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ABSTRACT 

'1\vo receivers were developed and tested vd.th the 
object of demonstratinc the principles of double modulation, 
and corr.paring the char act eris tics vri th those of single 
modulation. Each receiver is capable of both types of 
modulation, ,ri.th comparable sensi ti vi.ti.es. It was further 
desired to demonstrate the practicability of gang tuning of 
hi5h Q pres elector circu.i ts for hich frequencies. The frequency 
rane·e covered in· the preselectors showing the best 
characteristics is lJO to :210 .MC, with 4 to 5 per cent extension. 
It was found practicable to obtain reliable operation, and 
more stable frequency-temperature characteristics than ever 
prcxiuced for service in previous equipments at any frequency 
-rrithout the use of crystals or ovens. The tests of these 
receivers is covered in a separate test report, R-1736. 
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AU'IBORIZATION 

1. This research was authorized by reference {a). 
Ofuer :p3rtinent material is included in references {b) and {c). 

Referen::e: (a) Bu.Eng. letter C-S67/46 (7-28-RS) 
of 30 July 1938. 

{b) Bu. Eng. srecification RA 13A 240. 
(c) NRL Report R-1736. 

STATEMENI' OF POOBLEM 

2. The several problems involved in the developnent 
were as follows: It was decided to construct two receivers, 
each capable of either sirgle or double modulation reception, 
to cover a frequency range of 130 to 210 MC for at least one 
pr eselector, and a range of at least 132 to 156 MC for another 
Jr eselectar. 

3. On single modulation each receiver must be capable 
of receiving a carrier signal; modulated at audio frequency. 
On double modulation, 'the teeeivermust receive a carrier, 
modulated at an intermediate or' primary modulation frequency 
between 175 and 225 KC, which in turnm~y or may not be modulated 
at audio frequency. If no au::lio modulation is present on double 
modulation, the receiver must be capable of producing an audio 
heterodyne beat note for CW communication. 

4. On double modulation, provision must be made for five 
modulatim channels falling in the range 175 to 225 KC, the 
desired chamel to be selected by means of · a 5 position switch. 

5. The double modulation cha?).nel selectivity must be 
such that if a transmitter is modulated by all five chamels 
simultanrously and in equal amounts, the receiver may distinguish 
the desired channel without serious interference from the otl'J,er 
four. 

6. The carrier frequency tolerance allowable was set at 
.!,•04 per cent; that is, if the transmitter and receiver were off 
·frequ3 ncy in opposite drrections by .04 per cent, the signal must 
not be attenuated by more than 6 db. This required a band width 
of .08 rer cent in tre re.ceiver, whim amounts to 168 KC at 210 MC. 
To allOV'r for error in tuning, a band width of 2~ KC was chosen. 
This required that on single modulation the preselector and all 
i-f stages must have a ban:i width of 250 KC with a total attenuation 
of not more than 6 db. In order to provide reasonably close spacing 
of carrier chamels, the 60 db width was required to be mt more 
than 1250 KC wide. The I-F selectivity curves in the test report 
R-1?36 show that the actual width at 60 db attenuation -j:s -0nly 
911 KC. 

?. A tentative channel separation of 0.6% had been chosen, 
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,;rhich would vary from ?80 to 1260 KC over the tuning range, with 
adjacent channel operation possible without prohibitive inter­
ference at a distance of 700 yards. In actual tests, it was 
found possible to vrork duplex operation with a frequency separation 
of 1000 KC ·with no interference when transmitting and receiving 
antennas were separated only 50 feet. 

8. On double modulation, since the maximum primary 
modulation frequency was 225 KC, the preselector and i-f band 
width must be at least twice this value plus a toler:.nce. A band 
-rd.dth of 600 KC was chosen to allow for first oscillator drift 
and tunin,3' errors. This required that the carrier channels 
must be more ridely separated than for sincle modulc.tion, but the 
primary modulation channels on any one carrier may be as close as 
12 .5 KC apart. 

9. A sensitivity of 5 to 10 microvolts for 1 to 3 watts 
output with a signal to noise ratio of 7 .4 db ,1as chosen as 
satisfactory for both types of modulation. 

10. A fidelity of !. 2 db over the audio ran~e of 350 to · 
3500 cycles ,v-as considered desirable, and was met satisfactorily 
on single modulation. On double i-;iodulation, in order to obtain 
40 db attenuation of a channel only 12.5 KC off the resonant 
channel, it was found desirable to modify the fidelity requirement 
to avoid more complex and expensive desie,n. 

11. The receiver was required to make use of resonant 
transmission line circuits in the preselector and first oscillator, 
without any temperature control oven. The frequency tolera.."lce 
given in Par. 6 was to be met under all conditions of operation 
if practicable. 

12. A space limitation of l.?5 cubic feet was set up for 
the complete receiver. 

PEaTINEiTT FACTS FROM PREVIOUS 1iORK 

13. The principle of double :r.iodulation had been 
investigated and demonstrated at this Laborato~J durins 1936, 
ti th a typical e:i.."})erirnental laboratory set-up. The results 
indicated t.11.e practicability o.f' the system, ani y;arranted the 
establishment of the present project. 

14. The use of tuned transmission lines for resonant 
circuits had been inves ti~ated spasmodically since the work of 
J. n. Conklin fnd G. E. Pray of RCA in 1929, reported in the 
Proceedings of I.R.E. for November, 1931. In 1936, tvro types of 
receivers ,;:-ere constructed at this laboratory usine tuned lines. 
One type, similar to the Dunmore receiver, was reproduced in t'V'ro 
models, covering a frequency range of 150 to JOO llC, using 
concentric lines whose lmgth was varied for tuning. This was a 
cumbersome device, not adapted to proper gang tuning. Another type 
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•of receiver used short concentric lines, tuned by capacity. 
The capacity consisted of two circular plates y;hose spacing 
was varied by a screvr thread. This device vras also ctm1bersome 
and nc:it adapted to ganc- tuning, but indicated some ;nerit in the 
use of tuned lines for receiver circuits. 

15. In 1937, a receiver was developed at this Laboratory 
for Radar work, . covering- the range of 170 to 230 MC with ganged 
tuning of the four pres elector circuits. Each pres elector circuit 
consisted of a short ooncentric line, tuned by a conventional type 
of 5 plate variable condenser. The pres elector was compact, 
efficient, and simple to tune ;·;i th its single dial control. 

16. In 1938 an experimental receiver was developed which 
used parallel bar lines or frames, tuned by the conventional type 
of 5 plate variable condenser. The condensers for the four stages 
·were ganged to a single tuning dial, and covered a frequency ranee 
of 130 to 210 MC. The final tuned stace was a super-regenerative 
detector, and all circuits were made to track satisfactorily. A 
sensitivity of about 5 microvolts vras obtained for 6 milliwatts 
output and a signal to noise ratio of 10 db. The tuned frame type 
of circuit was considered to be more practical mechanically and 
equal electrically to the concentric line type for this frequency 
range. 

17. The values of Q obtainable from any of the transmission 
line type of circuits is dependent upon the loading of the line by 
the tubes. The circuit by itself may have a very hich Q, but the 
tube impedance is low and loads the line heavility. However, if 
the tubes are tapped down to the proper point on the line, the 
loadi..nc of the line is reduced, and the effective Q increased t2wf'1'd 
the unloaded value. As the tube tapping p

1

oint is moved upvrard the 
low impedance end of the line, the vol tace at the tap decreases' and 
the inductive reactance of the tube leads becomes appreciable as 
compared to the tapping point impedance. This results in a reduction 
in voltase gain in the circuit; and if the tapping point is moved 
too far toward the low impedance end of the line an overall voltage 
loss -v:ill occur. It is necessary that some gain be realized in the 
first circuits in order to obtain a favorable signal to noise ratio. 
It is not considered practical at the present state of the art to 
gang circuits 1mose Q exceeds 200 vmen the preselector covers a two 
to one frequency range, and manufacturers in general do not gang 
circuits with Q's much above 50. 

SOLUTION OF PROBLEVfS 

18. In order to meet the requirements -vmich had been set 
up, it was necessary that the receiver be of the superheterodyne 
type. It was decided to construct the receiver in three sections, 
combined into a single unit. The first section contains the 
superfrequency pres elector and oscillator; the second section 
contains all i-f and a-f components; and the third section contains 
the po~er pack. This type of construction was adopted to facilitate 
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th~ convenient interchange of experimental preselectors in order 
to determine their relative merits and practicability. The power 
pack may be replaced by a dynamotor or other unit for tests in 
aircraft. The dynamotor could be mounted in the space normally 
occupied by the power pack, or it could be mounted as a separate 
unit if the receiver was encased in a smaller cabinet. Connections 
between the various sections are made by Jones plug fittings and 
short cables .. 

19. The first experimental model was not considered 
successful, but will be described briefly in order to make ti.'l.is 
report complete. On single modulation the signal came through 
the r-f amplifier and mi.'Cer to a 13 MC i-f amplifier Y,hich had a 
band width of 250 KC. Three stages of i.f. were used, ,dth type 
6AC7 tubes, then a 6H6 detector and the audio system. A sensitivity 
of better than one microvolt was obtained for one watt output, and 
nas considered to be very nearly the ultimate for sincle modulation. 
On double modulation, the detection of the primary modulation took 
place in the type 954 tube i',hich was normally used as a mixer for 
single modulation. The first oscillator tube vras inoperative on 
double modulation, leaving the first detector to act as a rectifying 
detector, its output being the 175 to 225 KC primary modulation 
frequency. The pri111ary of the first 13 ~C i-f transformer was 
connected to the plate of the first detector. The low side of this 
primary -vras connected to the high side of the primary modulation 
selector circuit. The 13 EC stages ·were not used for double 
modulation. The lov" side of the 1.)I'imary modulation selector circuit 
was by-passed to ground. Thus, it is seen that the single and 
double modulation primary circuits were connected in series with 
the plate of the first detector. For double modulation then, the 
signal came through the preselector., was rectified for primary 
modulation in the first detector, then fed to a mixer -v,here it was 
heterodyned up to a fixed i.f. of 480 KC., went through two stages 
of 480 KC, i-f amplification, to the 6H6 final detector, then the 
audio system. The 480 KC i-f gain was so high that the primary 
modulation selector circuit noise was very strong. The preselector 
gain was small, and the first detector was acting as a square law 
device on double modulation., resulting in inefficient first 
detection because of the low level of the signal at tl1is staJ e. 
Consequently an input of about 300 microvolts was necessary on 
double modulation to produ.ce enough prii'Ilary modulation voltage to 
override the noise in the primary modulation mixer circuit. After 
unsuccessful attempts to obtain more efficient first detection 
the circuit was abandoned. 

20. It was decided that the si0nal level should be 
amplified to a value of at least one rr~llivolt in order to obtain 
efficient detection. This required that the first oscillator be 
operative, and the first mixer be used as a mixer for both single 
and double r!todulation. Also it necessitated the common use of 
some of the 13 15.C i-f staces for both types of modulation. The 
single mod'ulation system required a band width of 250 KC, while 
the double modulation system reciuired a width of 600 KC. The first 
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two staces, including two i-f transformers and two 6AC7 tubes 
were r,iade common to the two systems, v-iith a band width of 600 KC, 
which meant that the system was no loncer ideal for single 
modulation. Reference to the receiver layout on Plate 1, and to 
the circuit diacram 46 F 456, will help to clarify this discussion. 
The third i-f stage, consisting of tuo more i-f transformers, one 
6AC7 tube, and the 61!6 final detector, were used only on sincle 
modulation, ·with a band width of 250 KC. For double modulation, 
the circuit splits up after the second i-f sta[;e, being coupled-­
through a third broad i-f transformer to the primary modulation 
detector. This detector is a 6SJ7, biased for plate rectification. 
From this detector, the signal 5oes to the primary modulation 
channel selector circuit in the input of the second miJcer. A 
6SJ7 second oscillator of the electron coupled type with its own 
selector circuit, beats with the primary modulation frequency to 
produce a constant i-f of 480 KC. The second oscillator therefore 
operates at a frequency that is always 480 KC higher than the 
primary modulation frequency. The selector circuits are tuned by 
combinations of fixed and adjustable condensers, controlled by a 
five position ganged s~'itch to provide five primary modulation 
channels. The oscillator potential is coupled capacitively to the 
first grid of the 6SA7 second mixer, The 480 KC output of the 
second mixer goes through one stage of i-f amplification consisting 
of one type 6SK7 tube and two transformers of 8.8 KC band width, 
then to the second anode of the 6H6 final detector. 

21. For CV( operation on double modulation a CV-f beat 
oscillator, using a 6SJ? tube, injects a beat frequency voltage 
of about 0,5 volt into the final detector input circui t. The beat 
oscillator is of the electron coupled type, and its frequency may 
be varied from 480 KC over a small range by adjustment of a trimmer 
condenser controlled from the front panel, to ,rovide the desired 
audio beat note. An "on-off" switch controls the operation of this 
oscillator. 

22. It is not necessary to beat the primary modulation 
frequency up to a fixed i.S. of 480 KC as has been done in these 
receivers. In previous work, the primary modulation frequency has 
at times been amplified through several stages at its fundamental 
frequency. However, in order to reduce the problem of switching 
channels to its simplest form, and to obtain a reasonably good 
fidelity, it was decided that the present system offered the better 
solution to the problem. Wherever this system is used, care must be 
observed in the placing and shieldinr; of the second oscillator, as 
its harmonics in the nei[:;hborhood of the twentieth may produce 
objectionable beats with the 13 MC i-f si2nal. 

2J. An audio volume control potentiometer, connected 
between the 6H6 detector and the 6SJ7 first audio tube, provides 
control of the receiver output. The resistance of the potentiometer 
is .5 megohm to match the output of the detector. 

An-i-f gain control potentiometer operates in the cathodes 
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of all i-f stages to control the gain for CW reception or Fhen the 
AVC switch is in the "off" position. This control is operative 
for both single and double modulation, and should be at a position 
for nearly maximum gain when the AVC switch is in the "on" position. 
The potentiometer has a resistance of 1000 ohms, and is supplied 
with definite biasing voltage from a bleeder circuit across the 
plate supply. This bleeder circuit consists of the potentiometer 
and tv,o fixed resistors, of 25,000 and 15,000 ohms respectively, 
and provides screen potential for the i-f tubes. The gain control 
was placed in the cathodes to provide a definite and uniform control 
over the tubes while their screen and plate potentials remain 
normal. It has been frequently practiced in receiver desiGn to 
control the gain by varying the screen voltaee, since the current 
through a potentiometer in such a circuit, and consequently the 
pry~er dissipated, is very small. ~Jhere self bias is used, the 
screen control system is not advisable, since the bias varies with 
the screen voltage and often provides a very non-uniform control of 
the gain. This cannot occur with the system used in this receiver . 

25. The rect+fied and filtered output of the 6H6 final 
detector provides AVC bias for all i-f stages and for the second 
mixer. The detector lo?d resistor has avalueof one mecohm and 
provides both a-f siGilal and AVG volta: e. The AVG volta6e is 
filtered through another one megohm resistor and a .1 microfarad 
condenser, then throueh individual filters in each i-f erid circuit. 
The a-f signal is coupled through a .01 microfarad condenser to 
the a-f volume control potentiometer. The AVC action of the 
detector is biased at one volt to delay the building up of AVC 
voltage. No delay is introduced in the detector action. The 
result is that normal receiver noise and very weak signals will 
not actuate the AVC circuit. The bias is obtained from two fixed 
resistors of 500 and 50,000 ohms respectively, connected across 
the regulated 105 volt circuit. 

26. For ideal AVC action, the AVC circuit should be tapped 
off about one stage ahead of the detector, should use a separate 
tube, and should contain one stage of amplification. This system 
should be used in any receiver having only one i-f system, but was 
not practical for the present receiver ,;ri th its multiple i-f sys tem. 
A possible improvement in the present system 17ould be to apply 
some AVC voltage to the first audio tube. This v:ould reduce the 
distortion at high s~"!lal levels, and YlOuld flatten out the overload 
curve on reduced output levels. 

27. The 105-volt regulated supply is obtained from the 
p01-:er pack, and is used to furnish plate vol tace to the first 
oscillator, and screen voltaie to the preselector, all mixers, 
the second and third oscillators, and the first a-f amplifier. 
This is one of the i.-nportant f ea tu.res -v.rhich provides uniformity of 
operation, and frequency stability. 

28. The 13 llG i-f transformers Yrnre designed around the 
RCA high frequency i-f transformers, using polystyrene forms and 



iron, core trimming. Each wirrling is loaded by a 50 micromicrofarad 
ceramic condenser. Tm turns of tm winding are spaced approximately 
one wire diameter. The pr:imary and secondary windings are spaced 
fran J/8 to 9/16 inch, depending upon the band width required. 
This spacing results in over couplin?., with a dip in the nose of 
the selectivity curve. The nose was flattened out to correct this 
condition by shunting a resistor of appropriate value across the 
primary winding. To cornpe nsate for the expansion and contraction of 
the polystyrere fonns due to tem:p3ratu:re changes, the iron cores 
are mounted on brass screws which are supported from the end of the 
form. Thus the cores tend to position themselves to maintain a 
constant inductance in the windings. R-f filter circuits consisting 
of resistance and capacity are included in each transformer primary 
and secorrlary circuit at the low potential end to insure proper 
isolation of r-f voltages. 

29. As seen in Plate l and Plate 3, the output of the 
second 13 MC i-f tube is coupled to the pr:imaries of two 
transformers, one for single arrl one for double modulation. This 
is an undes:irable combination since son:e reaction is bound to occur 
between the tm transformers rue to their electrical ooupling. 
However, tre chassis had been designed for the previously described 
receiver, arrl upon changing over to the present design was not 
easily adapted to a rore satisfactory circuit. It ,,as considered 
necessary to obtain the i-f gain of two tubes for the double 
modulation, and recessary to obtain the 250 KC band pass characteristics 
of two trensf ormers for sil'l]; le modulation. The present circuit was 
chosen since it satisfied these requirements and allowed the use of 
the chassis which was available. Coupling to the broad band trans­
fonne r is througi a 5 micromicrofarad condenser, and reduces the 
reacticn to a snall amount. The amount of reaction still remaining 
requires very careful aligning of the transformers to prevent 
distortion of the selectivity curves. Such alignment may be obtained 
by using a sweep oscillator to modulate the alignment oscillator, 
and adjusting both transformers to ob.tain the desired characteristics 
as seen on an oscilloscope. In any future desiP,n, it should be 
rananbered that one transformer can be loaded by two tubes without 
reaction :in the branch circuits, but, one tube cannot be loaded by 
two transf orme rs of the same frequency with out some reaction between 
the c:ir cui ts. 

JO. The 480 KC i-f transformers are of stan:iard Aladdin 
type, with universal coils on iron cores, mounted in bakelite 
frames, with adjustable coupling, arrl ttlll3d by air dielectric 
condensers. Trese two transformers vere slightly overcoupled to 
give a band-width of. 8.8 KC. No appreciable dip was caused in the 
nose of the selectivity curve, so no resistance loading was required. 
However, due to the gain being more than necessary, it was found 
de sir able to utilize only part of the voltage from one of these 
transformers, so the output was tapped off across one of two 1/4 
me@:>hm resismrs. 

Jl. The secorrl arrl third oscillator circuits, and the 



second mixer input circuit Vlere made up of Aladdin i-f transformer 
parts by installing the proper coils, and changing the circuits 
to suit the purpose. It was found necessary to shunt the grid of 
the 6SA7 second mixer ,vi.th a 75,000 ohm resistor to reduce the Q 
of the channel selector circuit. This reduced the sideband cutting 
and allowed better overall fidelity on double modulation • 

• 
32. The fidelity of the audio syst~n is flat to 2 db over 

the range of 50 to 20,000 cycles at one watt output. The drop in 
f i delity above 3500 cycles is obtained by detector filter action 
on single modulation. On double modulation the fidelity begins to 
drop off above 2000 cycles since the close spacing of channels 
required that the sidebands be cut somewhat in order to obtain 
proper attenuation of adjacent channels. For higher normal power 
output, the audio system would require a larger output transformer 
and a different tube arrangement. It is believed, however, that 
lovrer output may be satisfactory, since the latest loudspeaker 
system is provided with its own amplifier which requires an input 
of only six milliwatts. 

33. The power pack is of normal desien using a choke 
input to the filter in order to obtain good reeulation. A voltage 
regulator tube type VR-105 is connected in series with a 5000 
ohm ~oltace dropping resistor-across the output of the poTTer pack 
to provide a constant source of 105 volt supply for oscillators 
and screens. 'lhe total load on the 110 volt 60 cycle supply is 
only 75 watts, so the po,,7er pack could be reduced in size without 
overloadine. 

34. The tuned frame preselector, tvro of which were 
constructed, consists of one staee of r-f amplification, a first 
mixer, and a first oscillator, as shom on Plate 2. 
Each stage uses a tuned frame for a resonant circuit, the frame 
consisting of a parallel conductor transmission line whose physical 
length is less thf!,n one quarter wavelength, and consequently acts 
as an inductance. The tubes are standard acorn types, 954's for 
amplifier and mixer, and a 955 for the oscillator. The oscillator 
operates with the catl1ode at ground potential, the grid tapped up on 
one leg of the frai~e, and the plate tapped up on the other leg. 
Coupling to the mixer cathode is made through a 500 micromicrofarad 
condenser, tapped near the ground end of the oscillator plate leg 
of the frame and resulting in an injection of 3 to 4 volts at the 
mixer~ This condenser alsQ acts as a cathode bypass to ground for 
the carrier frequency. The_ design of the frames is covered in the 
follo~dng paragraphs. · 

35. Th,e frame material is of invar, heavily silver plated 
according to the NRL formula developed under this project. The 
parallel bar members have a diameter of 1/4 inch and spacing, 
center to center of 3/ 4 inch, or, b .. 3/ 411 , and a = ~ = 1/811. 

~ =*"" 6. a 
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Z0 = 276 log% = 214.5 ohms, surge impa:iance. The tuning condenrer 
has 8:. caoacity variation of 19 )l)Ji'. 

The frequency range, including overlap is 
A f = 125 to 220 MC 

Cl = minimum capa::ity 

c2 = maximum capacity = c
1 

+ .£l c 

( 
ff21)2 = c1 + ~ C 

or Cl 125 2 
- ( ) = .J2J Cl+ 19 - . 220 

Ci = .323 (c1 + 19) = .J2J c1 + 6.14 

c1 = 9.07 pp.f 

C2 = 9.07 + 19 = 28.07 JlJJf• 

The inductance required to tune 
L = _ ___,1 _____ _ 

(2n)2x r2 x c2 

with this capacity is, 

l 
'J9J+ X {125 )2 X 28.07 

The inductive reactaree at say A>O ~ is,. 

XL= 6.28 x 200 x .0578 • 72.5 ohms 

The rending end imµ::d.ance of a line appreciably shorter than )/4 
is very nearly a pure inductive reactance, or 

Zs= Zo tan 2n J • 72.5 ohms 

or Zs = 214.5 tan( f. x 360°) • 72. 5 ohms 

( ..e 6 0) it·~ 6 0 tan X x 3 O • 2 • = .JJ8~tan 18. 7 

.f.. = 18 .. 67 ::, .0519 
"- 360 
For 200 MC, }.. = 150 cm, or 

.,l = 150 x .0519 = 7.78 an.- = J.06 imhes, 

the length of frame re:iuired. 

'l'he frames were made J.25 inches long, and c1 nas adjusted by 

means of fixed ceramic ccmpensating condensers and adjustable trimmers 
to give a tuning ranee of 

A f = 125 to 223 MC 

The oscillator circuit was computed in a similar rna:mer, to operate 
at frequencies lJ MC higher than the carrier to produce the intermediate 
frequency, and found to require a shorter length, and a hip)le r value for 
c1 . _ The oscillator frame was constructed to the same dimensions as the 
of.hers, then prov:irled with an adjustable slid.er for shortening its 
length to the rirti t val m • 
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36. The Q of the unloaded frames may be canputed as follows. 
The spacing factor for the leg members is, 

Mc: 1.06 
and for the end bar is, 

M1 
= 1.00 

a = .3175 cm. 

The resistance :in all members due to skin effect is, 

·.£R= ..f(M83.2 /~xl0-9 ) + (b-2a) (M183.2 Ji xl0-9 ) 

= 6.94 (3.93 X 10-3) + 1.27 (3.? X 10-3) 
= (27.25 + 4.?) x 10-3 = 31.95 x 10-3 ohms. 

The second tenn in the above equation is the resistance in the end bar, 
which has been ignored by previous investigators, but mich has an 
appreciable effect on the Q. 

Zs 
QL = ~ R = 

the frame with no load. 

72.5 
31..95 

x 103 = 22?0, the maximum value for 

Z = Q1X = 2270 x 72.5 = 164,800 ohms, maximum value with no load. 

The Q is dropped to a usable value of 200 for gang tuning, by 
tapping the tube leads up higher on the frames than would be done for 
accurate matching of impedances. 

"51. The tuning cond et'lSers were all of equal values of 
capacity, and have been described in the performance report R-1736. 
They were mounted at the open end of each frame, and ganged together 
by flexible coupling units. These COlJPlers are not considered the 
ideal assembly method, but were felt to be the most practical at the 
present state of the art. Also the condenser shafts are too small 
in di.ameter, and aJl ow sane torsional lash in tuning. This is 
probably a mor e serious defect th an the use of the c ouple:i:-s. The 
tuning assanbly is driven by a National 20 to 1 reduction gear drive 
am 500 cti.vis ion clial which has negligible backlash. The trimmer 
condensers have a capacity range of about 1/2 micromicrofarad. The 
ceramic temperature compensating condensers have fixed values of 
between 2 and 3 micromicrofarads, depending upon the circuit loading, 
and a negative tempe:ra.ture coeff iciait of .00035 uuf/uuf/degree. With 
the proper values of these condensers, the proper adjustment of 
trimmers, and proper adjustment of oscillator irductance, vecy little 
bending of the r ... f and mixer tuning condenser plates is required for 
tracking. If one outer plate of the r-f and mixer tuning condenser 
were serrated the tracking procedure might be simplified, but this ,;as 
not found necessary in the pre sent models. 

38. The input to the r-f stage is from a 70 ohm transmission 
line through a standard Navy plug fitting. The present receivers have 
two fittings to provide far a balanced input, but this should not be 
required 1nth most antemas. The fitting is coupled to a low impedance 
point on the r-f fr8I!B through a 10 micromicrofarad zero temperature 
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cc,efficient condenser. Ccndensers of this type in their proper 
values were used in the circuit wherever ~their effect upon the 
frequency was considered appreciable. 

39. The circuit diagrams and preselector constructional 
details are covered by drawings: 

46 F 440 
46 A 455 (Plate 2) 
46 F 456 (Plate J) 

40. Two cone entri c line pr eselectors of different designs 
were also constructed. The first one contains two concentric line 
units w:i th irriividual tuning, and is covered by drawings 46 F 439. This 
preselector was designed to cover the range 130 to 1~ MC, which it did 
successfully. The oscillator unit, however, na.s constructed to the 
same physical dimensions as the r-f (mixer input) unit, and did not 
lend itself to a:ljustmmt of inductance, nor to tracking with the r-f 
unit. T~ tuning was accanplishe d by capacity variation, by a 
differential screw thraid which varied the spacing between the tvo plates 
of the condenser. The design was cuni>ersome, and production quite 
expensive, resulting in a pres elector that muld not be practical to 
manufacture. 

41. The second conca1tric line preselector contains three 
concentric line units t\ll'led by rotary condensers similar to those ~sed 
in the frame pres electors, and ganged to a single tuning dial. This 
preselector is shown in retail in drawings 46 F 462. The oscillator 
unit has a cone entric line lho se ratio of diameters of outer to inner 
conductor is less thm that for the r-f and mixer units, resulting in 
less inductance. Also this unit has been provided v,ith inductance 
trimers for more accurate adjus'bnent. The tuning condensers have the 
same range as for the frame preselectars. The inductance of a very 
short cone a, tric 1 ine is the same as for a sing). e turn toroid, and may 
be found from, 

L = .011 ?£ log 10 r2 
r1 

where.L, r and r are in inches. The resistance due to skin effect, 
including f.hat fo~ the ends of the line, is 

r2-J ~ -6 .26 Jf x 10 ohms 
rl 

• This second concentric line preselector has been completed mechanically, 
but has not been wired as yet. Input to the r-f stage may be by an 
iniuctive coupl :ing loop, or by capacitive coupling to the inner 
conductor. 

RESJLTS 

42. The results of this development have been covered in 
the test r~ort. R-1736. 
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43. Receivers of high sensitivity for single and double 
modulation have been successfully developed. 

44. Single dial ccntrol of tuning, with relatively high 
Q circuits, was found to be practical at these frequencies of 130 
to 210 MC. 

45. The tuned frame type of preselect.or was found to be 
practical mechanic ally arrl with good electrical characteristics at 
these frequ:mcies • 

. 46. Dle to the circuit complexity of ccmbihing single and 
oouble modulation in one receiver, the equipment does not give the 
best possible results for eitrer type of reception. The Receivers do 
not comply with reference (b) in some respects. 

47. The i-f barn. width., arrl. consequently the carrier channel 
spacing, are dependent upon the stability of the first oscillator and 
the Q of the pre selector circuits. This receiver has higher Q 
pr eselector circuits and far greater frequency stability from a percent age 
standpoint than any previous equipma nt produced for service without 
the use of crystals or temperature control units. 

48. Any closer cmnnel spacing than ootained. with this 
receiver would require canplication s in design which ,vould be 
expensive and migit reduce the general utility of the equipment. 

DECLASSIFIED 
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REOO MHENDATIONS 

49. It is recanmended. that fleet tests be conducted to 
determire the relative merits of single and double modulation. 

50. The unfinished gang :tunedconcentric line preselector 
should be tested to detennire its electric al characteristics and 
pr a:: ti oo bili ty. 

51. If both t~s of modulation are retained for service, 
the receivers for each type should be separate units. 

52. Further preselectors srou ld be develor,ed for higher 
frequencies than are covered by these receivers. 
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