooled type, and the output circuit of the
intermediate amplifier 23 is coupled to the
common input-circuit of a plurality of high-
power water-cooled thermionic devices 24,
25, 26 and 27 connected in parallel. - The
anodes of the thermionic devices 24, 25,25 and
27 are connected in parallel by a conductor
28 to a tunable output circuit comprising an
inductor 30 shunted by a variable condenser
31. The inductor 30 1s coupled to a second
inductor 32 serially comprised in the radiat-
ing structure. The anodes of the devices 24,
25, 26 and 27, are supplied from the same
high-potential source that supplies the an-
odes for the first described group of power
amplifiers.

The intermediate amplifier 8 is coupled to
an amplifier 33 of slightly higher power, hav-
ing an output circuit which in turn is coupled
to the common input cirsuit of a plurality of
high-power water-cooled tubes 84, 85, 86 and
37, the corresponding elements of which are
connected in parallel. The power tubes 84,

1,801,870

35, 36 and 37 are connected by a conductor 38
to an individual output circuit comprising an
inductor 40 shunted by a tuning condenser
41, and the inductor is coupled to an induc-
tor 42 comprised in the radiating structure.
The third group of power tubes 1s supplied
with anode potential from the common source
which supplies the first and second mentioned
groups.

In addition to the elements thus far de-

scribed, a complete radio transmitting sta-
tion would comprise modulating devices, ad-
ditional potential sources, various switching
and control devices, and numerous other cir-
cuit connections which have been omitted
from the drawing in order that applicant’s
invention shall not be needlessly obscured.
The omission of these elements detracts in
no way from the completeness of the present
disclosure.

In the operation of a radio system ar-
ranged according to my invention, the inter-
mediate frequency amplifiers which control
the several groups of power amplifiers are en-
ergized exactly in phase by the master oscil-
Iator, which is so arranged that the frequency
supplied therefrom is the same frequency to
which the output circuits of the several
groups are tuned. Accordingly, the power

amplifiers transmit energy to the radiating ‘g

structure at a definite predetermined fre-
quency and exactly in phase.

The number of power amplifier tubes in-
cluded in each groupis governed by the plate-
dlament capacity of the individual tubes.
The plate-filament paths of the several tubes
in each group are connected in shunt to the
output-circuit tuning condenser and the total
capacity thereof must not be greater than the

total capacity required to tune the output cir-

cuit to the predetermined frequency. Such
capacity is largely determined by the induc-
tance necessary in order that the coupling
between the output circuit and the antenna
shall be sufficient to insure an efficient transfer
of energy therebetwegn. In other words, it is
not feasible to reduce the inductance of the
output inductor below a certain definite value
for each and every transmission frequency,

and consequently, the maximum value of the

tuning  condenser associated therewith is
rather sharply determined.

Assuming, for example, in the system illus-
trated, that it is desired to:transmit on a
wave length of 100 meters, corresponding to a
frequency .of 3,000 kilocycles, and that a
power output of 50 kilowatts is necessary to
satisfactorily cover the desired transmission
range, it may be determined by calculations

familiar to those skilled in the art, that a cer-

tain definite number of high-power water-
cooled tubes is necessary. - The number chosen
for purposes of illustration, namely 12, is
merely an arbitrary number and bears no re-
lation to the actual number required in the
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hypothetical case. If these 12 tubes were
connected in parallel to a single output circuit
having the required amount of inductance,

“the total plate-filament capacity would be so

much greater than the capacity necessary to
tune such output circuit that it would be im-
possible to transmit on the frequency desired,
namely 100 meters. By distributing the pow-
er tubes in groups as shown, however, the
total capacity of any one group may be made

- much less than the required tuning capacity

20

and each output or tank circuit may accord-
ingly be accurately tuned by thevariable con-
densers shown. B

The total amount of power transferred:

from the several groups of amplifiers to the
radiating structure is substantially the same
when the system is arranged according to my
invention as when all of the tubes are con-
nected in parallel to a single: output circuit,
the losses in the two additional tuning con-
densers, in the output inductors and the losses
in the connecting wiring being substantially
negligible. '

It 1s also feasible to further sub-divide the

~ power-amplifiers, if desirable, and to ener-
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gize two or more of the groups from a single
intermediate amplifier. “In such event, all
of the intermediate amplifiers may in turn be
energized in parallel from a single interme-
diate amplifier coupled directly to a master
oscillator.

Various other systems of sub-dividing the
apparatus between the power amplifier

groups and the master oscillator may be em- .

ployed, all falling within the scope of my
invention, which is mainly directed to the

subdivision of the power-amplifiers proper,

into separate groups of parallel-connected
devices, in order that the total inter-electrode
capacity of the devices in any one group shall
not prevent proper tuning of an output cir-
cuit energized thereby. - '

My invention is particularly advantageous.

when it is desired to radiate a relatively large

‘amount of power at frequencies above 8,000

kilocycles. Ihave established, by experiment,
that when the power amplifiers are sub-di-
vided properly, a transmitting system can

be provided which will radiate many times -
more power than systems known to the prior.

art, wherein all of the power amplifier tubes
were connected in parallel.
Although described in connection with
space-radio, my invention is not to be re-
stricted thereto, but is equally applicable to

3

parent to those skilled in the art. My in-
vention, therefore, is not to be limited except
insofar as is necessitated by. the prior art
and by the spirit of the appended claims.

Iclaim asmy invention: '

1. In combination, a master oscillator, a
plurality of intermediate amplifiers coupled
thereto, and energized in synchronism and in
phase therefrom, .a plurality of groups of
parallel-connected power-amplifying ther-
mionic devices coupled to said intermediate
amplifiers, an output circuit for each group,
and a work circuit coupled to said output-
circuits.

2. In a radio transmitting system of the
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short-wave type wherein itis desired to trans- -

-mit.a larger power output at higher radio fre-

quency than is normally feasible with all the
power amplifying devices in parallel con-

‘nection to a single output circuit, a plurality

85 .

of groups of power-amplifying thermionic-

devices connected in parallel, means for ap-
plying varying potentials in phase across

the input-circuits of the groups, a tuned out-
‘put circuit for each group, the said output

circuits being ‘coupled to a single work cir-
cuit, the total inter-electrode capacity of the
thermionie. devices in each group being of
such valus as to permit the output circuit in-
dividual thereto to be tuned to high frequen-
cies of the order of three thousand kilocycles.

In testimony whereof, I have hereunto sub-
seribed my name this 8rd day. of August,

- DONALD G. LITTLE.

-1927.
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carrier-current transmission over wires when- .

ever the transmission frequency is so high

that tube capacity must be taken into account *

in the tuning of the output circuit, or.in

other situations where large power-output at -

high frequency is necessary.

Although T have shown and described a

single specific embodiment of my invention, - -

numerous modifications thereof will be ap-

“120

125

©o180




