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1

This invention relates to devices for tuning '

ultra high frequency resonant circuits and has to
do more especially with variable tuning of res-
onant cavities—particularly those intended to
operate in the microwave range, which takes in
frequencies of the order of several thousand meg-
acycles.

. The resonant cavities employed as component
parts of certain velocity-modulated oscillators de-
signed to function at high microwave frequencies
are so limited in available space as to render im-
practicable the use in them of previously known
variable tuners—particularly where it is neces-
sary to make provision for a frequency range of
considerable breadth. Oftentimes, in using such

a considerable number of them in a single cavity
in order to secure, through their combined effect,
the frequency range demanded: and that, of
course, hindered tuning operations besides add-

structure as well as its cost,.

To meet the above-indicated situation there
was devised, before the present invention, the
cavity tuner described in various forms and
claimed in the co-pending application of Howard
E. Tompkins, Serial No. 524,472, filed February
29, 1944, and assigned to the same assignee as the
present application. The Tompking tuner is very
satisfactory except that in certain cases involv-

to meet narrow tolerances as to uniformity of
tuning range it was found quite difficult to main-
tain a sufficiently high order of manufacturing
precision.

The primary object of the present invention is
to provide a cavity tuner which is capable of
effecting g relatively large frequency variation,
comparable to the aforementioned Tompkins
tuner, and which does not require maintenance
of excessively close manufacturing tolerances in
order to achieve substantial Unifermity as re-
spects the tuning range.

Another object is to provide a tuner which does
not involve introduction of dielectrie material
into the resonang cavity, and which, therefore,
avoids possible dielectric loss and incidental re-
duction of @ value.

Still another object is to provide a tuner of the
kind referred to which is inexpensive to manu-
facture and which is easy to install and to with-
draw from the cavity.

A further object is to provide a tuner which is
well adapted for use in cavities where only a small
space can be allotted to the tuning means.
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Referring to the accompanying drawing: ]

Fig. 1 is a view, partly in elevation and partly
in longitudinal section, of a reflex-Kklystron oscil~
lator including a velocity-modulated vacuum
tube and resonant cavity together with two
tuners, each of which is consfructed in accord-
ance with the present invention;

Fig. 2 is an irregular cross-sectional view taken
along the line 2—2 of Fig. 1; and

Fig. 3 is an enlarged perspective view of a tuner.

Although we have illustrated the invention as
an adjunct to a particular kind of oscillator, it
is to be understood that the same is applicable to
any cavity resonator—especially where the fre-
quency is extremely high—and, in fact, can be

than cavities.

Vacuum tube | is a reflex-klystron of the Mec-
Nally type. It comprises a base 2 and a glass en-
velope 3 in which are enclosed several tube ele-

ing to the mechanical complexity of the cavity ~" ments which do not need to be described in order

to effect a complete disclosure of the present in-
vention.

A resonant cavity structure 4 encircles en-
velope 8 and is firmly connected to a pair of thin

.metal flanges or fins 5 and 6 which encircle the

tube and pass through the glass envelope—being
continuations of buncher grids 7 and 8.

The cavity structure contains an annular en-
closed cavity 9 which encircles the vacuum tube
and is electromagnetically a continuation of the
cavity space between grids 7 and 8, inside the
tube.

For electrical reasons which are applicable in
the case of the specific structure shown, cavity 9
is shown expanded widthwise at the periphery to
form a generally L-shaped cross-sectional config-~
uration, as shown in Fig. 1; and the two tuners
10, are so positioned as to restrict to a minimum
the over-all diametral dimension of the struc-
ture; but neither the L-shaped cross-sectional
configuration of the cavity nor the illustrated
orientation of the tuners are to be regarded as
limitations upon the invention.

Due to the fact that the cavity is a departure
from the cylindrical, the wave pattern therein
cannot be precisely identified by any of the wave-
pattern designations which have come to he
recognized with respect to standing waves in
cylindrical cavities; but it is believed that the
wave pattern which actually obtains is a deriva-
tion of the familiar TMoo wave pattern. In any
event, it will be postulated that there is a mag-
netic field, as indicated by arrows in Fig. 2, dis-
posed along the periphery of the cavity, concen-
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trically with the axis thereof; and both tuners 0
are interposed in said magnetic field and appro-
priately oriented with respect thereto. }
The two tuners may be identical, but.not nec-
essarily so, and one of them is'shown in perspec-
tive, greatly enlarged, in Fig. 3. I consists; pref-
erably, of one piece of metal comprising an -elon-
gate loop portion {8a, a bhearing portion {8b, and
a, screw-slotted boss-16c  .Only the loop portion
10¢ is directly effective to tune the cavity, and
it constitutes a resonant loop circuit having in-
ductance, capacity, and resistance. Loop portion
i0a is slotted through at il to form- a gap de~
fined by two narrowly spaced parallel surfaces dis-
posed face-to-face and constituting the- plates.of
a condenser; andsaid loop portion is milled out
at 12 to form two spaced parallel arms 13 and

14, These arms are connected together at {5

and they form the inductive portion of the loop.
The resonant frequency of this loop is determined,
as usual, by its inductance and capacity; and the
latter is, of course, a function principally of the
width of gap {1 and the areas of the surfaces de-
fining said gap. There is also some fringe ca-
pacity, as will be self -evident.

The bearing portion 10b of each tuner is jour-
naled in a bushing !8; and each tuner is held in
place against a shoulder 7T by means of a helical
spring {8 and a screw-cap {9.. When the latter
is removed the tuner will drop out. Each cap 8
is apertured at 20 to permit insertion of a screw
driver-into the slot in boss (6c, by means of which
the tuner can be rotated to vary the tuning of
the cavity.

The two tubers are shown, in Figs. 1 and 2, in
different rotational adjustments. The tuner to
the left is turned to the position. wherein the
maximum of magnetic lines traverse the open-
ing 12 through the loop. This is the position. of
maximum coupling and is effective to tune the
oscillator to its lowest frequency—provided both
tuners are so adjusted.

The tuner to the right of Figs. 1 and 2 is shown
oriented at an angle of 456° to the magnetic lines.
This i an intermediate coupling position and. it
results in an intermediate frequency value.

If the tuner at the left of Figs. 1 and 2 were
turned 90° from the position of maXimum eccu-
pling in which it is shown, the coupling would
he reduced to zero. With both tuners at. zero
coupling the resonant. frequency of the cavity is
maximized: and with both tuners at maximum
coupling the resonant frequency of the cavity is
minimized. It would be more correct to say that
the frequency of the dominant and effective reso-
nance peak of the cavity is maximized or mini-
mized, as the case may be, because the resonance
curve of the cavity is double-peaked as a conse-
quence of the influence of the tuner. The two
tuners together afford approximately -double the
tuning range obtainable with cne tuner; angd fur-
ther increments of the tuning range can gener-
ally e realized, if needed, by adding more tun-
ers:

The preferred practice is to proportion each
tuner so that its natural frequency, ber. se, is
higher than the natural frequency of the cavity,
per se, by an amotnt approximately equal to the
total tuning range, measured by the same fre-
quency. unit. If that procedure-is followed each
tuner wil afford approximately the maximum tun-
ing variation of which it is capable.

Tn the Tompkins tuner described and claimed
in the previously identified co-pending Tompkins
application, tuning is accomplished largely as a
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4
result of varying the capactiy hetween the funer
element and the cavity walls, by rotating the
tuner; and in order to obiain substantial tuning
capacity with a'small tuner it usually is necessary
that the separation between the sides of the tuner
and the cavity wall be very small. With such
close spacing any slight variation in the diam-
eter of the tuner or in its alignment will have a
material effect on the value of the tuning capac-
ity, with the result that it is difficult, when em-
ploying the Tompkins tuner, to manufacture on
a mass production basis tunable. cavities having
substantially identical tuning ranges. The truth-
of that assertion may not be as self-evident as
experience shows it to be factual.

Tn the tuner of the present invention the above-
indicated difficulty is aveided because the space
24 arocund the tuner, that is between the ‘tuner
and cavity wall, is relatively wide; and that spac-
ing can be wide because the capacity between
the tuner and cavity wall is not depended upon,
to any major extent, as a tuning factor. - This
capacity, which we will call the external capacity,
to distinguish from the capactiy of gap {1, does in
fact play & part in the tuning, -since it is in par-
aliel with the capacity formed by gap tf, and it
serves to inerease the frequency range of the
tuner; but its value is small compared to the ca-
pacity of the loop gap. Hence, ordinary produc-
tion variations in the dimensions of  the tuner
have very little influence on the tuning range:
It is, of course, generally essential that the res-
onant frequency of the tuner, per:se, be quite
precisely in conformity with a predetermined fre-
quency value, within whatever limits may be spec-
ified; but any discrepancy in this respect due to
ordinary manufacturing variations can easily and
quickly be corrected, where necessary, by slightly
inereasing or decreasing the width of gap i
1t should be apparent that slight misalignments
of the tuner with respect to the cavity will in-
fluence the tuning range only to a Very trivial
degree.

1ike the Tompkins tuner, the device of the pres-
ent invention has greatly inereased effectiveness
as compared to prior art tuners of equal size.
By this we mean that the frequency range which
can be achieved with a tuner of given size is sub-
stantially greater than-can pe achieved with equal
size prior art tuners of which we have any knowl-
edge—except the Tompkins tuner, the effective~
ness of which is of the same order as that of the
subject tuner. .

This greater effectiveness of the present tuner
is due, in part,asis likwise true of the Tompkins
tuner, to the fact that it operates simultaneously
.and additively upon beth the magnetic field and
the electric field of the cavity, by displacement—
which is wholly in addition tothe influence of the
tuner as a resonant circuit coupled to the cavity.
We have heretofore in this specification treated
our present tuner wholly on the basis of a res-
onant circuit variably coupled to a second reso-
nant circuit, which latter is the cavity; and,
usually, if not always, the frequency peak shifting
phenomenon which results from varying the cou-
pling is by far the major factor in determining
the range of the tuner. - Butb that is not the sole
tuning factor, as.we shall now. attempt to point
ocut.

As previously-stated, when the coupling is mini-
mum the rescnant-frequency of the- cavity is
maximum; and that would be true if the-only
factor were the effect due to the intercoupling of
two resonant cireuits. - But when the coupling is
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minimum the tuner loop (being of substantial
width athwart the magnetic field) ‘displaces the
magnetic field to a substantial extent and the ef-
fect is that of decreasing the cavity inductance.
Decreased inductance, without an offsetting in-
crease of capacity, causes increased resonant fre-
quency. Hence the increased magnetic field dis-
placement aids in raising the frequency of the
cavity. At the same time, that is to say, with
the tuner in the minimum coupling position, the
aforementioned external capacity is minimized;
and the reduction of capacity produces increased
frequency. Now it will be seen that there are
three factors which contribute jointly to increas-
ing the frequency. The converse obviously holds
true when the tuner is rotated to maximum cou-
pling position; and the three factors are in aiding
relation at all intermediate points of adjustment.
However, it is important to observe that the res-
onant frequency of the tuner must always be
higher than that of the cavity, if the effects due
to displacing the magnetic field and of varying
the external capacity are to be in aiding relation
to the main tuning factor,

Due to its high Q value the resonance curve of
a cavity, per se, is sharp and single-peaked. When
there is coupled to such a cavity g tuner accord-
ing to the present invention having, per se, a dif-
ferent resonant frequency, the resultant reso-
nance curve of the cavity becomes double-peaked.
But because of the fact that the Q value of the
tuner is inherently much lower than that of the
cavity, one of the two peaks of the resultant res-
onance curve of the cavity is very much lower
than the other. Neither of the resonant peaks
corresponds to the natural frequency of the cav-
ity, per se. If the tuner is designed to have, per
se, a higher natural frequency than that of the
cavity, the higher amplitude peak will be at a
Irequency level below that of the cavity, per se,
and the lower amplitude peak will be at a fre-
quency level above that of the cavity, per se.
As an oscillator the assemblage of Figs. 1 and 2
will function only at the frequency corresponding
to the higher amplitude peak: and the other peak,
which is of lower amplitude, will exercise no in-
fluence on the frequency of oscillation,

In the appended claims we have used the term
“employed resonance peak.” By this we mean the
peak of greater magnitude referred to above.

In practice the cavity would almost certainly
have a Q valve much higher than that of the
tuner, but in any case where this may not be in-
herently so the tuner should be deliberately de-
signed to have a lower Q value than that of the
cavity, if the latter forms part of an oscillator,
Where the use is such that the cavity does not de-
termine the frequency of oscillation, it may not be
important to suppress one of the peaks, in which
event it may be permissible to make the Q of the
tuner as high or higher than that of the cavity.
We have previously stated that the optimum dif-
ference between the resonant frequency of the
cavity, per se, and that of the tuner, per se, is
approximately equal to the tuning range. Ob-
servance of that relation results in each tuner
having maximum effectiveness; but the relation
is not highly critical, It is possible to realize a
substantial tuning range even though the differ-
ence of resonant frequencies is considerably great-
er than the indicated optimum. On the other
hand, as the difference is increased the effective-
ness of the tuner becomes progressively less until
at last it is almost wholly ineffective. Manifestly,
it is impossible for us to lay down any hard and
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fast rule as to the maximum difference between
the two resonant frequencies beyond which our
invention does not extend. All we can say is that
if the difference is so choseh as to produce a
worth-while tuning band the result is within the
contemplation of our inventive concept. Prac-
tical concrete values are easily determinable in
each case.

We claim: i -

1. In combination, a resonant cavity which is
intended to have an employed resonance peak
which is variable through a frequency range, and
a tuner within said cavity for shifting said em-
ployed resonance peak throughout said range,
said tuner comprising a loop having inductance
and lumped capacity, said loop being variably
coupled to a magnetic field of said cavity, said
cavity and said loop each, per se, possessing a
resonant frequency which differs, each from the
other, by an amount so chosen as to cause the
aforesaid frequency range of said employed res-
onance peak to be of substantial widgh.

2. In combination, s resonant cavity which is
intended to have an employed resonance peak
which is variable through a frequency range of
substantial width, and a tuner within said cavity
for shifiing said employed resonance peak
throughout said range, said tuner comprising a
loop having inductance and himped capacity, said
loop being variably coupled magnetically to a
magnetic field of said cavity, said cavity and
sald loop each, per se, possessing a resonant fre-
quency which differs, each from the other, hy
an amount which is of the same order as the
frequency difference between the two ends of said
range.

3. In combination, a resonant circuit which is
intended to have an employed resonance peak
which is variable through a frequency range, and
a tuner for said resonant circuit, said tuner com-
prising a loop having inductance and lumped
capacity, said loop being variably coupled to said
resonant circuit, said resonant circuit and said
loop each, per se, possessing a resonant {requency
which differs, each from the other, by an amount
so chosen as to cause the aforesaid frequency
range of sald employed resonance peak to be of
substantial width, the resonant frequency of said
loop, per se, being higher than that of said res-
onant circuit,

4. In combination, a resonant cavity which
is intended to have an employed resonance peak
which is variable through a frequency range of
substantial width, and a tuner within said cavity
for shifting said employed resonance peak
throughout said range, said tuner comprising a
loop having inductance and lumped capacity, said
loop being variably coupled magnetically to a
magnetic fleld of said cavity, said cavity and
said loop each, per se, possessing a resonant fre-
quency which differs, each from the other, by
an amount which is of the same order as the
frequency difference between the two ends of said
range, the resonant frequency of said loop, per
se, being higher than that of said cavity.

5, In combination, a resonant cavity which is
intended to have an employed resonance peak
which is variable through a microwave frequency
range of substantial width, and g rotatable tuner
within said cavity for shifting said employed
resonance peak throughout said range, said tuner
comprising an elongate loop having inductance
and Iumped capacity, said loop being coupled to
a fleld of said cavity, the coupling being variable
by rotating the tuner, said cavity and said loop
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each, per se, possessing -a resonant . frequency — .
which -differs, each from the other, by an amount S REFERENCES QITED
which 4s of the same order as the frequency The following references are of record in the
difference between the two ends of said range, file of this patent:
the resonant frequency of said loop, per se, being 5 - . g -
higher than that of said cavity, per se. UNITED STATES PATENTS
6. The combination according to claim 5 char- Number Name Date
acterized in that the maximum capacity between 2,210,384 Rust et 2], —cccmez Aug. 6, 1940
tuner and cavity is small compared to said lumped 1,956,705 AtKins —ood o Ceem e May 1, 1934
capacity. 10 2,059,299 YolleS comim i Nov. 3, 1936
WILLIAM E. BRADLEY. 2,216,964 Stepp Lo————w-—___ QOct. 8, 1940
RICHARD G. CLAPP. 1,967,570 Dalpayrat —--—----—— July 24, 1934

INGO L. STEPHAN, 2,153,205 ParK —mememmmemee Apr. 4, 1939



