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1

The present invention relates to ultra-high-
frequency tuning apparatus.

In the construction of tuning apparatus for
high frequencies several important factors must
be taken into account:  First; the unit should
have a wide tuning range of resonant frequency.
Second; the “Q” value (ratio of reactance to re-
sistance) should be high over the whole range.
Third; conveniently accessible terminals should
be avalilable for external connections, as for in-
stance for connections to ground or for connec-
tions to an oscillator tube. The terminals should
subtend & maximum of the available circuit im-
pedance. " And finally; the desigsn should be
mechanicaily simple and ecapable of smooth
variations of rescnant frequency without the
necessity of sliding contacts.

The conditions are easily fulfilled for the lower
radio frequencies.- For ultra-high frequencies,
which may be here defined as frequencies above
100 me., many difficulties, either of an electrical or
mechanical nature are encountered.

The usual lumped parameter circuits, con-
sisting of coil and condenser combinations, are
unsatistactory at ultra-high frequencies. The
tuning range is poor because of unavoidable re-
sidual impedances. (By residual impedances are
meant such effects as distributed capacitance in
the coil and residual inductance in the con-
denser.) 'These residual impedances also limit
the terminal impedance of the unit. The slid-
ing contacts used in most of the conventional
avilable tuning elements make for erratic opera-
tion at ultra-high fregquency. The “Q value
is not sufficiently high because of the high losses
necessitated by the combination of two inde-
pendent units which make up the tuning circuit.
. A coaxial transmission line is an example of a
resonant circuit with admirable electrical char-
acteristics, but it suffers from construction dif-
ficulties if an appreciable frequency range has to
be covered. Thus in a 500 megacycle quarter
wave resonator a line of about six inches is nes-
sary, and a plunger travel of three inches is re-
quired for a frequency vaariation of 500 to 1080
megacycles. The meehanical construetion of the
plunger is necessarily awkward, and erratic op-
eration due to sliding contacts is difficult to
avoid. .

The circuit now known as the “butterfiy,”
shown in the Karplus and Peterson Patent MNo.
2,367,681, issued Jan. 23, 1945, avoids some of the
difficulties inherent in the fransmission line, angd
so far as I am aware, is the only prior lumped-
parameter circuit suitable for ultra-high-fre-

5

10

25

30

35

40

45

50

14]

2

guency operation. It is especially satisfactory
in cases where a wide tuning range is required.
The wide range is afltained by simultaneous
variation of capacitance and inductance. The
losses are higher than in the transmission line
particularly at the high-frequency end of the
range, although the losses are low enough for
most applications.

When a tuning unit is to be used in an oscil-
lator circuit, the maximum frequency that can
be produced is limited, not only by the available
tubes, but also by the means for connecting tubes
into the cireuit. The absolute limitation on fre-
guency is the resonant frequency of the tube
itself, which is the frequency at which the tube
will resonate when its grid and plate terminals
are directly connected together. However, it
is frequently impossible to approach closely the
rescnant frequency of the tube with conven-
tional tuning circuits or buterfly circuits hecause
the connections between the tube and the tun-
ing device Introduce extraneous impedances
which limit the tuning range.

According to the present invention, there is
provided g high-Q tuning element which is vari-
ahble over a wide frequency range, and is particu-
larly suitable for connection to other circuit ele-
ments. The preferred form of the invention con-
sists essentially of two slotted cylinders, one
rotating within the other. The outer eylinder
is usually the stator and the inner cylinder the
rotor. If the new tuning element is considered
as 2 parallel combination of inductance and ca-
pacitance across the slot of the stator, the varia-
tion of resonant frequency is primarily cbtained
by variation of capacitance, the inductance re-
maining substantially constant. The capaci~
tance across the stator slot is varied as the slot
of the rotor cylinder rotates with respect to the
slot in the stator.

In the accompanying drawings Figs. 1 and 2
are diagrammatic views illustrating the prin-
ciples of the invention; Fig. 8 is a detail view of
4 rotor shaped to provide a desired frequency dis-
tribution; ¥Fig. 4 is a sectional elevation of a
wave-meter embodying the present invention;
Tig. 5 is an isometric view illustrating & connec-
tion to ground; Fig. 6 is an isometric view illus-
trating the use of the unit in a cireuit where ex-
ternal connections are required; Fig. 7 is a view
of an oscillator according to the present inven-
tion; Fig. 8 is an elevation of an oscillator em-
bodying the present invention and using a mul-
tiple-terminal tube; Fig. § is a perspective view of
the apparatus shown in Fig. 8; Fig. 10 is a section
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on line {8—10 of Fig. 8; Figs. 11 and 12 are de-
t2il views of the roter and stator of the osecilla-
tor; and Fig. 13 is a diagram of the prong ar-
rangement of o tube which may be used with the
circuit of Figs. 8 to 12.

The tuning unit of the present invention is
shown in principle in Figs. 1 and 2. If comprises
essentially two substantially coaxial metal cyl-
inders {2 and {2 with portions removed through-
out their length. As shown in Figs, 1 and 2 the
removed portions constitute circumferential gaps
in the form cf simple lengitudinal slots extend-
ing throughout the length of the cylinders. The
outer cylinder {8 has a longitudinal slot 44 and
the inner cylinder {2 is provided with a longitu-
ginal slot {5 of about the same width as the slot
§ It will be understood that the maximum
frequency range is obtained when the two cyl-
inders are mounted coaxially. The cylinders are

i
L=

mounted for relative rotation between the posi- ¢

tions of Figs. 1 and 2, Good precision can be ob-
tained since no sliding contacts are used, and
since rotor and stator are inherently simple and
of a shape which can bhe accurately manufac-
tured.

Either the outer or the inner cylinder of
Fig. 1 alone represents a tuned circuit for a fixed
frequency. This fixed freguenecy is determined
by the inductance of the slotied eylinder which
may be considered a single turn loop, and by
the capacitance from one side of the slot to the
other. For a cylinder of 1 inch inside diameter
and 2 inches length, the inductance is about
.01 microhenries. If the slot is 14 inch wide
and the wall of the eylinder is % inch, the ca-
pacitance is about 1 micromicrofarad. TUnder
these conditions, the resonant freguency of the
single slotted cylinder is 1800 megacycles. By
increasing the capacitance across the slot, as by

making it narrower, the resonant frequency can -

be lowered. According to the present inven-
tion a variable capacitance across the slot is
provided, in order to change the resonant fre-
quency.

This is accomplished by the use of a second
slotted cylinder, as shown in Pigs. 1 and 2. The
presence of the inner cylinder reduces the in-
ductance of the outer eylinder by a small amount
since magnetic flux at high frequencies cannot
pass through metal. With a spacing of 1/64
inch, the capacitance between the two cylinders
is about 80 micromicrofarads and does not vary
substantially with rciation.

The capacitance across the slot of the outer
cylinder varies with rotation of the inner eyl-
inder. While this variation of capacitance would
not have any significance at low frequencies,
near the very high frequency at which the cyl-
inder resonates, hcwever, the two opposing sides
of the slot have opposing potentials, and the ca-
pacitance between them determines the resonant
frequency of the cylinder. )

At these ultra-high frequencies the voltage
distributicn along the circumference of the cyl-
inders is nearly sinusoidal with a neutral line
in the middle of each cylinder and with the
maximum voltage appearing at the ends.

With the relative position of the two cylinders
as shown in Fig. 1, there is practically no po-
tential difference between the two cylinders and
the capacitance between them has no effect upon
the capacitance that appears across the slot
of the outer cylinder. With the relative posi-
tion of the two cylinders as shown in Fig. 2, how=
ever, displacement currents will fiow from one
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4
end of the cuter cylinder to the middle of the
inner eylinder and from there to the other end
of the outer cylinder. In effect then, the total
capacitance between the two cylinders, which
was 80 micromicrofarads, is divided into two ca-
pacitances which are connected in series across
the slot of the outer ¢ylinder. This results in a
capacitance of one quarter of 80, or 20, micromi-
crofarads. Due to the sinusoidal voltage dis-
tribution along the circumference of the cyl-
inder, the final effective capacitance between the
ends of the slots is further reduced by the fac-
tor 2/ to 12 micromicrofarads. This factor 2/x
is the ratio of the average to the peak value of a
sine wave. 'This value of 13 micromicrofarads is
to be added to the original capacitance of about
1 micromicrofarad across the slot cf the outer
cylinder, making a total of 14 micromicrofarads.

In Fig. 1 wherein the slots are opposite each
other the circuit is tuned for minimum capaci=
tance and maximum frequency, while in Fig. 2
wherein the inner cylinder has been rotated
through 180 degrees, the circuit is tuned for
maximum capacitance and minimum frequency.
The tuning unit described, therefcre, has a
substantially constant inductance of .01 micro-
heary, and an effective capacitance variable
from1 1-14 micromicrofarads, giving a tuning
range of 420-1600 megacycles per second.

It will be understood that the specific values
set forth above are illustrative only, and the
invention is not limited thereto.

The “Q” of a circuit according to the present
invention is inherently high, due to the simple
geometry of the circuit in which currents flow
over wide surfaces. It should be understood that
radiation losses will reduce the “Q” considerably
uniess shielding is used to prevent radiation.

The rotor or stator cylinder may be shaped
with a gap of variable width for any desired fre-
quency distribution; thus in the construction
shown at 18 in Fig. 3, the rotor (inner cylinder)
is formed with a “circumferential gap” disposed
on a helix. When used with a stator having a
simple longitudinal slot, the unit has a substan-
tially logarithmic variation of frequency against
angle of displacement.

Conveniently accessible terminals can be pro-
vided along the slot of the stator which sub-
tend the total available circuit impedance. In
any case where external connections are required,

.one or both of the terminals formed by the equi-

potential surfaces adjacent to the slot in the
outer cylinder can ve used. These large ter-
minals are useful in many appilications, as for in-
stance where it is necéssary to make connections
to ground or connections to certain tubes which
depend for their high-frequency performance
on low impedance connections to large or widely
spaced terminals.

The application of the unit to various circuits
will now be described. In Fig. 4 is shown a wave-
meter comprising the parts shown in Fig. 1,
mounted within a shield 28. ‘This device re-
quires no direct connections to external circuits
but high @ and good precision are important.
With radiation prevented by the shield, the unit
has a very high Q, which in the case of the unit
described above covering 420 to 1600 megacycles,
is in the neighborhood of 1000 over the whole fre-
quency range. ‘

The unit may be supported in the shield in any
suitable manner. As shown in Fig. 4, the stator
is supported on an insulating cradle 22. The ro-
tor is mounted on an insulating disk 24, through
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which passes an insulating shatt 26 journaled in
suitable bearings in the shield. Coupling mem-
bers 28 may be passed through openings in the
shield and attached to the inner surface thereof,
one serving as an “antenna’” and the other being
connected to any conventional detecting appa-
ratus.

In applications where one or both terminals are
to be connected to external circuits, as in a fil-
ter application, the connections may be made as
shown in Figs. 5 and 6. In Fig. 5 one terminal of
the stator is grounded by connecting a metal
sheet 32 between the shield and the entire length
of the stator along one side of the slot. In Fig. 6,
similar connections are made to both terminals
by sheéets 34 and 38, Since the currents atre con-
ducted to the unit over wide sheets of metal, the
effects of lead impedances are substantially elim-
inated.

For use in an oscillater, the unit is especially
adapted for operation with large-terminal tubes
or multiple-terminal tubes. Thus in Fig. ¥,
there is shown a tuning unit according to the
present invention, having tube-terminal metal
brackets 37 and 38 upstanding from the stator
and extending entirely along the slot at both
sides thereof, the brackets having openings to
receive a tube 39, here shown as a “lishthouse”
tube. The brackets are provided with suitable
openings to afford large-surface contact with the
grid and plate terminals 48 and 41 respectively,
of the tube. Thus, as in Figs. 5 and 6, the cur-
rents are conducted to the unit over wide sheets,
and full advantage is taken of the high resonant
frequency of the tube itself.

A unit for operation with a multiple-terminal
tube, typified by the 6F4 acorn tube, is shown in
Figs. 8 to 12. The prong arrangement of this
type of tube is shown in Fig. 13. The tube has
two grid prongs 42 arranged at opposite sides
of the tube, two plate prongs 43 which are spaced
at a considerable angle at one side of the tube,
heater prongs 44 and a cathode prong 45. The
resonant frequeney of this particular tube is
about 1400 me. The resonant frequency of any
tube is determined by the interelectrode capaci-
tances of the tube, and by the unavoidable in-
ternal and external inductances in the connec~
tions between these electrodes. The doubling of
the plate and grid terminals eauses reduction of
the over-all inductive effects. 'The resonant fre-
quency of the Type 6F4 tube therefore is about
twice as high as the resonant frequency of a
conventional acorn tube which has only one ter-

minal each for plate and grid. By use of the

tuning equipment of the present invention, full
advantage of this reduced inductance can be
taken since the two grid terminals, as well as
the two plate terminals which have been widely
spaced to reduce inductance can be connected
to the large unipotential surfaces formed by the
areas adjacent to the stator slot. It should be
noted that this advantage would be lost, if the
two grid and the two plate terminals of the
tube had to be connected to two small terminals
of a conventional tuning device.

As shown in Figs. 8 to 12, the outer cylinder or
stator 48 is shown in detail in Fig. 12, while the
inner cylinder or rofor 47 is shown in Fig. 11.
The gap 48 of the outer cylinder is essentially a
longitudinal slot, except that a semi-circular
opening 59 is provided to accommodate the base
of tube 52. In the rotor the gap 54 may be shaped
to give a desired frequency distribution. 'The
tube base is received in circumferential channels
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56 and §8. Since parts of the tube itself are in-
terposed between the grid terminals, the open-
ings 88, 56 and 58 are necessary to allow the
glass envelope of the tube to enter the tuning
circuit ahd to allow the shortest possible con-
nections to the grid terminals. It will be under-
stood that the cylinders may be similarily cut
away to accommodate any external cireuit device
which is to be connected to the unit.

Adjacent to the slot the outer cylinder has flat
surfaces or ledges 60 and 62 for mounting the
tube. ‘The surfaces 60 are provided with two
grid terminal clips 68 spaced along the cylinder
adjacent to the slot 48. _

The stator is supported on tubes of insulating
material 68 and 88 which are received on the
ends of the stator. The rotor is mounted on
disks 78 through which 4 shaft 72 of insulating
material passes. -Insulating supports 74 and 76
are secured to the tubes 66 and 68. The heater
and cathode terminals 18 and 8¢ are mounted
on the support 74 and are provided with suit-
able clips for the corresponding tube prongs.
The plate terminals 82 are supported on a plat-
form 84 slightly above the ledge 62. The plat-
form 84 is secured to the support 76. By reason
of the necessity of connecting the plate supply to
the plate terminals, these terminals cannot be
mounted directly on the metal part of the outer
cylinder but are insulated therefrom. The ea-
pacitance between the platform 84 and the ledge
82 of the cylinder is equivalent to a direct con-
nection for the high resonant frequencies,

The shaft is jourhaled in ball bearings 86 suit-
ably supported in end plates 88 and 99. In gen-
eral the unit would be shielded, but for con-
venience of illustration, the complete shielding is
comitted from Figs. 9 and 10. It will be under-
stood that the end plates may form a part of the
shield. The mounting of the unit as shown in
Figs. 9 and 10 is satisfactory for any equipment
in which this apparatus is used, since the remote
disposition of the bearings and the use of an
insulating shaft minimizes any erratic opera-
ticn that might cccur by reason of variable con-
tact within the bearings.

Having thus described the invention, I claim:

1. A tuning unit for ultra-high frequencies
comprising two substantially coaxial metal cylin-
ders, each having a slot extending in a generally
axial direction throughout the length of the
cylinder and having its edges -opposed across a
narrow gap, each cylinder having high resonant
impedance across said gap, the potential at or
near the resonant frequency varying circum-
ferentially around each cylinder from one edge of
the gap to the other, and means for mounting the
cylinders coaxially for rotation of one relative
to the other but insulated from each other, the
inductance of the unit being substantially con-
stant for all positions and the effective capaci-
tance of the unit being variable from a mini-
mum when the slots of the two eylinders are sub-
stantially aligned with each other to a maxi-
mum upon relative rotation, whereby the reso-
nant frequency may be varied.

2. A tuning unit as defined in ¢laim 1 in which
at least one of the cylinders has g slot having its
edges opposed across a narrow gap at one po-
sition of its length, the gap being of variable
width along the slot in the cylinder to provide a
desired variation of resonant frequency with
angle of rotation.

3. A tuning unit as defined in claim 1 in which
substantially equi-potential terminal eonnection
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means are disposed along one cylinder adjacent
to the edges of the slot.

4. A tuning unit as defined in claim 1 having
a substantially equi-potential terminal connec-
tion comprising a metal sheet connected with one
of the cylinders along substantially the full
length thereof adjacent to one edge of the slot.

5. A tuning unit as defined in claim 1 having
spaced multiple terminals for an electrode of
an electron discharge device and mounting
means for the electron discharge device on the
unit with said spaced multiple terminals con-
nected with one of the cylinders at spaced points
along one side of the slot.

6. A tuning unit as defined in claim 1 having
terminals for multiple grid connections spaced
along the outer cylinder at one side of the slot
and terminals for multiple plate connections
spaced along the outer cylinder at the opposite
side of the slot.

7. A tuning unit as defined in claim 1 in which
the cylinders have cutaway portions to accom-
modate an external circuit device in proximity
10 the cylinders.

8. A tuning unit as defined in claim 1 having
spaced multiple terminals for one of the elec-
trodes of an electron discharge device, and
mounting means for the electron discharge de-
vice on the unit with said spaced terminals con-
nected with one of the cylinders at spaced points
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along one side of the slot, the cylinders having

cutaway porfions to accommodate a portion of

the envelope of the electron discharge device.
EDUARD KARPLUS.
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