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The TD-2 Radio System is
a microwave radio relay system oper-

ating in the radio-frequency range of

3700-4200 mc and is designed for the trans-
mission of television or multiplex telephone
channels over distances of the order of sev-

eral thousand miles. The basic unit of this

system is the transmitter-receiver bay,

which may be used as a single-channel one-

way repeater at a repeater station or as

separate transmitting and receiving equip-

ments at a terminal.

1,02 Equipment Features:

(a) The J68331A Transmitter-Receiver
Bay (see page 101) consists of a
9' duct-type framework. The depth of
the bay is approximately 15" and the
width 22-3/8", The bottom half of the
bay is occupied by units arranged for
19" panels which project 9" from the
front of the uprights. These units,
starting at the bottom of the bay, are:

Transmitter Microwave Generator
40 mc Shifter (or Receiver
Microwave Generator at Terminal
Station)

Transmitter Control Unit
Receiver Control Unit

The upper half of the bay is occupied

by the receiver IF and transmitter wave-
guide components and is enclosed with
hinged-type casing doors. The recelver
equipnent mounted within this casing
consists of the IF main amplifier, re-
ceiver converter and IF preamplifier
unit, and the image suppression filter.
The transmitting portion includes the
buffer amplifier (at main stations and
terminals only), modulator, amplifier,
and directional coupler., The channel-
dropping filters for the transmitter

and receiver are mounted at the extreme
top of the bay in a horizontal position
and are arranged for waveguide coupling
to the antenna for the first bay in the
lineup, or to preceding and succeeding
filters in adjacent bays for an inter-
mediate frame of a lineup. A removable
cover, held in place with quick release
fasteners, is provided in front of the
channel-dropping filters. A low-pressure
air supply is required to provide forced
air coolinﬁ to the 3-stage transmitter-
amplifier J16A vacuum tubes, to the 416A
tube of the modulator, to the 416A tubes
in the microwave generator, to the 2C43
tubes in the microwave generator and to
the 418A tube in the IF main amplifier,

(b) The local cable wiring between units

on the bay is run in local cable
forms stored in the ducts at the right
and left side of the bay. Separate ca-
bles are provided for the receiver and
the transmitter in order that only the
wiring required need be furnished where
only a receiver or a transmitter is
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furnished. The cable connections to
the units are made by means of plugs
and Jacks to facilitate removal of the
units for bench maintenance. Coaxial
cables, with the exception of direct
patches between units, are also stored
in the regular wiring ducts. Applica-
tion schematics of the interunit con-
nections are shown on SD-59403-011,
-12, and -013, pages 124, 125, and 126,
respectively.

(c)

Power Drain (max.)

250 Volts 0.37 Ampere
130 Volts 0.43 Ampere
12 Volts 23.5 Amperes
(d) Tube; Varistor, and Crystal Com-
plement
Varis- Crys-
Tube Types tors tals
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Transmitter Modu-
lator il
Recelver Conver
ter ; e
IF Preamplifier i
IF Main Amplifier 6. 11
Receiver Control
Unit 22
IF Buffer Ampli-
fier 1
Transmitter Am-
plifier 3
Microwave Gener-
ator (Rec) - T S | 1 3
Microwave Gener-
ator (Trans) - - T | 1
40 mc Shifter i i | 2 1

1.03 Circuit Description - General: A block

dilagram of the transmltfer-receiver.bay
is shown on page 119. Application schematics
of interunit connections are shown on pages
124, 125, and 126.

1.04 Circuit Description - Receiver: At a
receiver, the incoming microwave sig-
nal from a distant station may contain any
combination of one to six channel signals.
This complex signal is received by a highly
directive antenna and 1s carried through
waveguide to the transmitter-receiver bay
in the radio room. Located in the wave-
gulde at the top of each frame is a receiv-
ing channel separation filter (network)
which selects the particular signal re-
quired for that receiving channel, Fre-
quencies for other receiving channels pass
through the first fillter and are dropped
at successive filters in numerical order
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with the lower frequencies first. Six
frames, lined up side by side with the hori-
zontal filter runs across the top, provide
for the maximum arrangement of six channels
in one direction. The incoming single-
channel signal, after leaving the channel
separation filter, passes through a wave-
gulde image suppression filter., This fil-
ter prevents IF interference due to the
image frequency which is 140 mc removed
from the incoming carrier, The local gen-
erated frequency, combined with the carrier
to obtain IF, may be either 70 mc above or
below the incoming carrier, Likewise, the
image frequency, which produces an unwanted
70 me IF, is also above or below the carri-
er in the same direction as the local gen-
erated signal. The output from the image
suppression filter is coupled by waveguide
to the receiver-converter and IF preampli-
fier unit. In this unit, the incoming sig-
nal is combined with the locally generated
frequency from the receiver microwave gen-
erator or the 40 mc shifter which has a
frequency of 70 mc removed from the incom-
ing carrier. One of the products resulting
from this combination is the desired 70 mc
modulated intermediate-frequency signal
which is amplified in the preamplifier sec-
tion of the unit. The output of the pre-
amplifiler is patched by means of coaxial
cable to the input of the main IF amplifier
where additional IF gain is provided. An
automatic galin control circuit is provided
on the receiver control panel to compensate
for fading and variations in transmission.
The IF output from the main IF amplifier
may be patched in the coaxial cable to the
transmitter section of the transmitter-
receiver bay when the bay 1s used as a
repeater, or it may be cabled to the IF
patching bay at terminals and main stations.
By inserting distribution and switching
amplifiers in this IF output circuit at the
pateching bay, switching, monitoring, termi-
nating, and distribution taps may be pro-
vided for flexibility in establishing and
maintaining a network.

1.05 Circuit Description - Transmitter: In
the transmitter, the frequency-modula-
ted IF signal from the IF main amplifier, at
an auxiliary station, or from a buffer ampli-
fier at a switching point, or from an FM
transmitter terminal is introduced by means
of coaxial cable to the transmitter modula-
tor. In the modulator, the 70 mc IF signal
is combined with the output of the local
transmitter microwave generator to produce
a signal of the frequency to be transmitted.
At the output of the modulator is a wave-
guide bandpass filter which passes the
desired microwave transmitting signal and
rejects all other undesired products of
modulation, This filter is coupled, by
means of wavegulde direct to the 3-stage
microwave transmitter-amplifier which ampli-
fles the signal to its final level, The
amplified signal passes through the channel-
dropping filter where it enters the trans-
mitting system of filters which parallels




the receiving group at the top of the frame.
This channel may then be comblned with. a
maximum of five other transmitter channels
and is carried by means of a waveguide to
the transmitting antenna., A directional
coupler is introduced in the waveguide sys-
tem after the transmitter-amplifier for
sampling a small amount of power to provide
a means for power measurement, and to
energlize alarms in the event of output
failure,

1.06 Circuit Description - Beating-frequen-
c§ Supplies: TwO arrangements are
provided for obtaining the local microwave
frequencies required for combining with the
received signal in the receiver converter
to produce the 70 mc IF frequency and for
combining with the 70 mec IF signal in the
transmitter modulator to produce the signal
of the frequency to be transmitted. The
arrangement applicable to auxiliary repeater
stations emﬁéoys a single microwave gener-
ator and a me shifter. With this
arrangement, the output of the microwave
generator is fed to the 40 mc shifter, where
the signal is divided, one part being fed
through an attenuator to the transmitting
modulator and the second part combined with
a 40 mc source to produce a supply 40 mc
removed from the microwave generator fre-
quency, for use with the receiver converter.
The primary advantage of the single gener-
ator, with the closely controlled 40 mc
shift, is that any variation in the frequency
of the generator from the nominal desired
value does not affect the transmitted carri-
er frequency. Thus, in a long-haul system,
the use of such an arrangement avoids cumu-
lative carrier frequency drift. To illus-
trate this, assume an incoming 3730 mc sig-
nal, The local microwave generator may
have a nominal frequency of 3840 mec. The
generator output is fed to a 40 mc shifter
of closely controlled frequency, to produce
a new frequency of 3840 - 40 = 3800 mc.
This is mixed in the recelver converter with
the reczived 3730 mc signal to produce a
70 me intermediate frequency. This 70 mc
and the 3840 mec generated frequency are com-
bined in the transmitter modulator to pro-
duce 3840 - 70 = 3770 mc transmitted carrier.
It can be seen, therefore, that drift in
the microwave generator frequency results
in a corresponding change in intermediate
frequency but not in transmitted carrier.
When separate generators are used, any vari-
ation in frequency in the two separate gen-
erators may result in carrier-frequency
variations. At terminals and main stations
involving switching of circuits, the rela-
tionship between the received and trans-
mitted signals may not be such that a single
generator will suffice and, in general, more
flexibility 1s desired. Two separate micro-
wave generators are therefore provided: one
to supply the converter and one to supply
the modulator. Since less power need be
supplied the converter than the modulator,
the receiver microwave generator does not
require the V6 stage (a 416A tube).
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1,07 Transmission Characteristics: The
transmission characteristics of the
transmitter-recelver bay are as follows:

Frequency Range 3700-4200 me

Frequency Transmission 20 me
Band (0,1 db down)

Output Power 0.5 watt

Min., Signal Input for -57 dbm

Normal Output (Based
on max, IF main ampli-
fier gain of 63 db

2. CHANNEL SEPARATION FILTER NETWORKS

2.01 General: The TD-2 Radio System is

SO0 designed that as many as six
broadband channels may use the same anten-
nas, This requires filltering equipment at
the receiving end of the radio circult to
select the proper channel and prevent inter-
ference, and at the transmitting end to
combine the various channels without caus-
ing cross-modulation., Such filters must
be designed so that no one has any unfavor-
able reaction on the behavior of the others.,
With only two filters, this requirement is
not serious., As the number of channels in-
creases above two, however, it becomes more
and more difficult to meet. The TD-2 sys-
tem uses waveguide hybrid Jjunctions in con-
Junction with band reflection filters.

2,02 Eguipment Features: The channel
separation network (see page 102)
consists of a number of waveguide units in
tandum, the 1400-type network (page 103)
being used in the receiving branch and the
1401-type being used in the transmitting
branch, Each network consists of two 1A
Junctions, two 1300-type waveguide filters,
one 400A Tuner and one 500A Termination,
Different 1300-type filters are used for
the different frequencies but for a given
frequency the only difference between a
1400 and a 1401 network is in the assembly -
the 1A Junctions being effectively turned
over 180 degrees in one case compared with
the other., The over-all dimensions of each
of these networks with the movable arms of
each 1A Junction facing inward are approxi-
mately 4-5/16" by 5-5/16" by 19" long.

Network Filter Frequency - mc
1400A & 1401A 1300A 3730
1400B & 1401B 1300B 3770
1400C & 1401C 1300C 3810
1400D & 1401D 1300D 3850
1400E & 1401E 1300E 3890
1400F & 1401F 1300F 3930
1400G & 1401G 1300G 3970
1400H & 1401H 1300H 4010
14003 & 1401J 1300J 4050
1400K & 1401K 1300K 4090
1400L & 1401L 1300L 43130
1400M & 1401M 1300M 4170

The principles of construction of the 1A
Junction are shown in Fig. 1
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Fig. 1 - Principles of Construction
of the 1A Jurnction

Here the A and B arms are in line with the
C arm while arm D is connected to the A and
B arms by a coaxial line, and may be turned
in any direction. The central conductor of
the coaxlal connection projects into the Y
Junction space where arm C branches into
arms A and B in such a way that the trans-
verse probe P couples D to A and B but not
to C.

The construction of one of the 1300-type
band reflection filters is shown in Fig. 2.

BN

BAND WIDTH
ADJUSTED BY TOP
SCREWS =

~
~~FREQUENCY ADJUSTED
BY SIDE SCREWS

Fig. 2 - Principles of Construction
of the Type-1300 Filter
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Three probes spaced approximately three-
quarters wavelength apart project into the
section from one of the narrow sides, and
near the opposite wall are tipped with capac-
itance discs. The capacitance of the disc,
and consequently the resonant frequency of
the circuit is adjusted by a screw in a wall
opposite the disc, Other screws, inserted
in the broad side of the guide opposite the
probes, provide adjustable coupling by dis-
turbing the symmetry of the field. Changing
the distance these screws project into the
guide changes the coupling and consequently
the bandwidth of the series resonant cir-
cuit, which may be changed from infinity to
any value within the range required. The

D arms of the second hybrid of each channel-
dropping filter, and both the D and C arms
of the second hybrid of the last filter are
terminated in dummy loads, while the D arm
of the first hybrid of each filter connects
to a channel transmitting amplifier, or to

a channel image suppression band-pass fil-
ter.

2.03 Circult Description: Each channel
separation network consists of two

hybrids and two band reflection filters as

shown in the general block schematic of

Fig. 3.
INPUT
FROM ANTENNA
HYBRID-. |c
A
B
D DROPPED CHANNEL
—_—
v
1
[*~~ IDENTICAL 2 WAVELENGTH
Y BAND REFLECTION 7y
T WAVELENGTH FILTERS ~-p
* DUMMY
LOAD
D
A
B
HYBRID-"C

OTHER
1 CHANNELS

Fig. 3 - Block Diagram of Type-1400 Network

The waveguide hybrid is a 4-arm unit shown
diagrammatically in Fig. 4. Input to arm

C divides equally between arms A and B
with no output to arm D, Although equal
outputs are always obtained in arms A and
B with an input to either C or D, the rela-
tive phase of the outputs in A and B differs
in the two cases. When the input is from
arm D, the outputs in arms A and B are in
phase, while when the input is from arm C,
the outputs in arms A and B are in phase
opposition. This difference in phasing may
readily be seen to result from the circult




ARM D

Fig. 4 - Diagrammatic Representation
of the Hybrid Junction

f, outPuT f,outPUT fiy ouTPUT

Fig. 5 - Block Diagram of a 3-section
Channel Separation Filter

shown in the circuit equivalent of Fig. 5.
With the input from branch C, current circu-
lates around the series loop including A
and B, and thus in the same direction in each
of these two branches., If the current cir-
culates in a clockwise direction in branch A,
it also circulates clockwise in branch B,
With the input from branch D, on the other
hand, the current circulates in opposite
directions in branches A and B; if it cir-
culates clockwise in A, 1t circulates
counterclockwise in B, Because of this
action of the hybrid, equal and in-phase
voltages applied across arms A and B result
in no output to arm D and full output to
arm C, If the input to arms A and B were
in phese opposition, on the other hand,
there would be no output in arm C and full
output in arm D, With this behavior of the
hybrid in mind, one may easily follow the
action of the circuit shown in Fig. 5.
Input to arm C at the top divides equally
into arms A and B with no output to arm D,

SECTION R90.315

The band reflection filters in arms A and

B reflect one band of frequencies, which

may be assumed to be that corresponding to
channel 1, and pass all other frequencies.
The unreflected frequencies continue on and
enter the second hybrid by way of its arms

A and B, Since the energies flowing 1in
these two arms are in phase, they add in
arm C to become equal to the linput of arm

C of the upper hybrid. No output is trans-
mitted to arm D. The bands reflected from
the filters in arms A and B, on the other
hand, travel back to enter arms A and B

of the upper hybrid. These reflection fil-
ters, however, are not symmetrically lo-
cated in arms A and B, In the A arm, the
connection between the filter and the lower
hybrid is one-quarter wavelength longer than
that between the filter and the upper hybrig,
vhile in the B arm the ccnnection between
the filter and the upper hybrid is one-quar-
ter wavelength longer than that between the
filter and the lower hybrid., The band that
1s reflected by the filter in arm B thus
travels a path one-half wavelength longer
than that traveled by the band reflected in
arm A - one-quarter wavelength before reflec-
tlon and another quarter wavelength after
reflection., As a result, the reflected
waves reaching the upper hybrid are in phase
opposition, and thus they add to give full
output in arm D and have no effect on arm C.
The net result of the arrangement shown in
Fig. 3 is thus to transmit all but one fre-
quency band, and to drop off that band for
amplification., By connecting a number of
such arrangements in tandem, as indicated

in Fig. 5, each drops off one channel for
amplification and passes the remaining chan-
nels on to the next section, For a 10-chan-
nel system, there will be 10 of these chan-
nel-dropping filters connected in tandem and
each would supply one channel amplifier. A
similar chain would be connected with the
output sides of the channel amplifiers. A
waveguide hybrid of the form shown in Fig. 4
would be awkward to use in a chain circuit
such as Flg, 5 because of the large number of
right-angle waveguide bends that would be
required. As a result, a hybrid junction

of the form shown in Fig. 1 was designed.

2,04 Transmission Characteristics:

Typical Standing-wave-ratio and
Transmission Loss Character-
istics (Based on Eight Filters)

Frequency VSWR Transmission Loss
MC DB DB
fo =~ 20 .60 t 40 1.00 £ .20
fo - 15 .40 = ,20 .Eg + 07
fo - 10 «30 £ .10 S + .06
fo - 5 «20 = ;10 U7 £ 04
fo .12 £ ,06 46 = 04
fo+ 5 17 E 10 JA7 £ .05
fo + 10 <30 £ 20 49 = ,06
fo + 15 .45 ¢ .30 .56 £ .10
fo + 20 .70 £ .60 1,00 = .35
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45

40 N

35

30 \
25

DB
=

—=—BFO
—= IMAGE

o
-140 =-i20 -i00 -80

-60 -40 -20 o +20

+40 +60 +80 +100 +120 +140 +i60 +180

MEGACYCLES OFF CENTER' FREQUENCY

Fig. 6 - Typical Insertion Loss Characteristic of 1301-type
Image Suppression Filter.

3. _ RECEIVER CONVERTER AND PREAMPLIFIER
(J6S330D)

fA} General

3.01 The receiver converter serves to con-
vert the received microwave signal
(in the -3700-4200 mc range) into a 70 mc
intermediate frequency in order to facili-
tate amplification and reconversion to a
microwave signal of a different frequency.
The preamplifier provides about 12 db gain.
The preamplifier 1is aligned and tested as
an independent unit but the converter can
only be tested in conjunction with a pre-
amplifier, image suppression filter and a
400-type tuner. A photograph of the
receiver converter and preamplifier is shown
on page 104, and circuit schematics SD-59402
and SD-59407 are shown on pages 123 and 129,
respectively.

(B) Receiver Converter

3.02 Eguipment Features: The balanced

microwave crystal converter consists
of a section of waveguilde 2" long with inside
dimensions of 2.290" and 1.145" with two
4054 Varistors mounted in short sections of
75 ohm coaxial tubes coupled to the wave-
gulde., A fitting provides for a coaxial
connection for the beating signal input. A
sectional view of the shifter converter,
which is similar to the recelver converter,
is shown on Fig. 8, One lead from each of
the varistors passes through the small
coaxial tubes and out the bottom for con-
nection to the preamplifier, to which the
converter is rigidly attached by means of a
support bracket. A 400-type tuner, the
dimensions and adjustments of which are
critical for the various frequencies, is
mounted between the wavegulde input for the
migrowave signal and the image suppression
filter,
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3.03 Circuit Description: The circuit
schematic of the receiver converter
is shown on SD-59407. The converter is a
,alanced microwave crystal modulator
mounted in a combination coaxial and wave-
guide hybrid Junction. The CR1 and CR2
varistors are matched into 75 ohm coaxial
lines coupled into the H plane of the hybrid.
The beating oscillator current from the
40 mc shifter is fed into the converter
through a 75 ohm coaxial line projecting
through the E plane of the hybrid. The
double-ended varistors are placed in the
coaxial lines in opposite polarity so that
their IF in-phase outputs can be connected
in parallel directly to the cathode of the
first grounded-grid amplifier. The IF
output from the varistors is brought out on
a shielded pair of wires through the FL3 and
FLY4 IF filters. The latter isolate the RF
and IF parts of the circult. Second harmon-
ic filters FL1 and Fl2 are included between
the varistors and the waveguide to prevent
second harmonic frequency generated in the
varistors from getting back into the wave-
gulde, The impedance matching section is
used to improve the impedance characteris-
tic as presented to the image rejection
filter,

3.04 Transmission Characteristics: The
transmission characteristics of the
converter are as follows:
Input Frequency
Input Impedance
Mateh

3700 to 4200 mc
Return loss (W),
30 db over a
20 mc band lo-
cated in the
input frequency

- range.
Converter Balance 25 db or more
Output Midband 70 me

Frequency
Output Impedance Approximately

140 ohms




The over-all band-
width of the con-
verter plus pre-
amplifier should
be the same as
that of the pre-
amplifier, within
the limits of the
measuring equip-
ment.

6 db

The over-all noise
figure of the
converter working
into a preampli-
fier having a
nolse figure of
5.7 db 1s 12 db.

1.5 ma each

3 dbm or less

Bandwidth

Conversion loss
Noise Figure

Varistor Currents
Beating Oscilla-
tor Power

(C) 1IF Preamplifier

3.05 Equipment Features: The IF preampli-
fier is assembled in a shielded
chassis 4" wide by 1-5/8" deep and 13-7/8"

in length. All the.circuit elements are
mounted within the shield chassis and are
attached to its cover., The two vacuum
tubes (417A), filament stabilizing resis-
tors, the test input jack TST IN, the out-
put jack OUTPUT, test points for measuring
cathode voltages, grid bias and filament
voltages, power receptacle, and means for
making various alignment adjustments are
on the outside of the cover, The power sup-
plies required are:

10.8 # 0.1 volt DC

Fillament Supply
0.6 ampere

(Positive
Grounded)
Plate Supply +13%4 to +137 volts,
58 ma
9 £ 0.2 volts, negli-
gible current

drain.

Bias Supply

Under emergency conditions the amplifier
will operate on supply voltages as low as
'907 and +116 VOlts.

3.06 Circuit Description:

(a) The IF preamplifier consists of two
grounded grid stages in tandem and
operates between a balanced crystal con-
verter and a 75 ohm cable. Since the
converter impedance is about 140 ohms
and the first tube input is about 145
ohms there is a mismatch loss of 1.3 db.
This reduces the preamplifier gain from
an average matched gain of 13.2 db with
new tubes to a working gain of 11,9 db,
The preamplifier interstage network 1s
a band-pass filter structure consisting
of L7, I8, L9, €12, Cl17, C18, and C19.
This filter is loaded on the primary side
by R5 in parallel with the plate resist-
ance of Vl, Its secondary loading is

SECTION R90,.315

provided by the input resistance of V2.

A band-pass filter circult consisting of
R9, L10, Ll1l, C13, and Cl4 serves to
match the output of V2 to a 75 ohm line,
The return loss (W) looking into the
OUTPUT Jjack is 25 db or more over a 20 mc
band centered at 75 mc. The grids of
both V1 and V2 are grounded at IF but
biased to +9 volts to provide DC feedback.
Since the drop across cathode resistors
Rl and R7 is in excess of 9 volts, each
grid 1s negative with respect to its
cathode. With this arrangement a small
change in plate current produces a rela-
tively large change in blas. This tends
to keep the plate current and hence the
gain nearly constant from tube to tube
and over the l1life of each tube,

(b) Each tube filament is supplied with

current through a close tolerance
resistor. These resistors regulate the
filament current so that substantially
constant power is dissipated in each
filament with normal variations in fila-
ment resistance, This results in pro-
longed tube life. A nominal resistance
tube supplied with 10.8 volts through
its resistor will have 6.1 volts across
its terminals. Filament and plate power
are fed to the tubes through ladder-type
filter circuits using small chokes and
0,001 microfarad button mica capacitors.
Test points TP1A and TP2A are provided
to read the cathode voltages of V1 and
V2. The actual grid biases may be
measured between these points and test
point C+ using a high resistance volt-
meter (20,000 ohms per volt). The fila-
ment voltage may also be monitored using
test points FIL A and GRD, A filament
activity test may be made on each tube
by decreasing the filament voltage and
noting the corresponding change in grid
bias.

(c) A test input jack TST IN is pro-
vided for checking the preampli-
fier alone., A 30 ohm resistor is con-
nected in series with this jack to per-
mit matching a 75 ohm cable, This
causes a loss of 2,2 db so that the gain
measured between this jack and the output
is 11 db if the converter is disconnected
If the converter is not disconnected
there will be a slight additional loss
due to bridging its impedance across the
amplifier impedance. When the amplifier
is used with its normal connection to
the converter, it has 0.9 db more gain
than the galin measured between the
TST IN and OUTPUT Jjacks.

3.07 Transmission Characteristics: The
transmission characteristics of the
IF preamplifier are as follows:

Midband Frequency
Bandwidth

70 mc
22 me (at 0.1 db
down points)
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Gain (Input from

Converter) 10.9 db) Min,
(75 ohm source con- with
nected to TST IN new
jack) 10.0 db) tubes
Power Output 1 mw (max)
Noise Figure 5.7 db
Input Impedance from
Converter 45 ohms
Input Impedance from
TST IN 75 ohms
TST IN Return Loss 25 db (min)
Output Impedance 75 ohms
Output Return Loss 25 db (min)

4, IF EQUALIZER

4,01 General: The inclusion of IF equal-

izers to compensate for phase dis-
tortion depends upon the particular cir-
cumstances under which the equipment 1is
used. For short circuits, phase equaliza-
tion is not necessary and even for longer
circuits it may not be necessary to equal-
ize at each repeater. The characteristics
of the equalizers and the particular re-
peaters at which they will be installed is
a matter for job engineering.

5. IF MAIN AMPLIFIER (J68330A)

5.01 General: This 8-stage amplifier pro-

vides the principal IF amplification
for the repeater and, by means of automatic
gain control, compensates for fading of the
radio signal to keep the IF signal output
constant. A photograph of the unit is shown
on page 105 and the circuit schematic -
SD-59401 - on page 122.

5.02 Equipment Features: The amplifier is
assembled in a shielded chassis 4"
wide by 1-5/8" deep and 24-1/4" in length.
All the circuit elements are mounted within
the chassis and are attached to its cover.
The vacuum tubes (1-41T7A, 6-%04A, and
1-4184), filament stabilizing resistors, in-
put, output and monitoring Jjacks, test
points for cathode-bias voltages, various
alignment adjustments and the power recep-
tacle are on the outside of the cover. The
power supply requirements are as follows:

Filament Supply 10.8 £ 0.1 volts DC

(Positive Grounded) 2.7 amperes
Plate Supply +134 to +137 volts
0.24 ampere
Bias Supply 9 £ 0.2 volts
Negative Gain 0 - 3 volts
Control Bias (adjustable)

Under emergency conditions, the amplifier
will operate with some degradation of its
characteristics on supply voltages as low

as -9.7 and +116 volts.

5.03 Circuilt Description of Transmission
Circuit: e IF main amplifier is an

8-stage amplifier operating between 75 ohm

impedances. The bandwidth is approximately

20 mc (0.1 db down) and the full gain is
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at least 65 db with new tubes. The first
stage of the amplifier is a conventional
grounded grid circuit. Impedance matching
between the 75 ohm input and the impedance
looking into the cathode, approximately 45
ohms, is accomplished by the band-pass net-
work consisting of C2, C6, €8, Cl2, C16,
and L1 and L2. A band-pass filter, con- ‘
sisting of L5, L6, L7, and C9, the output
capacitance of V1 and the input capacitance
of V2, couples the plate of V1 to the grid
of V2. Damping resistors R3 and R5 serve
to terminate this filter. The pass-band
has slight peaks at about 62 and 78 mec.
Similar band-pass filters consisting of

the corresponding elements, provide inter-
stage coupling between the second to
seventh stages, inclusive. A somewhat
different band-pass filter, consisting of
1L53-L56 and C58-C60, and the associated .
tube capacitances, constitutes the inter-
stage network between V7 and V8. The cir-
cuit is damped only on the plate side by
R45. The pass-band of this stage has small
peaks at 59, 70 and 80 mc. This, when
added to the characteristic of the previous
stages, gives a flat over-all band. The
single damping of this interstage renders
it sufficiently responsive to adjustment

so that it can control the over-all ampli-
fier band shape. A band-pass output cir-
cuit consisting of L62, L63, C70, CT71l, and
R52 serves to match the output of the last
tube to a 75 ohm line. A monitoring output
is derived from a pad consisting of R54% and
R55 bridged across the regular output. The
monitoring output level is 26 db below the
regular output.

5.04 Circuit Description of Gain Control
and Bias Circuits: A rectified output
is provided by the varistors CR1 and CR3
which are coupled to the regular output by
C7l. This rectified voltage 1s used as a
measure of the output for gain regulating
purposes. LT71 and L72 and C77-C80 inclusive
provide filtering on the rectified output
leads RECT + and RECT -. The gain of the
second to sixth stages, inclusive, is con-
trolled by the negative bias (0-3 volts)
provided externally on the AVC lead. A
varistor CR2 is provided between this lead
and ground. This serves to ground the AVC .

lead 1f the blas goes positive, thereby
limiting the positive voltage applied to the
grids. Small unby-passed cathode resistors
R6, R13, R20, R27, and R34 provide some
feedback on the gain controlled stages.

This feedback reduces the variation input
capacitance with changes in grid bias, thus
minimizing detuning as the gain is changed.
The gain control AVC bias may be derived
from the rectified output, through suitable
external circuits, so that the amplifier
gain is automatically adjusted to maintain ‘
approximately constant output. The constant
gain stages V1, V7, and V8 are provided
with a 9 volt positive grid bilas. The

large cathode resistors R2, R41, and R4T7
used with these tubes provide a cathode

bias in excess of 9 volts, so the grids



remain negative with respect to the cath-
ode. Under this arrangement, small changes
in plate current produce relatively large
changes in bias, This tends to keep the
plate current, and hence the gain, more
nearly constant from tube to tube, and over
the life of each tube.

5.05 Circuit Description of Test Points,
Power Supplies and Miscellaneous:

(a) Test points TP1lA, TPTA, and TP8A
are provided to read the cathode
voltages of V1, V7, and V8, respec-
tively. Similar test points are pro-
vided for V2 to V6, inclusive, and
designated TP2B to TP6B, respectively.
The latter are connected to read the
voltage at the cathode end of the by-
passed cathode resistors R7, R14, R21,
R28, and R35. The actual cathode
voltage differs by the drop across the
unby-passed cathode resistors.

(b) Filament power is provided by two
leads. FIL A lead serves V1, V7,
and V8, and FIL B serves V2 to V6,
inclusive., A filament activity test
may be made on each tube by decreasing
the filament voltage on the appropriate
lead and noting the change in voltage
at the corresponding test point. It
will be noted that the test points for
the tubes supplied by the FIL A lead
are red and carry designations ending
in A, The test points similarly associ-
ated with the FIL B tubes are black and
are designated with a B. Each tube
filament 1s supplied with current
through a close-tolerance resistor.
These resistors are R1, R8, R15, R22,
R36, and R43 for V1 to V7, respective-
ly. V8 requires twice the filament
current and 1s supplied through R4¥9 and
R50 in parallel. These resistors sta-
bilize the filament current to the ex-
tent that substantially constant power
1s dissipated in each filament regard-
less. of normal variation in filament
resistance. This results in prolonged
tube life. A nominal resistance tube,
supplied with 10.8 volts through its
resistor, will receive 6.1 volts across
its terminals., Filamept and plate power
and bilas are connected to the various
stages by way of feed-through type
button mica condensers of 0.001 micro-
farad capacity. The various supply
leads are connected from one stage to
the next through small chokes. Four
types of chokes are used: (1) a low
resistance filament choke; (2) a low Q
general purpose choke; (35 a2 high Q
approximately resonant choke; and (4) a
small high Q choke for screen leads.

(c) A special ground connection, desig-
nated METER RETURN is provided for
use in connection with the filament
activity test. Grounding of the meter
used for cathode voltage measurements
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through this lead eliminates error due
to filament current drop in the normal
ground lead.

5.06 Transmission Characteristics: The
transmission characteristics are as
follows:

Impedances - Input

and Output 75 ohms
Input and Output

Return Loss 25 db (min)
Midband Frequency 70 mec
Bandwidth (0.1 db

down at 40 db gain) 20 me

Gain Characteristic
at 60 db gain

Downward slope
(down 0.4 db
at 80 me)
Upward slope (up
0.2 db at 80 me)
+4 to +13 dbm

Galin Characteristic
at 25 db gain
Output Range

Gain Range - Full 65 db min,
gain with new tubes T4 db average
Min usable gain 25 db

6. RECEIVER CONTROL UNIT (J68330B)

6.01 General: The receiver control unit
performs control and test functions
for the receiver converter, the IF pre-
amplifier, and the IF main amplifier.
unit provides: fused filament and plate
power; bias voltages; regulation of the
70 me output power of the IF main amplifier;
means for making filament activity tests
of the tubes of the preamplifier and IF
main amplifier; means for measuring re-
ceiver converter crystal currents, plate
supply and bias voltages, and certain test
voltages in the AVC circuit. A photograph
of the unit is shown on page 106 and the
circuit schematic - SD-59405 - is shown cn
page 127.

The

6.02 Equipment Features:

(a) The receiver control unit is de-

signed for mounting on a 19" duct-
type bay. The space occupied is 7"
high and the over-all depth is 9". The
‘equipment 1s arranged for single-side
maintenance and all apparatus, wiring,
and controls are accessible from the
front. Removal of the front cover,
secured by quick release fasteners,
allows access to those secondary con-
trols not included in the main control
area and permits the main control panel
to be dropped forward 90 degrees for
maintenance. All connections are made
to this unit by means of multicontact
plugs and receptacles.

(b) To the left of the exposed panel
area are the filament circuit
breaker FIL, the indicating 1-1/3 amp
fuse for the +130 volt circuit and a

spare, and a control key CONT for
switching to either manual control
2MAN) of gain or to automatic control
AUTO). Associated with the key is a
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lamp which lights when the key is
operated to MAN. The contrcl of out-
put power with the key operated to AUTO
is with the screwdriver adjustment AUTO.
The potentiometer provided with the
knob and marked MAN is the manual gain
control. The meter may be connected

to various circults by means of the
switch to measure the converter crystal
currents CR1 and CR2, the gain control
bias with manual and automatic opera-
tion, the +bias voltage, the rectified
receiver output, the +130 volt supply,
the grid bias of tubes not gain con-
trolled (TST A), the cathode bias of
the gain controlled tubes (TST B), the
voltage at the plate of V1, and the
cathode potential of V2., To the right
are two keys for making the filament
activity tests, TST A for tubes whose
gains are not controlled and TST B for
tubes whose gains are controlled. The
lamp TST lights when either switch is
thrown to TST. Inside the cover and
at the top right of the unit are two
screwdriver adjustments for the resis-
tors which are introduced in making

the filament gctivity tests and a screw-
driver adjustment of the +bias. Also
inside the cover are two 313C and two
396A vacuum tubes. The power supply
requirements are as follows:

Filament Supply (Positive 10.9 * 0.1
grounded with 120 cycle volts DC
ripple not to exceed 4 amperes
0.2 volt)

Plate Supply +134% to +137

volts
0.325 ampere

These figures include the power required by
the IF main amplifier and IF preamplifier
which are supplied through the receiver
control unit.

6.03 Circuit Description of Filament
Circuits: Fllament battery enters the
circuit Through terminal 2 of the PWR IN
plug and through circuit breaker S5. An
overcurrent condition causes operation of
circuit breaker S5, which interrupts the
normal current path from terminal 1 to
terminal 2. The circuit between terminals
3 and 4 is then closed, connecting the -12
volt battery through resistor R26 to the
-12V ALM lead, to operate an external fuse
alarm circuit. The heaters of tubes V1 and
V2 are supplied through resistors R4 and R9,
respectively. These resistors reduce the
filament voltage to a nominal 6.2 volts at
the tubes, and serve to hold constant the
filament power dissipated in each tube, re-
gardless of normal variations in heater
resistance. The tubes in the IF preampli-
fier, and those in the main amplifier which
use positive bias, are supplied by the
leads designated FIL A, A variable resis-
tor FIL ADJ TST A (R30) short-circuited by
switch S2 is provided to reduce the fila-
ment voltage as required for the filament
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Cactivity test.

The tubes in the IF main
amplifier which do not employ positive bias
are supplied by the lead designated FIL B.
Variable resistor FIL ADJ TST B (R31) and
its shorting switch S3 provide for dropping
the filament voltage for the filament ac-
tivity test. ZLamp TST (Il) lights whenever
shorting switch S2 or S3 is in the TST
position, as a warning that the associated
tubes are operating at reduced voltage.

6.04 Circuit Description of Plate and Bias
Supply:

(a) The +130V battery supply enters

the circuit through terminal 3 of
the PWR IN plug, and through fuse
+130V. An overcurrent condition will
cause fuse operation and closure of
contacts between terminals B and A of
fuse mounting. This will supply +130
volt battery through R27 to +130V ALM
lead, to operate an external fuse
alarm circuit.

(b) Tube V4 has the characteristic of
maintaining a constant voltage
(nominally 60 volts) between its termi-

nals 4 and 1. This voltage appears
between the junction of R13 and R14 and
ground. R14 and R34 (+BIAS) serve to
divide this voltage still further, and
the variable tap 3 on R34 (+BIAS) is
adJustable to give 9 + 0.2 volts on the
C+ lead as bilas for the IF amplifiers.

Caution: Removing tube V4 when +130
volt supply 1s connected to cir-
cult will cause a substantial in-
crease in voltage on the C+ lead
and may damage tubes in Cthe associ-
ted IF amplifiers.

6.05 Circuit Description of Gain Control-
ling Clrcult:

(a) The IF main amplifier provides a
rectified output which is propor-
tional to its 70 me output. This rec-
tified output 1s used to measure the
intermediate frequency output power.
It appears in the receiver control unit
on the leads RECT + and RECT -, is
amplified, reversed in polarity, and
applied to the IF main amplifier to
control its gain. The action is such
as to reduce changes in output to about
1 db over the normal range of input
power. The rectified output 1s applied
between the grid terminal 3 of V1 and
terminal 3 of the potentiometer AUTO
CONT. Resistors R7, R29, R36, and R37
and potentiometer AUTO CONT constitute
a voltage divider between +130V and
-12V, This divider provides a bias for
the first section of tube V1., The total
voltage on grid terminal 3 of V1 is
then the sum of the rectified voltage
and this bias, and 1is adJjustable by
means of the AUTO CONT potentiometer.
The second section of V1 serves to




provide a stabilized cathode-to-ground
voltage for the first section of V1,
The net grid-to-cathode voltage on the
first section of V1 is then the differ-
ence between the grid voltage and this
cathode voltage. Resistor R35 in
series with grid terminal 7 of V1
serves to prevent oscillation. Voltage
changes on grid terminal 3 of V1 are
amplified about 24 db and appear as
plate voltage changes of opposite
polarity on plate terminal of V1.
Plate terminal 4 of V1 is coupled to
grid terminal 3 of V2 through current
limiting resistor R6. This section of
V2 operates as a cathode follower. The
voltage on cathode terminal 2 of V2
thus follows closely the voltage on
plate terminal 4 of V1. In order to
produce a negative voltage from the
output of V2, a gas tube V3, having a
constant voltage drop of about 60 volts,
is placed in the cathode lead of the
first half of V2. The negative termi-
nal of this tube is returned to the

-12 volt supply through R8. The Jjunc-
tion of V3 terminal 1 and R8 then is
normally between ground and -3 volts.
This voltage is returned to the IF main
amplifier on the AVC lead to control
the amplifier gain. A filter consisting
of R10 and C7 is inserted in the AVC
lead to control the speed of response
of the control system.

(p) The MAN-AUTO CONT key is provided
to switch to manual gain control
of the IF main amplifier. The neces-
sary negative bias is derived from the
-12 volt supply through R25 and is ad-
justable over a O to 3 volt range by
means of the MAN CONT potentiometer., A
filter consisting of L3, C9 and Cl0 is
inserted in the -12 volt lead which
supplies negative voltage to the auto-
matic and manual bias circults in
order to attenuate battery charger
ripple and noise from the 12 volt sup-
ply. This filter permits use of a
supply having not more than 0.2 volt of
120 cycle ripple. Normally the -12
volt bias is obtained from the filament
battery. An external strap between
terminals 9 and 10 of the PWR IN plug
1s necessary to accomplish this. If it
1s desired to furnish this bias from a
separate source, the strap is omitted
and the bias supply connected to termi-
nal 9.

6.06 Circuit Description of Metering
Circuits:

(2) With switch S1 in the CR1 and CR2
positions meter Ml reads the current
of the two varistors in the receilver
converter. Full scale reading in these
positions is 2.5 ma. Shunts R19 and
R20 provide paths for these currents
when switch S1 is in other positions,
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(b) With switch S1 in the MAN and AUTO

positions, meter Ml reads the bias
voltage avallable from the manual and
automatic gain controlling bias cir-
cults. Full scale reading in these
positions is 5 volts. R22 and R11l are
the meter multiplier resistors for
these positions, and shunts R21 and
R12 are provided to maintain the cir-
cult resistance nearly constant when
the meter is switched.

(c) With switch S1 in the +BIAS posi-

tion, meter M1l reads the voltage
of the positive bilas provided for the
IF amplifiers. Full scale reading in
thls position is 10 volts. This bias,
ad justable by means of potentiometer
+BIAS, should be set at 9 volts. Re-
sistor R17 is the meter multiplier for
this scale,

<
(d) With switch S1 in the RCVR OUTPUT
position, meter M1 reads the recti-
fied output of the IF main amplifier.
Full scale reading in this position is
2.5 volts. Resistor Rl is the meter
multiplier for this position, and shunt
R2 maintains a path for the rectified
current when the meter is in other
positions.

(e) wWith cwitch 8l in the 130V position,

meter M1 reads the voltage of the
nominal +130 volt supply. Full scale
in this position is 250 volts. R18 is
the multiplier resistor.

(f) With switch S1 in the TST A or TS

B position, the positive side of
the meter 1s connected to the FIL ACT
TST lead. This lead is equipped with a
test probe in the bay for use in making
measurements at test points on the IF
amplifiers. For TST A, full scale 1s
2.5 volts; the negative meter terminal
is connected to the +9 volt bias lead,
and R15 is the multiplier resistor. For
TST B full scale 1s 0.25 volt, the nega-
tive meter terminal is connected to the
METER RETURN lead, and the multiplier
resistor is R16. The METER RETURN lead
is grounded at the IF main amplifier,
so as to eliminate the effect of ground
potential difference between the main
amplifier and the receiver control unit.

(g) With switch S1 in the V1 PLT or V2

CATH position, meter M1l will read
the voltage at terminal 4 of V1 or
terminal 2 of V2, respectively., Full
scale is 100 volts, and R23 is the
multiplier resistor. V2 CATH should
read about 60 volts when the AUTO BIAS
voltage is O. V1l PLT should be less
than 3 volts different from the reading
at V2 CATH.

7. IF BUFFER AMPLIFIER (J6833OF)-

T7.01 General: The buffer amplifier is a

single stage IF amplifier used at
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main and terminal stations for providing

a suitable termination to the IF patching
cable connecting the buffer with patching
or FM terminal equipment. The amplifier
also provides gain control to adjust the

IF signal power to that required by the
modulator., The photograph of the amplifier
is shown on page 107 and the circuit
schematic - SD-59396 - is shown on page 120.

7.02 Eguigment Features: The components of

e uffer amplifier are mounted
on a panel 4" by 10", The unit fits into
a box 3-1/2" deep. The amplifier is a
single stage unit using a 418A vacuum tube
which is mounted on the face of the panel.
To the left on the panel is the filament
circult breaker and the power plug. The
FIL ACT switch reduces the filament volt-
age for filament activity tests when
operated to TST. When so operated, the red
light immediately below the switch is
lighted. The 15-conductor jack marked TST
is for connecting the 1AK Tube Test Set for
making the filament activity tests. The
+130 V indicating fuse is rated 1-1/3 amp.
A position on the fuse mounting designated
SP is provided for a spare fuse. Pin Jjacks
labeled C+, B+, -11, GRD and K+ enable the
grid blas, plate filament and cathode bias
voltages to be measured. The screwdriver
adjustment GAIN varies the cathode bias.
Screwdriver adJustments labeled L1, L2, ig,
and Cl affect the input circuit and L7, o
and C1l4 affect the output circuit., The
coaxial Jacks INPUT and OUTPUT provide for
connection from the distributing amplifiers
or FM transmitter and for connection to the
transmitter modulator by means of coaxial
cables., The power requirements are as
follows:

Filament Supply 10.8 * 0.1 volts DC

(Positive grounded) 0.6 ampere
Plate Supply +137 volts 0.075
ampere

Note: Under emergency conditions, the
amplifier will operate with some
degradation of its characteristics
with supply voltages as low as -9.7
and +117 volts,

T.03 Circuit Description:

(a) The IF buffer amplifier is a single

418A tube amplifier with a trans-
mission band approximately 20 mc wide
centered at 70 me. The circuit schema-
tic is shown on SD-59396.

(b) In regard to the transmission path,
the IF signal is transmitted to the
buffer amplifier over a 75 ohm coaxial
cable., The input to the amplifier con-
sists of a pad, R1l, R2, R3, and C18,
followed by a band-pass network, Cl, C2,
L1, L2, and L3, and damping resistor
Rlé. A band-pass output circuit con-
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sisting of L7, 18, 19, Cl4%, Cl1l5, and
R11l serves to match the output of the
tube to a 75 ohm coaxial line.

(z) Associated with the bias and gain
control circuits is a resistance
voltage divider, R10 and R7, connec-
ted to the +130-volt supply. The volt-
age at the division point is applied
to the grid circuit through a low-pass
filter network, L1l, C3, C4, Cl1, and
R4. The cathode current flows to
ground through R6, R15 and R20. R15
potentiometer GAIN can be varied to
change the effective bias on the tube
and thus controls the amplifier gain.
R6 and R20 are fixed resistors which
provide bias when the tube is operated
at maximum gain. The cathode is by-
passed by condensers C8 and C10. By-
pass condenser C7 is used to provide
additional filtering in the cathode
circuilt,

(d) Plate voltage is supplied to the

plate circuit from the +130 volt
supply through a low-pass filter net-
work, C16, C13, and L10. Screen volt-
age 1s supplied to the tube from the
+130 volt supply through the same low-
pass network C16, L10, and Cl1l3, plus
an additional section L6 and Cl2.
Filament power is supplied to the tube
from the -11 volt terminal through the
resistors R8 and R9 in parallel and a
low-pass network consisting of L5 and
C9. The resistors stabilize the fila-
ment current to the extent that sub-
stantially constant power is dissipated
in the filament regardless of normal
variation in tube fllament resistance
values. This results in more uniform
tube life. A tube of nominal resist-
ance, supplied thus from an 11 volt
source, will receive 6.3 volts across
its terminals.

(e) Means are provided for testing
filament supply, plate, cathode,
grid and operating bias voltages of the

tube. Provisions are also made for
making filament activity tests. Access
to the filament supply is provided by
the -11 V jack J4% and the GRD jack Jb.
For measuring the +130 volt supply the
B+ jack J3 and the GRD jack J6 are
used. Jacks K+ and GRD (J5 and J6,
respectively) provide access to the
cathode circuit so that the DC cathode
voltage can be measured with a high
resistance voltmeter. Jack K+ is con-
nected to the cathode through a low-
pass filter circuit, C5, C6, R5 and L4.
Access to the grid bias circuit is pro-
vided by Jjacks C+ and GRD (J2 and J6,
respectively) so that the DC voltage
applied to the grid can be measured
with a high resistance voltmeter. The
operating blas of the tube can be meas-
ured with a high resistance voltmeter




if tne positive side of the meter is
connected to the K+ jack (J5) and the
negative side to the C+ jack (J2).

The 15-prong TST jack TS2, resistor R12,
and FIL ACT TST switch S2 are used when
making a filament activity test on the
tube., The TST lamp I lights when the
test switch is thrown to the TST
position.

(f) If the filament circuit is over-

loaded due to a trouble condition,
the FIL relay switch S1 operates to
open the filament lead and transfer the
-11 volts to an alarm circuit through
R13. If the +130 volt supply is over-
loaded due to a trouble condition, the
+130 fuse opens the supply to the
amplifier and transfers the +130 volts
touan alarm circuit through resistor
R14,

7.04 Transmission Characteristics - The
transmission characteristics of the
IF buffer amplifier are as follows.,

Nominal Transmission Band 60-80 me
Input +3 dbm
Nominal Output +1 to +5 dbm
Input and Output Impedances 75 ohms

In the transmission band the gain increases
slightly with frequency to compensate for
a corresponding increase in loss with fre-
quency in the patching cables.

8. TRANSMITTER MODULATOR (J68330L)

8.01 General: The transmitter modulator
Is employed to shift the modulated
70 mc intermediate frequency signal to the
desired microwave frequency in the 3700-
4200 mc band ahd at the same time provide a
conversion gain of from 3 to 9 db and an
output of +9 dbm. Photographs of the unit
are shown on pages 108 and 109 and the cir-
cuit schematic - SD-59406 - is shown on
page 128.

8.02 Equipment Features: The transmitter
modulator assembly consists of a
transmitter modulator cavity (similar to
amplifier cavity, Fig. 7) in which are
mounted a 416A vacuum tube, various compo-
nents comprising impedance match1n§ net-
works, a number of 2.290" by 1.145" wave-
guide components such as a wavegulde-to-
coaxial transducer, a 400B Tuner, a beating
oscillator filter, a waveguide spacer unit,
an output filter section, a 1303 Filter and
a 400G Tuner. The over-all length of this
assembly is 22.7" maximum. The beating
oscillator input 1is connected by means of a
transducer probe inserted in a transducer.
The IF signal is inserted through a 477A
coaxial jack. The output of the modulator
is equipped with a standard flange for
2.290" by 1.145" waveguide. Battery and
control leads are connected through a multi-
contact jack. A torque wrench (P-257211)
is required to insert and remove the 4164
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tube from the cavity. A hex socket wrench
and a special tool assembly (P-257207) are
required for tuning. An air supply of 0.2
cu. ft. per minute is required for cooling.
The power requirements are as follows:

6.3 volts
250 volts

1.8 amperes
15 ma

Filament Supply
Plate Supply

8.03 Circuit Description:

(a) The circult schematic of the trans-
mitter modulator is shown on
SD-59406. The modulator uses a 4164,
grounded grid triode, vacuum tube V1
as a converter. The beating oscillator,
having a frequency of 2, and the
intermediate frequency, having a fre-
quency of fl, are impressed on the
cathode of the 416A tube. The tube is
operated in a region where nonlinearity
exists and as a result, the sideband
frequencies (f2 + £f1) and the beating
oscillator frequency f2, are obtained
in the plate circuit of the tube.
These frequencies along with the other
modulation products will also appear
in the cathode circuit. Trap circults
and by-pass circuits are used to re-
ject the unwanted frequencies. The re-
jection of the unwanted frequencies in
the input and output circult affect the
conversion gain and the impedance of
the modulator; thus the spacing of the
various rejection filters with respect
to the cathode and plate circuit is
critical with frequency.

(b) The beating oscillator is impressed
on the cathode of V1 through a
tuner, a band-pass filter, filter spac-
ing unit and the cathode cavity. The
tuner consists of two antiresonant cir-
cults separated by 1/8 wavelength. The
two rods act as inductances and the two
screws as adjustable capacitances. The
tuner is capable of tuning out a stand-
ing wave ratio of 8 db in magnitude and
is adjusted to obtain an impedance match
at the beating oscillator frequency.
The beating oscillator filter is a
single sectlon resonant iris filter
tuned to pass the beating oscillator
frequency and reflecting the desired
sideband frequency. The length of the
filter spacing unit is such as to give
optimum modulator conversion gain and
impedance characteristics., The cathode
cavity is loaded by the input conduc-
tance and the glass loss of the input
of the tube. Tuning is effected by a
capacitive screw CPl in the input iris.
Thus the input circuilt is a single tuned
circuit heavily loaded by the input con-
ductance of the tube. Since no adjust-
ment 1s available in the input conduc-
tance of the tube the circuit is designed
so that the impedance seen at the input
1s always less than the characteristic
impedance of the waveguilde. The re-
maining match is obtained by the tuner.
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(¢) The €0 to 80 mc intermediate fre-

quency is impressed on the cathode
of V1 through an impedance transforming
network which consists of L1, L2, C2,
and C3 and serves to match the cathode
of V1 to a 75 ohm 1line.

(d) The plate circuit of V1 connects

to a resonant section of coaxial
line with the high impedance end of
the line located at the plate of the
tube. A 1/% wave coaxial transformer
Tl is located at the low impedance
point of this 1line transforming the
impedance at this point to match a 47
ohm coaxial line. Variable loading
resistances R1.1 and R1l.2 are placed
in the resonant section of line so as
to vary the Q of the plate circuit to
match the Q of the output filter sec-
tion. The inductance of the resonant
section of line may be changed to
effect tuning by varying the position
of the 1/4 wave transformer. The 47
ohm coaxial line terminates in a broad-
band transducer having variable capaci-
tive loading CP2. Varying CP2 varies
the coupling between the plate circuit
and the transducer.

(e) The output filter section is a
resonant iris filter having a band
width of 80 mec at the 3 db down points,
measured between characteristic imped-
ances. The filter section in conjunc-
tion with the plate circult of V1 forms
a 2-section filter having a pass band
of 20 me to the 0.1 db down points
centered at the transmitting frequency.

(f) The beating oscillator rejection
filter is a 2-section rejection
filter providing a loss of approximate-
ly 50 db at the beating oscillator fre-
quency and having a standing wave ratio
of 3 db or less at the transmitter fre-

quency band.

(g) The tuner consists of two anti-
resonant circuits separated by ap-
proximately 1/8 wavelength and capable
of tuning out a standing wave ratio of
8 db in magnitude. The tuner is used
to correct for the mismatch of the beat-
ing oscilllator rejection filter at the
pass-band frequency.

8.04 Transmission Characteristics: The
transmission characteristics of the
transmitter modulator are as follows:

Output Pass-band
(0.1 db points)

20 mc in 3700 to
4200 mec frequency
band

Conversion Gain 3 to 9 db

Impedance Match -

B.0. Input Circuit 25 db (min) return

loss
IF Input Circuit 20 db (min) from
60 to 80 me
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B.0. Input Power +23 dbm
B.0. Power in Output

Circuit -35 dbm max
Undesired Sideband

Power in Output

Circuit -10 dbm max
Microwave Signal

Output +9 dbm

9.

TRANSMITTER AMPLIFIER (J68330K)

9,01 General:

The transmitter amplifier
is a broadband 3-stage microwave

amplifier operating at 18 db gain which
provides a transmitter output power of 1/2

watt,

The amplifier consists of three cav-

ities (in each of which is mounted a 416A
tube), three 400-type tuners and an output

filter section,
is shown on page 110 and the schematic is
shown on SD-59411, page 133.

A photograph of this unit

9.02 Equipment Description:

(a) The transmitter amplifier consists

of three stages of amplification
each employing a 416A triode mounted
In a cavity assembly, two interstage
400C Tuners, an input 400B Tuner and
an output resonant iris-type filter.
All these components are of the wave-
gulde type and the whole constitutes
one rigid assembly with an over-all
length of 14-7/8". The unit 1is sup-
ported by means of threaded studs on
the interstage tuners,

(b) The cavity assembly (Fig. 7 and
photographs on pages 111 and 112)
is made of silverplated brass with
over-all dimensions of approximately
3-1/4" by 6" by 1-1/2"., Unscrewing
the cap and withdrawing the power plug
permits the 416A triode to be inserted
in the cavity. A special tool is
required for inserting the tube to
prevent tube damage. The input
from the waveguide is fed into the
cavity through a slot and coupled
directly to the tube between the
cathode and the grounded gird. The
plate connection on the vacuum tube fits
into a 3/16" rod which extends up into
the output cavity as a probe, The 250 V
plate supply is connected to the probe
end of this.rod by means of a quarter-
wavelength wire. To this rod, which is
hollow, is also connected the air sup-
ply through a teflon tube., The cooling
air is thereby conducted directly to
the plate cavity surrounding the tube.
The output cavity 1s connected directly
to the interstage waveguide tuner or to
the wavegulde filter, There are three
controls on an amplifier cavity. About
the inter-cavity conductor is a cylinder
which acts as part of a transformer.
Moving the cylinder along the conductor
changes the plate tuning. This motion
is accomplished by two shafts (indicated
on Fig, 7 as Plate Tuning Control) which
extend out through the walls of the
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cavity and can be rotated by means of
a yoke-like tool. On the inner face
of each of these shafts is an eccen-
tric plug which fits into a slot in
the cylinder for translating the ro-
tating motion of the shafts to a slid-
ing motion of the cylinder. The rather
large thumbnut((indicated on Fig. 7 as
Plate Waveguide Coupling) affects the
plate to waveguide coupling. Rotating
the thumscrew varies the amount the
screw protrudes into the cavity. A
small thumbscrew (indicated as Input
Aperture Tuning Control) varies the
amount a tuning screw protrudes into
the input slot. On the modulator cav-
ity, there are two additional controls
(Plate Loading) each of which slides a
resistance coated mica card in and out
of the plate cavity to vary the plate
loading.

(¢) The 400-type tuners are short sec-

tions of wavegulde with adJjustable
tuning screws spaced an eighth of a
wavelength apart and so positioned as
to best match the impedance character-
istics of the amplifier input and out-
put cavities, The output filter sec-
tion is a resonant iris-type waveguide
filter with a tuning control.

(d) The power requirements are as fol-
lows:

Filament Supply 12 volts 5.5 amperes
Plate Supply 250 volts 90 ma

9.03 Circuilt Description:

(a) As shown on SD-59411, the circuilt
consists of three grounded-grid
416A triodes mounted in cavities with
input and output tuning. Each stage
1s preceded by a tuner for matching
its input impedance (capable of tunin
out a standing wave of g db magnitude
and the last stage 1s followed by a
filter section which flattens the band
and provides an output impedance match
over a broad band. The input impedance
matching section consists of two anti-
resonant circuits separated by approxi-
mately 1/8 wavelength and this combin-
ation separated approximately 1/8 wave-
length from the input 1ris capacitive
screw, The two rods act as inductances
and the two screws act as adjustable
capacitances,

(b) The input impedance of each cavity
is matched to waveguide by a tun-
ing screw at the input aperature plus
an input tuner, The cavity is loaded
by the input conductance and the glass
loss of the input of the tube. Thus
the input circuit without the imped-
ance matching section is a single tuned
circult heavily loaded by the input
conductance of the tube. Since no
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adjustment is available in the input
conductance of the tube and since no
loading resistance is provided in the
input cavity, the circuit is designed
so that the impedance seen at the in-
put to the stage is always within the
range of the impedance matching sec-
tion. An impedance match can be ob-
tained in the input circuit with a band
of over 20 mc when both input and out-
put circuits are matched. Because of
the inherent feedback in a grounded
grid triode, it is necessary to match
both input and output several times to
take care of the interaction.

(¢) The plate circuit of each tube is
matched to a 50 ohm coaxial line by
means of a coaxlal transformer which 1is
movable to cover the frequency band and
to accommodate variations in tube ca-
pacitance. Varilation of the position
of the 1/4 wave transformer changes the
inductance of the resonant section of
line for tuning. The 50 ohm coaxial
line couples to waveguide by means of
a transducer. Additional plate tuning
is provided by means of capacitance
loading from the end of the transducer
probe to ground. This adjustment, CP2,
takes care of variations in the resis-
tive component of the plate impedance,

(d) The spacing between stages is such

that the output circult of one stage
is coupled to the input circult of the
next stage in the proper phase to pro-
duce a flat-topped transmission.

9,04 Transmission Characteristics: The

transmission characteristics are as

follows:

Frequency Range 3700 to 4200 mec
Gain - as aligned 18 db
- max 28 db
Amplifier Band
Width (0.1 db

down) 20 me
Band Width per

stage (3 db

down) 100 me
Output 27 dbm (1/2 watt)
Input Impedance - 20 db or more over

20 mc band

30 db or more over
Output Impedance -( 10 mc band

Return Loss 24 db or more over
20 mc band

3 db (approx) with
1/2 watt output

Return Loss

Compression

Plate Currents

Output stage 30 ma
First and sec-
ond stages 25 ma

TRANSMITTER CONTROL UNIT (J68330MM)

10,01 General: The transmitter control

unit serves the following functions:




controls the application of power to the
transmitter modulator and the transmitter
amplifier; provides means for controlling
the bias on the 416A tubes in the trans-
mitter modulator and the transmitter ampli-
fier; provides means for measuring the
Elate current and grid bias of each of the

16A tubes; provides a meter for reading
the output power of the transmitter and for
originating an alarm in case of failure of
the output power. A photograph of the unit
is shown on page 113 and the circult sche-
matic - SD-59400 - on page 121,

10,02 Equipment Features: The 8-3/4"
transmitter control Panel is ar-
ranged for mounting on a 19" duct-type bay.
The unit is designed for single side main-
tenance and all apparatus and controls are
accessible from the front. The removal of
the front cover, which is secured by quick
release fasteners, permits the main control
panel to be dropped forward 90 degrees for
maintenance, The over-all depth of this
unit is 9", All connections are made to
this unit by means of multicontact plugs
and receptacles, On the left of the panel
are the screwdriver BIAS ADJ and FIL ADJ
adjustments and the FIL V jacks for meas-
uring the filament voltages of the modu-
lator and the first stage of the trans-
mitter amplifier, To the right are simi-
lar controls for the second and third
amplifier stages. The sensitrol meter PWR
OUT will magnetically lock up if the power
drops to 10 db less than the normal output
and will not restore without operating the
RESET pushbutton. The PWR ADJ screwdriver
adjustment makes possible the setting of
the meter to O db with normal transmitter
amplifier output. The ACO pushbutton cuts
off the audible alarm. Below are pin
Jacks to enable the filament voltage to be
measured. In the center is the filament

circuit breaker. At the bottom-center
is a 1-1/3 amp indicating fuse with
a spare. To the right of center are

the meter and switch which enable plate
currents and bias voltages to be measured
for each of the modulator and the three
amplifier stages., When the key under the
filament circuit breaker is in the normal
position, the meter measures plate cur-
rent. To measure bias, the key is opera-
ted to either the right or left depending
upon the bias polarity. There is no OFF
position of the meter switch.

10,03 Circuilt Description:

(a) In following this circuit descrip-
tion, reference should be made to
the circuilt schematic - SD-59400.

(b) Filament Supply - Operation of the
FIL circuit breaker S3 to the ON
position connects the 12 volt supply
to the heater circuits of the 416A -
vacuum tubes in the transmitter ampli-
fier and the transmitter modulator.
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FIL ADJ rheostats R15, R17, R19, and
R21 are provided for adjusting the
heater voltages and jacks Jl, J2, J3,
and J4 are for reading the filament
voltage,

(¢) Plate Supply - Operation of the

FIL circuilt breaker S3 to the ON
position also energizes the heater of
the thermal relay K7 through the short-
ing interlocks in the power distribu-
tion plugs. In approximately 60 sec- .
onds, the normally open contact of the
K7 thermal relay will close causing re-
lay K5 to operate. The interlock of
relay K5 with the filament circuit pre-
vents the application of plate power to
the 416A tubes without the 60 second
delay. Relay K5 locks in the operated
position through its "make" contact and
closes the 250 volt DC circuit from the
Fl fuse through the meter shunting re-
sistors R5 to R8, the voltage dropping
resistors R10 to R13, and the fileld
coils of the K1 to Kﬁ relays to the
plates of the tubes, Meter switch S1
enables the plate currents of the var-
ious tubes to be measured. The PLT CUR
key should be in "normal" position.

(d) Bias Supply - The -12 volt supply
1s also fed to the contacts of re-
lays K1 to K4 through the FIL circuit
breaker S3 and a simple filter, These
relays are provided to control the ap-
plication of bias to the grids of the
tubes, These relays in theilr nonoper-
ated position connect the cathodes of
the tubes directly to ground. When
the plate current of an individual tube
has risen to a value of approximately
5 milliamperes, its respective relay
willl operate to connect a fixed resist-
ance and a BIAS ADJ potentiometer in
series, between the cathode and -12 volt
battery. This circuit provides an ef-
fective positive bias on the grounded
grid of the tube which tends to stab-
ilize its plate current., The value of
bilas may be adjusted with the potentio-
meter., The blas voltage may be meas-
ured for each tube by means of the meter
M1, the switch S1 and the key S2. The
latter permits either positive or neg-
ative bilas voltages to be measured,

(e) A Weston sensitrol relay PWR OUT is

provided to read output power and
to originate an alarm in the event of
output power failure, A potentiometer
PWR ADJ i1s provided as a means of ad-
Justing the output power calibration
of the sensitrol relay. A RESET key
releases the sensitrol relay after it
has operated due to no-power or low-
power operation,

(£) An alarm cut-off key ACO cuts off
the audible alarm,
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1l. OUTPUT MONITOR

11,01 General: The output monitor con-
sists essentially of a directional
coupler and a crystal monitor and is em-
ployed to monitor the transmitter output
power and energize an alarm circuit in
case of transmitter output failure. Re-
moval of a termination provides a point at
which the output characteristics of the
transmitter can be measured. A photograph
of this unit is shown on ﬁage 114 and the
circuit schematic - SD-59421 - on page 13%.

11,02 Equipment Features: The directional

coupler, with waveguide terminations
and a wavegulde spacer, and the crystal
monitor which comprise the output monitor,
constitutes an assembly of 2.290" by 1l.145"
wavegulde components., The through trans-
mission path is a section of waveguide six
inches long equipped with standard flanges.
Two branch circuits are connected to the
main transmission path through coupling
holes in the wide faces of the waveguilde,
One branch is equipped with a crystal moni-
tor assembly which rectifies and filters a
fraction of the microwave power, This fil-
tered output is used for indicating the
power output and for connection to a low-
power alarm, The other branch circuit is
equipped with two 500A Terminations. The
removal of one of these terminations per-
mits the connection of monitoring or test
equipment.

11,03 Circult Description: As 1is seen

’ rom -59 - e directional
coupler has two "side" circuits or branches
which drain off a small amount of power

(25 db down). The "E" and "F" arms are
terminated so as to absorb any reflected
power., Removal of the 500A Termination
from the "C" arm provides a test point for
measurements of repeater bay transmission
characteristic., The "D" arm connects
through a wavegulde spacer to the crystal
monitor and the microwave power which 1s
drained off is rectified by the 406A Var-
istor. The rectified output of the cry-
stal monitor is connected to the PWR ADJ
potentiometer R26 and the sensitrol relay
K6 in the transmitter control panel, With
the transmitter output power at normal
level R26 is adjusted to give a "O" reading
on the sensitrol relay. When the trans-
mitter output power has been reduced to 10
db below normal the contacts of the sensi-
trol relay will make, energizing the power
faillure alarm circuit. The relay contacts
are magnetically locked; thus when power

is restored it will be necessary to depress
the reset key to restore the alarm circuit
to normal,

11.04 Transmission Characteristics: The
transmission characteristics of the
directional coupler are:
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Direct Path Loss 0 db
Output Loss (each
low level branch) 25 db
Directivity 23.5 db or greater
Frequency Range 3700 to 4200 me
Input Power to
Crystal
Alarm Signal

2 to 5 dbm

10 to down from
normal output
power

12, MICROWAVE GENERATOR (J68330G)

12,01 General: The microwave generator

provides a very stable crystal-con-
trolled source of microwave beating oscil-
lator frequency. Two slightly different
versions of the microwave generator are
available, The Transmitter Microwave Gen-
erator supplies both the transmitter modu-
lator and the 40 mc shifter at repeater sta-
tions but only transmitter modulator at ter-
minal stations. The Receiver Microwave Gener-
ator supplies only the receiver converter
at terminal stations. The microwave gen-
erator consists of a temperature controlled
crystal oscillator followed by a series of
harmonic generator stages which multiply
the frequency up to the microwave region,
The microwave generator panel is shown in
the photographs on pages 115 and 116 and
the circuit schematic - SD-59409-011 - on
page 131,

12,02 Eguipment Features:

(a) The microwave generator equipment
is designed to mount on a 19" duct-
type bay. The removable front cover
projects 9" from the mounting frame and
the over-all depth of the unit is 12",
The unit consists of a 19" by 10-1/2"
by 3" deep chassis, well shielded by a
cover on the back, and supporting from
the front a hinged meter panel on which
are mounted the controls required for
routine operation and checking of the
unit. The crystal and crystal oven,
vacuum tubes, vacuum tube mounting as-
semblies, and relays are mounted on the
front of the chassis, The circult ele-
ments are contained within the shielded
chassis, with all tuning adjustments
accessible from the front. Means are
provided for applying air from the sup-
ply pipe in the bay duct, through flex-
ible hoses, to cool the last four va-
cuum tubes, V4, V5, V6, and V7. The
microwave output appears at the jack
on the short coaxial cable brought out
from the lower end of the V7 vacuum tube
mounting assembly., All power connec-
tions to this unit are made through a
multicontact plug and jack., A recelv-
microwave generator does not have
a Vb6 stage, the V7 stage in this case
operating as a sextupler at an output
level sufficient to provide beating
oscillator voltage to the recelver con-
verter. The transmitting microwave




generator requires the addition of the
V6 stage, which operates as a tripler,
allowing operation of V7 as a doubler
at a higher output level sufficient for
the transmitter modulator.

(b) The 7" by 9" hinged panel supporting
the meter and the controls is por-
vided with a lucite protective cover on
the rear, On the left of the front of
-the panel are mounted the filament cir-
cuit breaker FIL, the two screwdriver
adjustments for the filament voltages
FIL V6 and FIL ADJ V7, and two jacks
FIL V V6 and FIL V V7 for measuring the
filament voltages. In addition to
normal adjustments, these are also used
for filament activity tests of these
tubes without removing the unit from
service, Below the circult breaker are
a 1/2 amp indicating fuse for the 250
volt circult and an unwired spare SP,
At the top is a screwdriver OUTPUT ad-
Jjustment., The switch connects the meter
to various circuits for measurements of
plate currents of all tubes, and grid
currents of V1, V3 and V4, At the up-
per right are the pin jacks for measur-
ing +250, +150 and -11 volt supply volt-
ages, The FIL ACT switches are for mak-
ing filament activity tests on tubes V1,
V2, V3, and V4 without removing the unit
from service, When any of these switches
are operated to TST, the red FIL TST
lamp will light. The red lamp OVEN
ALARM lights if the crystal oven ther-
mostat or relay fails. The nonlocking
pushbutton OVEN ACO cuts off the oven
alarm relay.

(c) The power supply requirements are
as follows:

Filament Supply 11 volts

(Positive

grounded)

Receiver Micro-

wave Generator 6.25 amperes
Transmitter

Microwave Gen-

erator 8 amperes
Plate Supply 250 volts

Receiver Micro-

wave Generator 130 ma
Transmitter

Microwave Gen-

erator 150 ma

12,03 Circult Description:

(a) The circuit schematic of the micro-
wave generator is shown on SD-53409.
The oscillator uses a double triode in
a special type feedback circuit. The
crystal operates at series resonance
and is connected in a low impedance part
of the circuit between the two cathodes
of the double triode. A coil and con-
denser connected in series with the
crystal serve to slightly alter the
series resonance of the combination
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and allow the frequency of the oscil-
lator to be varied over a *0.,003% range.
The circuilt will oscillate when the
circuit in the plate of the oscillator
is tuned to the frequency of the cry-
stal. The crystal operates at the
third overtone of the fundamental fre-
quency of the quartz plate. A FREQ TST
jack permits a small amount of energy
to be taken out of the oscillator cir-
cult for frequency check purposes. The
frequency range covered by the oscil-
lator with different plug-in crystals
is 17.6 to 19 mec to correspond with the
microwave output range of 3800 to

4100 mc., The crystal operates in an
oven kept at 7O degrees C. A high tem-
perature alarm is provided by a 2-con-
tact thermostat TD2 which closes at 80
degrees C and energizes an OVEN ALM re-
lay which lights an OVEN ALM lamp on
the panel, puts gouund on the alarm cir-
cult and opens the oven heater circuilt,
The alarm relay locks up untll opened
by a cut-off key, OVEN ACO. The
2-contact thermostat TD2 applies heat
to the oven again when its temperature
drops to 60 degrees C. In the event

of failure of the heater or control
relay windings or faillure of control
thermostat to close, the alarm relay
willl operate when the oven temperature
falls to 60 degrees C.

(b) The first harmonic generator stage
V2 consists of a miniature pentode
operating as a frequency tripler. Its
output frequency range is 52.8 to 57 me
to correspond with the oscillator fre-
quency range. The second stage also
consists of a miniature pentode V3 op-
erating as a frequency doubler with an
output frequency range of 105.6 to
114 me., The third stage is a light-
house triode V5 operating as a fre-
quency doubler having an output fre-
quency range of 211 to 228 mc. The
fourth stage also uses a lighthouse
triode V5 operating as a frequency
tripler having an output frequency
range of 633 to 683 mc. The fifth
stage is a 416A triode V6 operating
as a frequency tripler having an out-
put frequency range of 1900 to 2050 mc.
When the microwave generator is used
for receiving only, this stage is omit-
ted. The sixth stage also uses a 416A
triode operating as a frequency
doubleersix times in the case of the
receilver microwave generator) having
an output frequency range of 3800 to
4100 mc. The OUTPUT potentiometer con-
trols the output power of this stage
by varying the cathode bias.

(¢) Each stage of the generator except
the last two has a series dropping
resistance associated with a FIL ACT
switch, which when thrown to TST posi-
tion reduces the heater voltage by a
sufficient amount in order to determine
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the condition of the tubes while in
service. The last two stages V6 and
V7 have jacks FIL V for plugging in an
external filament voltmeter,

(d) Meter M1 together with meter switch

ST provides means of measuring the
grid currents and plate currents of the
oscillator tube and harmonic generator
stages.

(e) The filament switch FIL applies the

11 volts to the circuilt. It is a
circuit breaker type of switch and when
in the off position sends in an alarm.
The last two stages V6 and V7 have FIL
ADJ potentlometers for adjusting the
filament voltage.

(£f) The 250 volts cannot be applied to

the circuit unless the FIL switch
is on. With the FIL switch on, the
heater of the thermal relay TIME DEL
is energized. Approximately 60 sec-
onds later the normally open contact
of this relay will close, causing re-
lay PLT to operate and apply 250 volts
to the panel. If the 250V fuse is
blown an alarm will be sent in., The
150 volts required for the oscillator
V1 plate voltage 1s provided by the
voltage regulator tube V8.

(g) Test jacks -11V, +150V and +250V

are provided for measuring the 11
volts, 150 volts and 250 volts on the
panel,

22,04 Transmission Characteristics: The

transmission characteristics of the

microwave generator are as follows:

13,

3800 to 4100 mec
75 ohms coaxial

Output Frequency

Output Impedance

Output Power -
Transmitter micro-

wave generator 25 2 dbm
Recelver microwave
generator 6 dom min.
Crystal Tolerance +0.003%

Crystal Oven Tem-
perature Stability #1/2°C
Stability of Ad-
justed Generator +0.001%

40 MC SHIFTER (J68330H)

13.01 General: The 40 MC Shifter combines

the frequency of the microwave gen-

erator with that of the 40 mc generator to
produce the beating oscillator frequency
whick 1is supplied to the receiver converter.
The shifter panel includes a waveguide di-
rectional coupler with variable attenuators
in each of the two outputs, a 40 mc gener-
ator and control circuit and a microwave

converter unit.,

The 40 mc shifter panel

is shown in the photographs on pages 117

and 118.

The circuit schematics - SD-59408

and SD-59410 - are shown on pages 130 and
132, respectively.
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13.02 Equipment Features:

(a) The 10- 1{2" 40 MC Shifter unit
J58330H is designed to mount on
a 19 cGuct-type bay. The over-all
depth is 9". The shifter is comprised
of the following units: J68330J 40 MC
Generator and Shifter Converter, a
transducer, a converter assembly and a
directional coupler-attenuator assembly.
Controls and provisions for metering
and testing are mounted on a 9-7/8" by
7-1/8" panel. The equipment is ar-
ranged for single-side maintenance and
all apparatus, wiring, and controls are
accessible from the front. Hicrowave
connections to this unit are made
through coaxial cable to waveguide
transducer fittings., HNMulticontact plugs
and receptacles are used for power con-
nections.

(b) The control panel mounts a circuit

breaker for the filament supply and
a fuse mounting for the 250 volt plate
supply and their associated alarm cir-
cuits. Two screwdriver adjustments
associated with the directional coupler-
attenuator are used for adjusting the
beating oscillator supplies to the
transmitter modulator and the shifter
converter, A switch connects the meter
to various circuits for measuring the
plate voltage, plate currents and the
grid current of the oscillator, the
plate and screen current of the doubler,
and the converter crystal currents.
There is a screwdriver control for re-
ducing the 250 volt supply to the re-
quired +150 volts and one screwdriver
control to adjust the 40 mc output.
Test points are provided for checking
the 250 volt supply, the -11 volt fila-
ment supply and one for the chassis
ground., A FIL ACT switch permits meas-
uring the filament activity of the gen-
erator tubes while the unit 1s in ser-
vice.,

(c) The directional coupler-attenuator
consists of two double wavegulde
sectlons Jjoined by means of waveguide
flanges. The directional coupler sec-
tion consists of two pieces of wave-
guide joined on the H plane (broad face
of the waveguide). The lower section
has provision for a probe input from
the microwave generator and is the main
or high-level component of the coupler
and supplies microwave energy to the
transmitter modulator. The top wall of
this piece of wavegulde 1s machined off.
The upper portion of the coupler has
two 400 mil slots, spaced approximately
a quarter wavelength apart at midband,
cut in the lower H plane of the wave-
guide., The first slot begins at the
outer face of the flange and the
quarter-wave dimension is taken from
this surface. This branch is the sec-
ondary or low-level component of the



coupler and its power is 7 db down from
the main branch. The shorted end of
this waveguide sectlon has a termina-
tion inserted in it. The attenuator
sections are similarly constructed of
two pleces of waveguide with one of the
adjoining walls removed. Each section
contains a variable attenuator consist-
ing of a diamond-shaped section of re-
sistance material moved in the E plane
by means of a screwdrive. At the ter-
minated end of each sectlion, provision
1s made for transducer coupling from
wavegulde-to-coaxial cable, The lower
or high-level section supplies micro-
wave energy to the transmitter modu-
lator and the upper or low-level sec-
tion feeds the shifter converter.

(d) The 40 MC Generator and Shifter Con-
verter unit consists of a 5-3/4" by
2-3/4" by 2-1/8" chassis containing a
completely shielded 40 mec oscillator-
amplifier., The front face of this
chassis mounts a 396A oscillator tube,
a 20 mc crystal, a 6AQ5 doubler and four
variable air condensers with screw-
driver adjustments for tuning the os-
cillator, coupling and output circuits,
Provision is made on the lower left cor-
ner for mounting the shifter converter,
At this point the coaxial input to the
converter is connected to the two out-
put coupling condensers of the 40 mc
generator. A sectional view of the
shifter converter 1s shown on Fig. 8.
Two L4O5A Varistors are mounted in short
sections of 75 ohm coaxial tubes coupled
to the waveguide. The varistor-carry-
ing arms house movable coaxial trans-
formers to match the coaxial and wave-
gulde sections of the shifter converter
at various frequencies. The 40 mc fre-
quency from the 40 mc oscillator is fed
to varistors by means of one lead to
each inside the small coaxial tubes. A
fitting provides for a coaxial connec-
tion for the microwave frequency from
the directional coupler attenuator.
The modulated output of the converter is
in waveguide and a coaxial-to-waveguilde
transducer is mounted on the wavegulde
portion of the converter to carry the
microwave energy to the recelver portion
of the bay.

(e) The power supply requirements are
as follows:

Filament Supply 12 volts 0.75 ampere
(Positive
grounded)

Plate Supply 250 volts 60 ma

13,03 Circult Description:

(a) The application schematic of the

40 MC Shifter and Generator is shown
on SD-59408. Part of the output from
the microwave generator is taken off
through a wavegulde directional coupler
on this panel and fed into the 40 mc
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shifter converter through the receiver
converter attenuator, The main part of
the output from the microwave generator
goes through the transmitter modulator
attenuator before going to the trans-
mitter modulator unit. The 40 mc gen-
erator output which is connected to the
40 mc shifter converter beats with the
frequency of the microwave generator to
produce frequencies in the output of

the converter differing by 40 mc from
that of the microwave generator fre-
quency. A waveguide filter which is a
part of the bay equipment but not
mounted on this panel is connected to
the output of the 40 mc shifter convert-
er and selects the proper sideband fre-
quency which is fed to the receilver con-
verter. The directional coupler is a
slot-type waveguide directional coupler
with an attenuation of 7 db in the re-
ceiver branch. The waveguide attenu-
ators are movable vane type with a
range of approximately 8 db. The 40 MC
Generator consists of a 20 mc crystal
oscillator followed by a frequency doub-
ler stage.

(b) The circuit schematic of the shifter

and converter is shown on SD-59410.
The oscillator uses a double triode V1
in a special type of feedback circuit,
The 20 mc crystal Y1 operates at series
resonance 1in a low impedance path, being
connected between the two cathodes of
Vl. In order to oscillate, the tuned
circuilt in the plate must be tuned to
20 mc., The input circult of the doub-
ler stage 1s also tuned at 20 mc and is
loosely coupled to the oscillator tuned
circuit., A pentode V2, operated as a
class C amplifier with large input
drive, 1s used to obtain harmonic gen-
eration. A double tuned circuilt in the
plate of the pentode is tuned to 40 mec
and matches the plate impedance to the
low input impedance of the converter.,
The 40 mc power is fed into the con-
verter through blocking condensers C30
and C31 and the DC varistor currents
are fed through RF chokes L7, L8, L9,
and L10, L1l1, and L12, An OUTPUT con-
trol R26 is included for adjusting the
power supplied to the 40 mc shifter
converter by changing the bias of the
V2 cathode.

(c) The shifter converter is a balanced
microwave crystal modulator mounted
in a combination coaxial and waveguide
hybrid junction. A sectional view of
this converter is shown on Fig. 8. The
varistors are matched into 75 ohm co-
axial lines projecting through the H
pliane of the hybrid junction. The in-
put signal 1s fed into the converter
through a 75 ohm coaxial line project-
ing through the E plane of the hybrid
Junction. The varistors are placed
in the coaxial lines in opposite po-
larity so that their 40 mc inputs are
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' CR 2 VARISTOR
3 INSERTED HERE

B.O.INPUT FROM MW GEN.
O.INPUT FROM SHIFTER CONVERTER

NOTE VARISTOR
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— FILTER FL2
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FOR REC CONVERTER
TRANSFORMER TI (MICROWAVE SIGNAL INPUT)

CR1 VARISTOR

I
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Fig. 8 - Sectional View of Shifter Converter
(Parenthetical notes refer to recelver converter)
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13.04 Transmission Characteristics:

connected in parallel. The 40 mc in-
put to the varistors is brought in on
a shielded pair of wires through an RF
filter., Second harmonic filters are
placed between the varistors and the
wavegulde to prevent second harmonic
frequency generated in the varistors
from getting back into the waveguide.
RF wavetraps are included in the inputs
to the varistors to isolate the RF and
IF parts of the circuit., Adjustable
inductances are included in the varis-
tor coaxial lines to improve the im-
pedance match of the varistors to the
lines and to adjust the balance between
the two varistors.

(d) The insertion of the +250V fuse F1

and the operation of the FIL cir-
cult breaker to ON connect the 11 volts
and 250 volts to the circuit. Alarms
are assoclated with both fuse and cir-
cuit breaker., The 150V potentiometer
R27 1is used to adjust the plate volt-
age of V1 to 150 volts. The meter
switch S1 permits the reading of the
plate voltage of V1 and the grid and
plate currents of V1 and V2 and cry-
stal converter currents by means of
meter M1, R19 to R24 are meter-shunt-
ing resistors. The FIL ACT switches
when operated to the TST position re-
duce the heater voltage of V1 and V2
10 per cent and light the FIL TST lamp.
This permits testing the condition of
the vacuum tubes while in service.

The
transmission characteristics of the

40 MC Shifter are as follows:

3700 to 4200 me

Input Frequency
3700 to 4200 me

Output Frequency
Output Impedance
Match - Return

Loss 11 db min
Balance 20 db or more
Conversion Loss 11 db

Varistor Currents 60 ma each
Beating Oscil-
lator Power Approximately
0.5 watt
Oscillator Sta-

bility 0.005 per cent

(-200C to
+80°¢c)
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CIRCUIT NOTES

10l. ALL WIRING IS "DI* UNLESS OTHERWISE INDICATED.

102. PROVIDE TUNER AS FOLLOWS:

FREQUENCY

TUNER

3730

400D

3770

400E

3810

400E

3850

400F

3890

3930

3970

4010

4050

4090

4130

4170

103. USE SPACERS PER ED-63543-0I, AS DETERMINED BY TEST RE-

QUIREMENTS

CHASSIS GRD.

L

LAST RES.

THIS DWG.
RO [ ¢31

e

(G7) & (C20)WERE]|
T USED.

NO’

TO
CONVERTER

TST
IN

4788 U_ﬂ_‘g

RIO
KS-13490, L1
30n

.
IF PREAMPLIFIER
70 MC MIDBAND FREQUENCY
SEE NOTE 101

L7 LIO cla
cl CAE 24 CAE24 K 13998, L
075 pH % H o ¥
| KS-9053 i s }fp OUTPUT
— == ;W( =fe=— =7 9 478A
1500 LJAF Vi v2
RS
4178 Le 12 47a RS Lil
€30 : KS;13450.L13 CAEI3 KS'?}I4977,L6 ;( Ksc-l399a,ul ! KS-13490,L13 CAE 17
iggs}?ﬁ% 024 0H 18JLLF 2-15 UpF . - 7500 0.39 UH ci3
KS-13477,L6
5| 0 Y
1
c2 ISPLUF
2 KS-9053 6 Sés
e O 4{
15000 ] F
L CI7
Ks-ll.’:;zs,LsE KS'1‘3-722$.L6 xsq-?c?o‘e,n.zi CA'E?, g/ O?:gu g/ ?4'(;—]':;‘1?18
2H1appF 06 MH A
— =
Cc3 C4 c8 C9 c25 l c24 l ci8 Cl6 I c22 C23
KS-9943,L100 KS9943.L100: cll = KS-9943LI0IT~ TKS-9943 1102 KS- KS-99431102; xs-n!d'n.w!:: KS9943 OIS KS-9943,L102 KS-9$43¢LI02
1000UJ1F T Rt T oo 10007 1000/’ ¢  1000MYIF | 1000 JLILF T 24 UIF 1000 TIOOO}LJJ.F Tlooop}x
S ELB ng S5 5 Ay 02 5 gnsou Kg§4 102 L gzsl 3, L1102 ngsssaauoz -
KS-994310052 ~— KS-13726, L6~ Lo “ = N K$-13490, N NUKS-9943, Li SKS-
I000JLJLF Kﬁ;%gf,fsm KS ;3669‘9LI K?ogso?fﬁz 3600 |ooou.p3¢L B 1000 JLF 1000puLF
Bl ks 3h36.5
KS-13726,L5 - 3
HE P g0 = 02 o2
LIS R3 R4 LI8 R8
KS-13726L5. K5:8512,L3C3 SKS-13490,L1 KS-13726,L5 KS-B512,0303
G26 1570 10000 157 R2 c28
Ks-ssjs‘uoz D2 KS13490,L1 pp K$‘99‘43.Ll°2
|000RUF 10000 10OOMULF
o e Li2 LI3
KS-9943, L1
e il = T . _Re L20
I000JLJLF KS-13726,L3 KS-13726,L3 ’Ks-lngggg,u KS-13726,L5
D2 D2
Li4 s TPIA TP2A FIL A Cc+ S(%R? ,
= = KS—14172, L o] KS—14172, L
Exs-lsns,u, EKS’IS?ZS,LG KS-14172,L2 KS-14172, L2 S: 4:/\2[], | DK}S mw/\z,u 5 [],
— 0 1 PWR
KS-8585,L33
i
03 GRD ||
| 03
D3 FILA |2
3
b2 b2 L
Py
r 2 S
5
At
c+l6
D3 _GRYSTAL COMMON| 7
8
ol
. GRYSTAL {9
: CRYSTAL 2|10
' "
o—
12
L=
1G.2
RECEIVER CONVERTER & IF PREAMPLIFIER CKT
1 |
400 TYPE R R IF PREAMPLIFIER
TUNER B SPACER ! CONVEE%ETI\E,E CKT. CKT.
SEE NOTE 102 SEE NOTE 103 U SD-59407-01 $D-59402-01
FiG. 2 FIG. |
2 2

are | eeoncol omre | o onouee

55 ssue | isduro

! I 15-49
i

APP.I-A /2749
2-A |32-49

2-A
3-A

ED-63926-01
ED-63929-0!
EQUIPMENT INFO.

SD-59402-0!

TOLL SYSTEMS
TD RADIO
RECEIVER CONVERTER &
IF PREAMPLIFIER CKT

AT&TCO
STANDARD

BEL. TELEPHONE LABORATORIES, INC.

SD-59402-01
R2




124

SECTION R90.315

CIRcvIT NOTES:

101,  THE 1400 AND 140/ TYPE NETWORKS SHALL BE
CONNECTED TOSETHER IN TANPEM IN WUMERICAL
ORDER (WITH RESPECT 7O FREQUENCY) WITH THE
NETWORK OF LOWEST FREQUENCY NEAREST

0 N NETWORKS OF ANY OF THE

/NDICATED FREQUENCIES MAY BE VSEO FOR
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AS SYATED ABove.
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CIRCUIT NOTES:
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R43106a 3800 MC 17.59259 MC KS-13978, L1 é 1[,; } { ED-63037-01
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- 3840 MC \7.77778MC KS-13978. LI APP OR WIRING
3860 MC 17.87037MC KS-13978, L1 4 Tesiona]
3880 MC 17.96296 MC KS-13978, LI NOTUSED | 11
3900 MG 18.05556 MC KS-13978. LI RI2 S I ) B SD-59409-01 2 SHEETS
3920 MG 18.14815MC KS-13978, L1 R3%6-38
3940 MC 18.24074MC KS-13978, LI T ATBTCO
| 3980 MC 18.42592MC KS-13978, Lt STANDARD
4020 MC 18 lI1IMC KS-13978. LI TOLL SYSTEMS
4060 MG 18.79630MC KS-13978. LI TD RADIO
4100 MC 18.98148MC KS<13978, L1
MICROWAVE GENERATOR CKT.
ww cew |SD-59409-0ll
| BELL TELEPHONE LABORATORIES, INC.
PRINTED 1N USA R4




SECTION R90.315

CIRCUIT NOTES:

10t ALL WIRING IN FIG. | EXCEPT PIGTAIL LEADS IS DI UNLESS
OTHERWISE INDICATED.

EQUIPMENT NOTES:

EQUIPMENT REQUIREMENTS.

201. THE PLACEMENT OF APPARATUS AND ARRANGEMENT
OF CRITICAL WIRING MUST BE IN ACCORDANCE WITH

OPTIONS ON
TH

IS DWG.

LAST RES
AND COND
USED ON
THIS DWG.

R27 €32

CHASSIS GRD.

C16 NOT USED
Ci2 NOT USED

RECORD OF FIGURES, WIRING, AND APPARATUS CHANGES

IF JoB | THIS
[CHANGED|RECORDS (OPTION | SEE e IN G
ON ISS.| DO NOT | WAS |NOTE
SPECIFY FURN. STD. [AZM | M
4-0 AzB A 8 A
FIG. I
SEE NOTE 101

O 40MC SHIFTER

T
DIRECTIONAL COUPLER - = —

SEE_40MC SHIFTER
APPLICATION SCHEMATIC
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A B 1000 1 4 F c9 Ll L2 R8
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—— SUMF 160,000 A “'g"a‘avL 3 Ks-13726, LI KS-13726. LI
. L R3 RS
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o) 20,000 . < 100n cl4 C20 -;'18 K bl
Ksz—nlzoo&éza KS-9943, A 7 KS-13726, LI 5-13726, LI
18 1 3
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T
SEE APPLICATION SCHEMATIC
FOR 40MC SHIFTER CKT.

FIG. 2

CONVERTER CKT

FIG. |
ED-63905-01,G1

L

z
E

FIG. 3
TRANSDUCER
£0-63900-01
El
i TOSCILLATOR FILTER.
izl 0 ~ [ SEE_APPLICATION
[ | SCHEMATIC FOR
JOMC SHIFTER CKT.
1
1
rFL2
1
E2
1
|
£D- 63934-01
£0- 63905-01
EQUIPMENT INFO.
SD-59410-01

TOLL SYSTEMS
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40 MC GENERATOR
AND SHIFTER CONVERTER CKT.

MC GENERATOR

( 40
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138 SECTION R9O0.315

CIRCUIT NOTES! x ous | eeoncol oart | aemoveo
10l. THIS COIL IS ACTUALLY A WIRE ABOUT x LONG (APPRDX, l"), /2-30-
1 1 5
102. A IS THE WAVELENGTH IN WAVEGUIDE AT 3930 MC EXCEPT AS I { Rl :‘,
NOTED IN NOTE 103. 2°A |apP1-A 2119
103. THE AMPLIFIER MAY BE TUNED FROM 3700 TO 4200MC. A | 2A 13449
FOR FREQUENCIES BELOW 3930 MC THE FILTER SECTION
SHOULD BE PLACED THE BLACK DOTS MATCHING.
FOR FREQUENCIES ABOVE 3950 MC THE WHITE DOTS SHOULD
MATCH IN THIS CASE, A\ IS THE WAVELENGTH IN WAVEGUIDE
AT 3825MC FOR FREQUENCIES BELOW 3950MC AND 4075 MC
FOR FREQUENCIES ABOVE 3930 MC.
104. FOR INPUT, OUTPUT AND FOWER CONNECTIONS REFER TO THE
APPLICATION SCHEMATIC FOR THE TRANSMITTER.
105. EACH AMPLIFIER SHALL BE ADJUSTED AND TESTED FOR A
SPECIFIC OPERATING FREQUENCY AND SHALL BE STAMPED
ACCORDINGLY.
&
FIG. |
SEE NOTES 104 & 105
TRANSMITTER AMPLIFIER CAVITY TRANSMITTER AMPLIFIER CAVITY TRANSMITTER AMPLIFIER CAVITY
ED-63919-01 E£D-63919-01 ED-63919-01
SD-59404-01 S0-59404-01 L 3 SD-59404-01
= 13
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} 4
cfa (S =] SEE
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2 3 — A A 3 s 1 3x IR
INPUT e l s N e
APERTURE 49| \;', [} |
UNIN [ | = |
A d——g é Lé N T @ @ =N A poureur
==l X Ia ZETN X s FALT o
'3 see } & see
J| wNote 4| Note
ca E 101 g 101
Cl -+ g 13
BUGIULE T Iooounrrg i L ok iocoupr T P]’ s
= ] i + c4a
1. -
1000 U F | 7t000upF r’T‘ 10000 UF
cz | S | A
! !
3
I I
. | =
s
e
161 i
e
[ =7
ED-63923-01
EQUIPMENT INFO.
SD-59411-01
AT&TCO
TOLL SYSTEMS SIANCARD
TD_RADIO
TRANSMITTER AMPLIFIER CKT
(THREE STAGE )
(TR amP) 1SD-59411-01
- - ; BELL TELEPHONE LABORATORIES, INC.
10-11peC-ae e RO




134 SECTION R90.315

e | MiRUE° | 19%Uep | Aremoveo
! | 2849 6N T
TO 140!l TYPE
. NETWORK FIG. |
SEE_APPL. SCHEM.
FOR TRS-REC. BAY
CRYSTAL MONITOR
. ED-63906-01,G3
ED-63543-01,63
WAVEGUIDE FLI
SPACER CRI
500A
TERMINATION [7] 1 /J_\ /\ /_L\ 406A VARISTOR |
(8) e g
as /TN XN /TN Q
(c) (o)
ED-63926-01,G!
DIRECTIONAL
COUPLER FL2
(E) (F)
==
500A e NW.’:OOA
TeRMINATION T TERMINATION ON]
!
AMPLIFIER r“l\P|5
SEE _APPL. SCHEM. )
FOR TRS.-REC.BAY Wi
o
T
'
i P9
- - TO POWER FAILURE ALARM -
SEE_APPL. SCHEM,
FOR TRS.-REC. BAY
. TRANSMITTER
i Lo CONTROL CKT.
1 ] 1 ]
J8 L 3377 J10 /357 3io_ 3
3 I N =
1 1 T
] b + RESET I
. e e & 2
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