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WARNING
HIGH VOLTAGE

is used in the operation
of this equipment.

DEATH ON CONTACT

may result if personnel fail
to observe safety precautions.

Be careful not to contact high-voltage plate circuits or 115-volt a-c input
connections while checking or servicing the equipment. Make certain that the
power is turned off before disassembling any part of the equipment.

Dangerously high voltages are present in the power supplies of this equip-
ment. High-voltage capacitors in these power supplies must be discharged
manually when service checks are made after the a-c power has been removed
from the components.

EXTREMELY DANGEROUS POTENTIALS

exist in the following units:

Spark Gap GA-9-A (Rotary)
Power Supply Unit RA-101-A
Indicator Panel BD-123-A

Power Supply Unit RA-100-A
Radio Frequency Unit BC-1224-A




FIRST AlD TREATMENT FOR ELECTRIC SHOCK

I. FREE THE VICTIM FROM THE CIRCUIT IMMEDIATELY.

Shut off the current. If this is not immediately possible, use a dry nonconductor (rubber gloves, rope, board) to
move either the victim or the wire. Avoid contact with the victim. If necessary to cut a live wire, use an axe
with a dry wooden handle. Beware of the resulting flash.

ll. ATTEND INSTANTLY TO THE VICTIM'S BREATHING.

Begin resuscitation at once on the spot. Do not stop to loosen the victim's clothing. Every moment counts.
Keep the patient warm. Wrap him in any covering available. Send for a doctor. Remove false teeth or other
obstructions from the victim’s mouth.

ON

one arm extended directly
the elbow, the face turned
orearm, so that the nose and
. A).

ir one leg, with your knees
snes to allow you to assume

>s and fingers in a natural
n the small of his back, and
lowest ribs (fig. A).

TEMENT

ng forward slowly, so that
ually brought to bear upon
Id be directly over the heels
»rward swing (fig. B). Do
rst movement should take

)WVEMENT

ward, to remove the pres-

‘d again. Repeat this pres-
mes a minute. A complete

CONTINUED TREATMENT

7. Continue treatment until breathing is restored or until there is no hope of the victim's recovery. Do not give up
easily. Remember that at times the process must be kept up forhours

8. During artificial respiration, have someone loosen the victim's clothing. Wrap the victim warmly; apply hot
bricks, stones, etc. Do not give the victim liquids until he is fully conscious. If the victim must be moved, keep
up treatment while he is being moved.

9. At the first sign of breathing, withhold artificial respiration. If natural breathing does not continue, immediately
resume artificial respiration.

10. If operators must be changed, the relief operator kneels behind the person giving artificial respiration. The relief
takes the operator's place as the original operator releases the pressure.

11. Do not allow the revived patient to sit or stand. Keep him quiet. Give hot coffee or tea, or other internal
stimulants.

HOLD RESUSCITATION DRILLS REGULARLY

Vil
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DESTRUCTION NOTICE

WHY — To prevent the enemy from using or salvaging this equipment for
his benefit.

WHEN — When ordered by your commander.
HOW — 1. Smash — Use sledges, axes, handaxes, pickaxes, hammers, crow-
bars, heavy tools.
2. Cut — Use axes, handaxes, machetes.

3. Burn — Use gasoline, kerosene, oil, flame throwers, incendiary
grenades.

4. Explosives — Use firearms, grenades, TNT.

5. Disposal — Bury in slit trenches, fox holes, other holes. Throw
in streams. Scatter.

USE ANYTHING IMMEDIATELY AVAILABLE FOR DESTRUCTION
OF THIS EQUIPMENT

WHAT — 1. Smash — Transmitter tube, local oscillator tube and assembly,
crystal mixer assemblies, r-f transmission line, antenna
dipole, parabolic reflector, rotary spark gap, indicator
panel gears, cathode-ray tube, motors, synchroscope,
and all other components. Use explosives as required
for complete destruction of the equipment.

2. Cut — Antenna pulse cable and other interconnecting cables.

3. Burn — Transmitter tube (including spare). Use thermite pow-
der, incendiary grenade. Scrape schematic drawings
from inside panel of components, spray with gasoline
and ignite.

4. Bury or scatter — Transmitter tube, all other equipment.

DESTROY EVERYTHING
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REFERENCE NOTICE

TM 11-1561, Service Manual, is one of three technical manuals on Radio Set
SCR-682-A. It is used in conjunction with TM 11-1361, Technical Operation
Manual, and TM 11-1461, Preventive Maintenance Manual. TM 11-1561 con-
tains two general types of information. First, it explains the theory of opera-
tion of Radio Set SCR-682-A ; and second, it supplies practical procedures to
be followed when the equipment fails to function properly. The Service Manual
serves as a guide for locating the source of trouble, indicates the proper repair
or replacement necessary, and in general assists the technician in charge to
get the radar set back into service.

IX
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This manual, together with TM 11-1361 and TM 11-1461, supersedes TM 11-1061, 6 November 1943.

CHAPTER 1

THEORY

Section |.

1. Introduction

The purpose of this technical manual is to present
the electrical and mechanical theory of Radio Set
SCR-682-A (fig. 1) and to summarize the avail-
able information on the repair of the set. The
manual has three chapters, the first two contribut-
ing directly toward understanding the function-
ing of the equipment. The chapters are as follows:

a. Chapter 1. Theory.

b. Chapter 2. Trouble-shooting Procedures.

¢. Chapter 3. Maintenance Parts List.

2. Fundamentals of Radar

a. PrINCIPLE. Detection of an object or target
by the radar set is accomplished by directing a
beam of radio-frequency energy over the region
to be searched. When the beam strikes an object,
part of the transmitted energy is reflected or
reradiated by the target and is returned to the
radar set. A sensitive receiver which is part of
the set detects this reflected energy and, there-
fore, the presence of the object or target.

b. PuLse TransMiIssioN. The transmitter sends
out short bursts or pulses of radio-frequency
energy. When this energy strikes a target, part
of the energy is reflected and is returned to the
radar set. If the transmitter is turned off before
the reflected energy, or echo, returns from the
target, the radar set distinguishes between the
transmitted pulse and the reflected pulse (echo).
After all reflections have returned, the trans-
mitter is again turned on and the cycle repeated.
Sufficient time must be allowed between trans-
mitted pulses for an echo to return from any
target within the maximum workable range of
the radar set. Otherwise the reception of echoes
from the more distant targets will be obscured
by successive transmitted pulses.

ELEMENTARY PRINCIPLES OF RADAR

(1) Pulse width. The duration of each transmit-
ted pulse is commonly referred to as pulse width.
The minimum range at which a target can be
detected is determined largely by the width of
the transmitted pulse. If a target is so close to
the transmitter that the echo is returned to the
radar set before the transmitter is turned off, the
reception of the echo will be masked by the
transmitted pulse.

(2) Pulse-repetition (recurrence) frequency. The
desired maximum workable range of the system
will determine the minimum elapsed. time be-
tween successive pulses as explained above. The
number of pulses transmitted per second, which
is determined by the time elapsed between suc-
cessive pulses, is called the pulse-repetition fre-
quency.

c. ANTENNA Directivity. The radar antenna
must be directional ; that is, it must be constructed
so that the radio-frequency energy is transmitted
in a concentrated beam. Otherwise targets at
several directions from the antenna would return
cchoes for a single transmitted pulse, and there
would be no means of determining the directions
of the various targets. The antenna must be
rotatable so that the operator can control the
direction in which the energy is being sent out.

(1) A single radiating element (a dipole) will
send out more energy in some directions than in
others. A system of reflectors will further con-
centrate the energy. These principles are utilized
in the construction of radar antennas to produce
a single unidirectional narrow beam of energy.
The pattern produced in this manner permits
the beaming of maximum energy in the desired
direction.

(2) The transmitting pattern of an antenna
system is the same as the receiving pattern (fig.
2). One antenna, therefore, can be used both to
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transmit and to receive energy effectively.

d. DETERMINATION OF AZIMUTH ok Beaxinc: Fhe
measurement of the direction of a target from
the radar system is usually given as an angular
position, measured from some reference direc-
tion. In the case of Radio Set SCR-682-A, the
reference direction is true south. The angle at
which the echo signal returns can be measured
because of the directional characteristics of the
radar antenna system. The antenna rotates in
azimuth, directing energy over the region to be
searched. Reflected energy will be received from
the target through a sector of angular positions
of the antenna. In the position in which maximum
reflected energy is received, the antenna points
directly at the target, and the position of the
antenna is an indication of the azimuth or bearing
of the target.

(1) Figure 2 shows the receiving (or trans-
mitting) pattern for a typical radar antenna
system. The relative signal strength is shown
plotted against the angular position of the antenna
with respect to the target. A maximum signal is
received only when the axis of the lobe passes
through the target.

(2) The accuracy with which the direction of
a target can be determined depends on the angular

ANTENN.
~® TARGET
f DIRECTION
Loge OF ROTATION
AX] s~
--—— SIGNAL STRENGTH
ANTENNA POSITION ‘A’
LOBE
AXIS ® TARGET

[e—————— SIGNAL STRENGTH ——l
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\93?'
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Figure 2. Relationship between beam axis and target bearing.

2

width of the lobe pattern. If the signal strength

- -ghginges ‘¥dpidly when the antenna is rotated a

small amount, the on-target position can be se-
lected with a greater degree of accuracy. Figure
3 illustrates the determination of the direction of
a target, using first a wide beam and then a nar-
row beam. The direction of the target is deter-
mined by observing the direction of the antenna
for which signal strength is maximum. For pur-
poses of illustration it is assumed that the signal
strength must drop to one-half its maximum
value before the change can be noted. As the
wide beam is swept past the target, the return
signal strength varies as shown in figures 3Q),
3®, and 3®. In the position shown in figure 3@
the signal strength has one-half its maximum
value; in figure 3(®), when the antenna is pointed
directly at the target, the signal is maximum;
and in figure 3(®) the signal strength has dropped
back to one-half its maximum value. The observer
then knows that the target lies within the 90° sec-
tor that the antenna swept through while the signal
<+ «ngth was varying as described above. Figures
3@, 3®, and 3® show the corresponding varia-
tion of signal strength as the narrow beam is
swept past the target. In the case of the narrow
beam the signal strength varies from one-half
its maximum value to maximum and back to one-
half of maximum, as the antenna moves through
a 20° sector. With the narrow beam the observer
knows that the target lies within a 20° sector.
Therefore the narrower the beam the more accu-
rately the direction of the target can be deter-
mined.

¢. DETERMINATION OF RANGE. The measurement
of range depends upon a conversion from time
to distance which is possible because of the known
velocity of radio waves.

(1) Radio-frequency energy which has been
radiated into space travels at a known constant
velocity. When the energy strikes a reflecting
object there is no loss of time. The reflected
energy is redirected and continues to travel at
the same constant velocity. Its velocity is the
same as that of light, 186,000 land miles per sec-
ond, 162,000 nautical miles per second, or 328
yards per microsecond (millionth of a second).

(2) The radar system measures range by meas-
uring the time required for a pulse of energy to
travel to a target and return. For example, assume
that a 1-microsecond pulse is transmitted toward
an object which is 32,800 yards away. When the
pulse reaches the target, it ‘has traveled 32,800
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Figure 3. Accuracy of single lobe.

yards at 328 yards per microsecond, and therefore
100 microseconds have elapsed. The pulse is then
reflected, and energy is returned over the same
path. Since the return trip is also 32,800 yards, it
takes 100 microseconds for the reflected pulse to
return to the radar set. The total elapsed time is
200 microseconds, but the total distance traveled
is twice the actual range of the target. Since it is
desired to know only the range of the target, the
velocity is commonly considered to be one-half of
its true value, or 164 yards per microsecond. In
this example, range = time X 164 = 200 X 164 =
32,800 yards.

f. DETERMINATION OF TiME. In order to utilize
the time-range relationship discussed in e above,
the radar system must have a time-measuring
device. In addition, since there may be more than

one target in the region being searched. some’

means of separating and identifying pulses must
be provided. The cathode-ray oscilloscope is well
suited to such a task, because it not only retains
the information on its screen but also provides
a time scale. The time scale is produced by using
a linear sweep to produce a known rate of motion
of the electron beam across the screen of the
cathode-ray tube.

‘(1) The measurement of time is illustrated in
the following example: Assume that a cathode-
ray tube is used with a radial linear sweep which
produces a beam whose velocity across the screen
is 1 inch per 100 microseconds. The echo signals
received from a target at a range of 32,800 yards
are applied to the oscilloscope as a brightening
of a point on the sweep. Following the same
sequence of events as discussed in e(2) above,
figure 4D illustrates the radio-frequency pulse

3
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leaving the radar antenna and the horizontal
sweep just starting across the screen. Since 1
microsecond has elapsed, the leading edge of the
pulse has moved 328 yards from the antenna,
and the sweep trace has moved 0.01 inch across
the screen. The receiver detects the transmitted
pulse, which shows on the screen of the oscillo-
scope (scope) as a bright spot. Fifty microsec-
onds after being generated, the-transmitted pulse
has traveled half the distance to the target, and
the sweep trace has moved % inch (fig. 4Q).
After 100 microseconds have elapsed the pulse
reaches the target 32,800 yards away, and the
sweep trace has moved 1 inch. The reflected pulse
returns to the radar antenna 100 microseconds
later. Figure 4@ shows the reflected pulse half-
way back to the antenna, and figure 43 shows

REFLECTED PULSE
FROM TARGET NO.2

REFLECTED
PULSE FROM
TARGET NO.|

TRANSMITTER
PULSE

PP] SCOPE

the reflected pulse and the sweep trace at the time
that the pulse arrives at the antenna. A total time
of 200 microseconds has elapsed from the time
the transmitted pulse was sent out. During this
200-microsecond period the sweep trace has
moved a total distance of 2 inches. For a distance
representing the duration of the received pulse
(1 microsecond) the trace on the face of the scope
is brightened. Thus, with a constant sweep-trace
velocity of 1 inch per 100 microseconds, a time
scale is produced which is equivalent to 100 micro-
seconds per inch times 164 yards per microsecond
or 16,400 yards per inch of trace. If another target
returned the transmitted pulse in 300 microsec-
onds, the return signal would be indicated 3 inches
from the start of the sweep, and the range of this
target would be 3 X 16,400 = 49,200 yards.

R

TARGET
NO.2

TARGET
NO. 1

ANTENNA

f
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(FROM TARGET NO.2)
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Figure 5. Range indication of two targets.



(2) The single sweep trace described in the
above illustration persists on the oscilloscope for
only a short time. It is therefore necessary to
repeat the pulse transmission and the sweep trace
periodically. If the two operations are correctly
synchronized, signals returned from a target will
be superimposed on each other by successive
sweep traces.’ The echo signals from all targets
will be shown on the oscilloscope (fig. 5) in their
proper range positions.

3. Description of Radio Set SCR-682-A

a. Radio Set SCR-682-A is a transportable,
general-surveillance radar unit. The equipment is
designed so that it may be disassembled and
moved from one location to another with a mini-
mum of difficulty. Its basic function is RAdio
Detection And Ranging (RADAR). In com-
mon with other radar sets it is capable, within
certain limits, of spotting surface craft and low-
flying aircraft under any weather or light con-
ditions. As normally used with harbor defense
and coastal defense installations, the functions

of the set:are:

(1) To search for aircraft or surface vessels
within the maximum range of the set.

(2) To 'supply continuous data on the range
(distance) and azimuth (direction) of all targets
detected. -

b. To perform its functions adequately, the set

operates in the microwave frequency range rather
than at longer wavelengths. Microwaves can be
sharply focused and are not subject to the limita-
tions which ground reflections place upon longer
waves. :
" ¢. A general view of the components of Radio
Set SCR-682-A is shown in figure 6. The set is
composed of three main units: Modulator Unit
BC-1194-A, Indicator Unit BC-1225-A, and the
spinner assembly, each of which contains several
components.

d. In the theory and trouble shooting chapters
of this manual, the various circuits of the set are
not divided according to the components shown
in figure 6, but are divided into functional systems
as discussed in paragraph 4.

Figure 6. Radio Set SCR-682-A, general view of components.




4. Simplified Block Diagram of Radio Set
SCR-682-A

The various systems of Radio Set SCR-682-A
are shown in figure 7. In brief, the transmitter
system is activated by a spark gap and generates
radio-frequency (r-f) pulses. The r-f pulses are
conducted to the antenna and are radiated in the
form of a focused beam. Target echoes are ampli-
fied and detected in the receiver system. The out-
put of the receiver system is then fed into the
indicator system (PPI scope and associated cir-
cuits). When the spark gap pulses the transmitter,
it also triggers the sweep circuit and the range
marker circuits at the same instant. Thus all
circuit actions (trigger pulses, sweep pulses,
“gates,” etc.) are synchronized. The azimuth rota-
tion control and the azimuth indication system
are also shown in the block diagram. The func-
tions of the various systems are shown in figure
7. Circuit details will be discussed in succeeding
sections. Before and during the reading of the
next subparagraphs, a thorough study of the block
diagram is recommended.

a. TRANSMITTER SysTEM. The transmitter system
of the radar set generates r-f pulses of narrow
width (1 microsecond) and high power (225 kw.
peak) at a frequency of approximately 2,800
megacycles. At 2,480-microsecond intervals, the
spark-gap modulator applies a negative voltage
of 20 kilovolts to the transmitter tube (mag-
netron) for a period of 1 microsecond. The major
parts of the transmitter system are a high-voltage
rectifier which produces d-c voltage of the re-
quired amplitude, a spark-gap modulator which
generates the pulse, and a magnetron oscillator
which produces the radio-frequency power.

b. RaDIO-FREQUENCY SysTEM. The r-f system of
Radio Set SCR-682-A consists of the transmis-
sion line, the transmit-receive (T-R) box, the
antenna, reflector, and all auxiliary elements
which are involved in the conduction, radiation,
and interception of pulses. The transmission line
couples the antenna to the transmitter and re-
ceiver systems. The T-R box keeps transmitted
pulses out of the receiver system and passes
reflected signals on to the receiver. The antenna,
a specially designed dipole, is used for both trans-
mitting and receiving. It is mounted at the focal
point of a 4-foot parabolic reflector which re-
volves in azimuth at a speed of 10 rpm (6 rpm
in sets with serial numbers 1 to 6). The entire
antenna assembly may be rotated to the left or

right, reversed, or halted at any point. Although
an elevation tilt adjustment is provided, this is
usually set near zero elevation to facilitate detec-
tion of ships or low-flying aircraft. The range of
the set is considerably increased by mounting the
antenna on a tower. Since radio waves travel in
a straight line, neglecting refraction, and are
tangent to the earth’s surface at the horizon as
seen from the set, they tend to pass over an object
which lies under the radar set’s horizon. The
tower increases the distance to this horizon.

¢. RECEIVER SysTEM. The receiver system of
Radio Set SCR-682-A amplifies and detects
target echoes. A McNally oscillator generates a
signal at a frequency of 2,770 megacycles (2,800
mc less 30 mc). This signal is combined with the
received r-f echoes to produce an intermediate
frequency of 30 megacycles. The video-detection
and amplifying channels included in the system
provide signals for the indicator system. Gain
variation is accomplished by varying the amount
of the bias in the grid circuits of the second and
third i-f stages; the receiver gain control is
mounted on the indicator operating shelf. An
automatic frequency control circuit is included
in the receiver system to provide stability of the
intermediate frequency. .

d. INDICATOR SYSTEM. The heart of the indicator
system is the cathode-ray oscilloscope, the elec-
tron beam moyement of which is controlled by
a voltage developed in the sweep circuit. The
controlled voltage variations cause the spot or
beam to move outward from the center of the
screen at uniform speed. Because the screen face
is treated with a fluorescent material which has
the property of retaining an impression for a
period of time (persistence), the moving beam or
spot gives the impression of being a fine line. This
line moves around the scope face like the spoke
of a wheel, rotating synchronously with the an-
tenna. When the antenna receives a reflected
signal from a target, the received signal appears
on the moving line as a bright spot. The direction
of the spot from the tube center indicates the
target position in azimuth. Range is indicated by
the distance of the spot from the tube center,
Range and azimuth are determined quickly and
accurately, therefore, by direct readings.

e. RANGE MARKER SysTEM. Although a part of the
indicator unit, the range marker system is pre-
sented on the block diagram as a separate func-
tional unit. The system provides markers which

7
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appear as concentric, evenly spaced circles on the
face of the PPI scope. The range of a target is
then measured by observing the position of the
target with respect to the range marker circles.

§. SELsyN SysTEM. The selsyn system synchro-
nizes the azimuth position of the trace on the PPI
tube with the azimuth position of the antenna.

The principal parts of the system are a trans-
mitting selsyn geared to the antenna and a re-
ceiving selsyn geared to the PPI yoke.

5. Technical Characteristics of Radar Set

The principal technical characteristics of Radio
Set SCR-682-A are as follows:

GENERAL
RANGE:
Maximum ..........cciveeeencnceccnns esess 240,000 yards (approx).
Minimum ..........cciiiieinnnennnnnnns «es 500 to 2,000 yards (approx) depending upon

Accuracy of range:
10,000-yard range scale...................
40,000-yard range scale...................
160,000-yard range scale...................
240,000-yard range scale...................
Determination .............ccciiiiieinnans

AZIMUTH:
Mechanical ............ccoiiiiiiiiiiiienn.,
Operational ..............cciviiiiinnnennen.
ACCUTacY ... . iiiiiiiiiiiiiiissesacnancccnss
Scanning ... ... . i iiiiiiiriiiiiiiinaa

Determination of direction..................
ELEVATION ... . iiiiiiiiiiiiiannnenns
TYPE OF PRESENTATION................
ECHO INTERPRETATION ................

FREQUENCY ..ecovvivnniennnns.
WAVELENGTH .............
TRANSPORTATION ............. ceeeeneens

SHELTERS AND TOWER.............

ASSEMBLY TIME ...........coevvineeen ces

ground clutter range.

+100 yards.

500 yards.

+2,500 yards.

#+5,000 yards.

By interpretation of time difference between in-
stant of transmission of main pulse and arrival
of echo pulse.

360 degrees.

360 degrees.

+1 degree.

Continuous rotation of spinner assembly at 10
rpm (6 rpm for units serially numbered 1 to 6).

Read on PPI scope azimuth dial in number of
degrees from true south.

Manually adjustable from —5 degrees to 425
degrees.

7-inch cathode-ray tube for PPI presentation of
azimuth and range,

Examination of echoes on screen of indicator
enables approximation of number of targets.

Approximately 2,800 megacycles.
10.7 centimeters.

Three 2}4-ton, 6 x 6, LWB cargo trucks or two
24-ton, 6 x 6, LWB cargo trucks, and two
1-ton trailers are necessary to transport the set
in one trip.

Two shelters provided for set. Antenna Shelter
HO-22, a prefabricated pressed canvas and
plastic shelter is 68 inches in diameter, 77 inches
high, and weighs 105 pounds. Shelter HO-23
is a complete house 11} feet long, 614 feet
wide, 5)4 feet high, and weighs 1,890 pounds.
Tower TR-42-A, a portable adjustable-height
steel tower, is 30 feet high, 6 feet square with
an 8-foot square platform and a hoist assembly.

Approximately 6 hours with trained crew.



TRANSMITTER SYSTEM

PEAK POWER ......coiiiiiiiiiiiiiiiinne 225 kw.

AVERAGE POWER .......ccoviiiiinnnnnnn.. 90 watts.
PULSE-RECURRENCE FREQUENCY ..... 402 cycles per second.
PULSE WIDTH .........cciiviii v, 1 microsecond.

SOURCE OF R-F POWER.................. Magnetron oscillator.

H-V RECTIFIER OUTPUT .........c........ 6,000 volts, 50 milliamperes.

RECEIVER AND INDICATOR SYSTEMS

TYPE OF INDICATOR:

PPI scan oscilloscope......... cheetcsasrans . 7-inch type-7BP7 cathode-ray tube with long per-
: sistency screen and suitable color filter.

OPERATING RANGES ......ccciivvnnnn. 0 to 240,000 yards, divided into 4 ranges of from
0 to 10,000 yards, 0 to 40,000 yards, O to 160,000
yards, and O to 240,000 yards.

RANGE CALIBRATING FREQUENCY..... 327,868 cycles per second.

R-F SYSTEM

TRANSMISSION LINE ............ccc0une. %-inch coaxial line.

ANTENNA ... ittt iiinaes One dipole antenna mounted at focal point of
parabolic reflector used for transmitting and
receiving.

ANTENNA SWITCHING ..........cccv..... Switching from transmitting to receiving systems
automatically controlled by T-R (transmit-re-
ceive) box.

BEAM WIDTH ............ e 6 degrees at half-power points.

ANTENNA POWER GAIN.................. 900.

POWER SUPPLY SYSTEM

TYPE OF POWER UNIT...................
RATING ..ot

6. Major Components

a. A listing of the major components is given

Gasoline engine driven generator.
6 3-kva, 0.8 power factor, 120-volt, single-phase,
52.5-ampere, 60-cycle.

in table I below. Included are the descriptive
names of the components, the common usage
names, and the official Signal Corps designations.

Table I. Nomenclature of major components

Descriptive name

Name in common usage

Signal Corps designation

Antenna

Indicator control unit

Indicator power supply

Indicator unit

Meter panel

Modulator power supply

Modulator unit

Operating shelter

Pedestal

PPI scope

Power-control panel

Power-generating unit

Radio-frequency unit

Receiver

Rotary spark-gap
modulator

Spinner housing

Antenna

Indicator control unit
Indicator power supply
Indicator

Meter panel

Modulator power supply
Modulator

Shelter

Pedestal

PPI

Control panel

Power unit

R-F unit

Receiver

Spark gap

Blister

Antenna AN-134-A*
Indicator Control BC-1193-A
Power Supply Unit RA-100-A
Indicator Unit BC-1225-A
Meter Panel BD-124-A
Power Supply Unit RA-101-A
Modulator Unit BC-1194-A
Shelter HO-23

Pedestal FT—458-A*

- Indicator Panel BD-123-A

Control Panel BD-130-A

Power Unit PE-183-A

Radio Frequency Unit BC-1224-A*
Radio Receiver BC-1223-A*

Spark Gap GA-9-A (Rotary)

Antenna Shelter HO-22

* The combination of Pedestal FT-458-A, Radio Frequency Unit BC-1224 -A, Antenna AN-134-A, and Radio Receiver BC-1223-A is commonly called

the spinner assembly or spinner.
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b. The complete and simplified schematic dia-
grams for these components use the following
system for part designation.

Prefix Location
1 Pedestal FT-458-A, Radio Frequency Unit
BC-1224-A, and Antenna AN-134-A
(spinner) ’
Radio Receiver BC-1223-A (spinner)
3 Control Panel BD-130-A and Spark Gap
GA-9-A (Rotary) (modulator unit)
4 Power Supply Unit RA-101-A (modulator
unit)
Meter Panel BD-124-A (indicator unit)
Indicator Panel BD-123-A (indicator unit)
Indicator Control BC-1193-A (indicator
unit)

N O\ w»

8 Power Supply Unit RA-100-A (indicator
unit)

9 Indicator Unit BC-1225-A (upper cabinet)

Example: Resistor 2-R—43 is resistor No. 43 lo-
cated in Radio Receiver BC-1223-A (mounted on
spinner assembly).

¢. The abbreviations listed below are standard
in all schematic diagrams.

Unit Abbreviation
Ohms .......ccoivviinnnnnn Q
Thousand ohms ............ KQ
Megohms ................. MQ
Microfarads ................ MF
Micromicrofarads .......... MMF
Millihenrys ................ MH
Microhenrys ............... QH

Section Il. CONTROL SYSTEM

7. Introduction

The control system of Radio Set SCR-682-A con-
sists of those parts and circuits which are incor-
porated for the primary purpose qf controlling the
a-c power supplied to the various components.

Parts such as switches, relays, pilot lights, meters,
powerstats, rheostats, and fuses are used in the
control circuits to insure the correct application
of power, indication of applied power, regulation
of voltage and current, and protection against

Figure 8. Control Panel BD-130-A, front view.



overload and underload. The control panel (fig.
8) of the modulator unit is the control board, or
operations center, for most of the control circuits.
The control system of Radio Set SCR-682-A is
divided into eight basic circuits, each of which in
turn may be subdivided into several individual
circuits. The eight basic circuits are listed below
and are described in paragraphs 8 through 16.

. Power supply circuit.

. Shelter circuit.

. Green pilot light circuit.

. Unregulated supply circuit.

. Regulated supply circuit.

Red pilot light circuit.

. Spinner drive motor control circuit.

73 0 A0 O R

h. Selsyn circuit.

8. Power Supply Circuit

Radio Set SCR-682-A operates with a power

source having the characteristics listed below:
Nominal voltage ........ 120 volts
Instantaneous regulation.* 5 volts maximum

Slow time variation...... =+ 15 volts maximum
Supply frequency........ 60 cycles = 2 cycles
Minimum power outpur..1.6 kilowatts
Minimum kva output.... 2.1 kva

a. Limits. Radio Set SCR-682-A is designed to
operate with a power source supply voltage be-
tween 115 and 125 volts. However the LINE
VOLTAGE CONTROL and HIGH VOLTAGE

N

Figure 9. Control Panel BD-130-A, general view of interior.
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CONTROL regulating transformers or power-
stats (figs. 8 and 9) will permit operation within
limits of 105 to 135 volts.

(1) If the equipment is operated outside the 115-
volt to 125-volt range, there is a possibility that
the control circuit for the spinner drive motor
will not function properly,

(2) When operating with the maximum input of
135 volts and with a high ambient temperature,
the possible number of reversals of the spinner

drive motor before the protective cut-out switch
operates will be considerably decreased.

b. Accessories. The power supply output-ca-
pacity figures given in the listing above do not
include accessories such as lights, soldering irons,
or other auxiliary equipment power loads.

¢. PEDESTAL CONVENIENCE OUTLET. The 115-volt
a-c convenience outlets 1-K-3 (fig. 10) in Pedes-
tal FT-458-A is limited to a load of 15 amperes
(maximum) with the spinner drive motor not
running.

Figure 10. Pedestal FT-458-A, base.
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Figure 12. Modulator Unit BC-1194-A.
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d. GROUNDING oF Power Source. Radio Set SCR-
682-A is designed to operate with an ungrounded
power source. However, there are no connections
from the primary wiring to ground in the equip-
ment, so that it is possible to operate from a
grounded system if desired.

e. Power UnNit PE-183-A. Power Unit PE-
183-A meets the requirements of Radio Set SCR~
682-A. It is capable of supplying a load up to 56
amperes if necessary. For data on Power Unit
PE-183-A see TM 11-937.

9. Switches and Interlocks

Before the set can be turned on, all switches and
interlocks must be in their proper operating po-
sitions, as shown in the diagram of figure 11.

a. Interlocks include one cover interlock 1-S-7
in the r-f unit, three door interlocks 7-S-5, 8-S-1,

All interlocks.............
R.F. UNIT switch 1-S4..
SAFETY switch 1-S-5. ...
ROTATE switch 1-S-1...
SCAN switch 7-S4.......

and 9-S-1 in the indicator unit, and three door
interlocks 3-S-5, 3-S-6, and 4-S-1 (figs. 9 and 12)
in the modulator unit.

b. Switches include R. F. UNIT switch 1-S4,
SAFETY switch 1-S-5, and ROTATE switch
1-S-1 on the pedestal (fig. 10); SCAN switch
7-S—4 in the indicator unit; and two LINE
SWITCHES 3-S-1 and 3-S-2, RADIATE ON
push button 3-S—4, and RADIATE OFF push
button 3-5-3 in the modulator unit (fig. 8).

c. In the modulator unit are two powerstats
(figs. 8 and 9), one of which, 3-T-1, controls a
regulated output, while the other, 3-T-2, controls
the input to the high-voltage transformer 4-T-2.

d. Figure 11 shows all relays and switches in
normal position before power is applied. The fol-
lowing table lists these positions.

................ Closed

NOTE. - '-x-'\

BOTH SIDES i ©
OF THE LINE|
ARE n.ommq
WITH RESPECT:
TO GND. i Z.
L.

RECEPTACLE

J/ La ?.h.ﬁ.al-b.l:l:?\ I @ SCHEMATIC
/ iLATOR | “ i
Eﬁ — M|
Ay = GND.
<< |BLOWER Y 8 ! —
\‘ KX r | NOTE"
P E S II SYMBOLS Fp Fp
CONTINUATION | | Ly L2 ETC,
OF CORD ... "'IL REFER TO
CD -94 / S I ABOVE SCHEMATIC
INDICATOR !

.
3
CORD
&= #To\:“" CD.941
5\4*'3\ N POWER
M

_ — _ _LiGHT
—— - %?CKET NcaBLE
U L2
FUSE 15 V AC
Y RS "_F'_'g(‘g 60 CPS
RECEPTAC" WER SWIT @ PICTORIAL
DIAGRAM
TL 39625

Figure 13. Shelter HO-23, schematic and pictorial diagrams of a-c power circuit.




U -—

...... Normal operating position

HIGH VOLTAGE CONTROL 3-T-2..... Normal operating position

10. Shelter Circuit

Figure 13 shows the wiring of Shelter HO-23.
A heavy, insulated, flexible power Cord CD-941
connects the output of Power Unit PE-183-A to
the shelter by means of a receptacle mounted on
the rear wall of the shelter. This receptacle also
connects to the power switch (which has self-
contained, nonrenewable cartridge-type fuses
F-A-1 and F-A-2). The power switch (fig. 14)
is mounted on the inside wall of the shelter. When
the switch is thrown on, power is sent into dif-
ferent circuits, each of which is fused by non-
renewable screw-in type fuses located in the fuse
box (fig. 14) above the power switch. One of

FUSE BOX
/

/POWER SWITCH

).

TL 39818
Figure 14. Shelter HO-23, power switch and fuse box.

these circuits is for the radar equipment, the
others being used for the wall lights, convenience
outlets (receptacles), and the shelter ventilating
blowers. Conduits and condulets are built in as
standard equipment and contain the various con-
necting wires.

11. Green Pilot Light Circuit (fig. 15)

The green pilot light circuit includes those cir-
cuits which receive a-c power when the power
switch (fig. 14) is thrown on and the power cord
is connected to the POWER IN receptacle 4-K—4
on the modulator unit. The following normal re-
sults occur when this circuit is energized:

a. The green LINE VOLTAGE ON light
3-A-2 (fig. 8) glows. This light with its series
resistors 3-R-1 and 3-R-2 is connected across
the 120-volt line.

b. The heater 3-A-1 inside the rotary spark
gap receives power. This heater 3-A-1 is pro-
tected by fuse 3-F-3 (fig. 12).

¢. The modulator unit convenience outlets
4-K-5 are energized. Fuse 4-F-1 (fig. 12) is con-
nected in this circuit. ,

d. Capacitors 4-C-1-1 and 4-C-1-2 are also
across the 120-volt line. These capacitors are con-
nected in series and have their common leads
grounded.

e. Power is fed to one
SWITCHES 3-S-1 and 3-S-2.

12. Unregulated Supply Circvit (fig. 16)

Those circuits for which voltage is not controlled
by a powerstat are included in the unregulated
supply circuit. When the LINE SWITCHES
3-S-1 and 3-S-2 are turned to the ON position,
voltage is applied to the modulator unit blower
motor 3-A-3, spark-gap drive motor 3-A—4, spin-
ner drive motor circuits (through SCAN switch
7-S-4), transmitter tube blower motor 1-A—4,
and the receiver blower motor 1-A-3. Voltage is
also applied to the white pilot lamp 3-A-6 and
the time delay relay 3-E—4. After approximately
45 seconds, the amber MODULATOR READY
pilot lamp 3-A-5 (fig. 8) glows, indicating that
the set can be put into operation by pressing the
RADIATE ON button. The following circuits
are energized as soon as the LINE SWITCHES
are turned on:

side of LINE
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a. MopuLAaTorR UNIT BLOWER MoToR. The modu-
lator unit blower motor 3-A-3 operates since it
is connected directly across the 120-volt line
through fuse 3-F-1.

b. SPARK-GAP DRrRIVE MoTtor. Voltage is applied
to the spark-gap drive motor through fuse 3-F-2.

c. PowerstaT 3-T-1. The LINE VOLTAGE
CONTROL powerstat 3-T-1 is energized. The
output voltage from this powerstat feeds several
circuits which are explained in paragraph 13.

d. SCAN SwircH. The circuits for the spinner
drive motor are fed through the SCAN switch
7-5-4 on the indicator unit and ROTATE switch
1-S-1 on the spinner. As explained in paragraph
15, the spinner drive motor is inoperative until
the SCAN switch is turned to either FORWARD
or REVERSE.

e. TRANSMITTER-TUBE BLOWER AND RECEIVER
Brower. Blower motors 1-A-3 and 1-A—4 oper-
ate as soon as the LINE SWITCHES are thrown
ON. Fuses 9-F-3 and 9-F-2 protect these motors
as well as other equipment in the unregulated
supply circuit. Power is fed to them through slip
rings Nos. 6 and 11 in the pedestal.

j. WaITE Prror LicHT Circuir. The unregu-

lated 120-volt source also feeds through interlock

* switch 1-S-7, pedestal slip ring No. 7, and the

SAFETY switch 1-S-5 and is then applied across
the series combination of two parallel resistors
3-R-5 and 3-R-6, the plate relay contacts 3-E-
1-2, and the white SPINNER READY pilot lamp
J-A-6, thus causing the white light to glow.

g. TiME DELAY RELAY CoIL. At the time that the
white pilot lamp glows, the coil in the time delay
relay 3-E—4 (fig. 9) is energized. After this relay
coil has been energized for approximately 45 sec-
onds, the time delay relay contacts 3-E—4-1 close.
This causes the amber MODULATOR READY
pilot light 3-A-5 (fig. 8) to glow. This lamp is
connected across the 120-volt unregulated source
through the time delay relay contacts, the inter-
lock switches 3-5-6, 3-S-5, and 4-S-1, the parallel
resistors 3-R-3 and 3-R—4, and the plate relay.
contacts 3—-E-1-1. See paragraph 18 for a dis-
cussion of the time delay relay.

k. LINe SwitcHEs. The LINE SWITCHES are
of the circuit breaker type. In the event of an
overload, self-contained thermal units heat and
automatically cause the LINE SWITCHES to
open.

MODULATOR UNIT BC-1194-A

LINE SWITCH
3-5- '___‘
[ ==
T T T T eve-or—
ae- N N et
I5A | 4--C-1-1 3A | |
120 V-60 CPS —— 0.25MF 3-R-1 3-R-
INPUT i 25000 | 25000
=X L ©
GREEN
LYt LY _|
OUTLET SPARK
4-K-5 GAP i
L &-Ch2 HEATER
= 0.25MF o
LINE SWITCH
3-s-2
=
& s ? o—ffm\/b/o—_‘

NOTE: SEE 'COMPLETE. SCHEMATIC OF

=4

CONTROL SYSTEM FOR TERMINAL-

STRIP CONNECTIONS.

TL 39626

Figure 15. Green pilot light circuit, simplified schematic diagram.
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13. Regulated Supply Circuit (fig. 17)

Those circuits which are fed from the output of
powerstat 3-T-1 are included in the regulated
supply circuit. The voltage output of this power-
stat can be adjusted by means of the LINE
VOLTAGE CONTROL (fig. 8). When the
LINE SWITCHES are thrown to the ON posi-
tion, regulated voltage is applied across the fila-
ment transformer (4-T-1) of the rectifier tubes
of Power Supply Unit RA-101-A, transmitter
tube filament transformer 1-T-1, line voltmeter
5-M-1, running time meter 5~M-2, and the indi-
cator control panel lamps 7-A-1, 7-A-2, and

rectly across the regulated supply and operate
when the LINE VOLTAGE CONTROL is in its
normal position and the LINE SWITCHES are
thrown to the ON position. A description of these
circuits follows:

a. FILAMENT TRANSFORMER OF RECTIFIER TUBES.
Transformer 4-T-1 supplies power for heating
the filaments of the WE-705-A rectifier tubes in
Power Supply Unit RA-101-A.

b. LINE VoLTMETER AND RUNNING TIME METER.
Meters 5-M-1 and 5-M-2 are connected across
the output of the powerstat and are protected by
fuses 9-F-5 and 9-F-6.
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Figure 17. Regulated supply circuit, simplified schematic diagram.

6-A-2. Voltage is applied to the filament and bias
transformer 8-T-2 of Power Supply Unit RA-
100-A. Voltage is also applied through bias relay
8-E-1 to the high-voltage plate transformer
8-T-1 and the low-voltage plate transformer
8-T-3. The indicator blower motor, the rotors of
selsyn motor 6-A-1 and selsyn generator 1-A-2,
and Radio Receiver BC-1223-A are connected di-
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c. INpicaTor Lamps. The indicator lamps il-
luminate the control knobs on the indicator con-
trol and the azimuth index of the azimuth dial.
Lamps 7-A-1 and 7-A-2 supply light for the
indicator control knobs, and lamp 6-A-2 supplies
the light for the azimuth dial. All three lamps
are in parallel as shown in figure 17. They are
connected in series with the dimmer LIGHTS
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control 7-R-9, and this series combination is
placed across the regulated supply through fuses
9-F-5 and 9-F-6.

d. RANGE ConNTROL LIGHT. Another lamp (not
shown in fig. 17) is located behind the RANGE
switch to illuminate the range setting. This lamp,
7-A-4, is supplied by a 7-volt secondary winding
of transformer 8-T-2 in Power Supply Unit
RA-100-A. It normally lights when the regulated
supply a-c input is fed to this unit. Figure 17
shows the regulated supply a-c input to trans-
former 8T-2 of Power Supply Unit RA-100-A
through fuses 9-F-6, 9-F-5, and 8-F-2, and re-
ceptacle 8-K-2. This receptacle acts as a safety
device since the Power Supply Unit RA-100-A
cannot receive power until connector 8-K-1 is
inserted. In this way, the blower motor must be
connected before power is applied.

e. Crrcuits IN Power SuppLy UNiT RA-100-A.
The primary of transformer 8T-2 in Power
Supply Unit RA-100-A is supplied with power
as explained under subparagraph d above. This
transformer has three secondaries, one of which
supplies a 7-volt source for the filaments of the
indicator control tubes. The other two secondaries
supply the heater voltage and high voltage for
the bias rectifier tube 8-V-2, and heater voltage
for the voltage regulating tube 8-V-9. In series

MODULATOR UNIT BC-1194-A

with the cathode circuit of rectifier tube 8-V-2 is
the coil of the bias relay 8-E~1. Thus, when trans-
former 8-T-2 receives power, the bias rectifier is
operative, the bias relay coil is energized, and
the relay contacts close. These contacts (fig. 17)
in turn close another circuit which allows power
to be applied to transformers 8T-1 and 8-T-3.
The complete circuit which places the regulated
supply voltage across transformers 8T-1 and
8-T-3 comprises the series combination of the
bias relay contacts 8-E-1, interlocks 8-S-1, 7-S-5,
and 9-S-1, fuses 9-F-5 and 9-F-6, and receptacle
8-K-2.

j. INDICATOR BLOWER MoTOR. As shown in figure
17, this motor is connected across the regulated
supply through fuses 9-F-5 and 9-F-6 and re-
ceptacle 8K-2. The connector 8-K-1 when in-
serted into receptacle 8~-K-2 completes the circuit.

g. RoTors OF SELSYN MOTOR AND GENERATOR.
The rotors of selsyns 6-A-1 and 1-A-2 are con-
nected directly across the regulated supply source
through fuses 9-F-1 and 9-F-2. The operation of
the selsyns is explained in detail in section VIII
of this chapter, Selsyn System. Included in this
section are the operation of the selsyn relay
6-E-1 and of microswitches 1-S-6 and 6-S-1.

h. TRANSMITTER TUBE FILAMENT TRANSFORMER.
The primary of transformer 1-T-1 is also sup-
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“Figure 18. Red pilot light circuit, simplified schematic diagram.
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plied by the regulated supply source through fuses
9-F-1 and 9-F-2, R. F. UNIT switches 1-S—4-B
and 1-S4-C, and slip rings Nos. 5 and 6.

i. Crcurts IN Ravio Recerver BC-1223-A. The
receiver is supplied by the same circuit that feeds
the transmitter tube filament transformer pri-
mary.

14. Red Pilot Light Circuit (fig. 18)

The red pilot light circuit provides a visual indi-
cation of the presence of high voltage applied to
the transmitter system. The transmitter system
is placed in operation by pressing the RADIATE
ON push-button switch 3-S—4 after the white
and amber lights are on (pars. 12f and 12g). The
RADIATE ON button, when pressed, causes the
unregulated supply source to be applied to the
coil of the capacitor shorting relay 4-E-1 (fig.
18), through the contacts of the direct-current
overload relay 3-E-3-1.

a. ACTiIoN oF CAPACITOR SHORTING REeray (fig.
12). When the capacitor shorting relay contacts
4-E-1-1 close, the coil of the plate relay 3-E-1
(fig. 9) receives power and operates four sets of
contacts, 3-E-1-1, 3-E-1-2, 3-E-1-3, and 3-E-
1-4. The operation of these contacts causes the
following actions:

(1) White pilot light goes out. Plate relay con-
tacts 3~-E-1-2 open the circuit which supplies
power to the white pilot light.

ROTATE
SWITCH k-4

+ N
120VA-C |

7-S-4 | SCAN SWITCH
FORWARD

Lo - i -.f‘i

(2) Amber pilot light goes out. Contacts 3~E-1-1
of the plate relay open the circuit to the amber
pilot light. i

(3) Red pilot light goes on. Plate relay contacts
3-E-1-3 and 3-E-1-4 close and complete the cir-
cuit which places the unregulated supply source
across the series combination of resistors 3-R-7
and 3-R-8 in parallel and lamp 3-A-7, thereby
causing the red pilot light to glow. Simultane-
ously, power is also applied to the HIGH VOLT-
AGE CONTROL powerstat through fuse 4-F-3.
The powerstat furnishes an adjustable power
source for the high-voltage plate transformer
4-T-2 in Power Supply Unit RA-101-A. Apply-
ing power to transformer 4~T-2 places the rotary
spark gap in operation. The sound of the sparking
is audible. Simultaneously, relay contact 3-E-2-1
closes and shorts out the push-button switch
3-S—4, causing the set to continue in operation
after pressure is removed from the push button.

b. PrOTECTION IN MopuLaTOoR UNIT. Relay con-
tacts 3-E-3-1 and 3-E-2-1 in series protect the
modulator spark gap and power supply units
against overload and underload, respectively. A
third relay 4-E-1 is used to short the high-voltage
filter capacitor 4-C-2 through resistor 4-R-3 in
Power Supply Unit RA-101-A when the power
is removed.

(1) Relay 3-E-3 (fig. 9), called the direct-
current overload relay (D.C.O.L.) is connected
in series with the ground return of the high-
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Figure 19. Spinner drive motor control circuit, position of relays, SCAN switch OFF.
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voltage rectifier. Its characteristics are shown in
the chart below.

Operation Current
Normal ....... 70 Milliamperes
Pull out....... >) Milliamperes + 10%, — 20%
Drop in....... 5 Milliamperes *+ 20%

(2) The transmitter tube underload relay 3-E-2
(fig. 9) operates when 6 milliamperes or more of
transmitter current flows in the circuit. The con-
tacts short out the RADIATE ON switch, keep-
ing the circuit closed after the push button is
released.

(3) The capacitor shorting relay 4-E-1 (fig.
12) has a set of contacts which remove the short
from capacitor 4-C-2 when power is applied by
pressing the RADIATE ON button. A further
explanation of the operation of these relays, con-

and a separate starting winding. Reversal of direc-
tion is obtained by changing the polarity of the
voltage across the starting winding with respect
to that across the running winding. Since operat-
ing characteristics of available motors with cen-
trifugal starting switches are not suitable, use is
made of relays 1-E~1 and 1-E-2 for connecting
and disconnecting the starting winding at the
proper time.

(1) Rapid reversal of the motor is obtained by
using the starting winding as a brake. When the
controlling switch is reversed, the relays connect
the starting winding in opposite phase so that
it bucks the field of the running winding, thus
bringing the motor to a quick stop and then
starting it in the reverse direction.

(2) The possibility that an operator might in-
terrupt the power and then reapply it so as to

Figure 20. Pedestal FT—458-A, cover removed showing motor relays.

tacts, spark gap, etc., is given in section III of
this chapter, Transmitter System.

15. Spinner Drive Motor Control Circuits (figs. 19,
20, and 21)

6. THEORY oF OPERATION. Spinner drive motor
1-A-1 (fig. 10) supplies the mechanical power to
rotate the antenna. It is a standard induction
motor with starting capacitors (1-C-6 and 1-C-7)

attempt to continue rotation in the same direction
makes a sensing system necessary. After a mo-
mentary interruption of power, if it is desired to
continue rotation in the same direction, the relays
should not connect the starting winding. On the
other hand, if a reversal of direction is desired,
the starting winding should be connected as a
brake, and then as a mechanism for starting in
the desired direction.
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(3) The starting winding itself is used to
furnish the information as to whether or not a
reversal is wanted. When the motor is running,
there appears across the starting winding a poten-
tial of about 265 volts induced from the running
winding. If external power is applied so as to
continue rotation in the same direction, the in-
duced voltage and the applied voltage add almost
in phase, producing across the starting winding
a voltage of about 360 volts. If power is applied
so as to reverse direction, the induced voltage
and the applied voltage are in opposite directions
so that the voltage across the starting winding is
about 150 volts.

(4) The coil of relay 1-E-3 is connected across
the starting winding through a 12,000-ohm re-
sistor (1-R—4). It is adjusted so that its contacts
operate when the starting winding voltage is
approximately 250 volts. The contacts on relay
1-E-3 close, energizing relay 1-E-2 which breaks
the circuit supplying external power to the start-

ing winding. Thus if, when the motor is coasting.
power is applied so as to continue rotation in
the same direction, relay 1-E-3 operates (360
volts across the starting winding) and discon-
nects the starting winding. If power is re-applied
so as to reverse direction, the relay does not
operate (only 150 volts across the starting wind-
ing) ; the starting winding remains connected and
brakes the motor. Relay 1-E-3 must be very
sensitive with a light movement and consequently
with a low current-carrying capacity. Because of
these characteristics, better results are obtained
when relay 1-E-3 is used to actuate a second re-
lay connected to the circuit carrying current to
the starting winding.

b. OPERATION OF RELAYs. Figure 19 is a simpli-
fied diagram of the spinner drive motor and relay
control circuits. With no power applied to the
motor, relay 1-E-3 is open and relay 1-E-2 is
closed. One coil of the reversing relay 1-E-1

Figure 21. Pedestal FT—458-A, cover removed showing selsyn and relay.
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(fig. 20) is operated by turning the SCAN switch
to the proper position. This relay (1-E-1) is pro-
vided with a mechanical interlock which prevents
the two sets of contacts from being closed at the
same time.

(1) When power is first applied, both running

and starting windings are energized (fig. 22) in

the proper phase. As soon as the motor gets up

to speed so that approximately 250 volts appear
across the starting winding (sum of induced and
applied voltages), relay 1-E-3 operates thus en-
ergizing relay 1-E-2. Contacts of relay 1-E-2
open, disconnecting the starting winding from the
power source and connecting relay 1-E-3 across
the power source (fig. 23). Relay 1-E-3 is thus
held closed.
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Figure 22. Spinner drive motor conmtrol circuit, position of relays, starting forward. =
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Figure 23. Spinner drive motor comtrol circuit, position of relays, running forward.
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(2) If power is removed and then re-applied in
the same direction before the motor speed drops
appreciably, enough voltage is still present across
the starting winding to energize the relays and
disconnect the starting winding.

(3) If power is re-applied in the opposite direc-
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tion (fig. 24), the voltage across the starting wind-
ing is too low to operate relay 1-E-3, so the start-
ing winding remains connected, acting first as a
brake to stop the motor and then as a starting
winding in the opposite direction (fig. 25). If a
centrifugal switch were used to connect the start-
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Figure 24. Spinner drive motor control circuit, position of relays, starting reverse.
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Figure 25. Spinner drive motor comtrol circuit, position of relays, running reverse.
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ing winding, the switch would not operate until
the motor had coasted almost to a stop. The use
of relays thus allows more rapid reversal of di-
rection.

(4) With this arrangement, it is possible to
switch from forward to reverse and back again to
cause the spinner to scan back and forth over any
desired sector. Sector scanning may cause the
thermal overload relay to operate and shut off
the power to the motor in as little as 30 seconds
if ambient temperature, is high. If the thermal
overload relay kicks out, it will be necessary to
wait a short time for the motor to cool off.

16. Selsyn Circuit

As explained in paragraph 13, the rotors of the
selsyn motor 6-A-1 and selsyn generator 1-A-2
receive power from the regulated power source.
The balance of the selsyn circuit is explained in
section VIII of this chapter, Selsyn System. Fig-
ure 11 shows the selsyn circuit.

17. Fuses

a. Fuses 9-F-1 to 9-F-6 inclusive are located
inside Indicator Unit BC-1225-A. Access to these
fuses may be had by removing the operating shelf
and swinging forward the indicator unit.

b. Fuses 9-F-1 and 9-F-2 carry the regulated
a-c line voltage for Pedestal FT-458-A and Radio
Frequency Unit BC-1224-A. If replacement of
these fuses is necessary, use only a 5-ampere fuse-
tron. A fusetron differs from an ordinary car-
tridge-type fuse in that it will carry high momen-
tary currents without blowing. It is used where
the normal running current is low and the start-

ing current high.

c. Fuses 9-F-3 and 9-F—4 carry the unregu-
lated line voltage for the convenience outlet 1-K-3
and the drive motor, blowers, and relays on Ped-
estal FT-458-A. For replacement, use 15-ampere
superlay or equivalent.

18. Time Delay Relay (figs. 26 and 27)

When the line switch on the modulator is turned
to the ON position, 120 volts a-c is put across the
coil of the magnet of the time delay relay 3-E—.
The alternating magnetic field causes the large in-
duction disk at the front of the relay to rotate in
the same manner as a watt-hour meter disk. The
armature pulls toward the core, engaging the
drive pinion with a gear of the timing mechanism.
The timing mechanism consists of three gears and
pinions which are driven by the rotation of the
induction disk. It takes approximately 45 seconds
for the timing mechanism to rotate the slowest
moving gear so that the insulated pin closes the
contacts of the relay. The closing of these con-
tact points completes the a-c path across the 120-
volt line and causes the amber MODULATOR
READY lamp to light, indicating that high volt-
age will be available if the RADIATE ON button
is pressed. The contact points are held closed by
the torque on the induction disk. When the LINE
SWITCH is turned to the OFF position, power
is removed from the relay coil, the drive pinion is
released with the collapsing of the magnetic field,
and the timing mechanism is forced to rotate back
to its starting position by the spring on the shaft
of the slowest moving gear.

Figure 26. Time delay relay, cover removed.
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Figure 27. Time delay relay, disassembled to show moving parts.

Section lll. TRANSMITTER SYSTEM

19. Introduction

The purpose of the transmitter system is to gen-
crate microwave pulses for radiation from An-
tenna AN-134-A. The major parts and compo-
nents used to generate these pulses are Power
Supply Unit RA-101-A, Spark Gap GA-9-A
(Rotary), Cord CD-944 from the modulator unit
to the rotating joint of Pedestal FT-458-A, pulse
transformer 1-T-2, and transmitter tube 1-V-1.
Also included in the transmitter system are the
necessary smaller parts such as connectors, ca-
pacitors, relays, meters, and power transformers.

20. Simplified Block Diagram

Figure 28 is a simplified block diagram of the
transmitter system, showing the development of
the keying pulse to the transmitter tubc.

a. SPARK GAp GA-9-A (Rotary). Spark Gap
GA-9-A (Rotary) is located in the center com-
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partment of the modulator unit as shown in figure
12. The spark gap provides the short high-voltage
pulse which is fed to the transmitter tube, caus-
ing it to oscillate for the duration of the pulse.
The spark gap also supplies the trigger pulse
which synchronizes the sweep and range marker
circuits of the indicator control unit at the pulse-
repetition frequency of the transmitter tube. This
synchronization is necessary to enable the cir-
cuits in the range marker system to measure ac-
curately the time interval between the generation
of the transmitted pulse and the reception of the
echo from the target.

b. TrRaNsMITTER TuBE. The transmitter tube is
located in Radio Frequency Unit BC-1224-A
which is mounted on the back of the Antenna
AN-134-A (fig. 29). This tube is of the magne-
tron type. Its purpose is to generate r-f oscilla-
tions when the pulse from the spark gap is applied
to its cathode.
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Figure 28, Transmitter system, simplified block diagram

. Power SuppLy UNiT RA-101-A. Power Sup-
ply Unit RA-101-A is located in the bottom
cabinet of the modulator unit shown in figure 12.
The power supply unit provides the high voltage
for the operation of the spark gap. Doors are
located in the spark-gap and power-supply cab-
inets to provide access to the parts inside these
cabinets. '

d. CoNTRoLs AND MEeTERS. The powerstat
3-T-2, which controls the high-voltage output of
the rectifier, and meter 3-M-1, which measures
the amount of rectifier current to the transmitter
system and the amount of transmitter tube cur-
rent, are located on Control Panel BD-130-A as
shown in figure 12. The meter is connected so
that it normally indicates the amount of trans-
mitter tube current. When the push-button switch
358 is pushed, the meter indicates the amount
of rectifier current.

21. Complete Block Diagram

Figure 30 is the complete block diagram of the
transmitter system, showing the circuits in
greater detail than in figure 28. In the remainder

of the paragraph the purpose, input, and output
of each of the circuit groups shown in the block
diagram will be discussed.

a. Spark GaP GA-9-A (Rorary) (fig. 31). The
various circuits contained in the spark-gap cabinet
are designed to form a short, negative, high-
voltage pulse. The pulse has a duration of ap-
proximately 1 microsecond and a magnitude of
approximately — 5,000 volts.

(1) D-c resonmant choke. The input to the d-c
resonant choke is the 6,000-volt output of the
high-voltage rectifier, and the output is a voltage
that varies between zero and 12,000 volts as
shown in figure 30. It is used to double the voltage
output of the high-voltage rectifier.

(2) Rotary spark gap. The rotary spark gap is
connected between ground and the point where
the output of the d-c resonant choke is connected
to the input of the pulse-forming line. Just as the
voltage on the ungrounded side of the spark gap
reaches its maximum value the rotary spark gap
effectively grounds the input to the pulse-forming
line.

(3) Pulse-forming line. The pulse-forming line
has as its input the voltage wave developed by
the d-c resonant choke and rotary spark gap.
The abrupt change in voltage at one end of the
line causes it to form the short negative pulse
shown in figure 30. The output of the pulse-
forming line is carried to the pulse transformer
by the pulse cable. This cable is of a special
design that will attenuate the pulse very little.
Figures 32 and 33 show the connections of the
pulse cable to the modulator unit and the pedestal
base respectively.

b. PuLse TRANSFORMER. The pulse transformer
performs the dual function of matching the im-
pedance of the pulse cable to the impedance of
the transmitting tube and increasing the magni-
tude of the voltage pulse to approximately 20,000
volts. It also makes it possible to operate the
filament transformer for the transmitter tube
near ground potential.

¢. TRansMITTER TuBE. The 20,000-volt pulse
from the pulse transformer is applied to the
cathode of the transmitter tube (fig. 30) and
causes it to oscillate for the duration of the pulse.
These r-f pulses are fed to the antenna.
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d. Power SuppLy UNIT RA-101-A. The high-
voltage power supply (fig. 34) operates from the
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120-volt, 60-cycle power supply and has a voltage
output of approximately 6,000 volts d-c.

Figure 29. Radio Frequency Unit BC-1224-A, transmitter system parts.
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Figure 31. Spark Gap GA-9-A (Rotary), top view of chassis.

22. Circvit Details

a. StMPLIFIED CHARGING AND DiscHARGING CIr-
curts. Figure 350 shows a simplified charging
and discharging circuit which is the equivalent
of the actual circuit used in the unit. This circuit
is used for the purpose of explaining the action
of the unit. The pulse-forming line 3-A-9 (fig.
31) is shown as a simple capacitance, since this
is its external appearance as far as the charging
and discharging circuit is concerned.

(1) Charging of pulse-forming line. At the start
of the charging cycle. point @ is at a potential
sf 4 6,000 volts, and points and © are at
ground potential. The difference in potential
across the d-c resonant choke 3-L-1 (fig. 31)
will cause a large current to flow into the pulse-
forming line. The complete charging path is from
ground through capacitor 1-C4 (fig. 29), the

pulse transformer, the pulse-forming line, the
d-c resonant choke, and back through the power -
supply to ground. Some charging current will
also flow up through the metering circuit. These
charging paths are shown by the arrows in figure
35@. When the voltage at B has been raised to
6,000 volts there no longer will be any difference
of potential across the choke, but the inertia
effect of the choke will cause the current to con-
tinue to flow until the potential at has been
raised as far above the potential at @ as it
originally was below it (fig. 36). Since the poten-
tial at was originally 6,000 volts below the
potential at @), the voltage at @ will now be 6,000
volts above that at @), or 12,000 volts.

(2) Discharging of pulse-forming line. Figure 36
shows that as soon as the voltage at the input
of the pulse-forming line reaches its maximum
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value the spark gap (fig. 31) fires, lowering the
input of the pulse-forming line to ground poten-
tial. While the recurrence frequency of a rotary
spark gap is relatively unstable, an average value
may be used for computation. The rotary gap
contains seven electrodes, and the speed of the
drive motor is 3,450 rpm; therefore the average
recurrence frequency is 402.5 cycles per second.
In order to complete its charging cycle between
pulses, the resonant frequency of the charging
circuit must be very close to 200 cycles per sec-
ond. When the spark gap arcs to ground, the
potential at ® is quickly lowered to very close
to ground potential. Since the voltage across the
pulse-forming line cannot change immediately,
the potential at point © is lowered to a value
far below ground potential. If the pulse-forming
line were a pure capacitance, the potential at ©
would be lowered to —12,000 volts. However,
the internal construction of the line is such that
the voltage at point © is dropped to —5,000
volts. The action of the pulse-forming line is dis-
cussed in more detail later in this paragraph.
Pulse transformer 1-T-2 is an autotransformer
having a voltage ratio of approximately 4 to 1.
Therefore, when the potential at © is lowered
to —35.000 volts, the potential at ® is lowered
to approximately —20,000 volts. This causes
the transmitter tube to conduct. The discharge
path of the pulse-forming line is down through
the pulse transformer and capacitor 1-C—4 to
ground, and back up from ground through the
spark gap to the other side of the pulse-forming
line. There is also another path through the
upper part of the pulse transformer and the
transmitter tube to ground. The discharge paths
are shown by the arrows in figure 35@. The
discharge of the pulse-forming line through ca-
pacitor 1-C—4 places a small voltage across the
capacitor that is removed by the current flow
during the charging cycle of the pulse-forming
line. '

(3) Summary of charging and discharging of pulse-
forming line. In (1) and (2) above the discussion
was based on consideration of the current flow
in each part of the circuit during, first, the charg-
ing and then the discharging of the pulse-form-
ing line. Considering these flows of current from
the viewpoint of a full operating cycle, there are
two types of current flow. There is the a-c flow
through the lower part of the pulse transformer
and capacitor 1-C—4 and the d-c flow through the
upper half of the pulse transformer, the trans-
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Figure 32. Modulater Unit BC-1194-A4, side vicw.

Figure 33. Pedestal FT—458-A, connection of pulse cable Cord
CD-944.




mitter tube, and tne metering circuit. The a-c
flow is so called because the current flow in one
direction during the charging portion of the
cycle is equal to the current flow in the oth.r
direction during the discharge portion of the
cycle. The d-c flow results from the fact that the
magnetron will pass current in one direction
only. In order to recharge the pulse-forming line
to the voltage which existed across it before the
pulse, as much current must flow back to ©
during the charging portion of the cycle as flowed
away from (© through the transmitter tube dur-
ing the discharge cycle. The only path which
can pass this d-c flow is the metering circuit. The
metering circuit therefore has an average value
of current through it which is equal to the average
current through the transmitter tube. When the
meter switch 3-S-8 is in the position shown in
figure 35. the meter will indicate the transmitter
tube current.

A - — — g - _—

b. PuLse-FORMING LINE. The circuit of " the
pulse-forming line is shown in the simplified
schematic of the transmitter system (fig. 37).
The line is made up of several tuned circuits.
These circuits are tuned to frequencies such that,
when their output is added, the output of the
linc as a whole is a reasonably square, negative
pulse. When the spark gap fires it effectively
grounds the input side of the pulse-forming line.
This action suddenly lowers the voltage applied
to the input of the pulse-forming line by 12,000
volts. The sudden change in voltage causes the
various tuned circuits within the pulse-forming
line to start oscillating, and the square negative
pulse of voltage is formed. This voltage pulse
lasts for approximately 1 microsecond and has
an amplitude of approximately —5.000 volts. The
pulse is applied to the pulse transformer through
the pulse cable, Cord CD-944.

Figure 34. Power Supply Unit RA-101-4, top-view.
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c. TricGer Output. The circuit from the out-
put of the pulse-forming line to ground (fig. 37)
has a voltage divider composed of 3-R-12, 3-R-13,
and 3-R-14. The trigger for the indicator control
circuits is taken off this voltage divider between
3-R-12 and 3-R-13. The trigger is a negative
pulse of approximately 100 volts amplitude.

d. PuLse TransrorMER. The pulse transformer
(fig. 37) is wound with two secondaries, each
producing the same pulse voltage and connected
in the same polarity. The two secondary windings
also furnish the a-c path between the filament
transformer 1-T-1 and the filament of the trans-
mitting tube. Two 0.25-microfarad (mf) bypass
capacitors 1-C-3 and 1-C-5 connect the two sec-
ondaries at each end of the transformer, prevent-
ing pulse voltage from appearing across the trans-
mitter tube filament and secondary of the filament
transformer. The 5,000-volt pulse on the primary
of the transformer is amplified to approximately
20,000 volts on the secondary by the 1-to4 turns
ratio of the transformer. Figure 38 shows the
pulse which is applied to the cathode of the trans-
mitter tube. The characteristic impedance of the
pulse cable is 50 ohms. The input impedence of
the transmitter tube is 800 ohms. Since a trans-
former with a 1-to-4 turns ratio gives an im-
pedance transformation of 1 to 16, the pulse trans-
former matches the characteristic impedance of
the line to the input impedance of the transmitter
tube.

e. TRANSMITTER TUBE. A diagram of the equi-
valent circuit of the transmitter tube 1-V-1 is
shown in figure 39; its physical location in the

L2MICROSECONDS Z\/\s
[ 1.8 MICROSECONDS
20,000V
I +0.94 MICROSECONDS
- -
kg TL39704

Figure 38. Waveform of pulse input to transmitter tube.

r-f unit is illustrated in figure 29. Because a
magnetic field is required for oscillations to take
place, this type of tube is commonly called a
magnetron.

Note. The stability of operation of the magnetron de-
pends on the field strength of the magnet. It is important,
therefore, that the field strength not be reduced by touch-
ing the magnet with any magnetic material or by dropping
or jarring the magnet.

The essential parts of the magnetron are shown
in figure 39. A copper shell forms the outside of
the tube. The plate of the magnetron is connected
to this shell which is grounded. The cathode of
the tube is indirectly heated and connected to
one side of the heater. A built-in tuned circuit
determines the frequency of oscillation. No ad-
justment is provided ; to shift the frequency a new
magnetron must be installed. Seven magnetrons
are supplied with the equipment. The output is
taken through a pick-up loop which is inductively
coupled to the tuned circuit inside the magnetron.
The pick-up loop connects to the inner conductor
of the r-f transmission line (fig. 29) which feeds
the r-f output to the antenna.
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GROUNDED PLATE

INTERNAL

TUNED cmcun'\%
CATHODE
HEATER

-
I MICRCQECOND

z__-I:

IMICROSECOND °
P—

TL39705

Figure 39. Transmitter tube, simplified equivalent circuit.
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Figure 40. Power Supply Unit RA-101-A, simplified schematic diagram.

(1) Operation of magnetron. The complete the-

ory of operation of the magnetron is beyond the

scope of this manual. The elementary facts, how-
ever, are as follows: when a magnetic field of the
proper strength is supplied (the tube is mounted
between the pole faces of a permanent magnet)
and the cathode of the tube is made sufficiently
negative with respect to the plate (ground), ‘the
tube will oscillate at a frequency which depends
upon the internal construction of the tube. No
external tuning circuits are required. Note that
making the cathode sufficiently negative permits
electrons to flow between the cathode and platc.
The magnetron is capable of operating in a num-
ber of different modes. In order that the mag-
netron may operate in an efficient and stable
mode, a peak pulse voltage of the required value
must be applied by the modulator to the cathode
of the magnetron. This pulse is the 20,000-volt
negative pulse applied to the cathode of the
magnetron by the pulse transformer. As long as
this voltage is applied to the cathode of the
magnetron, it will oscillate. Since the duration
of the pulse is approximately 1 microsecond, the
magnetron generates r-f oscillations for this
length of time out of each cycle.

(2) Power output. Although the magnetron is
very small, it is capable of a peak power output
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of approximately 225 kilowatts. The current
which flows while the magnetron is oscillating
is approximately 25 amperes. The average current
drawn by the magnetron is only about 10 milli-
amperes, as the magnetron draws current for only
1 microsecond out of each 2,500 microseconds.

f. PuLse TEst SockeT. The waveform of the
pulse (fig. 38) applied to the cathode of the trans-
mitter tube may be viewed by connecting the
output of PULSE TEST socket 1-K-12 (fig. 29)
to an oscilloscope. The 20,000-volt pulse is re-
duced in amplitude by the capacitor voltage
divider composed of 1-C-1, 1-C-2, and 1-R-1.
Since 1-C-1 is 200 mmf and 1-C-2 is 1 mmf, only
a small fraction of the pulse voltage will appear
across 1-C-1. :

g- Power SuppLy UNit RA-101-A. The high-
voltage rectifier (fig. 34), a simplified schemaic
of which is shown in figure 40, furnishes the
power to the transmitting system for the opera-
tion of the transmitter oscillator tube. The output
of this rectifier is normally about 6,000 volts at
50 milliamperes (ma). The input is single-phase
power at 120 volts, 60 cycles. The rectifier uses
two type 705-A rectifier tubes, 4-V-1 and
4-V-2. The high value of voltage available from
the rectifier and the possible danger to personnel
and equipment require protective control circuits.



The following discussion considers the rectifier
circuit which develops the high output voltage.
The control circuits are discussed later in this
section.

(1) Circuit operation. TDower is applied to the
primary of the plate transformer 4T-2 (fig. 34)
through two 1.25-ohm surge resistors 4-R-1 and
4-R-2. These resistors are required because the
transformer primary, having almost negligible
resistance with zero field strength. draws high
current at the instant the power is turned on. By
use of the surge resisters, the starting current s
limited to a safe value until sufficient field strength
is built up for the reactance of the primary to
limit the current to a value corresponding to the
load on the secondary. The turns ratio of the
plate transformer is approximately 75 to 1, and
the secondary is center-tapped. Thus, there is
developed between center tap and end taps an
alternating voltage of 4,500 volts root mean
square (rms) when the input is 120 volts, or 4,300
volts rms when the input is 115 volts. During
each half-cycle one or the other of the rectifier
tubes will conduct and charge the 2-mf capacitor
4-C-2 to the peak voltage which is 1.4] times
the rms value at the center tap. When the input
is 120 volts this charge will be 6,350 volts, and
6,000 volts when the input is 115 volts, neglecting
the 50-volt drop in the rectifier tubes. Thus it
can be seen that, by changing the input voltage
with the powerstat 3-T-2, the output can be
adjusted to 6,000 volts d-c. No filter is required
in this circuit, because the charge on the 2-mf
capacitor is sufficiently large that the current
drawn during a transmitting cycle will be less
than 1.5 percent of its total charge. Since the
charging frequency is 120 cycles per second (cps)
and the pulsing frequency is 400 cps there arc ap-
proximately three transmitting cycles per charg-
ing cycle. Therefore the total discharge of the
2-mf capacitor will be less than 5 percent. This
is a relatively small ripple ratio and compares
favorably with conventional power supplies.

(2) Filament supply. A separate filament trans-
former 4-T-1 has been provided to supply 5 volts
a-c to the rectifier tube filaments which are con-
nected in parallel. Since the secondary of this

transformer is connected directly to the high-.

voltage side of the power supply and the primary
has 116 volts regulated a-c on it, the secondary
is necessarily heavily insulated.

(3) Safety devices. Three safety devices have
been provided for shorting out the 2-mf capacitor
4-C-2. One short is through the capacitor shor:-

ing relay contacts 4-E-1-2 which arce normally
closed, constituting a direct short across the
capacitor through the 10,000-ohm resistor 4-R-3.
't hese contacts open only when power is applied
to the set through the interlock circuit. There
are two shorting bars from the positive side of
the capacitor to ground, one of which (3-5-7,
fig. 31) is actuated by the spark-gap door, while
the other (4-S-2, fig. 34) is actuated by the
onening of the door to the power supply chassis.
23. Transmitter System Control Circuits

There are various circuits within the transmitting
system for the purpose of controlling the opera-
tion of the system or indicating whether or not
the system is operating normally. These circuits
are known as control circuits.

¢. PLaTE TransFoRMER PowersTaT. The plate
transformer powerstat 3-T-2 (fig. 12) is located
in Control Panel BD-130-A. Its purpose is to
provide a variable voltage input to the plate
transformer so that the output voltage of Power
Supply Unit RA-101-A may be adjusted to the
desired value. The setting of this powerstat is
adjusted so that the transmitter tube current is
10 ma.

b. RECTIFIER-TRANSMITTER TUBE CURRENT METER.
The meter 3-M-1 (fig. 12) located on Control
Panel BD-130-A is used for measuring either
the rectifier or the transmitter tube current. In
its normal position the meter reads the current
through the transmitter tube. When in this posi-
tion the meter is in series with the 5-millihenry
choke 3-L-2 and is shunted by the 260-ohm re-
sistor 3-R-11 and the 2-mf capacitor 3-C-2 (fig.
37). The value of the shunt resistor is such that
the meter will read 20 ma full scale. The com-
bination of shunt capacitor and series choke by-
passes the meter to sudden surges of current.
As explained in the discussion of the charging
and discharging of the pulse-forming line, the
average current which flows up from ground
through resistors 3-R-12, 3-R-13, and 3-R-14
is equal to the current flowing through the trans-
mitter tube. Since the meter is in series with
3-R-12, 3-R-13, and 3-R-14, it will read the
‘transmitter tube current. With the meter in this
nmormal position the negative side of the power
supply is grounded through the 50-ohm resistor
3-R-10. When the PUSH FOR RECTIFIER
CURRENT button (fig. 12) is pressed, the meter
is connected between the negative side of the
power supply and ground, and the return path
for the rectifier current is through the parallel
combination of resistor 3-R-10 and meter 3-M-1,
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The resistance is such that the meter will read
100 ma full scale. The meter now reads the recti-
fie. current. The 1-mf capacitor 3-C-1 bypasses
the meter to surges of current.

¢. CaraciTor SHORTING Reravy. Contaets 4-E-
1-2 of the capacitor shorting relay are connected,
in series with the 10,000-ohm resistor 4-R-3,
across the 2-mf high-voltage capacitor 4-C-2
(fig. 12). These contacts serve to short out the
high-voltage ‘capacitor when the set is turned
off. Other functions of this relay are discussed
in section II.

d. OverLoap RELAY. The direct-current over-
load relay 3-E-3 (fig. 9) is located between the
negative side of the rectifier and ground (fig.
37). When the rectifier current exceeds 80 mu.
the relay removes the input voltage to the rectifier.
A more detailed description of the operation of
this relay is given in section II.

e. UNDERLOAD KREeray. The transmitter tube
underload relay 3-E-2 (fig. 9) is located in the
metering circuit of the spark gap (fig. 37). If for
any reason the transmitter current is 6 ma or
less this relay opens and the high voltage to the
transmitter tube is removed. The various func-
tions of this relay are discussed in more detail
in section II.

f. Door AND PANEL INTERLOCK SwiTCHES. There
are door or panel interlock switches on all of the
components containing high voltage. These inter-
locks turn off the high voltage if the door or panel
is opened or removed. The complete interlock
circuit is shown and discussed in section II.

24. Complete Schematic Diagrams

Figures 41 through 45 are complete schematic
diagrams of the components which are included,
in whole or in part, in the transmitter system.
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Figure 41. Control Panel BD-130-A, complete schematic diagram.
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Figure 43. Power Supply Unit RA-101-A, complete schematic diagram.
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Section V.

25. Introduction

The radio-frequency system is that part of the
equipment which carries the outgoing pulse from
the transmitter tube to the antenna, and carries
back from the antenna to the receiving system
any. target echo picked up by the antenna. The
system also couples a small part of the energy
of the transmitted pulse into the A.F.C. crystal
mixer. The principal parts of the r-f system are
the transmitter tube coupling, the r-f transmis-
sion line, the T-R box, the automatic frequency
control coupler, and the antenna. The construc-
tion and theory of the r-f system are discussed
in this section. The basic ideas involved in the
use of the same antenna for both transmitting
and receiving are described in section I.

26. Block Diagram of R-F System

The simplified diagram in figure 46 shows the
elements of the r-f system and their relationship
to the transmitter and receiver systems. Each of
the elements described briefly below is considered
in detail later in this section,

RADIO-FREQUENCY SYSTEM

¢. TRANSMITTER TUuBE CouPLING. The transmit-
ter tube coupling connects the r-f output of the
transmitter tube to the r-f line.

b. R-r TraNsMissioN LINE. The r-f transmis-
sion line interconnects the transmitter tube
coupling, the antenna, the T-R box, and the
A.F.C. coupler. The line conducts the transmitted
pulses from the transmitter tube coupling to the
antenna, and conducts the received pulses from
the antenna to the T-R box.

¢. T-R Box. This unit is located in the branch
line to the receiver system closest to the trans-
mitter tube coupling. The T-R box functions as
an electronic transmit-receive switch. During
the passage of the transmitted pulses it blocks
the line to the receiver. In the interval between
transmitted pulses when echoes may be inter-
cepted, it serves as an efficient coupling unit from
the main r-f line to the receiver system.

d. AuTOMATIC FREQUENCY CoNTROL COUPLER.
This unit is in the second branch line to the
receiver system. It provides a loose coupling be-
tween the r-f transmission line and the A.F.C.
crystal mixer.
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Figure 46. R-f system, simplified block diagram.
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Figure 47. Spinner assembly, rear view.




e. ANTENNA. The antenna connects to the r-f
transmission line through an opening in the center
of the reflector. The antenna is a dipole, the
over-all length of which is approximately one-
half the wavelength of the r-f waves. The antenna
is placed at such a point inside the reflector that
the transmitted waves are focused by the reflector
into a narrow beam, and the echo waves are
intercepted by the reflector and focused on the
dipole.

27. Location of Parts

The various parts of the r-f system are located
in Radio Frequency Unit BC-1224-A and an An-
tenna AN-134-A, as shown in figures 47 and 48.
The transmitter tube is mounted as shown in fig-
ure 49 at the left side of the r-f unit. Joined di-
rectly to the output of the transmitter tube is the
transmitter tube coupling. Connected to the
coupling is a tee-junction from which a branch
line goes to the T-R box.

a. T-R Box. The T-R box is in one of the
branch lines to the receiver (fig. 49). It is located
close to the transmitter tube coupling, and re-
ceives its input connection from the tee-junction.

The output of the T-R box goes to the signal
crystal mixer, which also receives the output of
the local oscillator. Figures 50 and 51 illustrate
the elements of the r-f system. The crystal mixer
and the local oscillator are a part of the receiver
system, and are described in section V.

b. AutoMaTic FREQUENCY CoNntROL COUPLER.
The A.F.C. coupler is coupled into the r-f trans-
mission line at the point where the line changes
direction to go through the reflector to the an-
tenna dipole (fig. 49). The output of the coupler
goes to the A.F.C. crystal mixer which also re-
ceives the output of the local oscillator. The
A.F.C. crystal mixer is a part of the receiver
system and is described in section V.

c. ANTENNA. The antenna is located in front of
the reflector as illustrated in figure 48. The an-
tenna sphere is supported by the r-f transmission
line which runs through the center of the reflector.
The dipole is placed at the focal point of the
parobolic reflector so that the radio beam is
focused into a narrower, more powerful beam.
This action can be compared to the focusing of
light rays by a reflector placed back of the light
source, and is illustrated in figure 52.

Figure 48. Spinner assembly, front view.
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28. R-f Transmission Line

The r-f transmission line is made of 7-inch brass
tubing containing a smaller coaxial brass tube
which is supported by stub supports placed at
intervals along the line. The inside diameter of
the outside conductor is 0.811 inch; the outside
diameter of the inside conductor is 0.375 inch.
Figure 53 is a cutaway drawing showing-.a typical
section of the r-f line, including a stub support.
Both the inner and outer tubes act as conductors
which guide the r-f waves along the line. The
average characteristic impedance of the line is
48 ohms.

29. Supporting Stubs

The presence of a support at intervals along the
line is necessary to keep the inner conductor
properly centered within the outer conductor. At
first glance, a metal stub of the type shown in
figure 53 looks like a short circuit between the
inner and outer conductors. However, a quarter-
wavelength section of transmission line shorted
at one end appears as an open circuit from the
other end of the quarter-wavelength section. Be-
cause the length of the stub is approximately
equal to one-fourth wavelength, the radio waves
travel past the stub support without any appre-
ciable interruption or loss of energy. The large
diameter of the inner conductor near the stub
makes the stub function efficiently over a band
of frequencies. At several places along its length,
the r-f line makes sharp right-angle turns. \Where
these turns occur, other supports will be found
which function in the same manner as those just
described. A typical right-angle stub is shown
in figure 54.

0. Line Connectors

In joining together two sections of r-f transmis-
sion line, it is necessary to connect both outer
conductors and both inner conductors as smoothly
and closely as possible. These connections are
illustrated in figure 55. The inner conductor is
end-butted with a slotted half-bullet machined on
the end of one section to fit a recess in the end
of the adjoining section. The outer conductors
are connected by means of a misfitted ball and
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socket joint. This method of junction allows some
flexibility while maintaining all around contact.
This flexibility allows the inner conductor to be
drawn up tightly since the outer conductor will
spring enough to seat the inner conductor firmly.

31. Coupling of Transmitter Tube to R-f Transmis-
sion Line

The transmitter tube is coupled to the r-f trans-
mission line so that the output of the tube is
passed on efficiently to the r-f line.

a. TRANSMITTER COUPLING. A cross-sectional
view of the transmitter coupling is shown in
figure 56. The center conductor of the output head
of the transmitter tube, a }g-inch tungsten rod
approximately 1 inch long, is directly connected
to the center conductor of the r-f transmission
line. The output head of the transmitter tube is
provided with a threaded fitting over which the
coupling ring of the coupler is screwed down to
make the connection. The outer concentric con-
ductor of the transmitter is connected to the outer
conductor by a half-wavelength section of trans-
mission line. A half-wavelength section of line
which is shorted at one end presents a very low
impedance to r-f energy applied to the other end
of the line. Therefore the half-wavelength section
of line from @ to @ to @ presents a low imped-
ance to the r-f energy leaving the outer concentric
conductor of the transmitter tube at (@. Thus
there is the equivalent of a short circuit between
@ and @. This type of coupling is used instead
of a direct connection for two reasons. The use
of the coupler minimizes the effect of variations
of contact resistance between the coupler and the
transmitter tube at ). Since the shorted section
of line from (® to (® appears as an open circuit
at @ any additional resistance in series with the
open circuit at @ has no effect on the impedance
at @. The second reason for the use of this type
of coupling is to prevent the r-f energy from
leaking out to the outside of the transmitter tube.
There are standing waves of voltage on the line
between @ and @ and ). Since the r-f voltage
at @ is high with respect to ground; a quarter-
wavelength away at (), the r-f voltage is very
near ground potentional. The voltage at & with
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Figure 49. Radio Frequency Unit BC-1224-A, cover removed.
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respect to ground being very low, there is little
leakage of r-f energy to the outside of the trans-
mitter tube in the event of poor electrical con-
nection at (.

b. MATCHING OF TRANSMITTER TUBE T0 R-F LINE
DuriNnG TransMissioN. That part of the inner
conductor designated as the transformer in figure
56 is used to match the impedance of the r-f line
as seen from the transmitter tube to the output
impedance of the tube. This is done to make cer-
tain that there is the most efficient transfer of
energy between the tube and the line. This sec-

tion is one-quarter wavelength long. Because of

its increased diameter, its impedance is lower
than that of the r-f line. The quarter-wavelength
transformer, in conjunction with the matching
stub at the tee-junction, transforms the imped-
ance of the r-f line to a value which is a proper
matching impedance for the magnetron. The effect

of the matching stub on the impedance trans-
formation depends on the length of the stub and
its distance from the transmitter tube.

¢. IMPEDANCE OF TRANSMITTER TUBE DURING
REecepTiON. The impedance of the transmitter tube
as seen from. the tee-junction is such as to cause
practically all of the energy of an echo to go into
the receiver line. This action depends on the exact
distance between the connection to the trans-
mitter tube and the tee-junction, and on the fact
that the transmitter tube has a very high im-
pedance during the inactive part of the cycle
when it is not oscillating. The tee-junction is
placed at such a distance from the connection
to the oscillator that the entire short section of
line between the tee-junction and the transmitter
tube presents a high impedance to an echo wave
trying to enter it; the echo, therefore, goes
through the receiver line and into the T-R box
instead of into the transmitter tube.

Figure 50. Transmitter oscillator, coupler, T-R box, tee-junction, A.F.C. coupler, and crystal mixers.
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Figure 51. Transmittcr oscillator, coupler, T-R box, tee-junction, A.F.C. coupler, and crystal mixers; disassembled.

RADIO WAVES
REFLECTOR

- .

==
=

/AN -
— -

ANTENNA

LIGHT RAYS
REFLECTOR
~
\/ \\ =
A —

LIGHT SOURCE

TL34409

Figure 52. Focusing of microwaves with reflector.

32. T-R Box

The. T-R box serves as a high-speed electronic
valve or switch which permits the passage to the
receiver of all of the energy of any received echo,
but prevents the passage to the receiver of the
high energy of the transmitted pulse. The T-R
box is located in the branch of the r-f line that
leads to the receiver at a point only a short dis-
tance from the tee-junction (fig. 49).

a. T-R TuBe. The T-R tube is a partly evacu-
ated glass tube. Sealed into it are two copper
disks which project outside the tube in the form

OUTER CONDUCTOR

FREQUENCY BAND
BROADENING SECTION

TL 39674

Figure 53. Cutaway view of straight transmission-line stub
support.
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Figure 54. Cutaway view of typical right-angle transmission-
line stuh support.

of two parallel circular flanges (fig. 57). Inside
the tube, these two copper disks are drawn into
opposing hollow cones separated at their tips
by a small gap. Inside one of the cones is an
electrode, called the keep-alive electrode. \When a
sufficiently negative potential is applied to this
electrode, the space near the tips of the cones
becomes filled with electrically charged particles
or ions, and provides an easy conducting path
for the discharge of any voltage applied across
the cones.
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\ I—CONDUC TOR
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CONNECTS OUTER
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MISFITTED BALL K\
N
\

INNER CONDUCTOR

7
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CONNECTOR CONNECTS
INNER CONDUCTORS

7N

TL 39676

Figure 55. R-f transmission-line connector.
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Figur: 56. Cross-sectional vicw of transmitter tube coupling.

. DEscripTION oF T-R Box. The T-R box is
shown in figures 58 to 63. The T-R box, together
with the copper flanges of the T-R tube, forms
a cavity (fig. 58) whose internal size can be
varied by means of two threaded plugs which are
screwed in or out from opposite sides of the cavity.
These are used in tuning the cavity to the trans-
mitter tube frequency, a process which is ex-
plained later in this description. The input to

Figure 57. T-R tube.




the T-R box is through the short section of r-f
line leading to the tee-junction. This may be seen
in figure 49. The end of this line which connects
to the T-R box terminates in a coupling loop,
made by joining the inner and outer conductors
of the line by a copper loop. This input coupling
loop is inserted into the T-R cavity at the factory,
and tightly secured in place by screws which pass
through a flange on the end of the section of r-f
line. The loop is part of the T-section and is not
adjustable. The output of the T-R box is fed to
the signal crystal mixer through a second coupling
loop. similar to the input coupling loop, but in-
serted into the T-R cavity at the diametrically
opposite point and secured in place by means
of screws and a flange.

c. OperaTION OF T-R Box. The operation of the
T-R box can be explained simply by comparing
it with its equivalent electrical circuit. As shown
in figure 64, a T-R box behaves like a tuned circuit
consisting of an inductance and a capacitance.
If an alternating voltage is applied to the circuit,
strong electrical oscillations are built up in the
circuit, provided the applied frequency equals the
resonant frequency of the tuned circuit. This
condition is called resonance. Simple resonant
circuits are commonly used as highly efficient
coupling circuits in radio receivers. An important
point to note is that the effectiveness of the
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Figure 58. T-R box, simplified diagram showing resonant
cavity.
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Figure 59. T-R box, showing coupling loops.
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Figure 60. T-R box, showing tuning plugs.

Figure 61. T-R box, end caps removed.




Figure 62. T-R box, partially disassembled.

Figure 63. T-R box, completely disassembled.
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coupling action depends on having the circuit
accurately tuned to the frequency of the radio
signal. The similarity between this action and
that of the T-R box is explained below.

@
OE- TUNED
“RCurT

MO(DCIRCUW

— R-F ARC

» - v
INPUT FROM INPUT FROM  REDUCED OUTPUT

OUTPUT TC
R-F LINES CRYSTAL R-F LINES TO CRYSTAL
MIXER . MIXER

TL 39685
Figure 64. T-R box, simplified tuned circuit equivalent.

(1) Action during reception. Figure 64 @ illus-
trates the action of the T-R box during the recep-
tion of echo signals. To any r-f energy entering
it through input coupling loop A, the cavity of
the T-R box resembles a tuned circuit with the
gap between the cones inside the cavity repre-
sented by the spark-gap shown in the drawing.
The cavity has a definite resonant frequency,
which can be changed by varying the settings
of the tuning plugs in the side of the cavity. If
the cavity is tuned by means of these plugs to
resonate at the frequency of the incoming echo
signal, the echo energy entering the cavity
through input coupling loop A will build up
strongly inside the cavity, and will be induc-
tively picked up by output coupling B and sent
on to the signal crystal mixer.

(2) Coupling loops. Referring to figure 59, it
will be seen that the input and output coupling
loops lie in the same plane; that is, they are
parallel to each other in space, and not tilted at
different angles. This arrangement of the loops
produces the strongest coupling action although
it is not as important as the proper tuning of the
cavity by means of the tuning plugs. The output
fitting on the T-R box can be loosened and the
output coupling rotated, to allow it to become
parallel to the input loop. This adjustment will
be necessary in the tune-up procedure whenever
the T-R box is taken apart for any purpose, such
as for the replacement of a faulty T-R tube.

(3) Break-down o' gap between comes. As long
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as the keep-alive voltage from the receiver is
applied to the special electrode inside the T-R
tube, the space between the tips of the cones in
the tube is partially ionized; if a sufficiently
strong r-f voltage is applied across these cones.
the gap breaks down and forms an arc to short
circuit the r-f voltage. However, the r-f voltage
applied across the gap by an incoming target
signal is much too low to cause such an arc and
therefore, during the receiving part of the cycle
of operation, the T-R box acts simply as a tuned
coupling device to transfer the echo signal from
the r-f line to the signal crystal mixer and thence
to the receiver.

(4) Action during transmission. During the
transmitting part of the cycle, however, the oper-
ation of the T-R box is entirely different; this is
illustrated in figure 64 @. As the outgoing pulse
reaches the tee-junction, part of its energy goes
up the branch line towards the receiver and
reaches the T-R box. This energy is more than
sufficient to break down the gap in the T-R tube
quickly and form an arc across the gap which
effectively short circuits the voltage and prevents
damage to the signal crystal mixer and the re-
ceiver. The arc continues for the entire duration
of the transmitted pulse.

(5) Effect of arc between cones. The presence of
the arc between the cones in the T-R tube pro-
duces two effects. First it completely detunes
the resonant circuit represented by the T-R cavity
which is then no longer an effective coupling
medium between the r-f line and the receiving
system. Second, the length of line from the tee-
junction to the T-R box is three-quarters of a
wavelength, so that the presence of a short circuit
in the T-R box creates, for the r-f pulse at the
tee-junction, an effective open circuit looking
toward the T-R box. This keeps out of the T-R
box any more energy than is needed to keep the
arc going; the small portion of the transmitted
pulse required to do this accounts for the appear-
ance of the transmitted pulse signal on the screen
of the PPI scope. The crystal in the signal crystal
mixer is thus protected from damage, and vir-
tually the entire energy of the transmitted pulse
passes down the main r-f line and is radia‘ed
from the antenna.

(6) End of Transmission. At the end of the trans-
mitted pulse, the r-f arc between the cones in the
T-R tube goes out, and the cavity automatically
returns to its tuned condition, ready to accept the
received echo signal. With the short circuit in




the tube is removed, the line in the T-R box (look-
ing from the tee-junction) presents the correct
matched impedance to the passage of the received
echo signal. Because of the high impedance
presented by the line leading to the #nactive
transmitter tube, practically all of the echo signal
passes into the line to the T-R box and is effec-
tively coupled through to the signal crystal mixer
and the receiver.

33. Automatic Frequency Control Coupler

The automatic frequency control coupler provides
a loose coupling into the r-f transmission line.
The purpose of this loose coupling is to feed a
small portion of the transmitted pulse into the
A.F.C. mixer. Figure 65 shows the construction
of the coupler. It consists of an opening in the
r-f transmission line into which the coupler cavity
connects. A coupling loop is inserted in the
coupler cavity. The opening is small and the
coupling loop is located at the bottom of the
coupler cavity so the coupling between the r-f
line and the line to the A.F.C. crystal mixer is
very small.

-
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Figure 65. A.F.C. coupler, cross-sectional view.

34. Antenna AN-134-A

Antenna AN-134-A is illustrated in figures 66,
67, and 68. The part of the transmission line

TL 39686

attached to the ancenna is inserted through the
reflector and connects to the r-f line just in front
of the A.F.C. coupler. The transmission line then
continues forward to the antenna proper which
is inclosed in the spherical shell (figs. 67 and 68).

Figure 66. Antenng AN-134—A, shell, dipole, and
reflector disk.
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Figure 67. Antenna sphere.
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Figure 68. Antenna sphere, cutaway view showing
construction details.
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a. MEcHANICAL CONSTRUCTION. The details of
construction are shown in figure 68. The antenna
dipole is in'two halves which are soldered to the
inner and outer conductors of the transmission
line. One half of the dipole is soldered to the outer
conductor; the other half passes through a large
opening cut in the outer tubular conductor and
is soldered to the inner conductor. A one-fourth
wave tubular section having a diameter larger
than the outer conductor surrounds the outer
conductor of the main transmission line and is
connected to it at one end. A short distance in
front of the dipole is a small reflecting disk which
is attached to the main transmission line. Near
the metal reflecting disk, the r-f line is closed
and shorted by a copper plug which fills the space
between the inner and outer conductors.

b. FUNCTIONING OF Parts. (1) Quarter-wave
section. The quarter-wave section (fig. 68) is
made necessary because the dipole requires a
push-pull voltage, yet it is fed by a coaxial line
whose outer conductor is grounded. By surround-
ing this outer conductor with the one-fourth
wave section and grounding the one-fourth wave
section to the transmission line at one end only,
both halves of the dipole are made to receive a
push-pull output. The reason for this follows:
At one end of the one-fourth wave section, a high
impedance exists. This allows radio frequency to
appear on the outer conductor of the main trans-
mission line. The inner and outer conductors now
tend to assume a balanced condition with respect
to ground so that the dipoles in effect are fed
from a balanced push-pull line. Note that the
outer conductor of the coaxial transmission line
is grounded along its entire length to the trans-
‘mitter except between the point of connection
of the one-fourth wave section and the outer end
of the antenna.

(2) Shorting plug. The transmission line ex-
tends beyond the dipole for a short distance and
is then shorted by a metal plug. This short
length of transmission line between the dipole
and the plug thus constitutes a stub, the length
of which is such that the dipole does not “see” a
direct short but instead “sees” the correct values
of impedance at the point where it is connected
to the transmission line.

(3) Reflecting disk. The reflecting disk is sol-
dered to the shorting plug at the end of the
coaxial line. If it were not for this reflecting disk,
about half the energy radiated from the dipole
would travel directly out from the dipole in a
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very broad beam. The reflecting disk sends most
of this forward energy back into the main re-
flector (sometimes called the parabola) where it
is focused to strengthen and narrow the beam.
This same type of reflecting disk is used in the
case of a searchlight beam to make certain that
all of the light which leaves the searchlight has
been focused into a narrow beam by the reflector.

(4) Transformer. That part of the inner con-
ductor designated as the transformer in figure
68 is used to match the transmission line to the
dipole; that is, to make certain that there is the
most efficient transfer of energy between the
line and the dipole. This section is similar to that
used at the transmitter tube.

¢. MEANING oF BeaM AND PorLar Diagram. In
describing how Radio Set SCR-682-A operates,
it is necessary to discuss in some detail the beam
which is prdouced. In figure 69 it is assumed that
at origin O there is a reflector and dipole similar
to the one used in this set. This arrangement
focuses the energy radiated by the dipole into a
narrow beam in the direction indicated by the
axis of the reflector. The inset shows the re-
flector at O and its dipole near the focus of the
reflector. The heavy arrows shown around the
circumference of a circular trace with O as center
indicate the relative strengths radiated in various
directions. These are the signal strengths which
would be observed if a surface vessel carrying a
signal strenmgth meter were to follow a circular
course about O as center, and make a record of
the strength of the pulses received from O. Along
the axis of the beam the arrows appear very
heavy because most of the energy of the beam is
along the axis. Near the outer edges of the beam,
however, the arrows become very faint because
the signal becomes correspondingly weak. The
information regarding the directivity of a beam
which is represented by varying thicknesses of
arrows in figure 69 can be represented more con-
veniently by means of a curve called a polar
diagram, illustrated in the same figure. This curve
or polar diagram is used as follows: Assume the
relative strength of the beam in the direction OX
is required. Then draw the line from O in the
required direction and measure the length OX to
the point X where the line meets the curve. If OX.
for example, is half of 04, then the beam is only
half as strong in the direction OX as it is in the
direction OA. The sample principle applies for any
other direction that is of interest. Toward the
edge of the beam where the arrows thin out to




zero width, the polar diagram indicates that the
intensity is zero because the polar diagram curve
returns to origin O. The simple polar diagram
shown in figure 69 is often referred to as a lobe.
Do not confuse the oval-shaped curve designated
as polar diagram in figure 69 with the exact shape
of the beam. The polar diagram does not represent
the shape of the beam except indirectly, in that
it shows the relative strength of the signals in
any desired direction.

d. BEAM oF Rapio SET SCR-682-A. In the case
of Radio Set SCR-682-A, the beam produced is

POLAR
DIAGRAM

approximately 6° wide. The meaning of a 6°
beam is made clear in figure 70 which shows how
the signal received at the set is effected by the
angle which the target makes with the axis of
the beam. Thus when the target is lined up with
the axis of the beam, the maximum signal is
returned to the set. When the target is outside
the 6° beam, that is, more than 3° beyond either
side of the axis, the signal received at the set is
very weak. As the line of the target approaches

the line of the beam at C, the echo returned to
the set increases to a maximum.
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Figure 69. Use of polar diagram to represent beam of radio waves.
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. Figure 70. Effect of beam width on returned echo.

Section V. RECEIVER SYSTEM

35. Introduction

The function of the receiver system is to amplify
and detect the received echo signals and feed
them to the indicator system. The receiver system
is basically of the superheterodyne type. It is
made up of seven components. A brief description
of each of these components is given in connec-
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tion with the simplified block diagram.

36. Simplified Block Diagram

Figure 71 is the simplified block diagram of tht
receiver system. Each of the components show?
in figure 71 is described briefly in this paragraph
and in detail later in this section.
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Figure 71. Receiver system, simplified block diagram.

a. LocaL OsciLLator. This receiver uses a
McNally reflex klystron as a local oscillator. The
frequency of the oscillator is 30 megacycles (mc)
below that of the transmitter tube. The output
of the oscillator is mixed with the incoming signal
voltage in the crystal mixers to produce the 30-mc
intermediate frequency. The frequency of the
oscillator is regulated by adjusting the potential
applied to the reflector plate. The local oscillator
is located in Radio Receiver BC-1223-A which
is mounted on the back of Antenna AN-134-A
as shown in figure 47.

b. AF.C. CrystaL MIxer. The automatic fre-
quency control (A.F.C.) crystal is located in the
radio-frequency unit (fig. 49). The input to the
AF.C. crystal mixer is the output of the local
oscillator and the output of the A.F.C. coupler.
‘These two signals are heterodyned in the crystal,
and the output is a signal whose frequency is
the difference between the two input sxgnals This
output is fed to the A.F.C. circuit.

c¢. AF.C. Circurr. The A.F.C. circuit is located
in the receiver. It receives the output of the A.F.C.
crystal and, depending on the frequency of this
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signal, makes the voltage on the reflector plate
of the local oscillator more or less negative. In
other words, if the frequency of the local oscil-
lator is not exactly 30 mc below the frequency
of the transmitting tube, the A.F.C. system will
correct the frequency of the local oscillator by
changing the voltage applied to the reflector plate
of the local oscillator tube.

d. SIGNAL CrysTaAL Mixer. The signal crystal
mixer is located in the radio-frequency unit (fig.
49). The input to the signal crystal mixer is the
output of the local oscillator and the output of
the T-R box. As explained in section IV, the out-
put of the T-R box consists of the received echo
signals. These voltages are mixed in the crystal,
and the output is the intermediate frequency
which is 30 mc.

e. SIGNAL CHANNEL. The signal channel is lo-
cated in the radio receiver. It receives the i-f out-
put of the signa! crystal mixer, amplifies and de-
tects this voltage, and delivers an output voltage
which is a series of negative pulses.

J. SENSITIVITY TIME CONTROL AND GAIN CONTROL.
The sensitivity time control (S.T.C.) and the re-
ceiver gain control are located in Indicator Con-

2800 MC R-F SIGNAL
Y'“" T-R 80 -r SIGNAL !

trol BC-1193-A (fig. 104). The gain control varies
the gain of the receiver by varying the steady
d-c bias on the control grids of the second and
third i-f tubes. The sensitivity time control gen-
erates a voltage whose magnitude varies with the
time from the start of the sweep. Its purpose is
to decrease the sensitivity of the receiver system
during the first part of the sweep. Without this
control the echoes received from near-by targets
would saturate the receiver, and it would be diffi-
cult to distinguish between targets. The decreased
sensitivity of the receiver during the first part of
the sweep prevents this saturation of the receiver
and enables the operator to distinguish between
near-by targets. The output of the sensitivity
time control is fed, with the steady d-c voltage of
the gain control, to the grids of the second and
third i-f stages..

g. RECEIVER Power SuppLY. The receiver power
supply is located in the radio receiver. It supplies
all of the power required by the radio receiver
itself.

37. Complete Block Diagram
Figure 72 is the complete block diagram of the re-
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Figure 72. Receiver system, complete block diagram.
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ceiver system. It shows each circuit group and
its input and output waveform. The local oscil-
lator, A.F.C. crystal mixer, and signal crystal
mixer are described in paragraph 36. The wave-
forms at the various parts of the circuit are shown
on the diagram.

a. AFC. Crcurr. (1) A.F.C. amplifier. The
A.F.C. amplifier amplifies the output of the A.F.C.
crystal mixer.

(2 Discriminator. The output of the A.F.C.
amplifier is applied to the discriminator. If the
output of the AF.C. crvstal is above 30 mc (the
frequency of the i-f channel), the output of the
discriminator is a negative pulse. If the output of
the A.F.C. crystal is below 30 mc, the output of
the discriminator is a positive pulse.

(3) Puise amplifier. The pulse amplifier is used
to amplify the pulses from the discriminator.

(4) Control tube. The output of the pulse am-
plifier is applied to the grid of the control tube.
The plate of the control tube is connected through
a filter system to the reflector electrode of the
McNally oscillator tube (2-V-15). Every time a
positive pulse causes the control tube to conduct,
the voltage at its plate will be lowered, thus regu-
lating the voltage on the reflector electrode of the
local oscillator tube. A change in the reflector
electrode voltage changes the frequency of the
McNally oscillator tube. This system maintains
the voltage on the reflector electrode of the local
oscillator at about —100 volts and maintains its
frequency at about 2,770 mc.

(5) Sawtootk oscillator. The output of the saw-
tooth oscillator is a sawtooth voltage wave which
varies between —160 volts and —80 volts at a
rate of approximately 1 cycle per second. This
voltage is applied to the reflector electrode of the
local oscillator, thus varying its frequency over a
wide range. At one particular frequency within
this range, the A.F.C. circuit starts functioning,
after which the sawtooth oscillator is effectively
removed from the circuit.

b. I-r CHANNEL. The i-f channel amplifies the
signal from the signal crystal mixer. There are
six i-f stages. The second and third i-f stages dif-
fer slightly from the others in that the S.T.C. and
gain voltages are fed into the grids of these stages.

c. SEcoNnp DETECTOR. The second detector fol-
lows the i-f channel in the receiver. It receives
the i-f output of the i-f channel and rectifies it,
forming the negative video pulses.

d. First VipEo AMPLIFIER. The first video am-
plifier receives and amplifies the negative video

pulses from the second detector.

e. D-c REsTORER. The d-c restorer following the
first video amplifier returns the grid of the second
video amplifier to normal bias following any sig-
nal. This is necessary to prevent any small signal
from being lost because of abnormal bias on the
tube.

j. SEcoNpD VipEo AMPLIFIER. The second video
amplifier amplifies the positive pulses received
from the first video amplifier. Negative pulses
from this stage are fed to the indicator control.

g. Sensitivity TiME CoNTrOL (S.T.C.). This cir-
cuit is located in Indicator Control BC-1193-A
but is considered a part of the receiver system.

(1) S.T.C. generator. In order to start the action
of the S.T.C. circuit with the beginning of the
sweep, a gate from the sweep circuit is the input
to the S.T.C. generator. The output of the S.T.C.
generator is the exponential waveform shown on
the block diagram. This wave starts at approxi-
mately 80 volts and decays exponentially to about
zero volts in approximately 90 microseconds. The
output of this stage can be adjusted by means of
the control marked S.T.C. WIDTH. Changing
the position of the control changes the rate of fall
of the output waveform. The S.T.C. WIDTH
control is shown in figure 105.

(2) S.T.C. clipper. This stage clips a portion of
the top of the waveform from the S.T.C. gene-
rator. The level at which the clipping takes place
depends on the position of the S.T.C. DEPTH
control, shown in figure 105.

(3) S.T.C. cathode follower. The S.T.C. cathode
follower is a conventional cathode follower, the
output of which is variable from zero to 95 per-
cent of the input. This variation is controlled by
the S.T.C. AMPLITUDE control shown in fig-
ure 104,

(4) S.T.C. amplifier. The S.T.C. amplifier ampli-
fies the output of the S.T.C. cathode follower. The
output of this stage is the S.T.C. waveform which
is fed to the grids of the second and third i-f
stages.

h. Gain ConTrOoL. The RECEIVER gain con-
trol shown in figure 104 varies the value of the
d-c voltage which is mixed with the S.T.C. wave-
form and applied to the grids of the second and
third i-f stages. This control can vary the d-c
voltage of the S.T.C. waveform between zero and
approximately —10 volts.

38. Circuit Details
This paragraph gives a detailed discussion of each
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stage in the receiver system. Figure 73 is a sim-
plified schematic diagram of the A.F.C. circuit;
figure 90 represents the simplified schematic dia-
gram of the signal channel and S.T.C. circuit. A
complete schematic diagram of the receiver is
shown in figure 99. Figure 74 shows the location
of the tubes on the receiver chassis.

(1) Movement of electrons. The electrons emitted
by the cathode of the tube are formed into a bean.
in much the same manner as in a cathode-ray tube.
This beam of electrons passes through the two
cavity grids and continues toward the reflector
electrode. The negative voltage on the reflector
electrode, however, repels the electrons, slows
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Figure 74. Radio Receiver BC-1223-A, top view of chassis.

a. LocaL OsciLLaTor. Figure 74 shows the local
oscillator tube 2-V-15 mounted in the receiver.
Figures 75 and 76 show assembled and disassem-
bled views respectively. The tube is a McNally
707B of the velocity-modulated type. It is a low-
powered oscillator designed for a wavelength
range of 8 to 12 cm. The tube is used with a reso-
nant cavity, most of which is external to the
vacuum of the tube. The cavity may be removed
and used with any tube of the same type. A cross-
section diagram of the McNally tube is shown in
figure 77. Note that the tube contains an indi-
rectly heated cathode, an accelerating grid, part
of the resonant cavity (space), two cavity grids,
and a reflector electrode. The voltages applied
to the electrodes are indicated in the diagram.
The output of the oscillator is taken from the
coupling loop which projects into the cavity.
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them up, turns them around, and sends them back
through the cavity grids on a return trip. The
beam of electrons thus passes through the cavity
grids twice.

(2) Action of cavity and cavity grids. The oscilla-
tions of the cavity are produced as the result of
electrons in the walls of the cavity surging back
and forth approximately 2,770,000,000 times a sec-
ond (2,770 mc). During these oscillations, the
electrons in the wall of the cavity pile up first on
one cavity grid and then on the other cavity grid,
thus producing an electric field between the two
grids of the cavity which alternately speeds up
and slows down the beam of electrons as it passes
through the cavity grids. This action results in
a grouping or bunching of the electrons in the
beam. The bunches of electrons are turned back
by the reflector, and on their way back the




bunches arrive at the proper instant to reinforce
the oscillations of the electrons in the walls of the
cavity.

(3) Start of oscillation. In the preceding para-
graph, it was stated that the oscillation of the
electrons in the wall of the cavity produces an
oscillating field between the cavity grids which is
responsible for the bunching of the electrons. A
question which is sometimes puzzling is this:
‘W hat starts this oscillating field? The answer is
that actually a weak oscillation is started in the
cavity by the approach of the very first electrons
in the beam. From this point on the oscillations

rapidly build, because the returning bunches of
electrons reinforce the oscillation of the electrons
in the walls of the cavity. Whether or not the
oscillations are reinforced and maintained de-
pends upon the tuning of the cavity, the spacing
between the cavity grids, and the voltages applied
to the various electrodes of the tube.” The control
grid voltage has an important effect on whether
the tube will oscillate, because it determines the
speed of the electrons in the beam. The reflector
grid voltage is also important because it deter-
mines how long the bunches of electrons take to
return to the cavity grids, where they give up

Fjgure 75. Local oscillator, assembled.
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Figure 76. Local oscillator, disassembled.

their energy and support the oscillation only if
they arrive at the proper instants,

(4) Coupling loops. A coupling loop (fig. 77)
inserted in the cavity inductively picks up the
energy of the oscillations, which is then fed to the
crystal mixers. The frequency of the oscillator
output corresponds to the frequency at which the

cavity has been set.

(5) Coarse tuning. The resonant frequency of
the cavity, and therefore the frequency of the local
oscillator signal, is varied by changing the size
of the cavity itself. This is done by adjusting the
tuning plugs in the sides of the cavity. Care
should be exercised when changing the mechani-
cal tuning plugs, since they are at a potential of
approximately 220 volts with respect to ground.
A special insulated concentric wrench is provided
to make this adjustment when necessary. Me-
chanical tuning of the cavity should vary the fre-
quency over the entire range of 8 to 12 cm. Cov-
ered openings are supplied in the sides of the re-
ceiver to permit tuning of the cavity without
removing the cover of the receiver. Once adjusted
to the correct value, tuning of the cavity should
not be necessary unless the local oscillator tube
or the transmitter tube is replaced.

(6) Fine tuning. Fine tuning of the local oscil-
lator is accomplished by varying the voltage ap-
plied to the reflector electrode of the tube. Itis by
controlling the reflec