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LISTENING THXOUGH aND JaldER ALIGNIENT SYSTIMS

Final Report

1. INTRCDUCTION

This project is a study of problems of listening
through in radio countermeasures and of aligning spot jamners
on victim frequencies. The technique gained during NDRC
Projects C~27 and C36 was expanded in this project. Some of
the results were checked by use in the development of Radio
Sets AN/ARQ~9 and SCz-596-T2 which were direct hrmy projects
but no models were prepared for delivery under this project.

An important part of the work was consultation and
udvice on numerous other WDRC and Service projects involving
radio frequency scanning in connection with either communi-
cation sewrching or countermeasures.

Barlier reports, as noted below, have dealw with
automatic freguency alignment and multiple spot jamming.
Work on problems of less general interest is covered only in
letters and memorenda listed under correspondence. This report
consists largely of « discussion of the problems investigauted
and the results obtained with broad-hund and narrow-bund scan-
ning receivers. Some of the circults considered or used are
discussed in detail because they may be of interest in the design
of future scanning receivers.

2, SULIMARY

This is the finsl report on Project RP-122 which
consisted of research anG consultation on problems of listen-
ing through in radio countermeasures and of aligning spot
jemmers on victim frequencies. Barlier reports and menoranda
which dealt with automatic frequency alignment, multiple spot
jamming and specialized scanning proposals are listed,

Brief reference is made to general problems involved
in listening or looking through and jammer frequency alignment
and to future work on them.

Detuiled consideration is given to broadband and
narrow-band scanning problems as typified by the QGsign and
performance of the 18 to 80-mc scahning receiver in AN/ARQ-9
and the 1,85 to 18,5-mc¢ narrow-band receiver in SCR-596-T2,
This includes:

1, Design objectives and choice of receiving circuits.

2. Choice of neterodyne oscillator and intermediate
frequencies to minimize spurious responses.
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3. Signal levels and gain distribution ves. noise
and spurious responses.

4, TFilter characteristics.

5. Synchronizing of a mechanical scanning oscil-
lator with an electronic jam-scan cycle and
narrow-band scan.

6, Typical circuit diagrams.

7. Performance under abnormally severe conditions
as indicative of design improvements to be con-
sidered if greater scanning-band widths or sig-
nal level ranges are desired in future applica-
tions of scanning to countermeasures or communi-
cations searching.

3. REPORTS ISSULD SEPARATSELY

Report 993-1 "Automatic Tuning in Jamming Bquipment"
dated August 13, 1943 was prepared by Mr. He M. Straube, It
briefly discusses the theoretical aspects of several methods
for autometically aligning a " jamming" signal with a "victim"
signal. Electronic rather than mechanical tuning is contem-
plated.

Hoport 993-2 "Preliminary Design of Airborne Multiple
Spot Jumming System" dated August 23, 1944, describes a system
such that one to four AN/ARQ-9 radio transmitters could be
operated simultaneously in the same airplane in order to jam a
like number of cormunication channels, Both narrow and broad-
band monitoring facilities are included. Synchronous control
of all trensmitters and of the frequency scanners is provided
as an aid to the observation of vicetim signals. An operational
plan for this system was worked out jointly with Project RP-150
and discussed in Report 966-27,

4, GZIENERAL PROBLEMS

The broad choice of methods of listening or looking
through and of aligning jammer and victim frequencies consti-
tutes the biggest problem in the design of a spot jamming system.
It is contingent on many factors such as the frequency range to
be covered, types of communication to be jammed and probable
enemy tactics in avoiding jamming. It largely determines the
efficiency of jamming and ease of operation as well as the size
and complexity of the equipment.
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Lfter the choice of broad methods, numerous more de-
tailed problems arise such as: mechanical versus electronic
control of the jam-scan cycle, interlocking of transmitter and
receiver tuning, mechanical versus electronic antenna switch-
ing and blocking of transmitting and receiving circuits, and
types of mural and visual indication for the operator.

The majority or the problems mentioned above are
beyond the scope of this report both because of their com-
plexity and because the majority of the vork on ther in this
laboratory, was carried on under direct Army contracts, The
remainder of this report is confined to broad-band scanning
used in finding or following a victim signal and narrow-band
scanning used in matching Jjammer and victim frequencies,

5. BROAD-BAND SCANNER

The--broad-~band scaenner discussed herein is the one
used in AN/ARG-9. The band scanned may be 18 to 53 mc or 45
to 80 mc together or. individually or an eight-me band loeated
anywhere in the 18 to 80-mc band. The primary purpose of the
broad~band scenner is to indicete the presence and approximate
frequency of any signal in the scanned band., When desired, a
signal indicative of the frequency to which the associated
narrow-band receiver or jammer 1s tuned may be scanned together
with the signals received from the anitenna, This facilitates
rapid tuning of the jammer to the victim frequency without de—
termining the actual frequency of either,

During the jamming intervals of the jam-scan cycle
the antenna is disconnected from the broad-band scanner, the
receiving sensitivity is reduced and the Jjammer frequency in-
dication is produced by a low-energy connection to the jammer.,
During the “look through" intervals of the cycle the antenna
is connected to both narrow and wide-band recelving equipment
in a manner which prevents interaction as the narrow~band re-~
ceiver is tuned., Indications from the broad-band scanner and
from the scanner in the narrow-band receiver aprvear alternate~
ly on separate traces on a cathode-ray tube, The scanning
repetition rate and the cathode-ray tube persistence are such
that each indication appears to be neurly continuous as long
us the scanned signal is present.

The following subdivisions of Section 5 discuss some
of the broad-band scanner problems and the c¢ircults that were
used,

5.1 ©Single Vs. Triple Superheterodyne Circuit

The basic requiremnents included ability to scan the
entire 18 to 80-mc band or alternately an eight-mc band located
anywhere in the 18 to 80-mc band, The change-over from one
scanning band to another should be simple and quickly made.
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The resolution obtainable should be as good as practicable,
especially when the scanning band width is reduced to 8 mc.,
Level differences between signals in the scanned band as

great as 60 db are expected because jammers located in ad-~
jacent planes may be transmitting while the broad-band scanner
is "locking through."

Consideration was glven to a conventional type of
receiving circuit with gang tuned r,f. stages and heterodyne
oscillator., It was not attractive for the following reasons:

a) Tracking over a 5:1 frequency band of the r.f. stages and
an oscillator offset in frequency enough for reasonable image
suppression is difficult to design or maintain. b) The tuning
complications necessary to change the gang tuned circuits from
troad scan (18 to 80 mc) to narrowscan (8 mc) anywhere in the
bund, would be prohibitive, end c¢) The simultaneous use of
the antenma for a gang tuned broad-band scanner and the narrow-
band receiver would require  isolation by buffer stagss or at-
tenuation, which would lose most of the theoretical advantages
of gang tuned preselecticn.

The use of a superheterodyne circuit without redio
frequency gang tuning requires an intermediate fregquency lo-
cated above the receiving band if the scanning band ratio is
greater than 1.5 to 1 and if images and spurious responses
resulting from intermodulation products of twice signal and
twice carriser frequencies are to be avoided. Scanning filter
characteristics suitable for the desired resolution are not
realizable with practicable structures at frequencies above
the 18 to 80-mc band so an additional heterodyne step is
necessary to reduce the frequency from the first intermediate
frequency %o one suitable for the scanning filter.

A third heterodyne step was added for expediency in
filter design and stable amplification.

5,2 Choice of Intermedlate Frequencies

Multiple heterodyne scanning receivers are subject
to all of the difficulties of conventional superheterodyne
receivers in addition to others which result from wide-band
radilo frequency selectivity, Low and high-pass filters may
be used to restrict the input frequencies to the desired
scanning band but gang tuned radio frequency selectivity is
often impracticable as noted above,

The major difficulties result from intermodulation
of the warious signal and hetercdyne oscillator frequencles
or from intermodulation of osclllator frequencies alone. Un-
® less the oscillator and intermediute freguencies are carefully
‘ chosen the intermodulstion products will result in spurious
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responses and the operator will see signal indications at
frequencies where no radio signal exists. The magnitude of
these spurious responses is contingent on such factors as:
nagnitudes of signal and oscillator voltages, amplifier and
modulator distortion characteristics, realizable filter sup-
pression outside the pass band, etc., The number of probable
spurious responses increases rapidly as the ratio of maximum
to minimum frequencies -in the scanned band increases and as
the maximum received signal strength exceeds the sensitivity
of the receiver,

In general the number of probable spurious responses
decreases as the Tirst intermediate frequency is raised., How-
ever, desirable filter, oscillator and amplifier characteris-
tics become increasingly hard to obtain as the frequency is
raised so it is ususglly desirable to choose a compromise best
adapted to the operational requirements of the particular
receiver. :

Some spurious responses are unaffected by the choice
of intermsdiate frequencies. TFor example, 1f the scanned band
ratio is greater than two to one, strong signals at the low-~
frequency end may appear as signals of twice thelr frequency
as well as in their normal position. In a similar manner
bands greater than 3:1 permit thirds, those greater than 4:1
fourths, etc.

The following subdivisions (5.21 and 5.22) review
various inequalitiss which are helpful in the preliminary
choice of intermediate frequencies, They are not all inclusive
and they are based on ideal filters, i.e. infinite cutoff at
the edges of the pass band. after a preliminary choice of
frequencies using these inequalities to avoid modulation pro-
ducts which may be expected to cause trouble, practicable
filter and modulator characteristics may be studied at the
specific frequencles. The tentative frequency choices may
then be shifted up or down to obtain the performance desired
for the particuler application.

5,21 RFirst Modulator Distortion Froducts

Fig., 1-A (BS-809440) shows the input filter, lst
modulator, lst intermediate frequency filter and lst heterodyne
oscillator with the following frequency notations:

Range of Input Signael Frequency S £ AC

Range of lst Oscillator TFrequency Gy £ AC

lst Intermediate Frequency Gy - S
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Throughout these discussions capital letters will be used for

specific frequencies and small letters for any frequency in

the psrticular band.

For example, S represents the center

frequency of the R.F, input band and s uny frequency in that
band e

The following inequalities obtain:

a) Direct transmissicn at the I.F,

is avoided if

2cy~s products are avoided 1if

2c1-2s products are avoided if

d) 2c1-3s products are avoided if

e)/ 3cy~2s products ars avoided if

f) Bc1-3s products are avoided if

g) Bcy-4s products are avoided if

h)} 2cy~4s products are avoided if
Note:

ns = ;-5 and n =

Cy >25+4A0
Cy1 >3AC
Cy > S+4AC
C1 > 2S+3AC
S+5AC

Gy > S+BA0

Cl>>38+gAC

C1> 35+6AC

The possibllity of spurious responses occurring when
a low integer should be investigated

end c3~2s, cy-3s etc. products cannot be avoided by
choice of intermediaste frequency if a 2:1, 3:1 etc,

band is to be scanned,

5.22 lst and 2nd Heterodyne Oscilletor Intermodulation

Products

The first and second heterodyne oscillators may inter-

modulate to cause spurious respeuses even ir extremely good

sinielding and filtering is used.

Two locations of the second

osclllator are of interest i.e.,, above or below the lst inter-

mediate frequency.

5,221 2nd Oscillator Below the 1st I.F,

Fig. 1-B (BS-809440).,
of Fig. l~AL with the folloving additions:

2né Oscillator Frequency = Gy

2nd Intermediate Freguency =

SECRET
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Pertinent inequalities in this case may be summarized

as follows:

If 2c¢y £ 2Cg and lower order products are to be avoided,

a)
b)
c)
d)
e)

f)

C,> 35+24C
C1+8+24C

€< (-8 but > —ee

lst I.F. > 2S+2AC

2nd I.F. may range from 0 to Cg-25-2AC

£dding 2X to C; permits adding X to 24 I.F.

FYor a 2nd I.F, of ¥, Cj> 35+2AC+3Y

If 3cy £3Cy and lower order products are to be avoided.

..a)
b)
c)
d)
e)
f)

Cq >45+3AC”

Cg <01-5 but > 15+340

lst I.F. > 35+3AC

2nd I.F. may range from O to 2Cg-Cq-25-3AC
£4ding 3X to C1, permits adding X to 2nd I.F.

For a 2nd I.F, of ¥, Cq > 4S+3AC+3Y

5.222 2nd Ogscilillator Lbove the lst I.F,

Fig. 1-C (ES-809440) shows the circuit diagram.
The nomenclature is the same as that of Fig. 1-B except that
the 2nd Intermediate Frequency is Cg-C3+S.

The pertinent inequalities are as follows:

If 2¢71%2Cy and lower order products are to be avoided,

a)

b)
c)
a)

A

el

t)

C1 > 25+3AC

201-5-AC C1+S+24C

Cp< 2 bug > 2
2

1st I.F. > S+34C
35-C31+2AC S-AC
2nd 1.F, may range from 5 to —5

s£dding 28X to Cj, permits 2nd I.F, to be lowered by
X
For a 2nd I.,¥, of Y, Cl>SS+ZAC-—2Y.
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If 3¢q%30, and lower order products are to be avoided.

8.) Cl > _______55;9[‘;0
2C1-5~-AC 2C1+3+3AC
b) Cs < 3 but > 3
55+9AC

c) 1lst I.F. > 5
45~ 1+3AC S-4C

d) 2nd I.,F. may range from 5 to —5

e) Adding 3X to Gy, permits 2nd I.F. to be lowered
by X.

f) For a 2nd I.F. of ¥, Cp> 45+B3AC-53Y.

5.83% DModulation Products Involving the 3rd Heterodyne
Oscillator

The most likely spurious responses involving the
third heterodyne oscillator are due to oscillstor frequency
harmonics falling into the scanned radio frequency band, Iu
most cases reasonable shielding and power supply filtering
will prevent these responses from being objectionable and
they need not be a limiting factor in the choice of the third
oscillator frequency.

5.24¢ Comparison of Optional Frequency Selections

The general procedure outlined above was combined
with reelizeble filter consiuerations to produce several
tentative frequency allocations which were then compared for
probable freedom from spurious responses, calibration stability,
ease of maintenance, size, power arain, etc, Several of the
more interesting proposals are discussed briefly below.

Fig. 2-A (£S~809441) is a block diasgrem of a receiver
designed to avoid 3cy & 3Cy and lower order products, Coaxial
type tuning was contemplated for the lst and 2nd heterodyne os-
cillators, and the lst I.F. filter and amplifier. Two rotating
condensers were placed in the scanning oscillator coaxial. Both
were to be rotated when the full 17 to 8l-mc band was scanned.
When smuller baends were desired one condenser would be rotated
and the other used for frequency centering, As noted on Fig. 2-A
the probable spurious responses were only the scanning oscillator
minus signal harmonic products but the oscillator frequezncies
were high tending toward instability of calibration and high
maintenance, The coaxlial structures were somewhat bulky.

Fig. 2-B (ES-809441} is similar to Fig., 2-A except
that the frequencies are lowered about 40%, The probable
spurious responses are similar except for 3c¢}-3Cg appearing as
55 mc. The lower frequencies are better adapted to lumped cir-
cuit elements, stability and compactness,
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The receiver in Fig. 2-C (ES-809441) was mod.eled
after an existing Army receiver. It represents about the
lowest frequency technique which could be used. Other ad-
vantages are that the swing of the scanning oscillator is
reduced from 64 to 36 mc and the band width of the R.F. ampli-
fiers is almost halved permitting more amplification and im-
proved signal-to-noise ratios. Disadvantages include: many
probable spurious responses as noted in Fig, 2~C and signal
frequency embiguity because responses from the upper half of
the scanned frequency band are superposed on those from the
lower half. The operator may resolve this ambiguilty by disab-
ling one of the R.F, inputs and noting if the signal response
disappears. This should be a minor handicap because the main
use for the receiver will be 8~-mc scanning. The input bands

include en 8-mc overlap so that any 8-mc band may be scanned
without switching.

Fig. 2-D (ES-809441) shows the arrangement finally
chosen and built. It includes the best features of the
recelvers shown on Figs. 2-B and 2~C. The design requirements
outlined in sections 5.31, 5.221 and 5,222 were combined to
place the two 1st I.F.'s above and below the second heterodyne
oscillator frequency. As shown on Fig. 2-D the number of
probable spurious responses is less than those of any of the
other proposals discussed herein. The frequencies ure low
enough for reasonable stability wnd compact design is feasible,

The spurious responses listed in Fig, 2 (ES-809441)
were restricted to the low-order products as being the most
probable and to simplify comparison of the different proposals,
Muny higher~order products occur and may be objectionable under
certain conditions, PFig. 3 {(ES-809442) shows combinations of
the lst and 2nd heterodyne oscillator frequencies up to the
fifteenth order. The abscissae are frequencies of the scanning
oscillator (c1) and also the indicated frequency of a response
occurring when ¢y is at the corresponding frequency. The heavy
horizontal lines represent intermediate frequencies and the
sloping lines oscilletor combination products., The intersec-
tion of a sloping line with an I.F. line indicates that a
spurious response may occur when the scanning oscillator is at
the frequency corresponding to the intersection. The indicated
frequency of the spuricus response may be read on the proper
abscissa scale. For example, the 3¢1-3Cs line intersects the
169-mc low banrd lst I.F. line at scamning oscillater frequency
211,% mc indicating a low-band spurious response at 42,3 mc.
0f course, the majority of the spurious responses indicated on
Fig. 3 (ES-809442) may be svoided by the use of suitable shield-
ing, oscillator levels gnd modulator characteristics,
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5.3 Radio Frequengy Circuits

Fig. 4 (ES-809423) is a simplified block diagram of
the broad-band scanner that was built, It is more detailed
than Tig. 2-D which was discussed in tvhe preceding section
and will be referred to in the following discussions of the
actual circuit arrangements. It shows nominal voltages at
various parts of the circuit in order to indicate the division
of gain between the R.F. and I.F. circuits when full sensitivi-
ty is used. This is of interest in connection with the sup~
pression of spurious responses as well as in preventing sing-
ing tendencies.

The incoming signal from the 50-ohm antenna is
divided into two paths by a pad in order to lessen interaction
betwsen the input of the narrow band receiver and that of the
broad~band scanner. The input impedance of the former is due teo
a tuned circuit snd waries widely as the narrow-band receiver
is tuned, If the two receivers were multipled without the pad
the varying impédance would cause large fluctuations in broad-
band scanner sensitivity. The maximum loss to the narrow band
receiver is about 10 db and that to the broasd-band scanner is
about 4 db.

5,31 Input Filter

The input Tilter divides the signals in the 18 to
80-megacycle band into two separate branches, One of these
branches transnits signals in the 18 to 53-mc frequency range
and the other transmits signals in the 45 to 80-mc range.

The discrimination characteristics of tha two bramches are
shown on Fig. 5 (ES-809424).

The input filter serves not only to divide the
input energy but also to reduce the chances of strong sig-
nals outside the desired bands causing spurious responses or
other interference. If strong signals below the desired band
were allowed to reach the grids of the amplifier tubes or of
the modulator, harmonics of these signals would appear within
the desired freguency band and produce false indications on
the cathode-ray tube screen. Accordingly, relatively high
attenuation is provided in the input filter on the low~frequency
side of each of the channels, In addition, some attenuation
is provided in the input filter for signaels sbove the desired
bands in order to prevent false indications produced by daif-
ference frequencies which might be caused by the intermodulation
of two signals and also to prevent signals above the band from
overloading the ampiifier tubes and ceusing undesirable fluctu-
ation of the sensitivity to the desired signals. Attenustion
above the band also prevents received signals at the lst inter-
mediate frequencies from reaching the modulstors and causing
interference.,
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The input filter includes two band pass filters
with nominal pass bands of 17 to 53 me and 45 to 81 nmc re-
spectively, The overlapping of the two bands between 45 and
53 mc causes Gesign difficulties but is essential to satis-
factory band coverage. High and low-frequency dividing net-
works are used between the inputs of the two band pass filters
in order to provide isolation between them in the overlap
region, This prevents the large ripples in the pass band
transmission characteristics which would occur if the filters
ware tied together directly. The impedance transformation in
each branch is sufficient to provide an insertion gain of
about 10 db between a 50-ohm source at the filter input and
the grids of the amplifier tubes which are connescted to the
outputs of the two band pass filters.

The last series arm inductence coil and the termi-
nating resistance of each of the two band pass filters are
nounted external to the filter case in order to reduce lead
inductances., Blocking condensers are incorporated in the
filter output to allow d-c-grid bias control of the first
R.F. tubes.

4 special low-pass equalizing section was built
into the filter to absorb energy in the region below 17 mega-
cycles and to assure attenuation in that region where the
antenna may be highly reactive and of opposite sign to the
filter input reactance,

532 R.F. amplifiers

Two R.F, smplifiers are required as indicated on
fig, 4. One amplifies the 18 to 53 mc orso-called low band
and the other the 45 to 80 me so~called high band., Each am~
plifier contains two stages using 64KS5 tubes. The coupling
networks between tutes and between the second tube and the
modulator are low-pass filters in the low band amplifisr
and band pass filters in the high band amplifier., Manual
ad justment of the d-c bias on the tube grids is provided
for R.F. sensitivity control. This blas is automatically
changed to a high negative value during the transmitting
intervals of the jem—scan cycle in order to prevent over-
loading.

The nominal geain from the antenna to the first
modulator is 19 db for the low band and 25 db for the high
band. The sensitivity control range and the amount of R.F.
blocking obtained at full sensitivity, varies from about
80 dh at the lower frequenclies to 60 db at the higher fre-
gquencies. Special shielding and component location are
ugad so that transmission in the minimum sensitivity or
blocked condition is largely confined to that through the
grid—-plate capacitance of the tubes.,
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The K,.F, discriminaticn characteristic from antenns
to l:zt modulator is shown on TFig. & (ES-8094%5) for the low
band ané Fig, 7 (LS-8094%6; for the high band. Two curves
a¥Ys shown on e¢ach figure in order to illustrate the effect of
the increase of vacuum tube input capacitance which occurs ab
small values of negative grid bias. This is of negligible
importance except s it changes the cutorff at the high fre-
quency end of 2zch band,

another 64K5 tube (not shown on Fig. 4) is included
in each R.F, amplifier to afford a controllable input for the
part of the transmitted signal that is used to give & jumming
frequency indication us mentioned in the first puart of Section
5, The grids at thesc tubes arce connceted to a 50-ohm coaxial
cable which ¢xtends to & high ratic potenticl divider in the
transmitter, The plate of one tube is connscted to the plute
of the sccond tube in the low bernd smplifier. The other tube
is similerly connected to the high band wmplificr. The sensi-
tivity control providud for these tubes is similar to that of
the main R.F, amplificrs execept that automatic blocking during
the jem-scen cycle is not required,

5,4 Seanning Heterodyne Oscillator

-,

4s shown on Fig. 4 the scanning oscillator operutes
from 186 to 222 me and supplies heterodyning power to each of
the lst modulators at @& level that is high relative to the
modulator signal inputs in order to minimize spurious responses
due to signal harmonics or intermodulation products, A motor
driven capacitor sweeps the frequency over either the entire
186 to 222-mc band or any 8-mec part of it. Synchronizing and
phasing pulses are moduced to control the multivibrator in the
associated narrow-buand scanner and hence to insure that the
broad-band scanner display on the cathods-ray tube occurs at
proper time intervals. Detailed discussion of the osecillator,
its coupling to the modulators, the motor ané the synchronizing
arrangements are given in the following subdivisions.

5.4 The Oscillator Circuit and Tuning Capacitor

& balanced push~pull circuit is used as indicated
on Fig. 8, The tuank circuit inductance is a U-shaéaped copper
wire, Both it and the capacitor plates are silver plated.
The tuning capacitor ccnsists of two parallel oblong stator
plates and two pairs of ungrounded semicircular rotor plutes.
This arrangement requires no sliding contacts and simplifies
the selection of optional scanning band widths und location,
us Tollows: The puir of rotor plates at one end of the stator
pleteg is motor driven at 960 RPI so that 1/2 of a capacitor
cycle occurs during a "look through" interval of the jam~scan
cycle (approximately 1/52 of a second)., Only the decreasing
half ol the capacitor cycle is used because the cathode-ray
tube displays narrow bund indicaitions during the other half.
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The motor-driven rotor may be shifted uxislly by a two-position
toggle uction external control. This a«ffords opticnal spacing
between stator and rotor plates of approximately 0.02 and 0,09
inch, 7The wide spacing is used when a nominal 8-pec scanning
band width is desired, The close spacing is used when the full
36-r1c band is desired,

The pair of rotor plates at the other end or the
stator plates is manuelly rotuted to provide whatever additionsl
capacitance is necessary to locute the scanning band as desired.
The associated dial is cslibrated in megacycles representing the
highest rrequency scunned when it is in the corres»nonding angular
position and the motor-driven plates are widely spaced, OF
course, this dial nust be set to a predetermined position when
the motor-driven plates are closely spaced to provide the maxi-
mum scanning band width,

The stator plates end the rotors are mounted on
ceranic plates in order to minimize losses. The materials of
the rotor shafts and supporting framework have different ex-
pansion coefficients, chosen to minimize variations in plate
gpacing over a temperature ramge of -50° to +85°C., Counter-
balances are provided to reduce the dynamic unvalance caused
by the semicircular rotor plates, "0ilite" bearings are used
on the motor-ariven rotor and split brass bearings are used
on the msnual rotor, Brass adjustable end thrust bearings
operating against steel inserts in the counterbalances facili-
tate adjustment of the spacings between capacitor plates,
Insulating shafts connect the rotors to their respective drive
mechanisms, This serves a two-fold purpose in preserving the
balance of the push-pull oscillator circuit and avoiding cross-
talk paths which might be caused by conducting shafts passing
through the shield which encloses the osclillator circuit.

The 6J6 oscillator tube is symmetricully located
with regurd to the stator plates and is as close to their
edges as is possible with reusoneble maintenance asccessibility.
Originally the centers of the stetor plates were scelloped
between the areus which oppose the rotors, in en attempt to
shorten the leuds to the tube socket and still leave clear-
ance for maintenance., The scalloping was abandoned after it
was found to casuse low level spuricus oscillations which beat
with the primery oscillations and caused spuricus responses
at the scanner output.

Both puirs of rotor plutes are semicircular, This
produces approximately linear capacitance change versus
angular rotation over most of the rsnge and is of advantage
in covering the numerous scanning band locations and widths.
The resultant nonlinearity of frequency change versus angular
rotation is not objectionable because of the low ratios of
maximum to minimum totul capacituance in the oscillator., The
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l

\
rate of change distortion which occurs neuar the capuacitance i
sxtremes ol the motor-driven roter, is not harmful because i
it occurs at times when cathode-ray retrace or jam-scun switch- i
ing occurs and the scanner output is blocked, ‘

5,42 Coupling Between Osclillator and Modulators

The grid of one modulator is coupled through a
small capacitance to one of the oscillator stator plates.
The other modulator is similarly coupled to the other plate
in order to preserve oscillator symmetry and rsduce lead
lengths, This coupling arrangement shunts the R.F. input
to the 64KS5 modulator tube but causes negliglible reduction
in sensitivity because the small capacitance represesnts a
large impedance to the relatively low radio frequencies.

The outputs of the k.F. coupling networks which
supply the R.F, to the modulators, represent capacitance
at the oscillator frequencies., This capacitance and that
of the coupling capacitor constitute a potential divider
which reduces the oscillator voltage to the desired value
for the modulator, The lead lengths are short to minimize
inductence and wake the divider nearly pure capacitance and
hence o7 constant ractio throughout the oscillator frequency
band.,

The major effect of the coupling arrangement on the
oscillator ecircuit is to increase the fixed capacitance acress
the tank circuit. The major effect on the R,¥. networks is
to increase the capacitence shunting the modulator input,
Allowance was maude for this increase of capacitance in the
design of the H.,T. networks.

Se43 Driving lotor

A .75 H.P., 28-volt, series wound motor is used
to drive the rotor of the oscillator capacitor which controls
the freguency changes effecting the desired scanning. The
power capacity is rather large in order to provide a large
Tactor of safety and stable opesration over the temperature
range of -50° to +85°C. The motor is equipped with & Lee
type centrifugal speed regulator and internal gearing to
provide a shaft speed of 960 RPM, The armature speed is
6000 RrPIL.

The average shaflt speed is held well within design
limits of 935 te 983 REK. However, short period speed fluctua-
tions such as those occurring during a single shaft revolution,
are large enough to be noticeable, They result in a sidewise
movement of signal indicutiocns on the cathode~ray tube, which
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amounts to as much as 1/16 inch at times. This is due to a
momentary change in motor speed releative to that of the hori-
zontal sweep on the tube. The horizontal sweep 1s produced

by &n electronic multivibrator because the tube is alternate-
ly used for narrow-band electronic scenning. The multivibra-
tor is synchronized with the rotating condenser just pricr to
each scan, as discussed in the next section, but ib&, of course,
cannot follow momentary speed changes occurring during a scan,
The momentary speed fluctuation is minimized by RC contact pro-
tection and by reducing the resistance which is shunted by

the regulator contacts to as small s value as is consistent
with the oxgected range of motor line voltage and load.

The motor shaft is connected to the capacitor rotor
through 1:1 gears to simplify mechanical laycut and to facili-
tate the.axial movement of the rotor which is required in
changing the width of the scanning frequency band. Highly
flexible ring type couplings sre used to insulaete the oscil-
lator from motor vibration,

5.44 Synchronizing iArrangements

A previously mentioned, the same jam-scan cycle
and cathode-ray tube are used for the narrow-band receiver
and the broad-band scanner, Therefore, their scenning cycles
must be synchronized., The jam-scan cycle and the narrow-band
scan are overned by an electronic multivibrator which is
much casier to contrecl than the motor in the browd-band scanner,
accordingly, the multivibrator i1s placet under the control of
the motor,

Two types of synchronizing are reguirsd, The first
insures that the electronic sweep starts when the scanning
capacitor is in a predetermined angular position, The other
insures that the "lcok through" interval of the jam-scan cycle
occurs when the scanning capacitor 1s decreasing capacitance
and hence the scanning oscillator frequency is increasing.

For the purposes of this discussion the first type will be
called synchronizing because it is effective whenever the
motor 1s running, and the other will be called phasing because
it is effective only when the jam-scan cycle is out-of-phase
with the capacitor. WNormully phasing is required only when
the motor is started,

Both synchronigzing and phasing originate in pulses
produced by small inductor type alternators in which a small
soft iron slug embedded in the periphery of a nonmagnetic
disc is csused to pass between magnetized pole-pieces. These
alternators are geared to the rotor of the scanning capacitor
in such a manner that the "gync" alternator rotates twice as
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commutator just as u normal retrace does.

cathode-ray tube to the narrow-band scanner (its proper posi-~
tion) until the next "sync" pulse occurs,

quence.,
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thing is normal with BES and NBS displays in the proper sc-

pieces the BB3 DJIT BIK wave form shown at the bottom of Fig.

The next time the Yphase" slug passes its pole-

9-B, will be sufficiently negative to hold the cathode fol-

lower cut off during the "phase" pulse and no additional pulse

will be passed on to the pultivibrator.

5.5

lst Intermediate'Frequency amplifiers

General lst I.F, amplifisr objectives included the
following:

a)

Bnough gain to raise the minimum desired signal at
least 10 db above 2nd modulator noise,

b} Enough pass band width to permit normal field varia-
tions in succeeding oscillator frequency asnd I.F.
tuning such as those caused by shifting grid bias to
ad just I.F. gain, without more than a db change in
sensitivity.,

c)

a)

Sufficient attenuation at scanning oscillator and
2nd heterodyne oscillator frequenciss and at their
harmonics to prevent the former getting into the
second modulator or the latter getting into the 1lst
modulator with enough emplitude to cause spurious
responses, Sixty db was thought to be adequate.

Reasonably narrow pass band width to limit the
number of received signals simultansously present
in the I,¥. amplifier tubes and hence sensitivity
variaetions due to overloading. This is hard to
evaluate but might be a factor when operating in
close proximity to several strong transmitters,

A single stage I.F, amplifier could be built to meet

these objectives if the frequencies were low but three stages
are used in the actusal amplifiers which operate at 141 mc and
169 me. This increase in the number of steges is due to the
following:

a)

The input, output and grid-to-plute capacities of
the vacuun tubes constitute low impedances at these

frequencies and the tube input admittance is high.

These factors prevent the
filters

nee

use of high impedance
and high selectivity per stage.

LAVOL D
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b) The low grid-plats reactance lowers the attenuation
obtauinable from plate-to-grid and several stages are
required to obtain the attenuation in the “backward"
directicn which is necessary to prevent spurious re-
sponses due to the second oscillator frsquency or its
harmonics resching the first modulator.

Single tuned coupling circuits are used between the
1st modulator and the first amplifier tube, between amplifier
tubes and between the third amplifier tube and the 2nd modu~
lator, The plate of a buffer amplifier tube passing the 155
mc 2nd oscillator frequency is multipled to the plate of the
third amplifier tube so the final coupling circuit passes not
only the I.F, but also the 2nd osclllator frequency which is
14 mc removed from the I.F. 64K5 tubes are used because of
their small capacitances. The effective Q of the first
three coupling circuits of each amplifier is 40 but that of
the last coupling circuit was reduced to 30 because it passes
both I.F¥, and 155 nec.

Bach tuned circuit except the last is coupled to
the following grid through a small capacitor. This capacitor
and the vacuum tube grid-cathode capacity form a 4:1 potential
divider with the fTollowing results:

a) The vacuum tube admittance is reduced 16:1 in its
effect on the ¢ of the tuned circuit,

b) The effect on the tuned circuit of the vacuum tube
input capucitance and its variations is corres)ond-~
ingly reduced,

¢} The stage gain is not reduced 4:1 because the
higher effective ¢ constitutes a higher load im-
pedance Tor the preceding pentode.

Fig. 10 (LS-809427) shows the discrimination charac-~
teristic of the entire 169-mc amplifier., TFig. 11 (ES-809428)
is a similar characteristic of the l4l-mc amplifier,

About 40-db guin may be obtained with either I.F.
amplifier with averuge tubes at minimum grid bias, Theoretical
singing margins are 15 db or bebter and no tendency toward
singing has been observed., The noninal working gain is about
20 db and the remaining 20 odd db constitutes a reserve for
use when other tubes have subnormal gain. Gain control is
obtained by varying the grid bias on the last two stages.,
fhe plate and screen supply for the first two stages is
brought to a switch so that the undesired I.F. may be disabled
when the full 18 to 80-mc scanning band is not required.
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b) The low grid-plate reactance lowers the attenuation
obtainable from plate-to-grid and several stages are
required to obtain the attenuation in the "backward"
directicn which is necessary to prevent spurious re-
sponses due to the second oscillator frsquency or its
harmonics reaching the first modulator.

Single tuned coupling circuits are used between the
1st nmodulator and the first amplifier tube, between amplifier
tubes and between the third amplifier tube and the 2nd modu-~
lator. The plate of a buffer amplifier tube passing the 155
me 2nd oscillator frequency is multipled to the plate of the
third amplifier tube so the final coupling circuit passes not
only the I.F., but also the 2nd oscillator frequency which is
14 mc removed from the I.F., 6sK5 tubes are used because of
thelr small capacitances. The effective Q of the first
three coupling circuits of each amplifier is 40 but that of
the last coupling circuit was reduced to J0 because it passes
both I.F, and 1£5 nc.

Lach tuned circuit except the last is coupled to
the following grid through a small capacitor. This capacitor
and the vacuum tube grid-cathode capacity form a 4:1 potential
divider with the following results:

a) The vacuum tube admittance is redéuced 16:1 in its
effect on the ¢ of the tuned circuit.

b) The effect on the tuned circuit of the vacuum tube
input capucitance and its variations is corresjond-
ingly reduced,

c¢) The stage gain is not reduced 4:1 because the
higher effective ¢ censtitutes a higher load im~
pedance for the preceding pentode.

Fig. 10 (ES-809427) shows the diserimination charac-
teristic of the entire 169-mc amplifier. TFig. 11 (ES-809428)
is a similar characteristic of the l4i-mc amplifier.

About 40-db gein may be obtained with either I.F.

amplifier with averuge tubes at minimum grid bias. Theoretical

singing mergins are 15 db or better and no tendency toward
singing has besen observed. The nonminal working gain is about
20 db and the remaining 20 odd db constitutes a reserve for
use when other tubes have subnormal gain., Gain control is
obtained by varying the grid bias on the last two stages,

‘fhe plate and screen supply for the first two stages is
brought to & switch so that the undesired I.F. may be disabled
whenn the full 18 to 80-mc¢ scanning band is not required,
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Some tests were made using a double tuned inductive-~
ly counled interstage in order to reduce the number of stages.
The band-pass characteristic was unsatisfactory due to stray
cupacity couplings interacting with the inductive coupling.
Promising results were obtained with carefully shielded primary
and secondary coils coupled by a very small capacitor. This
was not pursued further becmuse the single tuned coupling ar-
rangement could be produced much quicker and appearsd to re-
quire less maintenance.

5,6 2nd Heterodyne Oscillator

The 135 mc or 2nd heterodyne oscillator should be
insensitive to temperatures of -350°¢ to +85°C, power supbly
variations and vibration, in order to preserve the frequsncy
calibration of the scanner. It shoeuld slso be such that
tube changes, maintenance activity, etc. cannot alter its
frequency by more .than a fraction of a megucycle because
accurate fregquency meters may not be available for field
maintenance, Otherwise, i1f the scanner calibration is off,
1t will be difficult to determine whether the trouble is
in the first or sscond heterodyne oseillator. TFurthermore,
if the 2nd oscillator frequency departs materially from 155 mc,
sensitivity will be reduced because the scanned signal will
not be centered in ths lst I.¥F. amplifiers, This is likely
to result in the maintenance man retuning the lst I.F. and
obtaining a still nore sbnormal circuit lineup,

Two types of oscillators wers considgered. The
frequency determining element of the one that was chesen
is a coexial cavity. The other used a crystal. These cir-
cuits are discussed in the following subdivisions,

5,61 158-Mc Coaxial Cavity Qgcillutor

Fig. 12 is a schematic of the oscillator used in
the scanner. It shows a conventional tuned-plate tuned-grid
circuit with the exception that the mein frequency detsrmin-
ing unit is a cylindrical coaxial cavity, The cavity symbol
on the figure is indicative of a cross section through the
axis of the cylinder. The cylinder is roughly 2-1/2 inches
long and 2-1/2 inches in dismeter.

Blectrically, the coaxial cavity may be considersd
as a very short transmission line with the outer snd short-
circuited and the near end loaded with capacitance to provide
a high impedance, high @ circuit resonant at the desired op-
erating irequency.

sctually the line is so short relative to one wave
length that lumped values of inductance and capacitance may
be used for computation with no practical error., The inductance
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may then be considered to be that ol the center post end vhe

capacitance to be that betwesn the inner and outer shells in-
cluding the trimmer,

The shells, end plates, trimmer and post are nade
of a spescial alloy known by the trade name "Free Cutting

Invar 36." This alloy was chosen because of its low temperature

coefficient of linear expansion and because the parts could
be machined without difficulty. & low coefficient of expan~-
sion 1s Gesirable in obtaining a high degree of frequency
stability over a wide temperature range because the resonant
frequency, and hence the frequency of the oscillator is de-
pendent upon the physical dimensions of the cavity. sll con-

ducting surfaces are silver plated in order to increase the @
of the cavity.

The freguency aGjusting trimmer consists of a disc
recessed in the end plate., This disc is held in place by &
threaded stud which screws through the end plate and is se-
cured by a locknut and Glyptal cement alter factory adjustment.
The connection to the grid of the tube is brought into the cy-
linder through a glass bead type insulator. It is tapped into
the center post about midway. This is a relatively low im-~
peGance point and hence lessens the sffect of external changes.

After assembly, the cap is soldered in place and
tested for air leaks at &ll points except around the trimmer
ad justing screw. Air is applied through a hole in the base
of the outer shell., This hole is then capped by a screw and
a phenol fibre washer, After the trimmer has been adjusted to
resonate the cavity at the proper frequency, the air hole
screw and trimmer screw are thoroughly sealed with Glyptal
cemunt. This prucaution against air leaks is taken to pre-
vent moisture from entering the cavity and condcensing or
forming rime upon the surfaces. This would changs the @ and
the loading cepacitance and thereby, change the requency of
the oscillator.

Temperature~frequency tests were made on oscilla-~
tors using brass as well as invar cavities. The improvement
duc to the invar was about 10:1 as was to be expected from
the coefficients of linear <xpansion. The most striking
improvement occurs when the embicent temperatur.c changes
rapidly., This cuuses transient conditions until the heatb
is again uniformly distributed throughout the cavity. For
vxample, & £ 40°C chunge in temperabure resulted in £ 30-ko
frequuncy change after the temperature of the inver cavity
rotched equilibrium but devistions of 100 ke occurred while
the temperuture was chunging repidly,
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anobher efiect wus noted during the temperature
Arter the temperature was raised to a high value and
then returned to and held at the initial valus, the frequency
differed from its initial value, This appeared to be caused
by stress relieving during the heat cycls so the production
cavities were raised to temperatures well gbove the operating
runge und then cooled slowly. This reduced the hysteresis

effect to negligible proporticns for subssquent temperature
changes in the operating range.

runs,

5.62 185~Mc Crystal Oscillator

Crystal control of the 155-mc oscillator would be
desirable not only for its inherent frequency stabllity but
also because it permits the entire oscillator circuit to be
made compact and lightweight. However, Tundamental crystal
operation at 155 mec is not feasible and the usual technique

of using s low~frequency crystal oscilletor followed by several
stages of frequency multiplication would greatly increase the
number of probable spurious responses. The crystal freguency
and that of each nultiplier stage could be axpected to combine
with the scanning oscillator. frequency to cause intermodula-
tion products falling into one of the I.F. bands,

A technique whereby the crystal operates as a trans-
ducer to restrict the oscillator feedback to odd multiples of
the crystsl fundamental frequency, was developed and a crude
model built. The performance was promising but a spscial
crystal mounting and elsctrode arrangement was required, Other
crystal developments were more urgent at the time so the new

crystal circuit could not be put into production in time for
use in the scanner,

Fig. 13 (LS-809439) illustrates the contemplated
crystal operation. Flg., 1l3-a indicates the mechanical distor-
tion occurring in ths crystal when it is driven at its funda-~
mental frequency. Fig. 13-B indicates the distortion when
the drive freguency is three times the fundumental frequency.
The effect is roughly similar to splitting the originel crystel
longitudinally into three identical layers cach 1/3 the thick-
ness of the original snd cementing them together.
ates at three times the original freguency. The sume type
of op=ration would be observed if the drive frequency were
any odd nmultiple of the fundementsl but not if it were an even
multiple. In that case the outer surfaces would be trying to
move Iin ssme Girection and hence opposing the electric drive,

Lach oper-~

Fig. 13-C shows the crystal arranged as a trens-~
ducer. The driving voltage is upplied to a pair of electrodes
at one end of the crystal and the output voltage is taken
from another pair at the other end. If a suitable shield is
inserted between the pairs of electrodes the only coupling
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between them will be that due to the mechaniceal metion of
the crystal. The crystal thus bocomes a tronsducer capable
of pussing only the crystal fundamental frequency and its odd
harminics,

Fig. l¢ (ES-809436) shows the circuit of an oscil~
lztor using such & transducer =zt its 3lst hermonic. It is
u balunced tuned-grid tuned-plute oscilletor with the trans-~
ducer in the fevdback circuit., Other fsedback paths are
reduced by carsful shielding between grid and plate circuits,
The experimentul transducer was housed in & hermstically
setled holder consisting ot two gless cups with thelr edges
fused to a metal disc which constituted the shicld between
the two pairs of crystal clectrodes. This disc wus inserted
in a hole in the shield between the oscillator grid and plate
circuits.

~ The particular crystel odd harmonic at which the
oscillations occur is determined by the grid and plakte tuning.
The frequency stability of these circuits rmust be good snough
to prevent shirfts to other odd harmonics, under uny opersating
condition, If this is dene, the oscillator frequency stability
in per cent of the operating fregquency should be ©s good as
that of an oscillator opersating at the fundemental of the
crystal,

5.63 Coupling Betwesn Oscilletor and Modulators

The 2nd heterodyne oscilleator frequency (155 me)
is only about 10 per cent removed from the two first inter-
mediate frequencies (141 snd 169 mc) so isolation is required
to prevent interaction and excessive loading of the oscillator
circuit. 6AKS pentodes anre used as buffer amplifiers. The
grids are coupied to the oscillator plate circuit through
capaictors small enough to constitute negligible oscillator
loading., The 6AKS mutual conductances is high enough to sup-~
ply adequate modulator voltage with the small input and with-
out grid overloading and consequent excsessive harmonic dis-
tortion,

4s noted in Ssction 5,5, the coupling bstween each
buffer tube and the associuted modulator is obtained by
multipling the buffer plate with the plate of the I.F. ampli~
fier tube immediately preceding the modulator. Both of these
tubes are pentodes so the net effect is to increase the un-
avoidable cuapacitance across the tuned circuit which couplcs
them both to the modulator. HNeither the signal nor the heter-
odyne frequency circuit is seriously shunted by the other,
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5.7 Low-Fregusncy Circuits

The oubpurs of the two 6AKS 2nd modulators are
multipled and connected to the tuned primary of a la-mc net-
work which lowers the impeduncs te 350 ohms Tor ease in test-
ing and connection via & coaxiul cable to the low-frequency
circuits which arc assembled on a "plug-in" chassis.

5.71 2nd Intermediste Frequency Amplifier

4 single tuned network is used to couple the 50~
ohn l4-mc input to the grid of a 9003 tube constituting the
single stage 8nd I.F. amplifier, A4 double tuned network
couples the amplifisr to the 3rd modulator.

The l4-mc discrimination charateristic is shown
on Fig. 15 (ES-809429), This discrimination was adequate
to suppress the usual image and low order modulation pro-~
ducts but did not prevent some very high-frequency coupling
between the high and low-frequency assemblies which caused
noticeable spurious responses on one model. The frequencies
at which the coupling occurred were not identified but the
trouble was cured by bridging a 10 micro-microfarad capacitor

across each end of the 50-~ohm coaxial cable., This, of course,
did not affect the l4 mc characteristic,

The nominal gain from 2nd modulator plate to the 3rd
modulator grid is 10 db but = gain control range of about

£ 6 &b from that, is provided by an adjustable resistance in
the cathode circuit of the 9003 tube. This is a lineup adjust-~
ment to care for variations in amplitier or 3rd modulator tubes,

5.72 32rd Modulator and 13,545-Mc Crystal Oscillator

The third modulator is a 6Sa7 pentagrid converter
operating in a conventional circuit with a separate 13.545-mc
oscillator. The bias voltage for the signal grid is controlled
by a front psnel "High-Low" switch to afford a sensitivity
reduction of 20 db when full sensitivity is not desired.
Sensitivity reduction at this point is often preferable to
R.F, sensitivity reduction because it doss not reduce the
attenuation caused by the R.F. block during the jam~-scan
cycle., It is also useful in avoiding spurious responses
which may increase in magnitude as the vacuum tubes age.

The third heterodyne oscillator is controlled by

a 13.545-mc crystal, A 6J6 tube is used in a conventional
circuit.
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3.73 Scuaning Filter and Jrd I.7. Amplifier

The scanning resolution obtainable with this broada-
band scanner is determined not only by the characteristics
of the scanning filter and assoclated I.F. amplifier but
also by the length ol cathode-ray tube truce used for signal
display. The uvailuble trace length is approximately 4 inches.
accordingly, when the 18 to 53 mec or 45 to 80-mc band is
scanned the pips corresponding to two signuls separated by
50 ke would be within .005 inch of one another. Similarly,
when sn 8-mc band isscanned signals 25 ke apart would result
in pips less than .0l inch apart, This indicates that the
scanning Tilter need be only nmoderately good to afford resolu-
tion as good as is usable with a four-inch trace,

The scenning {ilter band width should approxincte
the optimum for the scanning speed as it is a controlling
factor im the realizable signal-to-noise ratio. The rate of
rise of scanning {ilter cutoff attenuation and the phase
characterisvics also require attention becuuse relative sig-
nal strengths as great as 60 db are expected and poor filter

characteristics would result in excessively wide pips when
high level signals are scanned,

Fig., 16 (55-809430) shows the discrimination
characteristics of the scanning Tilter and the 455-kc ampli-
fier both separutely and together. The scanning filter is
made up of coil and condenser elesments in two ladder type
sectiens, a confluent type and a six-element peak section.
The I.7¥., amplifier selectiviiy is obtuined from three single
tuned interstage coupling networks. The pass band width of
the three I.r', stages is aprreciably wider than that of the
scanning filter so that the filter attenuation and phase

characteristics predominate at frequenciszs within or near
the pass band,

The 455-kc umplifier utilizes one 9003 and two
6AK5 tubes. The nominal maximum gain through the scanning
filter and the amplifier is 80 db. 4an adjustable resistor in

the cathode circuit of the 9003 tube is provided for maintenance
ad justments to the normual 73-db value,

5.74 Detector-Limiter

One-half of a 63N7 double triode is used as a de=-
tector in deriving the video pulses from the 455-kc¢ signals,
The 455-kc amplifier output is counnected across plate and cathode,
The grid is used as a blocking countrol. Tor example, when the
narrow band scanner is being used, and the broad-band display

is not desired, the automutic control circuits apply a highly
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The Nomingj Signanl Voltage Valueg indicated on
Fig, 4 show the &ain distribution Chosen rop the broad—band
Scanney, It hay be Summarigzeg Toughly as followsg.

Part op Circuit 4Pp. Bang Width Gain-qgp

Radio Frequency 38 me 20-25
st Modulat op 38 me 0
1st Intermediate Frequency 2 me 15-20
2nd Modulatop 2 me Q
2ndg Intermediate Frequency 200 ko 10
3rd Modulator - 200 ko 8
3rd Intermediate Frequency ;gE_EE‘“‘__ zg
Total antenng ¢, detectop 140

The 41l-me sensitivity Wus neasyreq as g One-hglr
Volt Signal (epproximately 120 gp abovye visibility) was
tuneg 8Cross the tang from gg to 52 c. Phe sensitivity
Teduction causeq by thig CXcessive Signal Tanged from 10
to 25 db, 4 sinilap T'un wag ade witp the interfering signgl
redyceg by 14 gp to ,1 volt In the sensitivity

. that case
Teductiop vVarieq fron o to 1o db,

5.82 Sensitivity
\_4_

The signal sensitivity Of the broad~band SCannep
Varieg With thg Scanning Speed ang hence With the width op
e frequency bang being Scanneq, When the full 1g to 53 pg

Or 45 44 50-mc band jig being Scanneqd the sensitivity is abouyt
6 db legg than it is when & noming) 8-me bang is:banned.
SECR&P
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This results from using & scanning filter band width which
fuvors the signal-to-nocise ratio and scanning rssolution
obtaineble during the 8-mc scan,

The response caused by vacuum tube or resistance
noise, however, is substantially unaffected by changes in
scanning speed, Accordingly, the signal-to-noise ratio ob-
taingble during an 18 to 53 mc or a 45 to 80-mc scan is
about 6 db poorer than that during en 8-mc scan. The sig-
nal-to-noise ratio obtainable when responses from both the
18 to 53 mc and the 45 to 80-mc bands are superposed to cover
the entire 18 to 80-mc band in a single scan, is about 3 db
further reduced because the noise from both radio frequency
inputs is combined,

The minimum useful signal-to-noise ratio is some-
what contingent on opsrator experience and skill in distin-
guishing between the grass-like noise fringe along the

-cuthode-ray tube buase line and the relatively constant pip
corresponding to a4 signal. The maximum usable sensitlvity
when the entire band is displayed is about 3 microveolts. It
is determined by noise, ‘\/hen small bands are scanned the
sensitivity is correspondingly improved.

Hoilse voltages produced by internal sources such
as the d-c motor that drives the capacitor in the scanning
oscillator, are effectively suppressed by shielding and
by-pass capacitors.

5.83 ZResclving Power

The resolving power of a scuanner 1s difricult to
define because it depends on the experience of the opesrator,
the relative strength wnd constancy of the signals, etc, as
well as on the purpose of the reselution. If the purpose is
to ad just the frequency of one signal as closely us possible
to that of another signul of comparuble strength, uccuracies
of & Tew k¢ may be had by obgerving the "beating® of the
scamning pip even when the full band is scanned.

Perhaps the type of resolution most useful for
searching is the minimum frequency separation between signals
which permits the rresence of the weaker to be noted., The
following table gives the results of tests made with one
broad-bond scanner under laboratory conditions. It is
probab%y more optimistic than results under field conditions
would be,
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‘ Relative Signal Resolving Power in Ke
Strength 10 Mc Scan 36 Mc Scan
11 60 200
10:1 70 250
‘ 100:1 100 400
1000:1 150 450

5,84 Spurious Hesponses

possible and some are unavoidable under extreme conditions,
Special precautions wers taken as discussed in the sections
desling with perticular phases of the development, Other
nore gensral precautions included:

‘ As noted earlier numerous spurious resgenses are

a) Bxtensive filtering of ull leads entering shielded
conpartnents. Plute, .screen, etc, power leads
were brought out close to the associated tube sockst,.
Small disc type "feed through" capacitors were in-
serted Girectly in the shield, Care was taken to
avoid resonances due to lead length inductances and
by-pass capacitors, etc.

b) Relative locations of various coumponents and shields
were chosen and experimented with to minimize cormon
‘ ground paths and othszr less obvious coupling paths.

These precautions involved comsiderable amounts of
development effort but proved to be relatively easy to apply
in subsequent production of 100 scanners,

The following results of tests made on one scanner
are representative of the performance of production units,
The image and lst I.F. interfercncs rejection measured at
maximum sensitivity were as follows:
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Image or I.7.

Broad-band Scanner Interfering Interference
Band Frequency-~Mc Rejection-ddb
Low (18 to 53 mc) 355 to 391 >100
High (45 to 80 mc) 387 to 363 >100
Low {18 to 53 mc) 169 * ,025 >100
84,5 t .012 >100
56.33% £ ,008 1c0
42,25 o ,006 30
33,8 * ,005 90
28,187 = ,004 92
.. 24,143 + .004 92
21.125 = .003 97
High (45 to 80 me) 14) = ,085 >100
70,5 £ ,012 B0
47 & 008 80
35.25 & 008 90
28.2 = ,005 97
23,5 * ,004 98
20.143 % 004 99

The only one of these that is close to causing ob-
jectionable interference, is the high band one due to a 70,5~
mc signal where the rejection is only 60 db, The chances of
its occurring are small because the interfering signal not
only must be very strong relative to the desired operating
sensitivity but also its frequency must be within about 12 ke
to 70.5 mc. However, it would be very wnnoying if it did oc~
cur because it would produce interference across the entire
high band response unless the radio frequency sensitivity
were reduccd., This effect is due to distortion in the radio
Trequency part of the circuit and indicetes that the present
amount of radic frequency gain is about as large as could be
tolerated without reducing the distortion by & radical circuit
changes such a&s the use of balunced push-pull amplifiers and
modulators.
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Spurious responses due to heterodyne oscillator in-
termodulation usually were observeble during the initial line-
up of a broad-band scunner, In most cases these resgonses
could be reduced to invisibility by careful adjustment of os-
cilluator voltages and amplifier gains but they may return as
the various ftubes age. No particulur product was determined
to be more likely than othsers. Apparently the coupling paths
occurred at frequencizs well above operating frequenciecs and
varied from model to model, The following results are typical
measurements before final lineup,

Broad- Apparent Equivalent®
band Frequency  Strength Intermodulation Product
Scanner of in If In If In
Band Indication Microvolts st Modulator &nd Modulator
17-53 mc 2l.3 5.6 6Cg~dcC] 5Co~4cy
(Low Band) 28.3 5.0 4c1-4Co 4c1~5C2
o 42.3 4.4 3¢1~3Cg 3¢1-4Cso
45~81 nmc 49,2 3.5 de]~4Cg 5Co-4cy
(High Band) (6Cg-4cy )
36,3 7.0 ( or ) 4¢1-5Cg
(7¢1-8Cg2)

*This indicates the strength of a signal at the input

of the scanner resquired to give a pip of the same height
and posgition as the pip due to the spurious responss,
The scanner was adjusted for maximum gain,

It may be noted that each spurious response due to
1st and 2nd heterodyne oscillator intermodulation has at least
two possible sources, one in the first modulator and another in
the second modulator, The order of the product differs but the
apparent frequency is the same, I the second modulator product
is known (502—401 for example) s low band first modulator product
may be found by the algebraic addition of Cg (Cg+5Cp-4c1=6Cg-4c] )
and a high band first modulator product may be found by the al-
gebraic subtraction of the second modulator product from Cp
(Co-5Co+4cy=4c1~4Cg)e This multiplicity of possible sources makes
difficult the location of the coupling or nonlinearity causing
the actual response,

The spurious responses listed in the above table appesr
to be generated in one or both of the second modulators because
the low and high-band responses occur at the same scanning oscil-
lator frequencies and with approximately the same magnitudes. 1In
some other models some spurious responses occured only in one
band and appearcd to be generated in the first modulator.

avallable data ars not sufficient for rigorous conclu-
sions but the indication is that the radio frequency gain and
hence the signal level through the lst I.¥., amplifiers could not
be materially reduced without encountering serious spurious re-
sponses.
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6, NaRROV-BAND KECEIVIK

Jamming or searching often requires a combination
aural and visual receiver of the so~called adapber type.
Such a receiver affords close visual monitoring of a narrow-
band centered on the freguency that is aurally monitored.
Vide tuning ranges and good selectivity against relatively
strong signals are often desired.

The usual receiver of this type is a single hetero-
dyne for aural reception and a double heterodyne for visual
reception. A part of the received signal is taken from the
first intermediate frequency and modulated by a scanning
oscillator to produce the narrow-band scan. The radio fre-
quency stages, lst modulator and the I.F. stages that are
common to both aural and visual recepbtion, perform general
functions that are the same as those of similar parts of
communicabtion receivers but the requirements for them are
much more severe., For example, the usual tuned circult type
of radio frequency selectivity causes undesirable attenua-
tion changes across the scanning band. This becomes more
objectionable as the receiver is tuned to lower frequencies
where the scanning band widbth is a larger percentage of the
tuned frequency. For similar reasons the intermediate fre-
quency pass band should be abnormally wide.

The rate of change of attenuation with frequency
at the edges of both the R.F. and I.I'. bands should rise
more rapidly than is necessary for communication receivers,
This is true for the R.F. stages because the wider R.F. and
I.F. pess bands result in smaller freguency separation be-
tween the desired Irequencies and other frequencies which may
cause image Or other spurious responses. Unless frequencies
near the I.F. pass band are sharply attenuated they will com-
bine with the scanning oscillator frequency to form low order
intermodulation products which apyear as spurious responses.

) Design difficulties increase rapidly with the
following: a) R.F'. tuning range, b) Width of scanning band,
and ¢) Range of input signal strength to be received without
spurious responses. These factors are interrelated so thah
one may be expanded at the expense of others but eventually
a peint is reached where further expansion results in poor
per?ormance or prohibitive circuit complication. Optimum
choice of intermediate and heterodyne oscillator frequencies

bgcomes increasingly important as the ranges noted above are
widened.

) A 1,85 to 18.5 mc narrow-band receiver which was
designed for SCR-596-T2 is of interest because wide ranges
are covered. It illustrates typical difficulties and means
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of meeting them. Accordingly, this receiver and its per-
formance are discussed in the following subdivisions.

6.1 Design Objectives for a 1.85 to 18.5 lic Rcceiver

The design objectives may bte summarized as follows:

a) Tuning Range - 1,85 to 18,5 mc

d) Sensitivity - 1 microvolt or better

¢) Soanning Band Width - 100 ke

d) Inpubt Signal Strengbth Range without Objectionable

Spurious Responses - 40 db

6.2 Choice of lst Intermediate Frequency

In this discussion the circuit arrangement shown
on Fig: 18 (ES-809443) is assumed and the following frequency
nomenclature is used:

Rpuax = the maximum frequency to be received

Ryin = the minimuwm frequency to be received

r = any radio freqguency

a = any frequency in the lst I.¥. band

b = any lst heterodyne oscillator frequency
c = any scanhning oscillator frequency

2Ac¢ = the width of the scanned band

A high 1st intermediate frequency is helpful in
avoiding responses due to images {r-b) and modulation pro-
ducts fror. 2b-Jr.

A 1>+ 1lst intermediate frequensr facilitates

gang tuning ol “he radio frequency svages and vhe lst hetero-
dyne oscilletc.. v also permits more avitznuation to radio
signals at the .st intermcdiate frequency. If low enough

it avoids 2r-b, 3r-2t, et.. modulation products. Yor example
& lst I.F. lower than one-half of (Ryj, -S5Ac) avoids the

2r-b products and one lower than one—%ﬁird of (Rpin —4Ac)
avoids the 3r-2b products.

Wine hundied kc¢ (approximately one-half Rpin) was
chosen for the lgt I.¥. It wag thought to be a reasonable
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when the interfering frequency
sary for normal response by the indicated aumber of . The
receiver was adjusted for full sens1tiv1ty and tuned.to

as in or

srequencies such :
near the pass pand of the radlo frequency» When th

wags tuned across the vand,
others ap

is nob int
sentative of the suppres

modulation orders 1

schbion and gang tuning aiffi-
s on the com-
e noted

neces=

between 1imags re)
pantiated DY measurement

ollowing spurious rgsponses wer

¢ recelver

some products disappeared and

peared &8s was to be expected. The following list
ended bo be complete but is thought to pe Tepre-

sion afforded to products of the

ndicated.

db Suggrassion

Modulation Product
a(Dnew:mthu) 80
r-b (Image) g0 or greaber
27-0 45
2b-2r 100
3r-2b 860
2b-31r > 120
41 -3b 65
71-5b 65
ar-6b 80
9r-7b 70
gp-10r 80
gb-11lr 70
1% -8b 75
14r-11b 70
1%b-16r 75
191-15b 75
17b-21r 7%

This indicates th
is meb in the present design butb that a lower intermediate
io of signal strengths

frequency might be desirable 1f the ratl
t sensitivity adjustment should be in-

to be received withou

creased 1O 50 db. I also indicates thab somebhing moTe

radical than & new choice of intermediate frequency is required
i1g required. Tn that case,

circuldb changes such as the use of & palanced modulator and
preduction of signal and oscillator 1evels abt the first modu-
lator, even at the expense of signal—to—noise ratio, should

be considered.

jce of 2nd Intermediate Fregquency

6.3 Cho
the 2nd sntermediate frequelcy
may result in spurious responses not only in the scanning
1 recelvel. A ‘tentative

recepbion put also in the aura
choice may be made from the general considerations outlined

below. Filbter, modulator and ogcillator characteristics
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practicable at the tentative frequencies may then be studied
and new frequencies chosen until a balanced design is obteined.

General considerations include the following:

&) The fundamental and second harmonic of the scan-
ning osecillator should not fall into the lst inter-
mediate frequency band or into the radio frequency
range of the receiver because they are likely to
cause audio interference.

b)

Harmonics of the scanning oscillator should not
fall into the 2nd I.F. band.

(e
~

The 2nd intermediate frequency should be higher
than about two and a half times the band width
of the preceding I.F. to reduce the probability

of two input signals intermodulating to produce
the second I.F.

d) The mean freguency of the scanning oscillator

) should be greater than about five times the
scanning band width in order to avoid complicated
oscillator design, if electronic tuning is desired.

e)

The 2nd I.F. should be such that suitable scanning
filter characteristics may be realized with reason-
able filter size and circuit complexity.

The lower order products of intermodulation
of the scanning oscillator frequencies and

thoge passed by the lst intermediate frequency
amplifier, should fall outside the 2nd I.F. pass

|
|

E

{

|

1

!

!

i

\

band. The lowest order permissible is a func- i
tion of the 2nd modulator characteristics and of i
the signal strength range to be encountered, i
Abrupt cutoff at the edges of the necessary lst 1
|

I.P. pass band and a narrow scanhing bvand are
both helpful in meebing this requirement as they
lessen the frequency range of each modulation product.

The frequenocies chosen for the actual receiver are:

2nd Intermediate frequency - 375 ko
Scanning Oscillator frequencies - 475 to 575 ke
1st I.F, (as noted in Section 6.2) - 900 ke

The solid horizontal lines of Fig. 19 (BS-808768)

show the frequency ranges of the scanning oscillator, desired
1st I.¥. signals and their intermodulation products up to
the ninth order in the vicinity of the 2nd I.F. Vertical

e
e
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lines indicate the frequency locations of the lst and 2nd
I.F.'s. The dashed line extensions to the horizoatal lines
indicate the increased frequency range of the modulation pro-
ducts and hence the greater difficulty in avoiding them if
the pass band of the first I.F. is two and & half times as
wide as the scanning band. The nomenclature is that used in
Section 6.2 - a indicates any frequency in the 1lst I.F. pass
band and ¢ any scanning oscillator frequencye.

Sketchy measurements of the intermodulation sup-
pression in the receiver gave the following indications:

Product db Suppression
2c-a > 80
Pa-2c > 80
3c-28 37
3c~a 80
- dc-2a i 45
Ja-4c . 50
5c-3a 35

This indicates that the design objective of 40 db
was not nmet for 3c¢c-2a and 5c¢c-3a products. Different choices
of intermediate frequencies could have avoided these products
if the scanning band width had been reduced about 50% but
this cure appeared to be more undesirable than the spurious
responses, These particular spurious responses appear at
the edge of the scanning band and rapidly dwindle to dis-
appearance as the receiver is tuned in an attempt to bring
them into the aural receiver. This amplitude reduction is

due to the sharp cutoff of the lst I.F. band pass character-
igtic.

6.4 Radio Fregquency Circuits

The major circuit elements of the radio frequency

. stages, the 1lst modulator and the lst heterodyne oscillator

are indicated on schematic Fig. 20 (ES-809444). This figure
also shows the nominal voltages occurring when a 4-microvolt
signal is received from the antenna because they are of

interest in connection with the modulation products dis-
cussed in the preceding sections,

Band pass radio frequency selectivity character-
istics are obtained by the use of two double tuned interstage
networks and a single tuned circuit coupling to the 50-ohm
antenna, Coil switching is used to divide the 10:1 - 1.85
to 18.5 me buning range into four parts as indicated on the
drewing., Band pass characteristics complicate the design of
the radio frequency stages not only by increasing the number
of variable capacitors to be gang tuned with the oscillator
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capacitor but also because the effects of fortuitous coupling
between circuit elements becowe much more pronounced. A&b-
normally good shielding and grounding are reguired to prgvent
the pass band characteristic tilting or peaking at one side
or the other as the receiver ig tuned across a band.

Fig. 21 (BS8-809445) shows the discrimination char-
acteristic of the R.F. stages when tuned to 2 mc. The char~
acteristics at some other tuning frequencies showed peaking
or tilting amounting to several db in spite of careful clamp-
ing of the removable shield cover and grounding of the coil
switch shaft where it passes through the various shieldss

A geparately excited pentagrid converter is used in
a conventional circuit, A.V.C. or manual sensitivity ocontrol
voltages are applied to the radio frequency stages, the mod-
ulator and the first I.F. stage. This same control lead is
used to block the receiver during transmitting.

The time constants of this lead require special con-
sideration to insure full recovery of sensitivity by the time
the "look through® scan commences.

6,5 Conmon Intermediate Frequency Circuit

The .9 mc intermediate frequency amplifier that is
common to both audible and visual responses is shown on the
right-hand side of Fig. 20 (ES-809444). The majority of the
selectivity is obtained from a band pass filter between the
modulator and 1lst I.F. amplifier tube. This filter consists
essentially of two double tuned circuits loosely coupled to
one another. The .9 mc¢ amplifier discrimination characteristic
is shown on Pig, 22 (3I3~809446). As noted in earlier sec-
tions the attenuation rises rapidly at the edges of the * 50 ke
scanning band,

6.6 Scanning Circuits

The scanning circuits are shown on the upper part of
Fig. 23 (Z3S-809447). The output of the common .9 mec amplifier
is brought in through a ocoaxial cable to a splitting pad
which divides the energy between scanning and aural receiving
circuits. The scanning part passes through a "step~-up" network
and & buffer amplifier to the 2nd or scanning modulator, The
buffer amplifier serves 1o reduce interaction between the
modulator and the aural receiver and to limit abnormally high
signal voltages to values that will not injure the crystal
scanning filter which follows the modulator.

The 5825 + 50 k¢ scanning heterodyns frequency and
thg 900 + 50 kc signals are applied in parallel to the control
grid of a pentode modulator. The 375 k¢ second I.F. is selected
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by a crystal type scanning filter which has characteristios
of the type discussed in an NDRC Project C-36 report dated
January 22, 1943. Conventional circuits are used for the re-

mainder of the second I.F. amplification, detection and video
presentation.

The horizontal sweep for the cathode~-ray tube agd
the sawtooth control for the scanning oscillator are obtained
from a two tube multivibrator. Push-pull reactance tubes are

used to frequency modulate the triode oscillator over the range
of 475 to 575 cps.

The selectivity of the 375 ke second I.F. is shown
on Fig. 24 (ES-809118). In and near the pass band it is
largely determined by the scanning filter in order to preserve
its special phase and attenuation characteristics.

6.7 Aural Receiving Circuits

The narrow-band 900 k¢ intermediate amplifier,
detechor and audio amplifier circuits are shown on the lower

part of Fig. 2% (ES~809447). Conventional circuits are usede.
The I.F. selectivity is shown on Fig. 25 (BS~809117).

6.8 Sensitivity and Noise Performance

The input signal required to produce a one-half iach
visual indication varied from ,15 to .65 microvolt as the
receiver was tuned across the 1.85 to 18,5 mc band, 7 db move
input was required to produce a 10-milliwatt audio output,
when the input signal was 30% modulated by 400 cps.

The noise response at full sensitivity was too small
to be visible on all four receiving bands.

C : The corresponding
audio noise response was less than one-half a milliwatt.,

This excellent sensitivity and noise performance
indicates that a somewhat better balanced design with regard
to spurious responses might be had by reducing the radio
frequency gain and increasing that of the final intermediate
frequency. This would have required more elaborate shielding
and by-passing in the 375 k¢ circuits in order to prevent the
greater gain from resulting in poorer scanning resolution.
Slight amounts of feedback tend to upset the phase character-

istics of the scanning filter and result in materially poorer
scanning resolution,

7. FURTHER WORK
Many problems in connection with listening through,

jam@er alignment and associated narrow and wide band scanning
recelivers remain to be solved before the relative merits of
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different types of systens may be evaluated with ease or their
performance in many frequency bands predicted. The importance
of obtaining general solutions is contingent on operational
requirenents and in part may be dependent on common interest
with other uses such as communication searching and monitor-
ing. Careful study and reporting of the performance of
equipment designed for specific uses and of effects when it

is used under abnormally severe conditions will do much %o
indicate which problems are most pPressing,

Some of these problems are listed below without
attempting to evaluate their relative importance.

a. Coamparison of the merits of broad-band scanners
having synchronously swept radio frequency selection,
with those having broad-band R.¥. selectivity and
only the heterodyne oscillator frequency shifted
at the scanning rate. This should result in deter-

mining the operating conditions which make either
~ markedly superior to the other,

b. Study of frequenoy converters and methods of coupling
to heterodyne oscillators without excessive noise
Ppenalty in covering wide frequency ranges and signal
level differences with a minimum number of spurious
responses.

s« Improved synchronizing of electronic and mechanical
soanning,

d.

Improved mechanically swept oscillators with re-
duced retrace btime.

e+ EBlectronically controlled EM.oscillabors for use at
higher frequencies and with larger precentage swing.

Means for preventing a Jjammer in one airplane inter-
fering with a broad-band scanner in an adjacent air-~
Plane and operating in the seme frequency band.

g. ifeans for reducing radar interference into scanning
receilvers.

hes Use of balanced R.F. circuits to reduce reradiation

and spurious responses at harmonics of signal
freguenciles.
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8. RUFERLNCES

8.1 ILaboratory Notebooks

The following notebooks include information used in
this project and other data on AN/aRQ-9 and SCR-596-T2 Radio

Sets.
gngineer Notebook No. Itens

J. T. Bangert 4157 155 Me¢ Coaxial Cavity - Design

4207 155 iic Coaxial Cavity - Oscil-
lator Tests
4282 155 d¥e¢ Coaxial Cavity - Invar
Temperature Tests

4110) 18 to 80 lic Scanner -~ Scanning
4234 ) Oscillator and I.F. Amplifier
4290) Tests
4379)
4584 )

T. L. Dimond 3860) {Narrow & Broad-band Scanning -
3975) (Synchronizing Schenmes
3964 (Multiple Jamming -

(Control Circuits

3984 ) (18 to 80 ic Scanner -
4118) (Scanning Oscillator, Synchronizing
4256 ) (& Video = Circuit Design & Tests

H. Y. Evans 3768) 1,85 tpo 18,5 lc Receiver -
3805) Circuit Design
3892)
3939)
4310)
443Q) 1,85 to 18,5 lic Recelver -
4499) Circuit Tests & Performance
4570)
4594 )
4670)
4734)

J. G. Harden 4128 18 to 80 ¥¢ Scanner ~ Circuilt
4217 Degign, Tests and Performance
434.4
4533
4615
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ingineer

R. B. Johnson

J. May

P. B. Murphy

E. R. Taylor

EoRuT

Notebook o,

3824
4072
4265

Items

18 to 80 ilec Scanner - Circult
Tests

18 to 80 iMc Scanner - Circuid
Tests

18 to 80 Mc Scanner - llechanical
Design

{(1.85 to 18.5 lMc Recelver -
{Intermediate Frequency
(Considerations

Broad-band Scanner - Intermediate
Frequency Considerations

18 to 80 Mc Scanner - Design
Objectives

Multiple Jamming - Design
Objectives

8.2 Correspondence and Lkeports

Memorandum by E. I. Green dated 1/8/43 "Panoreaumic
Researcch Froblems.”

Memorandum by E. I. Green dated 3/17/43 "Draft Pro-
posal for Research and Consulting Work on Scanning
Reception and Allied Problems in the Field of Counter-
measures.”

Tuterim Report dated 3/25/43,

Letter J. H, Moore to E. I. Green dated 3/31/43 attach-
1ng Contract Information Forms,

Letter . I. Green to J. H. licore dated 4/2/43 returning
Contract Information Form with breakdown of expense,

Letter of Intent Irvin Stewart to C. R. Smith dated
4/26/43 - Informal authorization to proceed with the

roject.

Interim Report dated 4/27/43.

Memorandum by E. K.
ments for the 2 ©°

Taylor dated 4/28/43 “Circuit Arrange-
18 Mc Equipment."
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liemorandum by E. I. Green dated 5/4/43 "Information
given to J. H. iioore re Fanoramic ILabs."

Memorandum by E. R. Taylor dated 5/7/43 “Scanning
Receivers with Push-Button Selection of the Bands
Scanned - Case 23264.%

lfemorandum by E. I. Green dated 5/11/43 “Inspection
of Pimpernel.”

Memorandum by E. I. Green to H. 4. Burgess dated
5/19/4%3 requesting patent consideration of ERT
memorandun dated 5/7/43.

Interim Report dated 5/24/43,

Memorandum by E. R. Taylor dated 6/2/43 "Inspection of
RCA Blectric Wave Synthesizer.,"

Letter Irvin Stewart to C. R. Smith dated 6/10/43 -
Additional authorization and time extension.

Contract No., OEMsr-993 dated 6/17/43.

Memorandum by E. R. Taylor dated 6/19/43 "Proposal
Development by the Panoramic Radio Corporation.!

Interim Report dated 6/25/43.

Memorandum by E. I. Green dated 7/15/43 "Visit to RRL
and General Radio Company."

itemorandum by E. I. Green dated 7/20/43 "Consultation
with RCA ¥ngineers.”

ilemorandum by E. I. Green dated 7/20/43 "Conference
with Panoramic Radio Corporation Representatives.”

Interim Report dated 7/22/43.

Letter J. H., Moore to E. I. Green dated 7/22/43,
requesting comments on Panoramic Radio Proposals

Letter E. I. Green to J. H. Moore dated 7/26/43 com-
menting on Panoramic Radio proposal,

Memorandum by B. R. Taylor dated 7/28/43 "Scanning Re-
celver Design."

Report 993-1 dated 8/13/43 "Automatic Tuning in Jamming
Bquipment."
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Letter J. H. licore to B, I. Green dated 8/19/43 -
requesting comments on specifications prepared by
Commander D, R. Hull,

Interim Report dated 8/25/43.

Memorandum by B, R. Taylor dabted 8/26/43 "Monitoring
and Tracking Indicators for Communications Jamminge"

Letter E. I. Green to J. H. Moore dated 8/26/43 trans-
mitting ERT memorandum dated 8/26/43.

Memorandum by E. R. Taylor dated 8/27/43 "Broad-band
Scanning Receivers with Radio Frequency Tuning Varying
at the SweeD Rate,"

Interim Report dated 9/21/43.

Letter J. H. Moore to E. I. Green dated 10/5/43 "Data
on Enemy CW Transmitters."

Interim Report dated 10/29/43.

Letter J. H. Moore to E. I. Green dated 11/19/43 "Patent
No, 488,297,"

Interim Report dated 11/23/43,

Memorandum by E. R. Taylor dated 11/27/43 "Conference
with Yanoramic Radio Corp., Representatives.

Letter J. H. lioore to . I. Green dated 11/27/43
"Data on Enemy CW Transmitters.®

Letter E. I. Green to J. H. lioore dated 11/29/43
"NDRC Project at Panoramic Radio."

Letter B. I. Green to J. H, Moore dated 11/30/43
"Hardy Patent Application Serial No. 488,297,

Interim Report dated 12/18/43.

Letter Irvin Stewart to C. R. Smith dated 12/22/43
extending project to 8/31/44.

Interim Report dated 1/28/44.

Memorandum by J. H., Moore dated 2/5/44 "Conferenoe on
Airborne Spot Jamming FProblem.,®

Memorandum by J. M. West dated 2/7/44 "™NDRC Study of
Spot Jamming."
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llemorandun by il. E. Campbell dated 2/10/44 "Air Cigar."

Letter R. W. Larson to B. I. Green dated 2/29/44 ~
aubhorizing work on multiple jamming.

Interim Report dated 2/23/44.

Nemorandum H. 4. Burgess to E. I. Green dated 3/16/44
"Scanning Receivers with Push~Button Selection.®

Interim Report dated 3/20/44.

Letter J. H. Moore to E. I. Green dated 3/23/44 -
requesting comments on Panoramic Radio Corp.,
Report #1138-1.

ilemorandum by H. . Straube dated 4/1/44 "Large -
Deviation F.M. Oscillators."

ILetter J. H. Moore to E. I. Green dated 4/11/44 -
requesting development of multiple jamming.,

Letter E. I. Green to J. H. lMoore dated 4/13/44
commenting on Report 1138-1,

Letter B. I. Green to J. H. lioore dated 4/26/44
answering letter dated 4/11/44.

Interim Report dated 4/26/44,

Report 966-27 dated 4/27/44 "airborne Spot Jamming
System Study.®

liemorandum by E. R. Taylor dated 4/28/44 "Preliminary
Consideration of IMultiple Jamming Equipment.®

Memorandum by ¥. H. Tidd dated 4/29/44 "Inspection of
AN/ARQ-10 Kadio Equipment.

Memorandun by E. R. Taylor dated 5/3/44 "Some Notes
on the British Air Cigar."

Letter E. I. Green to M. Wallace dated 5/17/44 trans-
mitting BSTJT reprints.

Interim Report dated 5/23/414.,

Memorandun by E. R, Taylor dated 6/5/44 "Description
of lMultiple Jamming System.¥

Interim Report dated 6/23/44,
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Letter of Intent Wjo, 2969X dateq 7/26/44,
Interip Report dateq 7/28/44,

Letter H, I, Johnson to g, k. Taylor dateg 7/28/44 -
Tequesting comments op statug of Panoramig Radio Corp,
Project,

Letter w

. R. Taylor to H. M. Johnsop dated 8/10/44
replying to letter gategq v/28/44,

Interin Report gateqg 8/22/44,

Letter 7, p, MeClean to ., I. Green dateq 8/253/44
"Completion Oof Army Froject,n

Report 993.g dated 8/23/44

"PTeliminary Design of
Airbvorne Multiple S

pot Jamming System,
" "Letter Z. I. Green %o He M. Johnson dated 8/28/44
transmitting Repors 993-2,

Memorandum ., T,

Gr 3. Burgess dated 8/28/44 -
Tequesting batent consideration Of Report 993-2

Letter ., I, Green to J. F

« F. lcClean dated 8/29/44
"Completion of RP-358,n

Letter 7, 7, MceClean to 3. I. Green dated 8/30/44 -
"Closure of RP-358,

Interip Rebort dateq 9/25/44,

Letter J. ., McClean to 1.

L. Green dateq 10/19/44
WApproaching completion of RP-1g2,n

Memorandum

B. I. Green to G
10/30

. H, Stevenson dated
/44 "Ttems Suggested rop Patent Consideration,n
Repors 966 -

Jamming Syst

Interim Report dateq 11/25/44,
Lotter 7, T, Green to ¢, g, Suits dateg 1/15/45 "RP-12s8;
Summary and Scientific Reports."

Interiy Report dgateq 1/22/44,

f conference held at BuShips on 1/30/45
'Scanning Receiversg for Reii.
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liemorandum by E. K. Taylor dated 2/14/45 "Preliminary
Requirements for Naval Scanning Receivers in the .5
to 600 lc Band,."

Letter Irvin Stewart to B. V. Richard dated 3/2/45
extending contract to 4/30/45,

Interim Report dated 3/23/45.

Memorandum by E. R. Taylor dated 4/9/45 "Search Re-
ceivers for FF.M :

9, LIST OF FIGURES
Figure No, Subject Dwg, Number
1-8,B & C Superheterodyne Diagrams BS~809440
2-4,B,C & D Gptional B.B.S. Block Diagrams £BS-809441
3 B.B.S. 1st & 2nd Heb. Osc. Inter-

modulation Products ES-809442
4 Simplified Block Diagram of Broad-

Band Scanner ES~809423
5) B.B.S. Input Filter Discrimination

Characteristic £S~-809424
6 Low Band R.F. amp. Discrimination

Characteristic BES-809425
7 High Band R.F, amp. Discrimination

Characteristic BS~809426
8 Motor Driven Scanning Oscillator

Circuit ES-809433
9-4,B & C Synchronizing of lMechanical &

Blectrical Sweebs BS~-809437
10 169 Mc I.F. Amp. Discrimination

Characteristic BS~-809427
11 141 iic I.F. Amp. Discrimination

Characteristic BS-809428
12 155 lc Coaxial Cavity Oscillator

Circuit B3-809435
13 Longitudinal liodes of Crystal

Vibration ES~809439
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16

17

18

19

20

21

22

23

24

25

SECRET

Subjiect
155 Lic Crystal Oscillator Circuit

14 lic I.¥. amp., Discrimination
Characteristic

455 Ke I.F. aAmp. Discrimination
Characteristic

Limiting Characteristic of 455 Kec
aAmp. & Limiter

Narrow-Band Receiver - Typical
Schematic Diagram

1.85 to 18,5 iic Rec. - Scanning
Modulation Products

1.85 to 18,5 Me Rec. — R.F. &
Common IJF. Circuits

2 Mc R.F. Stages - Discrimination
Characteristic

0,9 lic I.F. Amp. - Discrimination
Characteristic

1.85 to 18,5 Mc Rec., = Scanning &
Aural Rec. Circuits

375 Ke I.F. smp, - Discrimination
Characteristic

A, Keceiver - Discrimination
Characteristic

SECRET

- 46 -

Dwg, Number

E3-809436

ES-809429

B3~809430

£3-809432

ES-809443

w3-808768

B3~-809444

13-809445

B3-809446

£3-809447

ES-809118

ES-809117
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