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Application October 7, 19'32,‘ Serial No. 636,710
' 18 Claims. (Cl. 250—36)

It has been proposed, for frequency control, to
couple the end of a transmission line inductively
or capacitively to.the plate or output circuit of
an electron discharge device generator and the

5 other end of the transmission line to the grid or
grids of the generator. The length of the line was
adjusted so that:the phase of the energy when it
arrived at the grid was such as to produce maxi-

- mum stability of frequency.

10  As the above method of coupling the line to the
generator does not lend itself so well to ultra high
frequency practice, the object of my present in-
vention is to provide a suitable frequency con-
trolling circuit for an ultra short wave generator,

15 ~which however, takes advantage of long line
phenomena but avoids the coupling difficulties

-mentioned. To fulfill this object, I provide a space
wave pick-up circuit in combination with a trans-
mission line for controlling the frequency of the

20 electric generator of very short waves or oscilla~

_tions. In brief, I propose to pick up, at some dis-

tance away, some of the radiated energy from the-
generator and to transmit it back to the grids or -
control electrodes of the generator to control the -

o5 frequency thereof.

That is, my present scheme, using the space

" wave pick-up, is more suited .for feeding energy :

into the input end of the frequency control line
for very high frequencies and offers the ad-

go vantages of flexibility in phase and amplitude
adjustment. Also it offers an alternate method
of energy pick-up for long line frequency control
which has proven very satisfactory at high fre-
quencies. .

g5 1-shall explain my invention more fully herein-

- after with the aid of the accompanying drawings,
wherein, .

Figure' 1 diagrammatically indicates a short

wave system utilizing the combination of a space
40 Wave pick-up and a long transmission line, a plu-

rality of half wave lengths long at a desired op-

erating frequency for frequency control;

Figure 2 is a top plan view of Figure 1 having
in addition a reflector for the radiating antenna;
and,

4 +Pigure 3 illustrates a further modification of my
present invention.

" Referring to Figure 1 E is the glass envelope

inside of which are the tube elements. The gas

50 inside the envelope may be of any element and

any pressure but preferably it should be of very

low pressure ordinarily spoken of as a vacuum.

AiAr-and A2A:2 constitute the anode-antenna to

_ the center of which: is connected the #node cur-

55 rent supply lead B. Positlve plate poiential is

is similar to that of a pushpull oscillator. When

‘radiation pick-up unit P: and Pa.

maintained through this lead by an outside powet-
source. The tube anodes A; and Az are welded

- to the anode antenna in the position as illustrated.

These are thin metal cylinders, located coaxially
with relation to each other and are welded on each §
side of the center of the anode antenna whose
axis is parallel with that of the cylinders. There
is a V space between the inner ends of the tube
anodes A: and Az where the leads enter and con-
nect to the internal elements. 10

Inside of the anodes are the screen grids SGi
and SGa. The two screen grids are joined at the
center and a third arm X of it extends out over
the leads, and clamps on the glass envelope for
support. The cqntrol grids CG: and CGz are 15
located inside the screen grids. The control grids
do not join at the center and each has a separate
lead. It should be mentioned here that the screen
grids have a common bias lead Y. Inside of each
control grid is mounted the filament Fi1 and Fa.
The filaments may be connécted in parallel or in 20
series, Preferably they should have a common
pair of leads FF.

The screen grid lead is connected to each fila-
ment lead by means of the by-pass condensers C.
The long lines Ln and Lz a plurality of half wave
lengths long at a desired operating frequency,
are connected to control grid leads CG: and CGa.
The long lines have uniformly distributed in-
ductance and capacity and are arranged close to-

.gether or concentrically to prevent radiation. 30

The other end of the lines is shorted by the bar
8. Negative bias voltage is supplied through the
center point of this bar and through the long lines
to the control grids. The pick-up wires P1 and P3
may be connected to the lines L and L2 any dis- 35
tance from the bar up to one-quarter of the op-
erating wave length. The coils C: and Cz are for
adjusting the tuning of P: and P3 to the radiated
wave. The pick-up wires should be parallel to
the anode antenna. Figure 2 shows the position
of the parabolic reflector R in relation to the
anode antenna snd the pick-up wires.

In operation, the generator of Figures 1 and 2

40

the generator is oscillating the function of the 46

space wave pick-up and long line is as follows:
The energy (of ultra high frequency) is radiated
from the anode antenna Ai:A1 and AzAa. The re-
flector R will direct the beam along the lines
L: and Lz to the end of which is connected the 50
Some of this
radiated energy causes high frequency current
and voltage to be set up in the pick-up wires
P; and P2. This energy is transmitted to the 55
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lines Ia and Lz which in turn transmit it back
to the generator control grids CG: and CGa. By
properly adjusting the distance of the pick-up
wires Pi—Pz2 from the anode antenna AiAi—A2A2
and by properly adjusting the length of the long
lines In and Lg, the phase of the energy arriving
over the long line to the control grids can be
made to aid and maintain the oscillations in the
generator anode antenna.

The phase relation of grid voltage will be ap-
proximately 180 degrees from that of the plate

voltage for a range of high frequencies. For ultra

high frequency work the phase of the grid volt-
age will have to be in advance of 180 degrees to
compensate for the time required for the elec-
trons to reach the anode, i. e. the electrons must
reach the anode when it is minimum pos1t1ve
potential.

The amount of energy picked up on P: and P
may be regulated by adjusting the length of P:
and P2. The tuning of the pick-up may be main-
tained by adjustment of coils Ci1 and Ca.

The approximate frequency to be maintained
will depend on the length of the anode antenna.

It should be approximately half (in length) of

the operating wave Jlength. The exact adjust-
ment will be made by adjusting the length of the
long line Li—I2 and the distance between the

pick-up wires and the generator antenna. The’

operation of the space wave and long line com-
bination is similar to the long line method of
frequency control described by James 1. Finch
and James W, Conklin in their United States
Patent No. 1,945,545, and by Clarence W. Hansell
in his United States Patent No. 1,945,546, both
granted February 6, 1934.  This combination will
function to maintain constant frequency because
any small change in frequency of the generator
will cause a large change in the phase relation
between the anode voltage and the energy re-
turning to the grids from the pick-up wires and
the long line. It would also he difficult for the
generator to change its frequency because the

grids are controlled by the energy which has been

already radiated. If the pick-up wires are placed
several wave lengths away from the generator
antenna then the pick-up arrangement cannot
be directly affected by induction or capacity from

the generator. The pick-up arrangement which'

I have shown is only for illustration of the prin-
ciples involved and may consist of a more elabo-
rate arrangement for performing the above func-
tion. =~

A modification of my present invention is
shown in Figure 3 wherein a different form of
generator is utilized. The anode A is approxi-
mately a half wave doublet or linear radiator.
This is connected at the center to a positive volt-
age supply lead B. The, central portion of the

doublet anode and part of the lead B is sur-.

rounded by a shield D on which is maintained a
negative bias voltage.- Outside the shield and
spaced a short distance each side of the center
of the anode are two filaments Fi and ¥2. Con-

nected to ¥1 are two transmission lines Ii, and
to F2 are connected two other lines Is. The ends’

of these long lines are connected to the filament
transformer T. The shorting bar S serves to
adjust the length of the long line Li—I». ‘The
bar S is, in this case, only capacitively coupled
to the lines to prevent short circuiting of the fila-
ment supply. The capacity between conductive
plate S and the lines is such as to constitute an

effective short circuit at the operating frequen- -

cies. thereby maintaining the line at S at a
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voltage nodal point. The pick~up arrangement
Pi—P2 C1—C3 serves the same purpose which
is discussed in connection with Figure 1.

The tube elements are enclosed in the glass
envelope E, the inside of which has a gas at
very low pressure. The entire apparatus func-

_tions about the same as the scheme described

in Figure 1, except that the phase of the fila-
ments in relation to the anode may be somewhat
different. In general, the filaments operate push-
pull in potential and if the filament on one side
is maximum negative the anode potential on
the same side will be maximum positive. Con-
ditions on the opposite side of the tube will be
just the reverse. Due to the ultra high frequency
at which this generator will operate, and due
to the comparatively low velocity of the elec-

trons the phase of the filaments will have to be:

advanced ahead of that which ordinarily ob-
tains in lower frequency oscillators. There will
be some anode to filament capacity feed-back.
This would ordinarily be degenerative but it

- can be made to regenerate by proper adjust-

ment of the lines In and Lz by means of slider S.

The center tap on the fllament transformer
secondary is grounded through a by-pass con-
denser. Positive or negative bias voltage may
be maintained on the filaments through the
cenfer tap on the filament transformer second-
ary. It should be noted here that the.two fila-
ment conductors on each side are arranged so
that they act as one wire on each side for high
frequency currents; that is, the two filament
power supply conductors for one fllament com-

- bine to form L: and the other two filament power
supply conductors combine to form Lz. The por-

tion of the shield D between the filaments and
anodes A may be of mesh or perforated construc-

tion.

Having thus described my invention, what I
claim is:

1. An oscillatory system comprising an elec-

-tron discharge device having an anode, a cathode

and a control electrode, means for causing said
device to generate oscillations, a radiating cir-
cuit coupled to said electrodes, a space wave pick-
up antenna spaced from said radiating circuit
and picking up energy radiated from said circuit,
and an unbroken, long linear transmission line
comprising wires which are closely spaced to
one another directly connected between said

. pick-up antenng and said electron discharge de-
" vice for feeding energy picked up by said pick-

up antenna to electrodes of said device thereby
controlling the frequency of operation thereof,
such line having a predetermined length greater
than the length of the wave generated by satd
system and such as to produce frequency sta-
bility.

2. An oscillatory system comprising an elec-
tron discharge device having an output electrode,
means for causing said device to- generate oscil-

_lations, a radiator connected to said output elec-
‘trode, an antenna spaced from said radiator and

picking up-energy radiated therefrom, and a long
substantially - radiationless transmission line
comprising wires which are closely spaced to
one another directly connected between said
pick-up antenna and said electron discharge de-
vice for feeding to said device the energy picked
up to stabilize the frequency of operation of said
device, said line having a length equal to a multi-
ple of half the length of the generated wave.

3. An oscillatory system comprising an elec-
tron discharge device having an anode, g cathode
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and & contro] electrode, means for causing sald
device to generate oscillations, a linear radiator
connected to said anode, a pick-up antenna,

- spaced from said radiator and picking up enérgy
radiated therefrom, and a two-wire, linear, un- -

broken transmission line directly connected be-
tween sald pick-up antenna and said control elec-
trode for feeding back the picked up energy as

frequency stabilizing energy, to said control elec-

trode, said line being of predetermined length
such as to produce maximum stability of fre-
quency and such that the control electrode volt-
age is at least 180°. in advance from that of the
a,node voltage.

4. Apparatus as cla.lmed in the preceding claim

~ to control electrode feed back through the inter-

electrode capacity existing between the anode
and control electrode.
5. An oscillatory system. comprising an . elec-

. tron discharge device having an anode, a cathode

30

40

" 45

and a control electrode, means for causing said
device to generate oscillations, a radiating an-

tenna coupled to said anode, a pick-up antenna-

picking up energy radiated from said antenna,

and a long linear unbroken transmission line-

directly connected to said cathode and extending
to said pick-up antenna for applying to said
cathode the energ: picked up in such a way as
to stabilize, due to the length of said line, the fre-
quency of oscillations generated by said device
and radiated by said radiating antenna..

. .6. An oscillatory system comprising a pair of
anodes, & pair of cathodes, and a pair of control
electrodes all within a single envelope, a radiat-
ing ‘element coupled to said anodes, a pick-up

"unit picking up energy from said element and

spaced therefrom, and a long transmission line
a plurality of half wave lengths long -coupled to
sald pick-up unit and said control electrodes for
stabilizing tle frequency of operation of said
systems.

7. An oscillatory system comprising a pair of
anodes and a palr of control electrodes all with-
in a single envelope, a radiating element coupled

~ to sald anodes for radiating oscillatory energy

50

generated by said anodes and said control elec-
trodes, a pick-up unit spaced from said radiat-

ing antenna, and a feed back path comprising
a long transmission line, a plurality of half wave

" lengths long at a desired operating frequency

65

connected between said pick-up unit and said
control electrodes for feeding back a portion of
the radiated energy to said control electrodes
whereby the frequency of oscillations generated

. by said system is stabilized.

70

8. An oscillating system comprising an elec-
tron discharge device having within an evacuated

container a plurality of anodes, cathodes and’

control electrodes, g linear radiator connected in
phase opposition to sald anodes, a two-wire,
linear, unbroken transmission line a plurality of
half wave lengths long connected to said control
electrodes, and a pick-up unit spaced from said

- radiator picking up energy radiated by said ra-
.diator, satd pick-up unit being coupled to said
transmission line in such a way as to produce

standing waves thereon whereby said oscillatory
system is caused to oscillate at a substantially

"constant frequency determined in main by the

spacing between sald radiating antenns and

- pick-up unit and the length of said tra.nsmlsslon

76

line.
9. Righ frequency apparatus comprising a her-
metically sealed container, a metallic cylindrical

3

element within sald container, a cathode ar-
ranged at each end of said cylindrical element,
a linear member serving as an anode arranged
within said cylindrical element, means for main-
taining sald anode at a positive potential with
respect- to said cathodes, and means for main-
taining said cylindrical element at a negative
Jpotential with respect to said cathodes.

10. Apparatus as claimed in the preceding
claim, characterized by the fact that g high fre-
quency circuit is connected to said cathode.

11, High frequency apparatus comprising &
hermetically sealed container, a metallic sub-
stantially cylindrical element within sald con-
tainer, a cathode arranged externally of and at
each end of said cylindrical element, a linear
member serving 85 an anode afranged Wwithin
said cylindrical element, means for maintaining
said anode at a positive potential with respect to
sald cathodes, and means for maintaining said
- eylindrical element at a negative potential with
respect to said cathodes.

12. High frequency apparatus comprising a

~hermetically sealed container, a metallic cylin-
drical element within said container, a cathode
arranged externally of and at each end of said
cylindrical element, a source of energy for heat-
ing said cathodes, and a two-wire transmission
line individual to each cathode.connecting each
cathode to said source, a linear anode member
arranged within said cylindrical element, ex-
tending outside said container and functioning
to radiate energy, and an antenna spaced away
from said container for collecting energy radiated
by said linear member, said antenna having two
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arms, one arm being coupled to one transmis- .

sion line and the other arm to the other trans-
mission line whereby the collected energy is ap-
plied to said cathodes for stabilizing the frequency
‘of oscillations produced by said high frequency
apparatus.

13. Apparatus in accordance with claim 12 in-
cluding a tuning element capacitively coupled to
the wires of both said transmission lines for ad-
justing the effective length of said lines,

14. An oscillatory system comprising an elec-
tron discharge device having an output electrode,
means for causing said device to generate oscil-
-lations, & radiator connected to said output elec-
trode, an antenna parallel to said radiator and
- spaced therefrom for picking up energy radiated
thereby, a long, substantially radiationless trans-
mission line, a plurality of half wave lengths long
at the frequency of the generated oscillations
comprising wires which are closely spaced to one
another connected between said pick-up antenna
and said electron discharge device for feeding to
said device the energy picked up to stabilize the
frequency of operation of said device, and a par-
abolic reflector surrounding at least part of said
oscillatory system for directing the energy ra-
diated thereby toward said pick-up antenna.

15. An oscillatory system comprising an elec-
tron discharge device having an anode, cathode,
and control electrode, means for causing said
device to generate oscillations, a radiating cir-
cuit coupled to said electrodes, a wave pick-up
antenna spaced from said radiating circuit and
picking up energy radiated from said circuit, and
a long, two-wire transmission line, a plurality 1
of half wave lengths long at the frequency of
the generated oscillations connected between said
pick-up antenna and said osclllation generator
for feeding energy by said pick-up antenna to
the electrodes of said oscillation generator, there-

45
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by controlling the frequency of operation there-
of, and a strap bridging the wires of sald two-
wire line at the end of said line remote from said
oscillation generator for short circuiting said line
& for radio frequency energy, said pick-up antenna
comprising a pair of arms, each arm being cou-
pled to a different wire of said line.
16. An oscillatory system ,comprising an elec-
tron discharge device having an anode, cathode,
)@ and control electrode, means for causing said de-
vice to generate oscillations, a radiating circuit
coupled to said electrodes, a wave pick-up an-
tenna spaced from said radiating circuit and
picking up energy radiated from said circuit,

15 and a long, two-wire transmission line, a plu-

rality of half wave lengths long at the frequency
of ‘the generatéd oscillations connected between .

) s’aidvpick-up antenna and -said oscillation gen-
erator for feeding energy by said pick-up an-

20. tenna to the electrodes of said oscillation gener-

ator, thereby controlling the frequency of opera-.

tion thereof, anda strap bridging the wires of said
" two-wire line at the end of said line remote from
said oscillation generator for short circuiting said

25. line for radio frequency energy, said pick-up an-

“ tehna comprising a pair of arms, each arm being -

coupled to a different wire of said line, and a tun-
ing coil in each of said arms for tuning said

"~ antenna. . '
30. 17, An oscillatory system comprising an elec-

2,057,170

tron discharge device having an anode, cathode,
and control electrode, a radiating circuit coupled
to said electrodes, a wave pick-up antenna spaced
from said radiating circuit and picking up energy
radiated from said circuit, and a long, two-wire
transmission line connected between said pick-up

_antenna and said oscillation generator for feed-

ing energy picked-up by said antenna to the elec~
trodes of said oscillation generator, thereby con-
trolling the frequency of operation thereof, and
g, strap bridging the wires of sald two wire line
at a portion of said line remote from said oscil-
lation generator for short circuiting said line for
radio frequency energy, said pick-up antenna
comprising a pair of arms coupled to said line
at points less than one-quarter of the length of
the operating wave from said strap, each arm
being ‘coupled to a different wire of said line."
18. High frequency apparatus comprising a
hermetically sealed container, a metallic cylindri-
cal element within said container, a cathode ar-
ranged at each end of said cylindrical element, &

10
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linear member substantially one-half wave long’

at the operating frequency serving as an anode
arranged within said cylindrical element, means
for maintaining said anode at a positive potential
with respect to said cathodes, and means for
maintaining said cylindrical element at a nega-
tive potential with respect to said cathodes.

: GEORGE L. USSELMAN.
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