
CHAPTER 5

Cloud Height Set AN/GMQ-13

THE INCREASE IN worldwide flying and
high performance aircraft makes it necessary
to have accurate and timely cloud height
measurements. The automatic cloud height
measuring set is designed to make these
measurements. It determines cloud heights in
just a few seconds. Another advantage is that
the set operates continuously, and the
observer can monitor the indicator frequently
for reportable changes in cloud height.

2. The cloud height set, shown in figure
62, is also called the rotating beam ceilometer
(RBC). It has three components: the
projector, the detector, and the indicator. The
basic principle of its operation is
triangulation. It projects a modulated light
beam. When the beam strikes a cloud directly
over the detector, the reflected light causes a
change in the photocell circuit of the
detector. The detector amplifies the signal
variations and transmits them to the
cathode-ray tube (CRT) in the indicator. The
projected light beam rotates through a 90° arc
from horizontal to vertical in the direction of
the detector. Triangulation is accomplished
by having a baseline of predetermined length,
a 90° angle established by the "field-of-view"
of the photocell, and a varying angle obtained
by the sweep of the projected light beam.

3. The electron beam (spot) on the CRT in
the indicator sweeps the vertical axis, bottom
to top, of the tube in unison with the rotation
of the projector light beam. When a spot of
light on the base of a cloud generates a signal
in the detector, the amplified signal causes the
sweep of the CRT electron beam to widen
momentarily as the beam moves up the face
of the tube. The point at which the electron
beam widens corresponds to the angle at
which the projected light beams strikes the
cloud over the detector. The height of the
cloud is then determined from the known
angle and the baseline.

4. In this chapter we will discuss the data
flow through the cloud height set by use of a

block diagram and make a circuit analysis of
each unit. A section is devoted to
troubleshooting and is developed to aid you
in locating malfunctioning components. The
chapter and volume close with a discussion of
the system maintenance that you will perform
on the equipment.

18. Block Analysis
18-1. The AN/GM-13 block diagram

discussed in this section is simpler than the
one you studied in the resident course, but
you will be able to trace data flow and isolate
troubles to particular areas. The block
diagram for the RBC is FO 31. Starting at the
projector, the AC power is applied to the
rotary mount drive motor (B303) and to the
shutter and light assembly through two circuit
breakers. Motor B303 drives the rotary mount
through a reduction assembly at a speed of 5
revolutions per minute. At this speed, a cloud
height measurement sweep begins every 6
seconds.

18-2. Voltage regulator VR301 regulates
the input AC before it is applied to the lamps
and shutter motors. VR301 operates on the
same principle and in the same way as the AC
regulator in the AN/TMQ-11. The motor
driven shutter interrupts the light beam 120
times per second. The light intensity of each
lamp is controlled during its rotation by
mercury switches and resistors. Each lamp
receives its full operating voltage only when it
is in measuring position. The mercury
switches and resistors are not shown in FO
31, but are explained in the section on circuit
analysis. The light from the projector is
reflected from the clouds when they are
present and is picked up by the detector.

18-3. A parabolic mirror in the detector
focuses the reflected light on a lead sulfide
photocell V207. The photocell decreases its
resistance when light strikes it, generating a
signal. The signal generated by V207 is
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coupled to the grid of V201, a dual triode.
Both sections of V201 amplify the signal.
From V201, the signal is routed to the grid of
another dual triode V202 through a gain
control circuit. You adjust the gain control so
that V202 is not saturated by the signal.
Another dual triode, V203, further amplifies

the signal. From V203, the signal is sent to
the indicator.

18·4. An AC regulator like the one in the
projector regulates the AC voltage in the
detector. The regulated AC is rectified by
rectifier tube V204 and bridge rectifier
CR201. V204 supplies the DC voltage to two
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voltage regulator tubes. They maintain the
300-VDC output used as plate supply voltage
for the amplifiers. CR201 supplies voltage to
a filter circuit that produces a - 5 VDC which
is the filament voltage for V201 and V202.

18-5. After the projector produces a
modulated light beam and the detector
amplifies the reflected signal, the amplified
signal is applied to the indicator. The signal
from the detector is applied to two places in
the indicator, a push-pull amplifier VIOl and
Z modulation amplifier V104. The AC signal
output of VIOl is coupled to the grids of the
horizontal amplifiers V102 and V103. When
VI03 conducts more than VI02, the sweep
moves to the left. When V102 conducts more
than VI03, the sweep moves to the right. Z
modulation amplifier V104 and rectifier
V105 apply a negative signal to the cathode
of the CRT during signal presentation. Z
modulation brightens the signal trace so that
it is easier to read.

lS-6. The vertical sweep is generated by
varying the conduction of the vertical
amplifiers with a motor driven potentiometer.
If both V106 and V107 are conducting the
same amount, the sweep dot is at 45° and
does not move. When V107 conducts more
than VI06, the sweep dot is somewhere
between 45° and 90°, depending on the
difference in conduction. When V106
conducts more than VI07, the dot is
somewhere between 45° and 0°. To
synchronize the start of the sweep drive
motor with the rotation of the projector
rotary mount, the indicator uses a
thyratron-controlled synchronization circuit
(VllS).

lS-7. There are three power supplies in the
indicator; two low voltage and one high
voltage. Rectifier V112, series regulator
V113, control amplifier V114, and voltage
regulator V116 supply the regulated 210 VDC
used as the plate supply for the display
amplifiers. Rectifier V115 and voltage
regulator V117 supply a regulated -105 VDC
to control sweep brightness and length.
Aquadag voltage for the CRT (VI19) is
supplied by rectifier V10S, series regulator
V109, control tube Vll0, and voltage
regulator reference tube Vll1. After this
review of the RBC data flow, you should be
ready to move on to the circuit analysis of the
AN/GMQ-13.

19. Circuit Analysis
19-1. To understand data flow through

any system you need to understand the
circuit operation. Since the operation of the

RBC begins with the projection of the light
beam, this section begins the circuit analysis
of the RBC projector.

19-2. Projector. The projector provides a
source of light which is modulated and
projected against clouds in the detector's field
of view. The unit contains a rotary mount
drive assembly, reflector and lamp assembly,
voltage regulator, and power control circuit.
A logical place to start the discussion is to
explain the way the projector is turned on.

19-3. Local and remote power control.
The projector is turned on from either the
indicator (remote) or the projector (local).
For local turn on, power from the base power
source is fed by field lines to terminals 1 and
2 of TB301 in the projector interconnecting
box, as shown in FO 32. Then power is
applied to thermal circuit breakers 8301 and
8302. When the circuit breakers are on, the
projector is in the standby condition. You can
turn on the projector locally by placing the
LOCAL 8TART switch 8304 to ON. This
bypasses the remote start relay K302 and
applies power to the coil of the power
transfer relay K301. When K301 energizes, it
applies power to the voltage regulator VR301
and to the lamp assembly. Power is also
applied to rotary mount drive motor B303
when MOTOR 8TART switch 8303 is set to
ON. If the LOCAL 8TART switch 8304 is set
to OFF, you can operate the projector
remotely from the indicator.

19-4. When you place PROJECTOR switch
8105 at the indicator to ON, as indicated in
figure 63, relay K302 is energized by 50~C
(at 4 ma ). The 50 VDC is applied to the series
circuit from contacts 1 and 4 of 8105, the
coil of relay K302, 8305, contacts 5 and 6 of
8105, and the coil of relay KI03 to ground.
With K302 energized, relay K301 energizes,
because contacts 1 and 3 of K302 apply 115
VAC to the coil of relay K301. K301
completes its self-holding circuit through
contacts 5 and 8 and switch 8306. The
self-holding circuit is in parallel with the
LOCAL switch or remote relay. The 115 VAC
is also applied to B303 through contacts 1
and 4 of K301 and 8303. The voltage
regulator (VR301) is not shown in figure 63.
It is located between 8303 and the sliprings.
Consequently, VR301 has 115 VAC applied
to it when K301 is energized.

19-5. This shows you the way the
projector is turned on, either locally or
remotely. But what about 8305 and 8306?
What are they in the circuit? They are
permanent magnet-operated switches. When
the LOCAL switch or remote relay K302 is
opened, 8306 keeps power applied to K301
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and the rotary mount until the projector
reflectors are at approximately 3400 and 1600
to the horizontal. This allows you to open the
projector hood without damaging the lamp
assembly and points the mirror so that the
sun cannot shine on it and focus the heat on
the lamp assembly. S305 is a part of the
synchronization step circuit, explained in the
circuit analysis of the indicator. Now that we .
have AC applied to the projector, let's take a
look at the way the rotary mount turns.

19-6. Drive motor and timing belt
transmission. Rotary mount drive motor
B303, is energized when MOTOR START
switch 8303 is set to ON. 8303 applies power
to a starting network consisting of C303 and
R301 for 60-Hz operation, as shown in FO
32. When the set is operated on 50-Hz power,
R304 and C304 are connected in parallel with
the 60-Hz starting network. Motor B303
rotates at approximately 62 or 75 rprn,
depending on the frequency of the applied
power. The output of the motor is
mechanically linked to the timing belt
transmission.

19-7. The timing belt transmission (fig. 64)
consists of a drive pulley which is attached to
the drive motor shaft. The timing belt links
the drive pulley to the idler pulley, which
drives the transfer pulley assembly. A second
timing belt connects the transfer pulley to the
horizontal trunnion supporting the rotary
mount. The entire system provides a 15 to 1
reduction in speed between drive motor B303
and the rotary mount, resulting in a rotary
mount speed of 5 rpm.

19-8. Reflector and lamp assemblies. The
two reflectors in the projector are
black-silvered, glass-parabolic mirrors with a
24-inch diameter and a 10-inch focal length.
Each reflector has a lamp assembly. The AC
power to operate the lamps and shutter is
connected to the revolving mount by sliprings
and brushes. The shutter motors B301 and
B302 receive 115 VAC, as illustrated in FO
32. The lamps, however, require only 12
VAC, but 35 amps for full brightness. T301
and T302 step the voltage down. At this
current (35 amps), the life expectancy of the
lamp is short. Since full brightness of a lamp
is needed for only slightly more than
one-fourth of the mount rotation, a lamp
dimming circuit is used.

19-9. The lamp dimming circuit for 1301
consists of R302 and mercury switches 8308
and 8307. The dimming circuit for 1302 and
R303 and mercury switches S309 and S10.
Both dimming circuits operate the same;
therefore, we will discuss only one, 130l.
Mercury switches 8308 and 8307 are closed

when 1301 is at about 3500 (100 from zero)
and are open at about 950. With 8308 and
8307 closed, the 115 VAC is applied to the
primary of T301. Notice that the primary of
T301 has several taps. You select the tap that
provides 35 amps in the secondary for
maximum lamp brightness. When 8307 or
8308 opens, R302 is placed in series with the
primary of T301. You adjust the movable tap
on R302 until the secondary of T301
produces 14 amps of lamp current. This dims
the lamp for three-fourths of a rotation of the
rotary mount.

19-10. The only other items in the
projector are VR301, which operates the
same as the regulator in the ANjTMQ-ll, and
CR301. CR301 is a 16-volt Zener diode. It is
placed across the 4K ohm resistancy of the
K302 coil. The Zener serves two purposes.
First, it does not allow more than 4 ma of
current to flow through the relay coil, and
second, it prevents operation of K302 if the
control line polarity is reversed. With the
projector in operation, it radiates the light
beam that is reflected into the detector when
clouds appear over the detector. The
following paragraphs explain what happens to
the reflected light beam.

19-11. Detector. The detector converts
light reflected from obstructions in its field of
view to voltage variations which are amplified
for use in the indicator. The detector contains
an optical assembly, an amplifier, a power
supply, an AC voltage regulator, an
interconnecting box, and a deicer assembly.
Since the reflected light enters the optical
assembly and then the amplifier, we will begin
with a brief discussion of the optical assembly
and continue with a more detailed discussion
of the amplifier.

19-12. Amplifier. The detector has a
parabolic mirror mounted perpendicular to
the baseline between the projector and
detector (fig. 62). The mirror focuses the
reflected light from the cloud on a light
sensitive photocell V207. V207 is shown as a
resistor in FO 33. Remember that the light
beam from the projector is modulated at a
frequency of 120 Hz; therefore, the signal
generated by V207 has a frequency of 120
Hz.

19-13. The 120-Hz signal is coupled to the
grid of V201A. V201A amplifies the signal
and C207 and R205 couple it to the grid of
V201B for further amplification. C206 and
C205 form a low pass filter; that is, they form
a high reactance path to ground for low
frequencies (120 Hz) and a low reactance
path to ground for high frequencies.
Therefore, the low pass filter passes the low
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frequencies to the amplifier. The coupling
circuit between V201B and V202A consists
of a low pass filter (C211 and C210) and a
variable gain circuit, C209, and the resistors
associated with 8201. Again, the low pass
filter (C211 and C210) attenuates frequencies
above 120 Hz. The purpose of C209 and the
two resistive networks of 8201 is to provide a
variable gain control so that the signal does
not saturate the amplifier.

19-14. To show you the way the gain is
varied, the switch and its associated resistors
along with the coupling are illustrated in
figure 65, part A. Figure 65, part B, is a
simplified drawing of the gain circuit with the
switch in position 1. Notice that the incoming
signal is grounded in step 1. Figure 65, part C,
shows the gain circuit in position 5. Notice
that 882K ohms of resistance is in series with
C209 and that 105K ohms of resistance
develops the signal on the grid of V202A.
Suppose that a 13.27-millivolt signal is
applied to this circuit. At 120 Hz, 3.4
millivolts is dropped across C209, 8.82
millivolts across the series portion of the gain
resistors, and only 1.05 millivolts for V202A.
In figure 65, part D, the circuit is shown in
step 11. In this case 9.87 millivolts is applied
to the grid of V202A. You may be wondering
why a double set of resistors is used 'when one
set could apparently do the job. The reason
for having a double set is that no matter what
position the gain control switch is in, 987K
ohms of resistance is always in series with
C209. This maintains a constant load on
V201B; therefore, V201B is not affected by a
change in the gain switch position.

19-15. Now go back to FO 33 and pick up
the circuit analysis at the plate of V202A.
The coupling circuit to V202B also has a low
pass filter, C214 and C215. V202B amplifies
the signal, and C219 and R233 couple it to
V203A by another low pass filter, C217 and
C218. V203A and V203B amplify the signal,
which is coupled to the indicator by an
impedance matching transformer, T202.
Notice that there are several Lrnicrofarad
capacitors connected between the B+ line and
ground. They filter the 120-Hz signal to keep
it from the other stages. The series resistors in
the B+ line lower the plate voltage on the first
amplifiers to increase the signal-to-noise ratio.
This concludes the circuit analysis of the
amplifiers. The next circuit of importance in
the detector is the power supply.

19-16. Power supply. The voltage regulator
VR201 operates in the same way as the other
AC regulators. Regulated AC voltage from
voltage regulator VR201 is applied to the
primary of transformer T201. The secondary

of the transformer is connected to the plates
of full-wave rectifier V204. The rectified
output of V204 is applied to a pi type filter,
composed of inductors L201 and L202 and

. capacitors C226, C228, and C230, which
removes most of the ripple voltage. Any
residual ripple voltage is smoothed by the
action of series-connected voltage regulator
tubes V205 and V206. The 300-VDC
regulated output of V205 and V206 is B+ for
the components of the amplifier. A 6.3-VAC
filament voltage is tapped from the secondary
of transformer T201 for power amplifier
V203. A second filament supply is tapped
from the secondary of transformer T201,
rectified by bridge rectifier CR201, and
filtered by R239 and electrolytic capacitors
C227 and C229. The - 5-volt output is a
filament voltage for amplifiers V201 and
V202. A DC filament voltage helps reduce
noise that might be caused. by an AC voltage.
The negative voltage is used to prevent
cathode-to-filament current.

19-17. Deicer and interconnecting box.
The deicer prevents the accumulation of snow
and ice on top of the detector cover glass
during severely cold weather. This circuit
consists of a 500-watt, a 1000-watt, or a
1500-watt space heater HR252, HR251, or
HR253, and blower B251, which circulates
warm ail..throughout the area under the cover
glass. Thermostat S253 applies power to the
heater and blower when the temperature
drops below the operating point to close the
thermostat switch.

19-18. Power from the base power source
is connected by field lines to terminals 1 and
2 of TB251 located in the detector
interconnecting box. Duplex receptacle J251,
connected across the line, provides a power
outlet for voltage regulator VR201 and an
auxiliary power outlet for test equipment,
soldering irons, etc. Notice that detector
power is controlled from the base power
source and cannot be turned on or off at the
detector site. Thermal circuit breakers S251
and 8252 control power to the deicer. Setting
the circuit breakers to ON places the deicer in
the ready state since thermostat 8253 is
normally open. Circuit breakers 8251 and
S252 also serve as thermal cutouts, removing
the power from the deicer automatically
when there is an overload in the assembly. In
the preceding discussion, you have seen how
the projector produces the modulated light
beam and the detector receives and amplifies
the reflected signal. Now you are ready to
move to the indicator shown in FO 34, to see
what happens to the signal.
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19-19. Indicator. The indicator processes
cloud height signals that it receives from the
detector, and synchronizes the operation of
the projector with the indicator presentation.
The indicator has a cathode-ray tube, a
horizontal deflection amplifier, a Z
modulation amplifier, and a vertical
deflection amplifier. The indicator also
contains a part of the control and
synchronization circuit, a high-voltage
regulated power supply, and a low-voltage
regulated power supply.

19 -2O. Horizontal deflection. The
horizontal deflection amplifier increases the
amplitude of the cloud return signal from the
detector. When the signal is applied to the
horizontal deflection coils, it causes the trace
to deflect horizontally as it sweeps upward
from 00 to 900 on the face of the cathode-ray
tube. The deflection distance is proportional
to the amplitude of the signal voltage applied
to the input terminals of the indicator. The
circuit consists of input transformer TlOl,
HORIZ GAIN control RlOl, horizontal
amplifier VIOl, and horizontal output tubes
Vl02 and Vl03, as illustrated in figure 66.

19-21. The signal voltage from the
detector is impressed across the primary of
input transformer TlOl. The voltage induced
in the secondary winding develops across
HORIZ GAIN control RIOlo The gain control
adjusts the amplitude of the signal applied to
the horizontal amplifier to limit the
maximum horizontal deflection to
approximately 4 inches peak to peak. The
signal voltage from the arm of HORIZ GAIN
control RlOl is applied to MOD CONTROL
RI06 as well as to the grid of horizontal
amplifier VIOlA.

19-22. Horizontal amplifier VIOl is a
cathode-coupled paraphase amplifier. One
section functions as an amplifier and the
other section as a phase inverter. The output
voltages are equal in amplitude but 1800 out
of phase. Signals from the arm of HORIZ
GAIN control RlOI are applied to the grid of
amplifier VIOlA. The output of amplifier
VIOlA is coupled through CI02 to the grid
of horizontal output tube Vl02. The signal
on the grid of VIOlA also appears across the
unbypassed cathode resistor Rl05, which is
common to the cathodes of VIOlA and
VIOlB. Tube VIOIB operates as a
grounded-grid amplifier. It develops an
amplified plate signal across the plate load
resistor Rl02. The output is Ln phas-ewith the
input signal across the common cathode
resister Rl05.

19-23. The output of VlOlB is coupled to
the control grid of horizontal output tube

Vl03 by CI03. Since the output of tube
VI0lB is in phase with the signal voltage on
the grid of VIOlA and the output of a
conventional amplifier is 1800 out of phase
with the signal voltage, the outputs of VIOlA
and VlOlB are 1800 out of phase with each
other. VIOlA and Vl01B have equal plate
load resistors; therefore, signals of equal
amplitude are applied to the grids of
horizontal output tubes VI02 and VI03.

19-24. Horizontal output tubes VI02 and
VI03 are a push-pull amplifier. Since the
signals applied to the control grids are of the
same amplitude but 1800 out of phase, plate
current from each tube flows through the
horizontal deflection coils in an opposite
direction to the other. Because of the
continual change in the direction of current
flow through the horizontal deflection coils,
the vertical trace deflects horizontally, first in
one direction and then in the other, as the
electron beam moves up the face of the
cathode-ray' tube. The widest point on the
signal corresponds to the height of the cloud
base.

19-25. HORIZ CENTER control RlIl
balances the circuit to position the trace in
the horizontal center of the cathode-ray tube.
The HORIZ CENTER control is part of the
Vl02 and Vl03 cathode circuit-RllO,
Rlll, R112, and R113. The circuit is
unbalanced when R1l3 is in the circuit. This
off-centers the electron beam of the CRT to
the right. Resistor R113 is shorted out when
sync relay KI03 energizes. In normal
operation, KI03 deenergizes when S305
(shown in fig. 63) opens. This occurs once
every fourth sweep. S305 stays open for
about 2° of the sweep; therefore, KI03 is
deenergized for only 20 of sweep, to cause the
synchronizing step.

19-26. Z modulation. The modulation
amplifier modulates the CRT electron beam
with a portion of the cloud return signal from
the detector. This varies the intensity of the
electron beam in proportion to the amplitude
of the cloud return signal. This circuit
contains the modulation control Rl06; Z
amplifier Vl04; Z output tube Vl05;
modulation transformer T102; and Z
MODULATION switch S106. The Z
modulation circuit is illustrated in figure 67,

19-27. The MOD CONTROL
potentiometer R106 couples part of the signal
from the HORIZ GAIN control to the grid of
Z amplifier Vl04. The amplified output of Z
amplifier V104 is applied to the grid of Z
output amplifier Vl05A through coupling
capacitor. Cl06. ,The output of amplifier
Vl05A IS applied to the primary of
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modulation transformer T102 in the plate
circuit of V105A. The voltage in the
secondary of transformer T102 is applied to
the cathode of V105B, which is connected as
a diode. Tube V105B conducts only when the
signal at its cathode is negative. The negative
output at the plate of V105B is applied to the
cathode of CRT when Z MODULATION
switch S101 (Fa 34) is placed to ON. The
negative signal, that occurs only when there is
a cloud return signal, increases the conduction
of the CRT, V119, to brighten the trace.

19-28. Vertical deflection. The vertical
deflection amplifier produces the vertical
sweep on the CRT. As shown in figure 68, the
vertical deflection amplifier consists of sweep
potentiometer R159, calibrate switch S102,
SWEEP LENGTH potentiometer R125,
vertical output amplifiers V106 and V107, a
vertical deflection coil (part of L103), the
BRIGHTNESS potentiometer R130, the
VERT CENTER potentiometer R133, and a
permanent magnet-operated mercury switch
S108.

19-29. R159 is a continuous, circular
potentiometer that is driven by the sweep
drive motor B10I. In positions 1 and 2 of the
CALIBRATE switch (S102), the varying
voltage caused by the rotation of R159 is
applied to the control grids of the vertical
output tubes V106 and V107, as shown in
figure 69. In position 2 of S102, the vertical

sweep circuit operates as it did in position 1,
as shown in figure 70,A. However, in position
2 the brightness circuit to the CRT is
affected. Figure 70,B, illustrates the
brightness circuit in position 2. The amount
of negative voltage applied to the control grid
of the CRT is determined by the position of
R130 and whether or not R128 is in the
circuit. In position 1 of S102 (not shown in
fig. 70,B), R128 is shorted by sections C and
D of S102. In position 2, R128 is in the
circuit, as shown in figure 70,B, until S108
closes. What closes S108? As you can see,
voltage is applied to K104 (Fa 34) in position
2 of S102. When energized, this coil moves a
mercury switch (S108) toward a rotating
permanent magnet. S108 remains open until
the magnet passes by as it rotates, causing
S108 to close. The magnet passes S108 once
every 18° of the 90° indicator sweep and
S108 remains closed for approximately 2°.
With S108 open, the negative voltage on the
control grid of the CRT blanks the sweep.
Consequently, in position 2 of S102, you see
the sweep appear at 0°, 18°, 36°, 72°, and
90° as R159 rotates to those positions. The
CRT is blank at all other times. You use
position 2 of S102 to check the linearity of
R159.

19-30. In position 3, S102 disconnects
R159 from the vertical output circuit and
replaces it with R126 and R127, as shown in
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figure 71. R159 is a 10K ohm potentiometer;
R127 and R126 are 5K ohm precision
resistors. 8ince the voltage applied to the
control grids of the vertical output tubes is
equal. both conduct the same and the sweep
appears as a dot at 450

• Position 3 checks to
determine whether or not V107 and V106 are
balanced.

19-31. In position 4 (shown in figure 72)
of 8102, the sweep dot is fixed at the 00

position. The grid of V106 is grounded, and
the grid of V107 is connected to a voltage
divider so that the grid is at a negative
potential. With V106 conducting more than
V107, the sweep dot is at the bottom of the
scope, 00

• In position 5 of 8102, the sweep
dot is at 900

• In this case, the grids of V106
and V107 are reversed from their relative
position in position 4 of 8102, as shown in
figure 73. The grid of V107 is grounded and
the grid of V106 is at a negative voltage. With
V107 conducting more than V106, the sweep
dot is at the top of the scope, 900

• With this,
you have seen how a signal is applied to the
horizontal deflection circuit and what causes
the vertical sweep to move up the face of the
CRT. The next step is to synchronize the
sweep with the rotation of the projector
rotary mount.

19-32. Control and synchronization.
8weep drive motor B101 drives sweep
potentiometer R159 through a mechanical
linkage. This causes the vertical sweep of the
electron beam on the face of the CRT. The
start of the sweep drive motor and the start of
the projector are interrelated; hence, the
discussion that follows applies to both. The
projector rotary mount contains two
reflectors pointing in opposite directions, but
we will discuss only one of them as it rotates
through an arc of 3600

• When the indication
on the indicator CRT corresponds to the
angular position of the projector reflector,
they are synchronized. We will examine the
two major sections-the synchronized and the
unsynchronized modes of operation. It is
necessary to depress the 8YNC pushbutton
8104 manually to synchronize indicator
operation with that of the projector reflector.
When the electron beam trace on the CRT
deflects to the right for 20 at some point
other than 00

, the sweep is unsynchronized.
This deflection is different from a normal
cloud height indication, since the deflection is
only to the right. Also, it is not accompanied
by a brightening of the trace when Z
modulation is used. In the following
discussion, assume that the PROJECTOR
switch 8105 is closed and the projector is
rotating.

19-33. A simplified diagram of the
synchronization circuit is shown in figure 74.
As the projector rotates from 00 to 20

, a
permanent magnet opens 8305. Whereupon,
8305 opens the series circuit composed of
contacts 1 and 4 of PROJECTOR switch
8105, diode CR103 (not shown), the coil of
relay K302, switch 8305, contacts 5 and 6 of
PROJECTOR switch 8105, and the coil of
sync relay K103. When switch 8305 opens,
both K103 and K302 deenergize , and the
vertical trace off-centers to the right. This is
caused by R113 that is now in the conduction
path of V103. A firing potential of +25 VDC
is applied through contacts 5 and 4 of
deenergized relay K103 to the grid of sweep
control thyratron V118. This energizes sweep
drive relay K102. The 115 VAC is fed
through contacts 2 and 1 of sweep drive relay
K102 to energize sweep drive motor BIOI.
8weep drive motor BIOI turns sweep
potentiometer R159 through a mechanical
linkage to initiate the vertical sweep of
indicator CRT V119 (F034).

19-34. When the continuity of the series
circuit described above is reestablished, the
contacts of switch 8305 close, and relays
K302 and KI03 reenergize. Operation of sync
relay K103 removes the +25 VDC from the
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grid of V118, and R113 is shorted to center
the vertical trace of the electron beam on the
CRT. After C125 discharges, thyratron V118
ceases to operate. A voltage divider consisting
of R153, R154, and R155 provides enough
current through the adjustable arm of R154
to keep KI02 energized, and BIOI continues
to operate. Sweep drive motor BIOI
completes the remainder of the sweep. When
the sweep passes 90°, the motor drives sweep
potentiometer R159 through its zero
resistance area. This centers the dot for an
instant before it begins the next sweep at 0° .
At this point, sweep motor BIOI drives sweep
potentiometer R159 through another 900

vertical sweep as the projector reflector
rotates from 900 to 1800

• Since both lamps
are off, no measurements are made. When the
projector rotates from 1800 to 270°, the
other reflector and lamp are used for
measurement. During the rotation from 2700

to 3600
, neither lamp is used for

measurement.
19-35. In the operation just described, the

sweep started at 00 when one of the projector
reflectors was at 00

• When this happens, it is a
synchronized sweep. Since the sweep on the
CRT is generated by BIOI and R159 and the

r>;
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rotary mount is driven by B303 (fig. 64)
through the drive assembly, how is the
indicator sweep synchronized with the
rotation of the rotary mount?

19-36. With 8105 in the ON position,
KI03 energizes and removes the +25 VDC
from the grid of V118. V118 is inoperative at
this time. K102 requires 2.96 ma of current
to energize and 2.38 ma to stay energized.
When V118 fires, approximately 3.3 ma flows
through the coil of K102, energizing the
relay. When V118 extinguishes, 2.5 ma flows
through the coil of K102 because of voltage
dividers R153, R154, and R155. This keeps
KI02 energized. For this discussion, suppose
that the sweep is unsynchronized with the
electron beam at 45° when the projector
reflector is at 0°. You can tell when this
occurs because the electron beam off-centers
to the right for about 2° , starting at 45° and
extending to 47°. If you momentarily depress
the 8YNC switch 8104, contacts 2 and 3 on
8104 open, then close when you release 8104.
KI02 deenergizes and cannot be reenergized
until V118 ionizes. With KI02 deenergized,
sync lamp n03 glows. Since contacts 4 and 5
close momentarily when you depress 8104,
K101 energizes through these contacts and
8107. KI01 remains energized because of
self-holding contacts 2 and 4. When KI01
energizes, contacts 5 and 7 close to keep 115
VAC applied to BIOI. Therefore, BIOI
continues to operate until the sweep reaches
0°. At 0°, 8107 opens and KI01 deenergizes.
BIOI stops to wait for the projector reflector
to reach 0°. The sync lamp stays lit during
this wait.

19-37, When the projector reflector passes
through 0°, the permanent magnet (PM)
opens 8305 for about 2° of sweep length to
deenergize KI03 and K302. During this 2° of
sweep, R113 is placed in the cathode of
V103, causing the CRT sweep to off-center to
the right. When K103 deenergizes, it applies
the +25 VDC to the grid of V118. V118
ionizes and KI02 reenergizes. The sync lamp
goes out and power is reapplied to BIOI
through contacts 1 and 2 of K102. When the
sweep off-centers to the right from 0° to 2°
every fourth sweep, the projector and
indicator are synchronized.

19-38. By a modification, the 115 VAC
applied to the circuit shown in figure 74 can
be applied from the same source that supplies
the projector. This is done because BIOI and
B303 must use the same power source to
remain synchronized.

19-39. Power supplies. 8ince the indicator
has both standard amplifier tubes and a CRT,
it must have both a high-voltage supply for

the CRT and a low-voltage supply for the
amplifiers. Let's start with the low-voltage
power supply, which provides the regulated
voltages for operation of the cloud height
indicator. This circuit contains B+ rectifier
V112, bias rectifier V115, series regulator
V113, control tube V114, diode regulators
V116 and V117, and transformer T105. Refer
to figure 75.

19-40. B+ rectifier V112 is a full-wave
rectifier. It rectifies the alternating voltage
from the secondary of transformer TI05. The
rectified voltage is filtered by inductor L101
and electrolytic capacitors C118 and C119.
Potentials of approximately +50 and +25
VDC are tapped from voltage divider
potentiometer R149. Also, the rectified
output is applied to a voltage divider
consisting of R146 and R147 and to the series
regulator Vl13. These components are part of
the regulator circuit. The 50-volt (4-ma)
output is used for the remote turn on of the
projector. The 25-volt output is used to ionize
the thyratron in the synchronization circuit.

19-41. Half of the output from T105 is
applied to the cathode of half-wave bias
rectifier V115. The output of Vllfi is applied
to a pi-filter consisting of inductor L102 and
electrolytic capacitors C120 and C121. From
the filter, the rectifier output is applied to
R151 in series with bias regulator V117.
Regulator tube Vll 7 is a gas VR tube that
regulates the - 105 VDC. The -105 volts is
used in the indicator brightness and sweep
circuits. The filter output is also applied
through resistor R148 to VR tube V116. VR
tube V116 has a constant output of -150
VDC that establishes the bias for V114
through voltage divider R145 and R144 to
+210 VDC.

19-42. The regulated +210 VDC is taken
from the cathodes of series regulator Vl13.
When the +210 VDC tries to change because
of a change in load, part of the change is
coupled to the grid of V114. Assume that the
output voltage tries to increase. Part of the
increase is felt on the control grid of V114.
This causes a decrease in bias of V114, which
lowers its plate voltage. The decrease Lrl the
plate voltage of V114 is coupled directly to
the control grids of series regulator Vl13,
increasing its bias. Increasing the bias on the
series regulator causes a decrease in output
voltage because of the increase in the voltage
drop across V113. If the output tries to
decrease, the bias on V114 increases, and the
bias on V113 decreases. Therefore, V114
conducts less and V113 conducts more; this
raises the output voltage.
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19-43. Over 2000 volts is needed for
aquadag voltage on the CRT. The power
supply illustrated in figure 76 supplies this
voltage. The high-voltage power supply
provides a regulated voltage during changing
loads or line voltage. It consists of rectifier
VI08, regulator VI09, regulator vuo,
reference rectifiers CR101 and CR102,
reference tube Vll1, transformer T103, and
high-voltage adjust potentiometer R138. You
use potentiometer R138 to adjust the power
supply output from approximately 2100 to
3500 volts.

19-44. High voltage from the cathode of
regulator V109 is connected to the plate of
control tube VllO. The potential on the grid
of regulator VllO is set by HIGH-VOLTAGE
ADJUST potentiometer R138. R138 is part
of a voltage divider that includes R137, R139,
and R160. The combination of voltages across
the voltage divider and across V110
determines the operating level of the
high-voltage power supply. An isolated
reference voltage supply provides 150 VDC to
maintain the screen grid of V110 and the
control grid of VI09 at a fixed potential. As a
result of this isolation, the characteristics of
regulator tube V110 are relatively
independent of the plate voltage as long as the
screen grid is at a fixed potential relative to
the cathode. The voltage divider and the
reference tube circuit remain at virtually
constant voltage level during normal
operation except that, as the line voltage
increases, the reference tube supply increases.
This causes reference tube VIII to draw
more current to maintain the 150-VDC
output.

19-45. An increase in line voltage causes a
corresponding increase of the voltage at the
plate of VI09 and at the cathode of rectifier
VI08. The increased plate voltage of V109 is
reflected instantaneously as an increase in
cathode voltage or, since the control grid is
fixed, an increase in the grid bias. This
instantaneous increase in control grid bias
decreases current flow and increases the
voltage drop across VI 09. This restores the
regulated output to normal. Since this
restoring action occurs as soon as the change
in line voltage begins to occur, it maintains
the output voltage level almost constant. With
a decrease in line voltage, the reverse situation
occurs. A decrease results in a decreased drop
across VI09 to restore the regulated voltage.

19-46. The load current flows through
regulator VI09 as well as through CRT V1l9.
A current increase through the cathode-ray
tube tends to lower the voltage drop across

the CRT and is reflected as a decrease in the
bias on the tube VI09. This increases the
conduction of V109, decreasing the voltage
drop across V109. Since the cathode voltage
of V10S (plate voltage of V109) changes
relatively little with a change in load, the
decreased drop across VI09 maintains the
regulated voltage at the normal value. Because
of the high voltage on components in the
high-voltage power supply, be especially
careful when you work in this section of the
indicator. With the circuit analysis in mind,
you should be ready to change your attention
to troubleshooting the set.

20. Troubleshooting
20-1. Your main function as a weather

equipment repairman is to maintain the
meteorological equipment in good working
order. However, even when a good preventive
maintenance program is followed, there are
times when the equipment develops a
malfunction. You must locate the problem
and repair it. The better understanding you
have of the way to isolate malfunctioning
components, the easier your job is.

20-2_ A checklist, shown in FO 35, has
been devised to aid you in troubleshooting
the RBC. This checklist differs from the ones
discussed previously because it does not have
vertical lines. The numbered items on the
checklist are still the main operating
indications. The lettered subjects are
additional information to aid you in
determining the location of the malfunction.
The following discussion covers each item on
the checklist.

20-3. The first ten items on the list check
the operation of the indicator. In the
following discussion, the number in
parenthesis is the number of the item on the
checklist. If the power lamp glows (1), AC
power is supplied to the indicator. If the
power lamp does not glow, there are two
checks to make. When the sync lamp also
does not glow (a), the trouble is probably the
incoming AC or FIOl. When the sync lamp
glows (b), the trouble is the power lamp. If
the sync lamp glows (2), contacts 4 and 5 of
KI02 are connected and the sync lamp is
good. When the sync lamp does not glow,
contacts 4 and 5 of K102 are not making
contact or the sync lamp is defective. The
sync lamp stops glowing about 5 seconds after
power is applied to the indicator (3), because
it takes 5 seconds for the low-voltage power
supply to "warm up" to cause VII8 to
conduct. Remember that V118 energizes
K102, breaking contacts 4 and 5, which
removes power from the sync lamp. If the
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sync lamp does not stop glowing after about 5
seconds, you should make two additional
checks. When there is no scope dot (a), the
low-voltage rectifier (V112) is defective or
L101 is open. The reasoning behind this
conclusion is that both the 25 volts to V118
and the regulated 210 volts are out, causing a
blank CRT. If you have a scope dot (b), the
trouble is either the 25-volt line to V118,
including contacts 4 and 5 of KI03, or V118
is defective.

20-4. When the sync lamp stops glowing,
the sweep drive motor (BIOI) starts running
(4). Again, if the motor does not run, you
need to make two more checks. First, check
to see if BIOI runs when 8YNC switch 8104
is pushed (a), If it runs, this indicates that
contacts 1 and 2 of KI02 do not close to
connect power to BIOI. If BIOI does not run
when the 8YNC switch is depressed, BIOI is
defective. Take a closer look at how the
preceding conclusions were made. Refer to
figure 74 and remember that the sync lamp is
out. You can see that KI02 is energized.
Contacts 1 and 2 of KI02 connect the 115
VAC to BIOI. However, the indication is that
BIOI is not running. By pushing 8104, K101
energizes and connects 115 VAC to BIOI
through contacts 7 and 5. If BIOI still does
not run, the BIOI circuit or BIOI is defective.

20-5. If BIOI runs, check the sweep on the
CRT (5). When the sweep is too long,
extending beyond 90° and below 0° (5a), and
you cannot adjust it to the correct length, the
trouble could be caused by low aquadag
voltage or high B- voltage. Low aquadag
voltage can cause this problem because the
deflection coils have more effect on the
electron beam since the beam moves more
slowly between the cathode and the face of
the CRT. A high B- voltage can cause a long
sweep because it permits one of the sweep
amplifiers to cut off while the other conducts
at maximum. In this situation, the conducting
amplifier has more effect on the sweep,
driving it above 90° and below 0° .

20-6. A short sweep (5b) is caused by high
aquadag voltage or low B+ voltage. High
aquadag voltage causes the electrons to move
from the cathode to the CRT face at a higher
speed; consequently they are deflected less by
the deflection coils. Low B+ causes the
vertical amplifiers to decrease in the
conduction. This causes a shorter sweep. In
check 5c, the sweep could be the correct
length but off-centered to the side on the
CRT. When the sweep is to the right of
center, VI02 is conducting more than V103,
and when it is to the left, V103 is conducting
more than V102.

20-7. The next four indications include a
stationary dot at 45°. In the first case (5d),
there are additional symptoms-focus,
brightness, and vertical centering are normal.
For these symptoms, the trouble is R159.
When the brightness is inoperative and the
focus abnormal (5e), the trouble is probably
V115. If V115 is defective, there is no B- to
operate the brightness or sweep circuits. With
no B-, the regulated 210 VDC is low, causing
abnormal focus. When just the brightness is
inoperative, with the sweep dot at 45° (5f),
the -105 VDC is not applied to the brightness
and sweep circuits. Therefore, the trouble is
something that makes the -105-volt supply
inoperative. The next symptom is that, with
the dot at 45°, the vertical centering does not
operate (5g). This could be caused by a
trouble that cuts off both vertical amplifiers.
The last sweep check is when you have a
blank CRT (5h). This happens when there is
no aquadag voltage or when the regulator
portion of the low-voltage power supply is
inoperative. Be careful. Remember that the
sync lamp is not illuminated; therefore, the
25 VDC is applied to V118. With 25 VDC on
the grid of V118, it draws enough grid current
to energize K102. Therefore, the trouble in
the low-voltage power supply that causes a
blank CRT symptom on the checklist has to
be in the regulator portion of the power
supply.

20-8. Checks 6, 7, 8, and 9 identify the
malfunctioning circuit. If one of these is the
symptom, check the circuit that is indicated.
The next check on the list is the 18° marker
circuit (10). It has two additional checks.
When the CRT stays blank, in position 2 of
the CALIBRATE switch, the circuit is not
shorting R128. If, on the other hand, the
sweep does not blank out (lOb) but appears
the same as in position 1 of the CALIBRATE
switch, the trouble is that the circuit is not
connecting R128 in the circuit. When the
sweep off-centers to the left when the
PROJECTOR switch is turned on (11), it
indicates that the remote turn-on line to the
projector is operating. If the sweep does not
off-center, check to see whether or not you
have a cloud indication. When you have a
cloud return, it tells you that R113 is being
shorted but the projector is turned on.

20-9. When the sweep makes a 2° jump to
the right every fourth sweep (12), the rotary
mount is turning and 8305 opens to
deenergize K103. If this does not happen,
check these circuits to determine the trouble.
To synchronize the sweep with the rotary
mount, depress the 8YNC switch (8104) in
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check 13. If the sweep stops immediately
when you depress 8104 (13a), K101 is not
energizing as it should. If the sweep does not
stop at 00 but the sync lamp comes on (13b),
it indicates that KI0l is not deenergizing.
When the sweep does not stop at OC and the
sync lamp does not come on (13c), this
indicates that the B+ voltage is high. If B+ is
too high, K102 energizes without V118
conducting. Therefore, when you depress
8104, the sync lamp illuminates, but as soon
as you release the button, the sync lamp goes
out.

20-10. Full-scale deflection with the
HORIZ. GAIN control fully clockwise (14)
indicates that the horizontal channel is
operating properly. However, if there is only
some horizontal deflection and it has ragged
outer edges (14a), the probable trouble is that
V201 is defective. On the other hand, if there
is a small, deflection and it has smooth outer
edges (14b), V202 is the probable cause. If
there is no horizontal deflection but Z
modulation causes a brightening of the sweep
(14c), the VIOl circuit is the probable
trouble. In check 14d, there is no horizontal
deflection or Z modulation, but when you
apply a noise signal to terminals 8 or 9 of
TBI06, horizontal deflection occurs. In this
case, V203 is probably defective. Finally, if
there is no horizontal deflection when you
apply the noise signal (He), the trouble is
either TI01 or RI0l.

",

20-11. In check 15, the signal should
brighten when you turn on the Z
MODULATION switch. If the signal does not
brighten, the trouble is in VI04 or VI05
circuitry. In check 16, when there are clouds,
a cloud indication should appear on every
other sweep. If a signal appears only every
fourth sweep (16a), one of the lamps is out.
1301 is the lamp used with the measuring
sweep that has the 2° synchronization step. If
no signal appears on either sweep when there
are clouds (16b), the trouble could be that
there is no AC power at the projector, that
both lamps are out, or there is a defective
photocell (V207).

20-12. This concludes our discussion of
troubleshooting, but remember, a logical
thinking process is better than any checklist.
Collect all the symptoms, and decide on a
first logical point to start your
troubleshooting. From the information you
obtain from that first check, decide on your
next step, and so on. In addition to finding
and repairing troubles, you must also perform
routine maintenance on the RBC.

21. System Maintenance
21-1. The instructions to maintain the

cloud height set are contained in technical
orders and on workcards. As you know, you
must check each unit of the system
frequently. Certain tests determine the
operating condition of each unit. By making
these tests accurately and performing
preventive maintenance, you can avert system
breakdowns and make your job easier. The
following discussion covers some of these
preventive maintenance routines.

21-2. To determine if the projector lamp is
focused properly, open the top of the
projector and manually rotate the rotary
mount so that the light beam is
approximately vertical. Turn the LOCAL
8TART switch to ON but leave the MOTOR
8TART switch on OFF. Move away from the
projector about 50 feet and observe the beam
pattern. When the beam has sharply defined
edges and appears to converge at the very top
of the beam, the lamp is focused. When the
edges appear ragged and cross over, the lamp
is out of focus and needs adjustment. Check
both projector lamps in this way.

21-3. To insure that the photocell is
located at the focal point of the detector
mirror, replace the photocell with the test
lamp. Remember that the test lamp should
not be operated at 115 VAC. Apply the
lowest value possible so that you are still able
to see the beam, normally about 75 VAC. Use
a variac to lower the test lamp voltage. The
light pattern with the test lamp in the
detector should appeal' the same as the
properly focused beam of the projector. After
you have determined that the detector is
properly focused, leave the light beam on in
the detector. Open the projector and turn it
on. The projector light beam should move up
the detector light beam. If it does, then the
projector and detector are properly alined.

21-4. To check the operation of the lamp
dimming circuit, rotate the mount so that
1301 is about 3300 or - 300 from 00

• Measure
the resistance between terminals 1 and 3 of
TB305; it should be an open circuit. Rotate
the mount toward 0°; at approximately -100

,

the meter should indicate a short. Continue to
rotate the mount toward 900

• The meter
should indicate a short until the mount is
about 95° from 00

• If the resistance at either
end is incorrect, adjust 8308 and 8307. The
next check involves adjusting the lamp's
brightness. Adjust the taps on the primary of
T301 so that the secondary current is
between 33.9 and 36.1 amps in the bright
cycle. Next make the dimming resistor
adjustment. Use a U8M-33 (amp meter) and
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adjust R302 (for I301) until you obtain a
current flow of 13.6 to 14.4 amps in the
secondary of T301 when the lamp is in the
dim portion of the cycle. The same
adjustments are made for 1302 by adjusting
R303, S309, and S310.

21-5. Check the operation of S305 (2°
step switch) by placing an ohmmeter across
terminals 1 and 2 of TB307. The meter
should indicate an open when the 1301
reflector assembly is between 0° and 2° . In all
other positions of the 1301 reflector
assembly, the meter should indicate a short. If ..
not, adjust the magnet and the mercury
switch. You can check the operation of S306
by placing an ohmmeter across terminals 1
and 2 of TB308. The meter should indicate an
open when the I301 reflector assembly is
approximately 30° and 28° below zero.

21-6. To insure that S306 and the rotary
mount brake assembly are working, turn the
projector on with the LOCAL START and
MOTOR START switches. As I301 passes the
0° mark, turn the LOCAL START switch to
OFF. The mount should continue to rotate
until 1301 is approximately 30° below 0°. At
this point, power is removed and the mount

should coast to a stop at approximately 20°
below 0°. If the mount does not coast to a
stop smoothly or does not coast the right
distance, adjust the brake assembly. Make
sure that the magnet for S306 does not affect
S305 and the one for S305 does not affect
S306.

21-7. To check the operation of the
photocell (V207), cover the cell and measure
its dark resistance. If the dark resistance is
between 1 and 3 megohms, the dark
resistance is correct. If not, replace the
photocell. Uncover the cell. The resistance
should decrease to between 0.5 and 1
megohm. Another check is to cover the cell
and turn the gain control fully clockwise
(maximum gain). The AC signal at terminals 1
and 2 of TB252 (output of detector) should
not exceed 12 volts.

21-8. These are only a few of the
adjustments and checks that you make on the
RBC. For the latest information, always refer
to your technical order workcards. Refer to
the chapter review exercises in your
workbook and complete the items for this
chapter.
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