A SURVEY OF TUNED CIRCUITS FOR THE
300 TO 3000 MC FRIJUENCY RANGE
|

By F. C. Isely

-~ Report R-2984 =

B | 208

om: o RESREL R VPO S Y 1=l ] et RN W VR W W DY S ST WYL W RS et s R




__ sRESTRIETED

Navy Department ~ Office of Naval Research

NAVAL RESFARCH LARORATORY
Washington, D.C.

£ #® ¥

SHIP-SHORE RADIO DIVISION - RECEIVER $ECTION

26 September 1946

A SURVEY OF TUNED CIRCUITS FOR TEE
300 TO 3000 MC FREQUENCY RANGE

By F. C, Isely Qq ?L—( [—
~ Report R-2984 - g,@"

Approved by:

T, McL, Davis - Head, Receiver Section

L. A. Ge‘bhard,_ Superintendent . Commodore H, A, Schade, USN
Ship-Shere Radio Division Director, Naval Research,laberatory-

Preliminary Pagesc.e..... avd
Numbered Pagescceceecccss 18
PIALEE, o cvinommnsneenwniy Lo
Disfribution Iist..ccceoe @

—~f-



~BBSERACT

A survey of possible circuits for use in the 300 to 3000 Mc frequency
range is given. Advantages and disadvantages of these circuits, which are
either well ¥nown or recently developed at this Laboratory, are compared,
in order to have a starting point for an intensive research program on the
development of circuits to be used in Naval Communication Receivers, Abstracts
dealing with the mathematical and technical considerations of the circuits
are included,
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INTRODUCIION

13 There has been zamparatively little development and exploitation, up
to the present time, of wide frequency coverage circuits for use in the
frequency range at 300 Mc of 3000 Mc. Such wide frequency coverage circuits
as are available do not give results comparable to those obtained at the

low frequencies. This lack affects not only communication receivers but
also intercept equipment for countermeasures and direction-finding applice~
tions. A survey of the various known circuits would apnear to be of value
before undertaking an intensive research program in this difficult par?®

of the radio spectrum. Recent engineering development has pushed the frequency
range of standard naval communication receivers up to 400 Mc, though the

top 100 Mc is difficult; and has produced receivers for a few narrow bands
of frequencies above 3000 Mc. FHowever, the range from 300 to 3000 Mc has
been commaratively nezlected because of the exigencies of war and of the
technical difficulties involved in the region of transition from lumped
circuits to those of the concentric line and cavity type.

2 The present survey is intended vprincipally for the benefit of scien-
tists at the Naval Research Laboratory in order that they may more readily
compare the advantages and disadvantages of the various circuits, before
undertaking any post-war development along this line. It is desired also

‘$0 exchange information in this field with other laboratories, The circuits
presented herein do not necessarily include all those known by other

azencies; it is also possibdle that difficulties encountered here in developing
some of these circuits may have heen solved or approached in a different

manner at other laboratories.

PRELIMIFARY CONSIDERATIONS

3. Before embarking upon a detailed discussion of circuits, it is advis-
able to point out several general factors which must be borne in mind when
considering UEF circuits. A group at the Laboratory, represented by the
author, is interested in communication receivers; consequently the considera-
tions of circuits is generally aimed at the wide frequency coverage (at

least two to one) suitable for preselector work. Preselectors are consid-
ered as including the signal eircuits, the oscillatar, and the mixer circuits
of a radio receiver. Vacuum tubes are associated with these circuits and

the limited rate of tube develepment is to a great extent a "bottleneck"

in preselector reszarch. If possible, it is desirable %o provide at least
three siznal circuits with one stage of r-f amplification. The acorn type

of tube is not suitable for widerrange wqrk ahove 300 oy 400 Mc, An excention
te this is the new 674 Type acorn tube (triode) which may operate up to

about 1000 Me, (1400 Mc natural period of resonaht frequency) but the grid
contacts are not located advantageously for use in most circuits. Some of

the "door-kmoY-tubas such as types 368A and 7034, have resonant frequencies
above 1500 Mc, but are rather large in size and are not applicable above

1000 M in wide-frequenoy-ranze vreselectors. The light-house tube type 2040
is usable above 3000 Mc; bdut its base is too large fap many circuits and

it will not oscillate with a sinzle tuned circuit (wide ranze) much above



1000 Mc. The new type (triode) 42302 tube made by Radio Corporation of
America and still in the experimental stage, is a step in the right direction;
it will amplify &t frequencies up to about 2000 Mc and oscillate %o about
3000 Mc, but again 1000 Mc is about the 1imit of oscillation with a single
tuned circuit. It is understood that a new version, the A2302A tube should
have better gain with more stability. Information on the General Electric
Company L8 tetrode tube indicates a good amplifier to 3000 Mc, although it is
still in the development stage and, being of the lighthouse type, will be
bulky. The Klystron type of tube must also be considered: it is understood
that 2 new desiegn will allow operation down to 1000 Me. These latter tubes
require, of course, a voltage control as well as control of the resonant
circuit which may be no more difficult than the control of two tuned circuits.
In the analysis of tube behavior, the noise factor must always be considered
along with the gain to determine whether it is worth while to include an

r~f amplifier staze. ' . :

4, Another important factor to consider is that of sliding or rotating
contacts. At the present time the naval service does not apvorove the use of
sliding contacts in high-frequency circuits because of the noise produced in
such & contact., As far as is known, very little work has been done to produce
a noise~free long-wearing contact. In default of a solution of this problem,
split-stator circuits have generally been used. (Rescently, in concentric
lines, the § type choke has been & solution). If a good sliding contact
system gould be developed, many circuits would be available in smaller size
and weight and certain complexities could Dbe eliminated, Work on this phase
of the civcuit problem is vnder consideration.

5. The spplication of trimming adjustments ig also an important factor.

If a circuit is to be ganged for use over a specific fregquency range, it is
essential to be able readily and independently to adjust botl the top and
bottom resonant freguencies, This may be done, as in lower frequencies, by
adjusting e trimming capacity and a trimming inductance; at higher frequencies
a change in length of the line or of some other circuit parameter may be

found suitable. £

6. A fourth consideration is that of measurements. It is very valuable in
rf circuit work to know the impedances as well as the "Q', In the 300 to
2000 Mc range very little reliable equipment is aveilable except perhaps for
spot frequencies. The need is for reliable and stable oscillators, vacuum
tube voltmeters and impedance measuring devices to measure up to several
thousand ohms. Calculations are valuable, dut in most circuits thig is not
very satisfactory, so that it is quite desirable to be able to make reliable
measurements, '

CONVERITIONAL COILS AND CAPACITORS

Vs Low frequency practice with coils and capacitors has an upper frequency
range of perhaps 400 Mc, Much difficulty is encountered however in reaching
this frequency with a two to one coverage, 200 Mc is a more satisfactory
upper limit for this type of circuit. The difficulty is due to the distri-
buted inductance in the capacitors. Reference 1 gives a good explanation of



this behavior. This reference also gives a very good picture of the coaxial
line, butterfly, semi-butterfly and cylindrical circuits. Table I is a
condensation of the pertinent points of the various circuits and should be
referred to as well . The conventional type of circuit then, since 200 to

400 Mc is its upper limit, need not be considered as suitable for the r—f region
under review,

COAXTAL LINE

8. The coaxizal line is one of the older circuits for UHF work and has many
advantages to offer. It is completely shielded, is symmetrical and has high
Q's and impedances. The lighthouse type tube is well adapted to this circuit
as is the RCA A2302 tube, Wide ranges may be covered and if different modes
of operation are used in the circuits, cohtinuous oscillations may be achieved
without harmonics and spurious responses. In some cases & shielded two-wire
line may be used, but in general the coaxial line is superior. There are
difficulties, however, with this line. It is very bulky, and with the trend
toward smaller size and weight it is not entirely satisfactory; actually,
for frequencies below say 1500 Mc, it is satisfactory for srecial purposes
only, Ganging of circuits is difficult and the use of sliding contacts
necessary unless elaborate machining is resorted to for meking S type chokes,
Reference 3. It is possible to load a fixed length of coaxial line with a
variable capacitor. However, if the frequency range is large,, difficulty
may be encountered with spurious effects which result in loss of frequency
control by the line.

CAVITIES

9. The cavity-resonator-type circuits have been used extensively above 3000
Me, but for the lower freouencies it is believed that they are too large to

ve satisfactory in most Naval equipment apnlications.

BUTTERFLY CIRCUIT

10. This circuit, developed by the General Radio Company and extensively
used during the war, is well diseussed in Reference 1, Some circuits have
been designed to operate at frequencies as high as 3000 Mc, but it is

helieved that 1000 Mc is near the practicable upper limit, Plate I, The
circuit exploits simultaneous variation of inductance and capacity, although
for straight-line-frequency applications, a large change in inductance canpot
be obtained, The circuit is axially symmetrical and has yielded frequency-
ranzes of five to one. The @ of this éircuit is normally in the order of
several hundred and the resonant impedance around 8000 to 10000 ohms., The
door+kmnod type of tube is most satisfactory in this application, since the
connections are well distributed with reference to the circuit, The circuit
requires precisién machine work in construction and is not easily ganged.

The useable tuning rotation is 90°4 One of the greatest difficulties of

this circuit lies in the spurious responses which are frequently present.

The General Radio Company has done a great deal of work on this phase of the
circuit and have been able in certain cases, to eliminate some of the troubles,
but care must be used in working with these circuits to assure the supnression
of undesirable resonance phenomenas

=R s *



11. Most eircuits have many possible variations. One of the variations in
the butterfly is the cylindrical butterfly, reference 4., According to the
inventor, it has many advantages over the orizinal circuit.

SEMIBUTTERFLY CIRCUIT

12, This circuit is also a product of the General Radio Company, though it

was independently developed at this Laboratory, Plate I. It is not symmetrical
and is not useful at frequencies higher than about 700 Mc, but it has some
advantages over the other circuit, The Laboratory design can utilize standard
variable capacitor manufecturing methods and it appears to have fewer spurious
effects. Reference 2 gives details on the use of the circuilt in several

models of preselector heads that were being developed at the close of the war.
Ganging of three circuits was accomplished and the addition of a fourth circuit

wovld nrobably not be difficult, The use of both acorn and lighthouse tubes
was found wossible,

VAELABLEFCHARAGTERISTIG~IMPEQAEO§ CONTROL

13, With a loaded concentric }ine, it is possible to vary the frequency by
changing the characteristic impedance, This can be seen by examination of
the formula for the resonant length of a loaded, quarter-wave line

i = =il = T L53“. If the line is kept constant in length, any variation in

Zo causes “a Variation in frequency, however a larze change in Zo is necessary
for even a small chenge in f. The General Radio Company's coaxial Butterfly
is of this type of circuit. At this Laboratory a circuit has been built up
in which the center conductor could be varied in pésition to vary Zo and at the
same time vary the loading capacity. This gave a two-to-one variation of
frequency, but contained a rotating contact. The variation of the loading
capacity brings in possible spurlous responses as mentioned before,

CYLINDRICAL CIRCUITS

14, This circuit consists of two concentric cylinders, each glit lengthwise,
Plate I. With the two slots lined up, the highest frequency is obtained;
while the inner cylinder is turned 180° to give the lowest frequency. A& two-
to-one frequency coverage can be obtained and with proprer shaping a straizht
line frequency curve is casily possible. This circuit is well adapted to the
6F4 tube. Difficulty may be had in zetting satisfactory bearing arrangements
for the inner cvlinder, but it is feasible and zanzging should be possibdle.

SELBY CIRCUIT

15, This circuit, developed by Bugene Selby of the Radio Corporation of
Ameriea, is essentially a three-guarter wave length line circuit with a series
capacitors placed at a point a quarter-wave lenzth, at the higher freguency,
from the shorted end, The operation of this cireuit can roughly be considered
as follows: if the capacitance is zorg, then the line is three quarters wave
length long, while if the capacitance is infinite, the line is one-quarter
wave length long, The actual operation and calculations are shown in Apvendix
1, TFrom the above considerations, a thres~to-one coverage is theoretically



possibie, but no capacitor will ecover this range so that & one and 2 half to
one coverage is about the limit, I% is possible to add another half wave
length of line at the top of the circuit and a cavacitor at this point and
theoretically cover five to one, but arain an actual coverazge of between two
and three to one is the limit, It is possibdle with this circuit, a2t frequen-
cies up to about 400 Mc, to use the circuit .as a two wire line and ~ang two
commercial capacitors tozether with a common shaft for a double type eirecuit,
the center part of the line being simulated by a small length of coiled

wire, thus producing a circuit without sliding contacts, , The frequency
limitation of this circuit is again the distributed inductance in the capacitor,
16, The previous circuits are either well kmown or those that have recently
been discussed in published articles, The circuits discussed below have been
developed at this Laboratory. Due to war work, these circuits have not been
investigated or developed to any great extent until recently and even now

are in the carly stages of evolution, Soveral of these cireuits require
sliding or rotating contacts, but are mentioned as possibilities for further
development.

THE INDUCTIVE SHUNT LINE

17. This line is similar to that of Selby but utilizes a variable inductive
shunt at a point up one half wave length of the highest frequency from the
shorted end, At zero inductance the line is three gquarters wave length long
whereas, at infinite inductance, it is one quarter wave length long. Again
more than one section with an increased number of variable inductances may
be used as in the Selby circuit. The difficulty is, of course, that no known
variable inductance as normally considered is suitable for use., A type of
inductance that may be suitable for this will be considered later, The
advantage of this line, if 2 suitable inductance were available, is the faet
that chokes in the tube leads ould possibly be eliminated. Appendix 2,

DISTRIBUTED CAPACITY LINE

"18, This line is the outgrowth of the commercial variable condenser. Its
action at VHF was originally predicted by Ronald King, dut was at a latter
date, independently discovered experimemfally at this Laboratory. If a
variable capacitor is shorted at one end; it can be considered as a short-
circuited line, the shaft being one line and the stator supports the other,
As the rotor is turned, frequency calibration curves may be plotted for the
quarter, three gquarter, five quarter, etcs,modess Avpendix 3. This is, of
course, also true if the capacitor ig unghorted; it can be seen in the split
stator type as well, though spurious responses will be presenf due to the
oscillation modes induced by couplinz betwsen rotor and each stator, This
latter defect can be eliminmted by nsing an insulated shaft with individual
insulated rotor plates. This circuit has been used with some success as a
wave trap., The concentric line can be modified by this type of circuit,
Plate 2. An oscillator of this type has been built using a lighthouse tube
that operates from about 400 Mc to 1100 Mc. The advantage of this type of
line is that the tuning is by rotation and not by change of length, Variable
foed back is necessary for oscillation over this frequency range, The losses

[ R ol



of this type of line will be greater then in the normal line due to concentra-
tion of currents over a portion of the line, With any line it must always
be borne in mind that there is a possibility of operation in various modes,

DISTRIBUTED IEDUCTANCE LINE

19. This line is similar to that of the Distributed Capacity Line except
that the inductance is varied instead, Appendix 3, In the present form it is
either a two-wire line or eoncentric line with rotating contacts. Plate 3.
The rotor is made of a slit cylinder, with the slits perpendicular to the

axis and going over three quarters of the way through. Theistator is & narrow
plate with a concave cylindrical surface into which the rotor is placed;

the closer the spacing the grester the frequency change, When the two solid
portions are adjacent, the inductance is low and frequency highest. On
rotating the cylinder 180° the solid portions being further away the inductance
is greater and at the same time, due to the fringe effect, the capacity is
approximately the same so the frequency is lower., A frequency change of over
two to one is easily obtainable with a rotor to stator spacing of twenty mils
and a rotor diamester of one-half inch, Larger diameters will give greater
frequency coverage, For a concentric line, the outer cylinder is slotted in

a way similar to the inner one. The impedance and Q of this type of line is
low, which may limit its usefulness. Again operation in different modes is
possible, This type of line may be combined with the distributed capacity
line to give a circuit with much greater frequency coverage. Plate 3 shows

a line of this type with a coverage of five to one.

MODIFIED SELBY AND INDUCTIVE SHUNT LINE

20. A transmission line between one quarter and one half wave length long
and shorted at one.end is capacitive while if it is open it is inductive,
Similarly a line between one half and three quarters is inductive if shorted
and capacitive if open, Thus 2 line may be substituted for the capacity of
the Selby Circuit and the inductance in the inductive shunt line. No advantage
is secured with an ordinary sliding contact concentric line for this purpose,
except that it should be ppssible to cover the complete theoretical three-to-
one range, The change of length needed is greater than for an ordinary line,
In order to eliminate this bulkiness, either of the distributed constants
types of line cen be used, This type of circuit is still in a very early
experimental stage where its possible value is not predictable and where the
difficulties are numerous, Appendix 4.

CONCLUSIONS

21. The circuits disgusged here are those which have come to the attention

of or been devsloped by a small group at this Laboratory, There are undoubtably
many variations of these eircuifs and probably many other types besides, No

one circuit will be ideal for al}l problems in the 300 to 3000 Mc range. All

of the cireuits discussed have their limitations, but it is hoped that this
survey may bring to light other circuits or start a train of thoughts along
these or new avenues that will nroduce better circuits, Criticism of the

ideas here given would be welgomed and it is hoped that pugzestions of other
circuits and methods for utilizingz this part of the radio frequency spectrum
will be forthcoming, ' ‘
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PENDIX I

THE SELBY CIRCUIT

1. The pictorial operation of the Selby
The portion from the grounded end to the capacitor is 1/4 wave

disgrams.

—— Cap.

“ I\;r 0

. Low

[+ Med.

High

i 28

circuit can be seen in the following

length and from capacitor to the
upper end, 1/2 wave length of
highest frequency. Xt zero cép.the
voltage distridution is as at 2,
giving the highest frequency. The
capacitor can be thought of as
taking up some portion of 1/2 wave
length of the line. In the case a,
this is zero. 1n the other cases
where C is increasingly greater, this
portion is greater until in case e,
it is a whole 1/2 wave length. The
capacitor also has oprosite voltage
potentials - on it's two sides, but

the voltages do not necessarily have

to be on the opnosite side of the
ground or arbitrarily chosen zero
potential point. Thus one can go
from the 3/4 to 1/4 wave length
without going through the 1/2 weve
length mode.

2. A calculation of the cavacity

for various frequency for & given

line of this type can be made by
obtaining a formulae from transmission
line methods. Plate 4.
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APPENDIX 2

THE INDUCTIVE SHUNT LINE

s This line is somewhat similar to that of Selbw, there being a discontinm-~
ity in the veclbtage curve at the point at which the inductance is attatched

to the line, Conéidering a two wire line, a

Ind.
PR - | =
——
B _?,.:t__ s [ v s sl T

= .____.gu. IR (R — Y

d-——mé.___#__”*M@

plane of zero voltage may be

drawn through the middle and
passing throush the mid-point of
the inductance, The inductance

on one side of this line will
contain a portion of 1/4 wave
length, which is shown in the
diazrams as dotted. Thus in a the
inductance contains zero wave
length, while at e a 1/4 weve
length or nearly so. In C, whers
the lower line is 1/4 wave length,
the inductive load, reduces the
voltage at the junction so that
the maximum voltage is still at
the end of the line. As in the
Selby circuit, transmission line
theory can be used to develop.

A formulae for calculation of

the necessary inductance for tuning
the line., An accompanying granh
illustrates this for a range of
333 1/3 Mc to 1000 Mc. The 500 Mc
point is indeterminate, but may

be calculated, by assuming the
grounded end -on Stef the-lime as of
infinite impedance at the junction
with the inductance. TFlate 5,
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APPENDIX 3

THE DISTRIBUTED CONSTANTS LINE

X, This is a line in which either the distributed capacity or distributed
inductance is varied or also where both are varied in the same way. Normally
if the spacing or size of a line is varied, the distributed capacity and
distributed inductance will both vary but in the opposite direction with the
resultant resonant frequency remaining constant. A commercial variable
condenser can be considered as a line, where the rotor shaft is one side of
the line and the stator supports the other. On rotating the plates, the
inductance remains practically constant while the capacity discreetly dis-
tributed throughout the whole length varies., If it were possible to vary

the distributed inductance with the capacity constant, the :Same result would

be obtained, z—> R Z
I
i

i{ L,C per
| unit length

g ———

£ ==

/

This line, as in the normal transmission line, has modes &f operation of 1/4,
3/4, 5/4 etc. or 1/2, 2/2, 3/2 etc. depending on whether it is shorted or
open. The operation of this line was originally predicted by King in 1937 I.

\
e In a transmission lineV=zl/V CandFRzVso F = —yrgvwhere \is fixed
depending on the mode of operation. The variable is now L or C and f (also v)

instead of T and f. I% is possible to calculate the length of such a line
for a given freguency from transmission line theory.
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Plate 6 shows the operation of such 2 line as a wave trap wtilizing the even
modes, The condenser line is shorted at one end, résulting in a short at
the other end when at resonance, Plate 7 shows that the spacing of the
discreetly lumped capacity is not critical but that the resonance curves
continve in approximately the same manner., Plate 8 is the frequency curve of
such an oscillator circuit using a split stator arrangement. 300 Mc is about
the 1limit of oscillation using commercial variable condensers. Using a
concentric line of this type an oscillator operating from about 400 to 1200
Me has been built., Plate 2, It appears quite probeble that some spurious
responses in normal lumped constant circuits and in the butterfly circuit
may come from this type of operation for the capacity from one stator to the
rotor is at least twic as great as from stator to stator. Plate 9 shows the
results from experimental work while Plate 10 is calculated for a possible
split stator condenser.

3. While investigating this type of coaxial line it was found that consider—
able capacity change could be secured even though the center stators were
removed, This is due to the fringe effect, for which calculations are very
difficult., A rough calculation can be made by assuming a pernendicular plate
to be substituted for the rotor plates, at the perivhery of rotation.

Oﬁﬁzxssamcd plate G\.iol‘!((, this edge
ey

This is true if the plate spacing is fairly close.

4, It is possible to have variable distributed inductive line due to this
fringe effect. Plate 3. As can be seen this line is formed of a saw toothed
cylinder and a concave stator. Plate 11 shows the results of thedvarying
spacing of the rotor slit. There is a certain amount of inductive-effect
along the teeth, depending on their thickness and on the spacing between but
most of the current is carried along the solid portion. This particular line
is 10 cm long and should resonate at 750 Mc (Ya A mode). Actually this
resonant frequency, with solid portions closely spaced, is about 625 Mc. The
reduction is due mostly to the fringe capacity of rotor to stator. The
curves show that the capacity is about constant until the dooth to slot portion
ig in the ratio of one to four. The frequency range is also greatest in

this case indicating the least inductive effect along the slotted portion.
With the solid portions adjacent and 35 mil spacing, the capacity as calculated
is .994 wuf/cm  and measured as 1.3 uuf/cm, The inductance as calculated
from strip line theory (not completely apnlicable) is 960 44 4 b fewnSince

the resonant frequency is 84% of normal, there must be a capacity effect from
the rest of rotor, The capacity varies in a transmission line inversely as
the square of the frequency or velocity so in this case it is 1,42 times the
previously calculated value or 1.41 muf/cm (measured 1.3 puf /cm),  With the
rotor 180° from the previous position the frequency is 330 Mc (1/16" teeth
1/16" slot), The inductance varies inversely as the square of the freguency
so should be 3500 uuh/cm, while:the caléulations from strip line theory zive
6400 muh/cp. In éther words the inductance along the teeth has reduced the
effective inductance to about 55% of the calculated valve. These values are
all ap»roximate for the calculations are difficult to make,
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APPFNDIX 4

THE MODIFIED SEIBY AND INDUCTIVE SHUNT LINE

1y The Selby circuit requires a variable capacity and the Inductive Shunt
Line requires a variable inductance for tuning. This variable capacity or
inductance can be obtained from a’transmission line of the proper type. For
example 2 shorted 1/4 wave length line has zero capacity, which is the value
needed for the highest frequency of the Selby circuit; if this line is

made longer, it will increase from the 1/4 wave length to the 1/2 wave length,
at which point, the line is of infinite capacity or will tune the Selby circuit
to one third of the top frequency. If the line is lengthened still more, going
from the 1/2 wave length position toward 3[4 wave length an inductance is

added in place of a capacity and a still lower frequency will be reached. This
type of line can, of course, get very long and unfortunately other modes are
possible which cause difficulty in smooth tuning. This can be seen in the
accompanying graph, Plate 12, where oscillations take place in the O to 1/4
wave length inductive mode, rather than in the 1f4 to 12 wave length capacitive
mode that is desired. The distributed constants line may be used to eliminate
the large length, though the moding is still possible. Elimination of the
moding can be avoided by the use of double tuned circuits, as seen in the

graph Plate 13; using the 1/4 to 1/2 wave length mode in combination with

the 3/4 to 3/2 wave length modes,. Another difficulty with the distributed
constants line is the large change in L or C reguired as can be seen in

table 20 ' )
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TARLE I

SUMFARY CF CIRCTITS FOR THE 300 -3000 lc¢ rf RAYGE

CIRCUIT FRZTV, LIMITS MC TURES USED ADVATTACES DI SADVANTAGES
Coil and Capacitor  __ 400 955 954 Ganging not too  Induetance apnears
958 956 difficult. Zasy in Condenser. Chokes
634 to manufacture. required.
Minature 270° rotation
tipes possible.
Butterfly (G.R.) 100 -1000 955, 958, Symmetrical Sourious modes, Tube
(2000) 6F4 WE circvit. Larze Mounting @ifficult.
3164, 3Z68A frea. coveraze High degree of nachining
703A (5-1) L and © required, Ganging
both change. difficult. Only 90°
effective rotation.
Chokes reouired,
Semi Butterfly loo =700 955, 958, 6F4 Standard lfg.

- (G.R.) (¥RL)

954, 956 VI
3164, 3684
7034 2040

Technique,

L and C both
change. 1802
rotation. Tube
mounting not
too difficult.
Ganzing not too
difficult., No
spurious modes,
o ceramic shafts
or rods,

Tlon Symmetrical,
recuired,

Chokes
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TWO WIRE AND CONCENTRIC DISTRIBUTED INDUCTANCE LINE
AND COMBINED CAPACITY AND INDUCTANCE LINE
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PLATE 4




PLATE ©
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PLATE 13
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Distribution
" BuShips (5)
USNEL (1)
cHOYR (1)
ONR, Boston
Op—-413-B2 (5)
CGAAF (1)
OGSO0ASF (1)
€0, AMC, Wright Field (1)
USELO, Ft. Monmouth (1)
NOL (1)
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