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2,683,775

PATENT OFFICE

2,683,775
HIGH-FREQUENCY RELAY APPARATUS

William W. Hansen, deceased, late of Stanford
University, Calif., by Olive D, Ross, executrix,
Stanford University, and Russel!l H. Varian,
San Carles, Calif., assignors to The Board of
Trustees of the Leland Stanford Junior Uni-
versity, Stanford University, Calif.,, a legal

entity of Califernia

Original applicaiion August 24, 1939, Serial No.
291,652. Divided and application December 6,
1943, Serial Ne. 513,002. Divided and applica-
tion October 3, 1947, Serial No. 777,801, Again
divided and this application November 2, 1949,

Serial Neo. 125,127
6 Claims.
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This invention relates to hollow resonator ap-
paratus and is particularly concerned with struc-
tural and circuit improvements in such appa-
ratus.

This is a division of our application Serial No.
777,801 for Resonator Apparatus filed October
3, 1947, now Patent No. 2,578,699 as a division
of our application Serial No. 513,002 for Resona-
tor Apparatus, filed December 6, 1943, now Patent
No. 2,460,288 as a division of application Serial
No. 291,652 filed August 24, 1939 for Diclectric
Guide Signaling, now Patent No. 2,375,223.

It is & major object of the invention to provide
hollow resonator apparatus with a wave guide
output connection having adjustable energy cou-
pling arrangements,

A further object of the invention is to provide
novel arrangements for matching the impedance
of a hollow resonator device with a dielectric or
hollow-pipe wave guide.

Fig. 1 of the drawing is a side elevation partly
diagrammatic and partly in section of hollow
resonator apparatus embodying the invention
and wherein wave guide sections 79 and 81 are
directly coupled to the resonators 82 and 83 of
an amplifier, i. e., each of the wave guide sec-
tions terminates in a resonator.

Figs. 2 and 2A show diagrams for illustrating
certain features of the operation of the structure
of Figure 1. )

The term “hollow” as used herein in describ-
ing resonators and dielectrie or hollow-pipe wave
guides is of course intended to embrace all such
resonators and dielectric or hollow-pipe wave
guides regardless of whether the dielectric there-
in is air or some other medium. Fig. 1 of the
drawing illustrates relaying apparatus including
the hollow resonator device 18 which is directly
connected by the wave guide sections 78 and &1
to relay and simultaneously amplify a signal pass-
ing from left to right along the wave guide.

Amplifier 78 is shown as a two-resonator device
embodying a hollow input resonator 82 and an
output resonator 83 which are evacuated within
a vitreous insulating cup 89. At one end of the
amplifier is provided a ecathode 48 surrounded
by a focussing shield 41, said cathode being heated
by a heater coil 42 that is applied from the hat-
tery 43. The electrons released by the cathode
40 are directed in a columnar stream by a
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strongly positive grid 44 which grid is held posi-
tive with respect to the cathode by a battery £3.
Note that the positive side of the battery 45 is
grounded which is also true of the casing of am-
plifier 78 to which casing grid 4€ is connected.

The electron stream drawn through grid 44
passes through a subsequent pair of spaced grids
84, 85, provided in resonator 82 through the drift
space provided within a tubular casing 38 inter-
ccnnecting the two resonators and through the
spaced grids 88, 87 of the second resonator B83.
After leaving grid 87 the electron beam passes
through additional inclined parallel grids 53, 54
to a collector and detector plate 55. Tuning de-
vices 88, 898 of the adjustable type are provided
for resonators 82, 83. This two-resonator ampli-
fier operates in a manner similar to that de-
scribed in United States Patent 2,242,275.

Output resonator 83 is formed with an energy
output aperture 188 sealed by a glass or like wall
188. The adjacent end of wave guide section
81 is slotted to permit passage of an apertured
gate plate 81 having aperture 92 adapted to reg-
ister with aperture i88. Thumb screw 83 op-
posing & spring 84 is adapted to adjust plate 91
vertically to thereby vary the portion of the area
of aperture 92 that registers with aperture 88.
Thus, by rotation of screw 93, the impedance
of guide 81 may be matched with the internal
impedance of amplifier 78. This will be evident
from the following analysis referring to Fig. 2,
wherein Zo represents the characteristic imped-
ance of the wave guide 18, for example, 82’ shows
a resonant cavity corresponding to 82 in Fig. 1,
Z represents the impedance looking into the aper-
ture 92 and window {88 of resonator 82. X rep-
resents the coupling reactance of the opening
82 and window 189. Fig. 2A shows the equivalent
circuit of Fig. 2. Under these conditions, the
following is true.

_ JXZ,

I=7 X

where

ZG=R+j<wL—$>

s X (ZAX) X . X
-7 Z4ix X tgox
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now X is generally much smaller than Zo, and
therefore the first term may be omitted.

X2
=Z.¥iX

at resonance, Ze+jX=R
X2

A i
It can be seen from this that Z may be made
equal to Zo by adjustment of X, and therefore
a perfect match obtained.

A similar adjustable gate structure is provided
between input wave guide section 79 and resona-
tor 82 as indicated by the corresponding reference
numerals, for matching the impedance of guide
section 8§ to the input impedance of resonator 82.

In operation, energy from wave guide section
78 is delivered directly through aperture 82 pro-
vided in adjustable plate 8i to excite resonator
32. This received energy excites resonator 82
in such mode that an alternating current electric
field is established within this resonator and be-
tween grids 84, 85, the said electric field serving
to alternately impart positive and negative ac-
celerations to successive electrons of the stream
passing therebetween; thereby causing the elec-
trons of the stream to traverse the space between
vesonator €2 and the next resonator 83 with
cyclically varying velocities. The faster elec~
trens which pass through the electric field later
than the preceding electrons will tend to over-
take the latter in the interspace or drift space
hetween resonator 82 and resonator 83 so thatb
by the time the electron stream has arrived at

rid 86, the stream will have a periodic variation
in electron density at the frequency of the field
between grids 84, 85.

The entrance of the stream of variable density
into resonator £3 establishes a strong alternat-
ing electric feld between grids 8§, 87 which acts
to retard electrons so that they do work upon
this field and thereby maintain the alternating
electromagnetic field within the resonator 83 and
cnergy from the field is delivered through the
window 82 directly to wave guide section &1.
Proper impedance match for best operating con-
ditions is attained by adjusting the gate strue-
ture 5i thereby resulting in high efficiency per-
formance,
et to right in the section is relayed and amplified
hy the tubs or valve 78 with a minimum of losses.

Grid 53, being at the potential of the positive
side of battery 85, aids in maintaining the stream
in coliumnar form, whereas inclined grid §4 is
preferably maintained at a potential near that
of the cathode. This is accomplished by use of
potentiometer §9 and battery 7t connected to
cathode lead 72. With grid 84 at this potential,
mozt of the electrons are refiected back and to
cne side, and only the speeded-up electrons will
pass through this grid. Thus, as the change in
cleciron veloeity increases, more and more of the
{aster electrons will reach plate 55 beyond grid
54, while fewer of the slower electrons will reach
this plate. The current therefore reaching plate
E5 increaces as the amplitude of oscillations in
the hollow resonator device increases, so that said
device as a whole serves as a cascade amplifier
and detector.

As the eurrent through the circuit of plate 55
increases, the drop across a resistor 13 in the
plate circuit increases, thereby lowering the po-
tential at the plate, which is shown connected
through a biasing baitery 74 and lead 15 to 2
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grid 76 positioned in front of emitter £0. Thus
the potential of grid 76 is correspondingly low-
ered, effecting a decrease in the current passing
through the device due to the repellent action
of the grid 78 on the clectron stream. Thus,
since plate 55 becomes more negative as the sig-
nal intensity increases, grid 76 acts as an auto-
matic volume control serving to cut down the
current in the device and thereby the gain when
the amplitude of oscillation increases.

Tt will be understood that although the wave
guide described herein is illustrated as being of
the hollow-pipe single conductor type, other
types of guide such as dielsctric guides or other
enclosed-field energy conducting systems may be
used.

Since many changes could be made in the
above construction and many apparently widely
different embodiments of this invention could be
made without departing from the scope thereof,
i, is intended that all matter contained in the
ahove deseription cr shown in the accompanying
drawings shall be interpreted as illustrative and
not in a limiting sense.

What is claimed is:

1. Tigh frequensy apparatus comprising an
evacuated hollow conductive hody adapted to
contain standing elzctromagnetic waves and hav-
ing an opening sealed off by a wall which is
permeable to high frequency energy, a wave guide
connected in energy transferring relation to said
hody, and means for adjusting the cffective area
of szid opening which is presented to said guide,
said adjusting means comprising an apertured
shutter within said guide mounted for adjustable
registration with said opening.

2. High frequency apparafus comprising a
hollow evacuated resonator having a sealed off
opening therein, a wave guide having one end
adjacent to said opening and adapted to thereby
be coupled to said resonator, means in said wave
guide for matching the impedances of said reso-
nator and said wave guide comprising g movable
apertured shutter in parallel face-to-face rela-
tion with said opening, and means projecting ex-
ternally of said wave guide for adjusting the reg-
istration of said shutter aperfure transversely
with respect to said resonator opening.

3. High frequency apparatus comprising a hol-
low evacuated resonator having a sealed energy
transferring window in a wall thereof, a wave
guide, an impedance matching cennection be-
tween said resonator window and said wave guide
comprising an apertured gate plate sitnated with-
in said wave guide adjacent said window for ef-
fecting energy transfer hetween said rescnator
and said wave guide, and means for moving said
gate plate transversely of said wave guide rela-
tive to said window for adjusting the effective
cross-sectional area of said passage between said
resonator and said wave guide.

4. Frigh frecuency apparatus comprising first
and second evacuated hollow rescnators each
having a sealed energy fransierring window, a
drift space between said resonators, means for
passing an eleciron heam successively through
said first resonator, said drift space, and said
second resonator, a first wave guide section, a
first impedance matching connection between
the window of said first resonator and said first
wave guide section, & second wave guide. section,
a second impedance maitching connection between
the window of said second resonator and said
second wave guide section, said first and second
impedance matching connections each compris-
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ing a movakle apertured plate overlying the en-
ergy transferring window.

5. Ultra~-high-frequency electron tube appara-
tus comprising means for forming and projecting
a beam of electrons along a predetermined path,
conducting walls defining a hollow cavity resona-
tor surrounding the path of said beam, said hol-
low resonator having an opening through a wall
portion, a section of wave guide having an open
end joined to said hollow resonator surround-
ing said opening for energy transfer between
said resonator and said wave guide through said
opening, a gaseous-tight seal permeable to ultra-
high-frequency energy sealing off said opening,
an apertured plate situated within said wave
guide adjacent said opening, and means for mov-
ing said apertured plate relative to said open-
ing for adjusting the effective cross-sectional
area of the passage between said resonator and
said wave guide.

6. Ultra - high - frequency electron discharge
tube apparatus comprising a toroidal cavity
resonator having hollow axial reentrant portions
defining an electron permeable gap, said cavity
resonator having an aperture through the side
wall thereof, means covering said aperture and
joined to the wall of said resonator for forming
a gaseous-tight seal over said aperture, said means
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being permeable to ultra-high-frequency energy,
a section of wave guide having an open end sur-
rounding said aperture for energy transfer be-
tween said resonator and said wave guide through
said aperture, movable means situated within said
wave guide adjacent said aperture, and means
extending through the wall of said wave guide
for moving said movable means transversely with
respect to.said aperture for reducing the effective
area of the passage between said resonator and
said wave guide through said aperture.
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