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Problem S499R~-C was set up at this Laboratory by the Bureau of Ships
in orcer that improved preselector heads could be developed to replace the
T tvpe used with the Vodels AfAPR-1, AV/$PR-1, and RO radio receiving
eouipments, Three units were developed, thouzh not comnleted, covering the
freguency range of 85 to 700 megacrcles. Sensitivities of the order of 2
tec 18 microvolts and image rejections of 21 to 80 decibels were obtained
with hand-made circuits, & "modified" butterfly type of circuit was used,
which, it is believed, is gatisfactory in this range of freguencies.
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INTRODUCTION

il g% The Naval Research Laboratory was authorized by the Bureau of Ships to
develop VEF and UEF preselector heads to replace the TNV series of heads in
use with the Models AN/APR-1, AW/SPR-1, and RDO radio receiving equipment,
(Reference 1). The TN heads, though operable in these equipments, did

not give overall results comparable to that obtained by standard low-frequency
naval radio receiving equipment., The original problem requested heads
covering the freguency range of 400 to 3000 megacycles; however, there was
necd for replacement of all the TN heads. Consequently a modification of
the original problem was made to include the range of 40 to 400 megacycles,
with emphasis to be placed on the 100 to 1000 megacycle range, Reference 2.
The heads were to have good overall nerformance from the stand point of
sensitivity, image and intermediate frequency rejection, low oscillator
radiation, minimum of spurious responses, maximum protection against cross
modulation and overload, and reliability of operation., The heads were also
to have single dial control, operable either manually or with electric drive;
and each head to have as wide a frequency coverage as possible, consistant
with the overall performance desired,

2 The difficulties involved in this work were congiderable because of

the linited space available for circuits in the previously-designed TW

head castings and particularly because no satisfactory circuits were avail-
eble for use in most of the frequency range to be covered. A "makeshift"
type of unit would not suit the problem requirements. Three preselector
heads were developed near the end of the war, and only two of them were near
the final model stage for outside commercial production,

RESONANT CIRCUIT DEVELOPMENT

3. The tuned circuit designed for the T heads had been of the butterfly
type, capable of a three-to-one frequency coverage, Two ganged circuits
were used, 2an oscillator circuit and & mixer or antenna circuit, the latter
being a low "Q" circuit., This type of resonant circuit did not appear to

be capable of convenient ganging or of being developed into an oscillator
circuit operating on the fundamental mode for the higher frequencies;
consequently, it was discarded, In planning new tuning units, it was .
calculated that three signal circuits and an r~f amplifier would be required
to meet the desired specifications. The osecillator should operate at the
required local heterodyne frequency to avoid multiplication of frequency
with its attendant spurious responses. This led to 2 compromise frequency
coverage of two-to-one in place of three-to-one as one price for the
proposed advantages, Since the TN-1 head was fairly satisfactory, the
beginning of the second range could be at 85 megacycles in order to overlap
90 nmegacycles which is the top frequency of the TF~1 head, This also
brought the break between the third and fourth heads at about 350 megacycles,
at which the change from "acorn" type tubes to the "light housc" type is
considered preferable, rather than at 400 megacycles where the "acorn" tube
operates with difficulty in equipment having extended frequency coverage,
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This gave then, the following frequency ranges:

Preselector Unit A, 40-90 Megacycles (Th~1B)
Preselector Unit B, 85-180 Megacycles
Preselector Unit €, 175-355 Megacyeles
Preselector Unit D, 350-700 Megacycles
Ly The original directive requested that the preselector frequensy coverage
begin at 400 megacycles; hence, the circuits originally tried were designed
for the range of 400 to 800 megacycles, Mgny circuits built and tried wers
nct found satisfactory; normal commercial split-stator capacitors have too
moch inductance to be useful at these higher frequencies, and capacity loading
of transmission lincs gave increased liability to spurious responses, The
circuit finally developed was a "modified" butterfly, similar to that
previously developed by the Gencral Radieo Cempany, but not yet published at
the time it was under development at this Laboratory., This cireuit is of
the split-stator type with a wide loop attached to the stator plates,but
passing around the rotor plates, (Plates 1, 2, and 3), Sincc the roter plates,
in the minimum capacity position, occupy the space inside of the loop, the
inductance is reduced at the high frequency end of the ranze, This gives
characteristics desirable in high«frequency eircuits with the further advantage
that the r-f path in the stator plates is not lengthened at higher frequenciesy
avoiding the increase in inductanee which is encountered in the normal split-
stator circuit, 3By incorporating a sedond inductance on the other side of
the stator plates, higher frequeneles could be reached; the more easy
variation of this inductance permitted ready establishment of the upper
frequency linmit and also, by a finer screw adjustnent, a satisfactory inductive
trimnmer was provided, (Plate 3}, This "modified" butterfly cireuit has the
following favorable characteristicss

(2) ¥o sliding or moving elactrical contacts,

(b) Maximun impedance pointg are reddily available for connccticn to the
external circuit;

(¢) $tfaight=line frequeney characteristics may be obtained by prover shaping
of the plates,

i )
(&) The current path throuzh the capacitor varies only slightly with rotor
position, ziving rise to practically constant inductance in the plates,

(¢) It lends itself to ganging and tracking by conventional methods,
(f) Possibic spurious resonance effects are at a minimum,
(g) Tre inductance of this type of snl*tmatator capacitor is low,

{h) EBither "lighthouse" or "acorn" types .1 vacuum tubes fit nicely on the
cirecuit,

(i) The tuning range is covered in 180° of rotation.
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(j) The rotor can be rotated 360®, making & uscful circuit for receivers
which require notor-driven tuning elements,

(k) Woll-established manufacturing nethods e¢an be used in the construction
of the tuning capacitor and inductance strap,

(2) The construction is sturdy and no ceranic shafts are used,

By There are certain disadvantages, mainly in the unbalance of the rotor,
nechanically and electrically, The mechanical unbalance can be taken care
of by proper shaft couplers; while the electrical unbalance has not caused
difficulties, provided the tuned circuits and components are mounted in

such a way as to elinihate tight capacity coupling between the rotor and any
of the components. Another disadvantage is the lack of self-glectrical
shiclding such as is inherent in concentric line tuning elements,

6. It was found that the same split stator capacitor could be used in the

B and C units (also in the & unit if made) with a change only in the inductive
ytrap., For Unit C the strap was used as previously described, (Plate 4),
while for Unit B a conventional coil was used (plate 9); 2 smaller sized
capacitor and strap was nceded for Unit D (Plate 3).

PRESILECTOR UNIT & (40 TO 90 MEGACYCLES)

Eiast

m, -~ Ho work was done on this unit since the cognizant Burcau placed principal
emmhasis on the higher frequency ranges and the TN-1B head was comparatively
satisfactory in the 40 to 90 Mc region.

PRESELECICR UNIT B (85 TO 180 MEGACYCLIS)

8. As indicated previously threc signal circuits were planned for this
unit; the antenna circuit, amplifier circuit, and nixer circuit; however,
in the model built only two siznal circuits were installed, the arnplifier
and tho mixer. A contract had been given to the Radio Condenser Company

for capacitors designed on the basis of this Laboratory's hand-nade nodels
but the result wos not satisfactory and the use of hand-nmade models, had

to be continued, althouch they did not posscss the desired nechanical
characteristics. A 956 pentode tube was used as an amplificr and type 6F4
tubes were used as mixer and local oscillator, The circuit connections were
of the conventional type, the output of the amplifiér tube being inductively
coupled to the mixer circuit, while the local oscilintor energy was capacity
coupled to this circuit, (Plates 5, 6, 7, and 8). Due to the use of hand-
nrde tuning capacitors, the input circuit was separately tuned in crder to
zot satisfactory results; however, this would not be necessary in commercially-
built units and it is believed that a fourth circuit could be sanged satis—
factorily. The sensitivity of this preselector (using o 30% sine wave
nodulated carrier with a 6 milliwatt output in a 600-ohm audio output load
with a 10 decibel modulation—on vs modulation—off ratio) when used with an
RDO receiver was between 2 and 7 microvolts with the audio bandwidth sharp
and 3 to 14 microvolts on thc broad position. The image rejection ratio for
standard outout varied from 44 to 80 decibels. (Table I). Bandwidth data
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arc given in Tabdble II.

PRESZLECTOR UNIT C (175 T0 355 MEGACYCLES)

9 This wnit was designed to be sinilar to the Unit B; howevery no mixer
was as satisfactory as the 6F4 for the B Unit. Best results were obtained
with a 954 tube using cathode injection from the oscillator, the best
sensitivity beinz in the order of 15 microvolts. Lack of comnercially built
canacitors held up the building of a model of this preselector,

PRESEEECTOR UNIT D (350 TO 700 MEGACYCLES)

10. This unit like the others used only two signal circuits and, though
cramped for space, it is believed that it would be possible to add an antenna
circuit, (Plates9 to 15), "Lizhthouse" type 2040 tubes werc used for the
grounded-grid amplifier and local oscillator and a type IN21-B crystal for
the mixer, Because of the use of the grounded-zrid circuii, a specizl
casting was made with a plate down the middle, isolating the cathode~grid
circuit from the plate-grid circuit. Because of this, two tuning shafts
were required, which were geared together just behind the main dizl. The
whole circuit azain was qultv ccnventlon 1, with tracking adjusted by
inductive and Cﬂpw01ty trimmers. Additional feed back was reguired in the
local oscillator to secure smooth oscillations over the whole range. It

was found that an 820-ohm, 2-watt I,R.C. wire-wound resistor gave the best
results as 2 plate-supply lead choke, It was also necessary to have ball-
bearings of good quality supporting the tuning capacitor roter shaft to
prevent erratic operation. Since the grid-cathode circuit of a grounded
grid amplifier is of rather low impedance, the 50 ohm input circuit was
tapped rather high on this circuit. The crystal was tapped down on the
amplifier output circuit to reduce the loading and the oscillator injection
loop was only lightly coupled to this same circuit. A 100-ohn bias resistor
was inserted in the crystal direct current path to secure best conversion,
The sensitivity of this unit was less than 10 nicrovolts over most of the
ranze but the image rejection was only from 21 to 42 decibels, Table III,
The poor image rejection was partially due to the hand-made capacitors being
imperfectly trWCked but mostly duc to the low intermediate freguency used,

COMPONENT PARTS

11, Certain cormonent parts were developed during this work amons which

were 2 contact clip for the double-ended acorn tube and several types of

jack shields that were more satisfactory than the pin type used in the reaular
TH heads, References at the end of this report zive the drawing nunbers

for these components,

COMCLUSIONS

12, Althouzh the cevelonment of these preselector units was not completed,
t“o rerformance measurcnents on the hand-made units indicate that in most
respects the fundamental electrical and mechanical desizgn features incor—
porated in each unit were satisfactory., It would appear that for frequencies
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above 350 megacycles, an intermediate frequency higher than 30 megacycles
should be used,

RECOM/ENDATIONS

13, The urgencies of the war did not allow time for a thorough investigation

of various types of resonant circuits for use in this freguency range, there—
fore, it is recommended that:

(2) Resonant circuits for UHF and VHF work be thoroughly investigated,

(b) WMethods for measuring electirical characteristics of UHF circuits be
investigated,

(¢) A study of r—f contacts be made with the view to elimination of nnise
and the consequent reduction in size of the circuit structure,
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TABLE I

PRESELECTOR UNIT B

Siznal Inaze Rejection
Frequency Sensitivity In Ratio In Decitbels
In Mezacycles Microvolts Standard Output
Audio Audio
Bandwidth Bandwidth
Narrow- Bro=ad
80 2 %3 79
90 2 53 77
100 5] 11 72
110 7 14 78
120 6 12 80
130 4 i 64
140 2 4 65
150 % B 58
160 7 14 55
170 7 11 44
175 2 4 56
TABLE IT

PRESELECTOR UNIT B

Signal 30 db Bandwidth 6 db Bandwidth
Frequency Of Presclecctor Unit Of Prosclector Unit
In Megacycles In Megacycles - In Memacycles
80 1.9 11
100 Be 7 2.9
125 3.6 S
150 Be? 3.1
175 %l 2,5
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IABLE 111

PRESELECTOR UNIT D

Signal Sensitivity Image Rejection

Freguency In Microvolis Ratio In Decibels

In Megacycles Audio Bandwidth Narrow Standard Output
350 18 29
400 6 a2
450 4 41
500 4 37
550 7 27
600 5 22
650 7 22
700 8 21
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PRESELECTOR UNIT

MODIFIED "BUTTERFLY" TYPE OF T
SPLIT-STATOR TUNING CAPACITOR

UNED CIRCUINI
AND SECOND

INDUCTANCE STRAP FREQUENCY

RANGE 350 TO 700
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PRESELECTOR UNIT D
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SEMI CIRCULAR AND SECOND IHDUCTAHCE STRAP
FREQUENCY RANGE 350 TO 700 MC
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TUNED CIRCUIT

SFLIT=0TATUR TUNING GATALITUR AN OLMI=UiRUULAR
INDUCTANCE '
(INDUCTANCE COIL AND MYCALEX END PLATE REMOVED)
PRESELECTOR UNIT C PLATE



PRESELECTOR UNIT 8
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PRESELECTOR UNIT B

PLATE 6

COVER PLATES REMOVED



nee ACCIniEn PRESFI FCTOR LINIT B

COVER PLATE ON SHIELDING COMPARTMENTS REMOVED SHOWING
0SCILLATOR (NEXT TO DIAL DRIVE),MIXER AND AMPLIFIER PLATE 7
CIRCUITS :
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PRESELECTOR UNIT B
MIXER CIRCUIT PLATE 8
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PRESELECTOR UNIT D
FREQUENCY RANGE 350 TO 700 MC
PLATE 9
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PRESELECTOR UNIT D

10

PLATE

INPUT CIRCUIT AND LOCAL OSCILLATOR TUBE
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PRESELECTOR UNIT D

VIEW OF VARIABLE TUNED GR1D-CATHODE
CIRCUIT OF GROUNDED-GRID AMPLIFIER

PLATE 11
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PRESELECTOR UNIT D

LEFT-HAND COVER PLATE REMOVED SHOWING GRID-PLATE
TUNED CIRCUIT OF THE GROUNDED-GRID AMPLIFIER
AND THE LOCAL OSCILLATOR CIRCUIT (ON THE LEFT) PLATE 12
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PRESELECTOR UNIT D

Yitw UFr 1HE VARIASLE JUNED GRID=PLATE CIRCUIT OF THE
GROUNDED 3RID AMPLIFIER. NOTE CRYSTAL MIXER NEAR

THE TOP-CENTER OF THE VIEW PLATE I3



PRESELECTOR URIT D

VIEW OF THE VARIABLE TUNED LOCAL OSCILLATOR CIRCUIT
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PLATE 15
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