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7 Claims

My invention relates broadly to wave-trans-
mission systems, and it has particular relation
to. safety devices used:- therein for preventing
abnormal circuit conditions from causing dam-
age.

Within the past few years the power output of
radio transmission systems has steadily increased.
It is not at all uncommon, at the present time,
to radiate, in the form. of -high-frequency -oscil-
latory energy, as much as 50 to. 100 kilowatts
from ' a single station. The amplifier,
tor, and oscillator tubes employed in high-power
stations all handle large amounts of power and
are easily damaged by ekcessive overloads. Such
tubes are relatively expensive, and it is highly

desirable that they  shall be protected agamst‘

damage by a plurality-of safety devices.

- In the patent to Ryan, 1,565,505, means are
showri whereby a plurality of abnormal condi-
tions are each instrumental -in causing the re-
moval of power from the thermionic devices.
Among such conditions may be mentioned (1)
decrease in the flow of cooling water, (2) too
high temperature of the cooling water, (3) over-
loading. of the power . amplifier tubes, (4) ab-
_normal current in the power transformer and,
(5) exposure of energized apparatus.to acciden-
tal contact by the operator. Insofar as I am
aware, however, previous workers in the art have
not fully appreciated the necessity of providing

means for preventing the application of plate -

potential to power tubes in'the event that the
grids thereof are not biased to the proper nega-
tive potential, and have overlooked the-possi-

bilities of tube-damage caused by the resultmg‘

heavy plate current.

It is accordingly an object of my 1nvent10n to
provide, in wave transmission -systems of ‘the
type comprising high-power tubes,
talities that function -to prevent the application
of -plate- potential -tc such tubes in the event
that the grids thereof are not properly biased.

-It is a further object of my invenfion to pro-
vide, in -systems of the type referred to, instru-
maentalities which will function to deprive any
given tube -of plate -potential in the event of
failure of the grid-bias-potential supply thereto.

Another object of my invention is to provide
instrumentalities. whereby -each of a plurality of
power-tubes connected. in cascade -shall be sup-
- plied with plate- potentlal in proper sequence,
upon the actuation of a single control-device.

Another.and more specific object of my inven-
tion is to provide, in wave transmission systems

5 of the type in which are utilized a master oscil-

modula-.

instrumen--

(CL. 250—27)

lator and a plurality of power amplifiers, instru-

mentalities which will function to deprive the

power amplifiers of plate potential in the event
that the grid-bias-potential supply to the master
oscillator is interrupted.

In one commercial embodiment of my inven- -

tion, I attain the above referred-to objects by
interposing relay devices in the conductors sup-
blying grid-bias potential to each of the power-
tubes, and interpose additional relay devices in
the plate circuits of the individual tubes, so ar-
ranging the second-mentioned relay devices that
they are controlled by the first- mentioned relay-
devices.

Among the novel featuxes of my invention are
-those partlculavrly set forth in the appended
claims, The invention itself, however, both as
to its organization and its method of operation,
together with ‘further objects and advantages
thereof, will best be understood from a consider-
ation of the following description of a -specific
embodiment taken in -connection ‘with the ac-
companying drawing.

The single figure of the dlawmg is a diagram-
matic view. of a radio-transmission system in
which is incor porated a preferred form of my
“invention.

The apparatus illustrated in the drawmg coms-
prises -a thermionic oscillator 1 coupled in"cas-
cade to a thermionic amplifier 2, which, in turn,
is coupled -fo'a second thermionic amplifier 3,
prefelably of higher power.

Bach of theé thermionic devices comprises a
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filament 4,'a grid 5-and a plate 6, and is supplied .

with filament power from a source 7, which source
may be either a battery or a generator, as shown.
- 'The plate ‘or output circuit of the thermionic
oscillator may be- considered as comprising: two
distinet. portions, (1) a tuned loop consisting of
an-inductor 8, shunted by a tuning condenser 10,
in which loop flows the -high-fréquency com-
ponent of the plate current and, (2) a direct-cur-
rent path comprising ‘o radio-frequency choke 11,
~the fixed contact 12 and movable armatiire 13. of
g relay 14, a source 15 of high potential and a
conductor 16 connecting the negative pole of the
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source 15 to the filament. .The oscillation gen- -

erator is not provided with a distinct and sep-
arate input circuit, grid excitation therefor being
obtained through a condenser 17 whlch‘couples
the grid 5 to the oscillatory. output circuit. :

106

The thermlomc amplifier device 2 is p10v1ded )

with-an output circuit comprising an inductor 18
shunted by a tuning condenser 20, arid high po-
tential for the plate of the device is supplied from

110
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a generator 21 through a circuit which includes
the movable armature 22 and fixed contact 23
of a relay 24, and a radio-frequency choke coil
25. 'The grid of the thermionic amplifier 2 is
coupled to the output circuit of the preceding
oscillator through a condenser 286.

The second theérmionic amplifier 3 is p10v1ded
with an output or ‘tank circuit comprising an
inductor 27 shunted by a tuning. condenser 28,

and plate potential for the amplifier is supplied.

from a generator 30 over a circuit which includes
a movable armature 31 and fixed eontact 32 of
a relay 33, and a radio-frequency choke.coil 34.

The ocutput circuit 27—28 is coupled; by means
of a variable reactor 35, to' a radiation structure
which preferably includes an antenna 36, a vari-

able inductor 37 and a ground connection 38, or a;

counterpeise.

The winding of the relay 14, associated with the
high-potential
oscillator 1, iz arranged to be energized from a
battery 40, the energizing circuit comprising a
conductor 45, a conductor 41 and the fixed con-
tact 42 and movable armature 43 of a relay 44.

The winding of the relay 24, associated with
the plate-potential supply. for the first amplifier
tube 2, is supplied with current from the battery
40 over a circuit incliding the conductor 45, a
conductor 45, the movable armature 47 and the

fixed contact 48 of a relay 50 and-a conductor 51

which is connected to the conductor 41.

The winding of the relay 33, associated with the
pAate poteﬁtlal supply circuit of the second am-
; is supplied with current from the
battery 40 over & cireuit including the conductor
45, 'a conductor 52, the fixed contact 53 and the
movable. al*nature 54 of a relay 55 and the con-
ductor 51.

In order to. sunply gr1d-b1asmg potentxal for
the several thermionic devices, I provide a gen-
erator 56 having a resistor: 57 and the winding
of the relay 44 connected in shunt thereto.” The
generator 56.is preferably actuated by a driving

. motor 58 which is supplied with power from any
45

convenient commercial sourcs, the supply circuit
including the fixed contact 59 and the Ynovable
contact 60 of a relay 61.

The filamerits of the thermionic devices 1,2 and
3 are connected to the positive end of the resistor

57, adjacent to the relay 44, through a conductor.

62, thus maintaining the filaments at a positive
potential with respect to all points on the resistor
as lohg as current is passing through the resistor

. from the geunerator 56. :
-The grid of the thermionic OS"IU.atOI‘ 1is con-i

nected to a point on the resistor 58 near the posi-
tive end thereof, by means of a conductor 63, the
connection including a radio-frequency choke coil
The grid of the first amplifier device is con-
nected to a more negative peint on the resistor
57 by means of a conductor 55, the connection
including a radio- frequnnr‘y choke -coil 66 and
the winding ‘of the relay 50. ° The grid of the sec-

ond thermionic amplifier is connected-to a still

more negative point on the resistor by means of
a conductor 67, the connectmn 11101\3.(111’1(r a radio-
frequency choke coil 68 and the w1nd;ng of the
relay 55.

A starting ‘switch 70, which’ may be of any
well known type, isincluded in the filament supply
circuit connected to the generator 7, and the gen-
erators 15,21, 30 and 57 are provided with suitable
driving motors (not shown). The generators 15,

21, 30 and 56 may -be replaced by storage bat-

“the bias-potential generator 56.
flows in the resistor 57, in the direction 1«1rhcated‘

supply. circuit for the thermionic.

1,934,525

teries, if desired, or suitable rectifiers may be
substituted therefor,

In order to explain the operation of 2, wave-
transmission system arranged according tomy in-
vention, it should first be assumed that potential
has besn supplied to the motors driving the gen-

_evators 15, 21, 30 and 7.  The starting switch 70

is then closed, completing the filament supply cir-

cuit for the thermionic devices, and energizing the

winding of the relay 61. As soon as the relay 61

-is energized, the armature 60 is drawn against

the fizxed .contact 59, closing the circuit which
supplies potential to the motor 58 which drives
A current then

by the arrow, and through the winding of the
relay 44, causing the

8¢
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armature 43 thereof o be

attracted toward, and make contact with, the fixed .

contact 42. A circuit-is accordingly completed
through the conductors 45 and 41 which permits
the battery 40 to energize the winding of the relay

14 ‘associated with the - plate-potential capplyf

circuit of the oscillator device 1. Upon -ener-
gization of the relay 14; the armature 13is drawn
against the fixed contact 1%, and plate-potential
is accordingly applied to the oscillator 1, per-
mltiﬂng the generation of cscillations thereby.
As soon’ as oscillatory cuirents appear in - the

output_circuit of the oscillator tube, they are ap-

plied across the input circuit of the first ampli-
fier tube through the coupling condenser 26 and
the conductor 62. During positive half-cycles,
electrons are attracted to the grid of the ampli=
fier tube, and a grid. current accordingly' flows

through a circuit which may be traced from the

grid through the choke coil 66, the W-ndmg of
the relay 50, the resistor 57 and over the con-
ductor 62 which is connected to the filaments of
all of the tubes. The relay 59, being accordingly

energized, pulls up the armature 47 and completes”

a circuit which permits the application of poten-
tial from the battery 44 tc the winding of the

relay 24 associzted with the plate supply circuit

of the first amplifier tube.

The ‘energizing circuit for the relay 24 may be
traced from the positive pole of the battery- 40
over the conductor 45, through the winding of
the relay, the movable contact 47 of the relay 50,
the fixed contact 48 of theé same relay, the con-
ductor’ 51, the fixed contact 42-of the relay 44,

the armature 43 of the same relay and back to-

the negative pole of the battery.” The armature
22 of the relay 24 is accordingly caused to move
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against the fixed contact 23 associated therewith, -

and potential is applied from the generator 21 to
the plate of the amplifier tube.

The oscillations generated by.the oscillation-
generator tube will accordingly be amplified and
repeated in the output circuit of the amplifier
tube, which circuit comprises the inductor 18 and
the tuning condenser 20. A portion of the poten-
tial ‘drop across the output inductor is applied

.to the input- circuit ‘of the second awmplifier tube

3 by means of & couphng condenser T1 and the
conductor 62.

The sequence. of operations: ‘ahove descrmed in
connection with the apnhcatxon of: plate poten-
tial to the first amplifier tube is now repeated in
connection with a second amplifier tube.. The
1elay 55 being energized: by the rectified ‘grid cur=

rent in the amplifier tube-3, permits the. energi~

zation -of the relay 33 to apply potential to the
plate of the'second amplifier tube. As soon as
plate potential is applied, in-the manner. just de-
scrlbed ‘the tube begins to functlon as an ampli-
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fier, and the resulting oscillations in the output
circuit thereof may be supplied to the radiating
structure by means of a coupling device of any
appropriate type.

After the system has reached a stable state, the
connections of the several grids to the resistor
may be so readjusted, if desirable, that each ther-

‘mionic device receives the proper grid-biasing po-

tential. Obviously, if the points of connection of
the conductors 63, 65 and 67 are moved toward
the negative end of the resistor, the bias poten-
tials on the respective grids will become more
negative with respect to the common filament
connection 62, and vice versa.

If, for any reason, the bias potential generator

56 fails, the relay 44 will be deenergized, and

holding current will be removed from the relays
14, 24 and 33 associated with the high-potential
supply circuits for the several tubes.  Should the
oscillator tube cease to function, input excitation
for the first amplifier stage would also cease and,
consequently, the relay 50 would be deenergized
by reason of the cessation of grid current through
the winding thereof. The deenergization of this
relay would in turn deenergize the relay 24 as-
sociated with the plate supply circuit for the first
amplifier tube and that tube would cease deliv-
ering input excitation to the second amplifier tube.
Inasmuch as the relay 55 would, accordingly, be
deprived of holding current, the relay 33 asso-
ciated with the high-potential supply circuit-of the
second amplifier tube would be deenergized, per-
rnitting the said circuit to be broken.

If, ‘for any reason, the grid-leak circuit of -
either the oscillator tube or the first amplifier tube-

becomes broken, the same sequence of operations
just described will take place and the tubes will
be depriced of plate potential.

I have accordingly provided a system that is
very effective in preventing damage to high-power
tubes upon failure of grid-bias potential supply
thereto.
corporated in a wave-transmission system, the
proper sequential operation of the suecessive tubes
connected in cascade is assured. 'The load is not

‘thrown abruptly on the system, but is applied

gradually, inasmuch as the several tubes go pro—
gressively into operation.

Although I have shown the relays 14, 24 and 33
as connected in circuit between the high-poten-

tial generators 15, 21 and 30 and the individual

thermionic devices supplied with plate potential
thereby, these relays may quite advantageously
be inserted in the circuits which supply poten-
tial to the motors driving the several generators.
The switch 70 may also be included in the circuit
supplying energy to the motor (not shown) which
drives the generator 7, in which event the entire
transmission system can be set into operation in
proper sequence by the mere closing of the sald
switch.

In addition, my invention prevents the apph-
cation of plate potential to any tube which is not
properly biased, and. a destructive plate current
therein is accordingly obviated.

‘limited except insofar as is necessitated by the

In addition, when my invention is in- .

3
Although I have shown and described only a
single embodiment of my invention, numerous
modifications will be apparent to those skilled in
the art. My invention, therefore, is not to be 80
prior art or by the spirit of the appended claims.

I claim as my invention:

1. In a wave-transmission system a plurahty
of thermionic devices, means for supplying plate-
potential thereto, means for supplying grid-bias-
ing potential to said devices, and means individual -
to each device for disconnecting the plate-po-
tential supply therefrom upon failure of the grid-
biasing potential supply.

2. In a wave-transmission system, a plura,hty
of thermionic devices, means for supplying plate-
potential there:o, common means for supplying
all of said devices with grid-biasing potential, and
means-individual to certain of said devices for
preventing the application of plate-potential
thereto in the absence of grid-biasing potential.

3. In combination, a plurality of thermionic
amplifiers, a thermionic oscillation generator
coupled thereto, means for supplying all of said
devices with plate potential, means for supplying 100
said -devices with grid-biasing potential, and
means whereby a failure of grid-biasing potential
supply to said oscillation generator causes an in-
terruption to the plate potentlal supplied to said
amplifiers.

4. In combination, a plurality of thermionic
amplifiers,- a thermionic oscillation generator
coupled thereto, means for supplying all of said
devices with plate potential, means for supplying
said -devices with . grid-biasing ‘- potential, and 110
means whereby a failure of grid-biasing potential -
supply to said oscillation generator causes an in-
terruption to the plate potential supplied to all
of said thermionic devices. )

5. In a wave-transmission system, a thermionic 115
oscillation generator, a thermionic amplifier
coupled thereto, means for providing plate po- -
tential for said devices, and means responsive to
electrical conditions in the output circuit of said
oscillation generator for controlling the applica~ 120
tion - of plate potent1a1 to said ~ thermionic
amplifier,

6. In a wave- transmlssmn system comprising
at least two thermionic devices connected in cas-
cade, means for providing plate potential for said 125
devices, and means responsive to electrical con-
ditions in the output circuit of the earlier device
in ‘the series for controlling the application of
plate potential to the later device.

7. In combination, a thermionic device havmg 130
an output circuit and an input. circuit, a grid-
condenser and grid-leak associated with said in-
put circuit, means for applying electrical poten-
tial variations across said input circuit whereby -
said device functions as a rectifier to permit cur- 135
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-rent.to flow in said grid leak, a plate-potential

source, and.means responsive to said grid-leak
current for controlling the connection of said

‘source in said output circuit.
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