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Figure 1-1.

Spectrum Analyzer Set AN/UPM-84 Components
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KEY TO LEGEND FOR FIGURE 1-1
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T
index No. Description Type Designati n
|

1 Electronic Equipment Case ; CY-2074/UPM-84

2 Spectrum Analyzer TS-1011/UPM-84

3 R-f Cable Assembly CG-1525/U (0 ft 3 in.)

4 Bandpass Filter, 750 to 1350 mc F-338 /UPM-84

5 Bandpass Filter, 1175 to 2250 mc F-341/UPM-84

6 Bandpass Filter, 2000 to 3900 mc F-337/UPM-84

7 Bandpass Filter, 3375 to 7375 mc F-336/UPM-84

8 Bandpass Filter, 6100 to 12,100 mc F-335 /UPM-84

9 Variable Attenuator, 12.4 to 18.0 kmc CN-409/UPM-84
10 Variable Attenuator, 18.0 to 26.5 kmc CN-411/UPM-84
11 Variable Attenuator, 26.5 to 40.0 kmc CN-410/UPM-84
12 Coax to Waveguide Adapter, 26.5 to 40.0 kmc UG-1239/UPM-84
13 Coax to Waveguide Adapter, 18.0 to 26.5 kmc UG-1240/UPM-84
14 Coax to Waveguide Adapter, 12.4 to 18.0 kmc | UG-1241/UPM-84
15 Electrical Power Cable Assembly | CX-3974/U (10 ft 0 in.)
16 R-f Cable Assembly CG-1526/U (1 ft 6 in.)
17 R-f Cable Assembly CG-1526/U (6 ft 0in.)
18 R-f Cable Adapter, 2 to 12.4 kmc UG-1242 /UPM-84
19 Rack Mounting Bracket, Left Side D108774
20 Rack Mounting Bracket, Right Side D108775
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This equipment employs high voltages (plus and minus
2400 volts dc) which are dangerous to life. OPERATING
PERSONNEL MUST, AT ALL TIMES, OBSERVE ALL
SAFETY REGULATIONS. Do not change tubes or
make adjustments inside the equipment unless the power
cable assembly is disconnected. Although bleeder circuits
are used to prevent capacitors from retaining charges
after power has been disconnected, always discharge and
ground circuits before touching them, to avoid casualties.
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INTRODUCTION

This handbook provides service instructions for Spec-
trum Analyzer Set AN/UM-84. The handbook was pre-
pared in accordance with Specifications MIL-H-5474A
and MIL-H-6757A. Applicable standards are MIL-STD-

15A for Electrical and Electronic Symbols, and MIL-
STD-16A for Electrical and Electronic Reference
Designations. Abbreviations used are in accordance with
Air Force-Navy Aeronautical Bulletin No. 261.

SECTION 1
DESCRIPTION AND LEADING PARTICULARS

1-1. PURPOSE OF HANDBOOK.

1-2. This publication comprises service instructions for
Spectrum Analyzer Set AN/UPM-84, manufactured by
Polarad Electronics Corp., Long Island City, N. Y.,
under Contract Numbers AF33(604)-11469 and
AF33(604)-14739. It includes a general description of
the equipment, preparation for use and reshipment, a
theory of operation section, in addition to servicing and
maintenance procedures on both the organizational and
field levels. Sections I through VII of this handbook
apply to the above equipment. Additional models will
be covered in Section VIII by the use of Difference Data
Sheets. Service instructions for models included in sec-
tion VIII are the same as the procedures given in
sections I through VII, except for the specific differences
noted by the applicable Difference Data Sheets.

1-3. PURPOSE OF THE EQUIPMENT.

1-4. Spectrum Analyzer Set AN/UPM-84 is designed to
provide a rapid and accurate spectral display of the
frequency distribution of energy in r-f signals over the
frequency range of 10 mc to 40,880 mc. CW and modu-
lated radio signals are displayed as a spectrum on the
cathode-ray tube screen with power amplitude plotted
on the vertical axis, against frequency on the horizontal
axis. Specific uses of the equipment are:

a. Observing and measuring side bands associated
with amplitude and frequency modulated signals.

b. Determining the presence of radio and/or radar

signals over the frequency range from 10 to 40,880 mc.

c. Determining the type of modulation in radio
and/or radar signals.

d. Checking and observing the tracking of r-f com-
ponents of a radar system; for example, tracking trans-
mitter and receiver.

e. Determining r-f signal characteristics, such as fre-
quency modulation, pulse width, and pulse shape, by
spectrum analysis techniques.

f. Measuring noise spectra.

g Determining attenuation, insertion loss, and gain
characteristics of r-f components.

h. Checking for parasitic oscillations.

i. Testing for interference radiation and spurious
signals of generators and receiver local-oscillators.

j. Checking a transmitter or signal generator for con-
tinuous output throughout its tuning range (checking
for “holes”).

k. Measuring the frequency drift of oscillators.

1. Sensitive indicator for voltage standing-wave ratio
measurements.

1-5. MAJOR COMPONENTS. (See figure 1-1.)

1-6. Spectrum Analyzer Set AN/UPM-84 consists of
Spectrum Analyzer TS-1011/UPM-84, Electronic Equip-
ment Case CY-2074/UPM-84, and the various cable
assemblies, variable attenuators, bandpass filters, and
adapters listed in table I and illustrated in figure 1-1.
These components form a complete complement of the
equipment.

TABLE |. EQUIPMENT SUPPLIED

Qty. Overall Dimensions
per
Equip. Name of Unit Type Designation Length Width Height Volume Weight
1 Spectrum Analyzer TS-1011/UPM-84 26-1/8 17-1/4 19-1/4 s ft 144
1 Electronic Equipment CY-2074/UPM-84 31 23-1/8 20-3/4 8.6 ft 73
Case
1 Variable Attenuator CN-409/UPM-84 6 4-1/4 1-5/16 33.5 0.62
(12.4 to 18.0 kmc)
1 Variable Attenuator CN-411/UPM-84 6 4-1/8 7/8 21.6 0.56
(18.0 to 26.5 kmc)

Note. Unless otherwise stated, dimensions are in inches, volume is in cubic inches, weight is in pounds.
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TABLE I. EQUIPMENT SUPPLIED (c nt)

Qty.
per
Equip.

Name of Unit

Type Designation

Overall Dimensions

Variable Attenuator
(26.5 to 40.0 kmc)

CN-410/UPM-84

Length

Width

Height

Volume

Weight

Bandpass Filter
(750 to 1350 mc)

F-338/UPM-84

4-1/8

3/4

18.5

0.56

Bandpass Filter
(1175 to 2250 mc)

F-341/UPM-84

15-3/4

1 dia

15.75

0.69

Bandpass Filter
(2000 to 3900 mc)

F-337/UPM-84

12-3/8

1-5/16

16.38

1.44

Bandpass Filter
(3375 to 7375 mc)

F-336/UPM-84

9-3/8

1-5/16

12.27

Bandpass Filter
(6100 to 12,100 mc)

F-335/UPM-84

10-1/2

1-11/16

17.75

1.69

Cable Assy R-f

(for interconnecting
ATTENUATOR OUT-
PUT and DIRECT IN-
PUT panel jack)

CG-1526/U (1 ft6in.)

0.89

Cable Assy, R-f
(for signal input con-
nection)

CG-1526/U (6 ft 0 in.)

1/2 dia

0.44

Cable Assy, R-f

(for interconnecting
MIXER OUTPUT and
IF INPUT panel jacks)

CG-1525/U (0 ft 3 in.)

72

1/2 dia

Electrical Power Cable
Assembly

CX-3974/U (10 ft 0 in.)

1/2 dia

0.06

Coax to Waveguide
Adapter (12.4 to 18.0
kmc)

UG-1241/UPM-84

120

7/16 dia

Coax to Waveguide
Adapter (18.0 to 26.5
kmc)

UG-1240/UPM-84

1-3/8

1-1/4

6.6

Coax to Waveguide
Adapter (26.5 to 40.0
kmc)

UG-1239/UPM-84

3-1/4

1-3/8

7/8

0.44

R-f Cable Adapter (for
type “N” input, 2 to
12.4 kmc)

UG-1242/UPM-84

1-3/8

3/4

0.38

1-3/4

1-3/8

1-3/8

3.3

0.38

Rack Mtg Bracket,
Right Side

D108775

19

2-1/8

14

546

3.69

Rack Mtg Bracket,
Left Side

D108774

19

2-1/8

14

546

3.69

Note. Unless otherwise stated, dimensions are in inches, volume is in cubic inches, weight is in pounds.
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1-7. DESCRIPTION OF SPECTRUM ANALYZER
TS-1011/UPM-84. (See figure 1-2.)

1-8. INTRODUCTION. The spectrum analyzer is a
self-contained compact unit, consisting of a panel and
chassis assembly which houses the display unit, and a
removable r-f tuning unit. The display unit panel oc-
cupies the upper front half of the equipment frame, and
serves as a mounting for the operating controls, cathode-
ray tube, power indicating lamps, and two coaxial jacks.
The bottom section of the frame has a panel opening,
which is designed to accept the removable r-f tuning
unit. In operation, the r-f tuning unit is inserted into the
bottom portion of the frame so that the two front
panels combine to appear as a single assembly.

1-9. DISPLAY UNIT CIRCUITS. Mounted on the dis-
play unit chassis are the following circuits:
. The high and low voltage power supplies,
. The cathode-ray tube,
The spectrum calibrator,
. The wide band i-f amplifier,
. The narrow band i-f amplifier,
The sweep frequency generator and filter,
g- The video circuitry.

1-10. R-F TUNING UNIT CIRCUITS. Mounted on
the r-f tuning unit are the following major circuits:

a. A transmission line local oscillator, for operation
over bands 1, 2 and 3, with its associated crystal mixer.

b. A klystron local oscillator, for operation over
bands 4 through 8, with its associated crystal mixer.

c. A 163-mc low pass filter.

d. A 180-mc low pass filter.

e. Two r-f attenuators.

f. A metering circuit for monitoring output voltages
and local oscillator crystal current.

8- The mechanical drive assemblies for tuning the two
local oscillators simultaneously.

1-11. FUNCTION OF THE R-F TUNING UNIT.
(See figure 1-2). The removable r-f tuning unit pro-
vides r-f power to heterodyne with incoming signals
over the frequency range from 10 to 40,880 mc. This

o Ah oe
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wide frequency range is obtained by utilizing the funda-
mental, second, and fourth harmonics of a low-fre-
quency local oscillator to cover the frequency range
from 10 to 2120 mc. The tuning range from 2000 to
40,880 mc is covered by employing the fundamental,
second, third, sixth, and ninth harmonics of a high-
frequency klystron local-oscillator. The full frequency
range of the instrument is covered in eight bands, with
each band having a separate scale engraved on the
FREQUENCY dial drum, mounted near the top center
of the tuning unit panel. The setting of the BAND
SELECTOR control, located to the right of the dial
drum, determines which frequency scale is in use. In
addition, this control selects the output of either the
low- or the high-frequency local-oscillator for hetero-
dyning with the incoming r-f signal, as shown in table
II. In bands 1 through 3, the output of the low-frequency
oscillator is utilized; in bands 4 through 8, the output
of the high-frequency oscillator is employed. A rotary
TUNING control, located at the right center section of
the panel, permits tuning of the local-oscillators through-
out the full frequency range of each dial scale.

1-12. DESCRIPTION OF THE PANEL
ASSEMBLIES.

1-13. THE DISPLAY UNIT PANEL ASSEMBLY. All
operating controls, indicators, fuses, and signal recepta-
cles for the display unit are located on the upper panel
assembly of the spectrum analyzer, and are marked in
blue lettering on a gray background, to identify their
function or value. One control, designated TUNING, is
mounted in the upper right section of the panel. This
control tunes the spectrum calibrator circuit, whose out-
put is used as a frequency marker on the display. The
dial is engraved DIFFERENCE FREQ-MCS, having a
zero at its center point, and is calibrated at 0.2 mc
intervals to both the left and right of the center point.
Variation of =+ 12.5 mc from the center frequency of
the i-f bandpass can be obtained by rotation of the
TUNING knob, when the main tuning dial is varied
over the range from 55 to 40,880 mc. (When tuning

TABLE II. R-F TUNING UNIT FREQUENCY BANDS

Tuning Range Local Oscillator Local Oscillator
Band (in mc) Employed Harmonic Employed
1 10- 410 Low frequency Fundamental
2 250- 980 Low frequency Second
3 700- 2,120 Low frequency Fourth
4 2,000- 4,400 High frequency Fundamental
5 4,200- 8,900 High frequency Second
6 6,300-13,500 High frequency Third
7 12,800-27,200 High frequency Sixth
8 19,250-40,880 High frequency Ninth

w
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Figure 1-2. Spectrum Analyzer TS-1011/UPM-84, within Instrument Case
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over the signal frequency range from 10 to 55 mg, the
useful variation of the spectrum calibrator circuit is
-+ 2.5 mq, since the available display is then 5 mc.) By
this means, the frequency difference between adjacent
spectrum responses can be determined. A CALIBRA-
TOR AMPLITUDE control permits variation in ampli-
tude of the calibrating signal from zero to maximum
deflection on the cathode-ray tube screen. In addition to
the conventional controls available for use with a pre-
cision oscilloscope, the display unit permits variation of
the following circuit parameters:

a. The gain of the i-f amplifier, by means of an IF
ATTEN-DB selector, which is step-variable in six db
increments, from zero to 60 db.

b. The centering of the spectrum on the screen, by
means of both a COARSE and a FINE SPECTRUM
CENTERING control.

c. The width of the spectrum displayed on the screen,
over the range from 500 kc to 25 mc, by means of a
SPECTRUM WIDTH control.

1-14. Two coaxial type BNC connectors, designated
MIXER OUTPUT and IF INPUT, are mounted at the
right side of the display unit panel. In operation, a
three-inch r-f cable assembly, supplied with the equip-
ment, must be interconnected between these two con-
nectors. By means of this jumper connection, the output
of the r-f tuning unit is applied to the input of the
display unit. The two connectors serve as conveniently
accessible terminal points for checking the operation of
the spectrum analyzer. If investigation of the spectrum
contributed by a particular pulse within a pulse group
is desired, the two connectors serve the added conven-
ience of permitting external pulse analysis test equip-
ment (such as the Polarad Model SD-1 Multdpulse
Spectrum Selector, or equivalent) to be interposed
between the MIXER OUTPUT and IF INPUT jacks.

1-15. THE R-F TUNING UNIT PANEL ASSEMBLY.
In addition to the BAND SELECTOR and TUNING
controls, the r-f tuning unit panel assembly also mounts
the following controls and connectors:

a. Two r-f attenuators, of the continuously variable
type. One is operative when r-f signals in the frequency
range from 10 to 2120 mc are applied to the tuning unit;
the other operates over the frequency range from 2000
to 12,400 mc.

b. A six-position METER SELECTOR, which is used
to select particular power supply voltages, or the mixer
crystal current, for monitoring on the panel-mounted
meter.

c. Six input connectors. Two of these, designated
ATTENUATOR INPUT, are used when high-level sig-
nals (greater than —20 dbm) in the discrete frequency
ranges of 10 to 2120 mc, or 2000 to 12,400 mc, are to
be applied to the self-contained r-f attenuators within
the spectrum analyzer. Two connectors, designated
ATTENUATOR OUTPUT, make the attenuated r-f
signal accessible for connection to the direct input of

Paragraphs 1-14 to 1-20

the spectrum analyzer. Two additional connectors, at
the extreme right side of the panel, are designated
DIRECT INPUT. The lower input jack accepts low-
level signals in the frequency range 10 to 2120 mc; the
upper input jack accepts low-level signals in the fre-
quency range 2000 to 40,880 mc. One of the coaxial-
to-waveguide adapters (UG-1239/UPM-84, UG-1240/
UPM-84, or UG-1241/UPM-84) or the r-f cable adapter
(UG-1242/UPM-84) may be attached to the upper input
jack, depending on the frequency range under measure-
ment. (See table 1.)

1-16. ELECTRONIC EQUIPMENT CASE
CY-2074/UPM-84. (See figure 1-1.)

1-17. A shock-resistant and waterproof transit case, of
aluminum-clad construction, is supplied for storing and
shipment of the components of Spectrum Analyzer Set
AN/UPM-84. The equipment case has a removable
cover and four carrying handles, two at each side of
the case. The cover is secured to the case by eight
clamp fasteners. Compartments within the case are used
for stowage of the accessory cable assemblies, variable
attenuators, bandpass filters, adapters, and handbooks
supplied with Spectrum Analyzer Set AN/UPM-84.

1-18. ACCESSORIES. (See figure I-1.)

1-19. ELECTRICAL POWER CABLE ASSEMBLY CX-
3974/U (10 ft 0 in.). Input power for Spectrum Ana-
lyzer TS-1011/UPM-84 is applied from a 115-volt, 50
to 10C0 cps, power source via a detachable rubber-covered
light-duty electrical power cable assembly. One termina-
tion is a standard two-socket female connector, for
mating the a-c input receptacle located at the rear of
the equipment chassis. The other termination is a stand-
ard two-prong connector, for mating a 115-volt, 50 to
1000 cps, power source outlet.

1-20. R-F CABLE ASSEMBLIES. Three r-f cable assem-
blies, each of different lengths, are provided, as described
below:

a. R-f Cable Assembly CG-1526/U (1 ft 6 in.) con-
sists of type RG-9A/U coaxial cable, terminated with
type UG-21D/U connectors at each end. This cable
assembly is used as a jumper to connect the output of
the self-contained r-f attenuators to the appropriate
DIRECT INPUT jack. The jumper interconnects the
lower two jacks, on the r-f tuning unit front panel,
when analyzing signals in the 10 to 2120 mc range. The
same jumper may also be used to interconnect the upper
two jacks, on the r-f tuning unit front panel, when
analyzing signals in the 2000 to 12,400 mc range, pro-
vided the type "N” R-f Cable Adapter UG-1242/UPM-
84 is connected to the DIRECT INPUT jack.

b. R-f Cable Assembly CG-1526/U (6 ft 0 in.) con-
sists of type RG-9A/U coaxial cable, terminated at each
end with a type UG-21D/U connector. This cable as-
sembly is used for interconnecting the signal under
measurement to the input of the spectrum analyzer.

L4
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When analyzing high-level signals, having an amplitude
greater than —20 dbm, in the frequency range from 10
mc to 12,400 mc, this t-f cable assembly may be employed
to couple the signal to the appropriate ATTENUATOR
INPUT jack. If spurious signals are present on the
incoming signal, due to an external interfering source,
one of the bandpass filters (table I) may be placed in
series with R-f Cable Assembly CG-1526/U. When ana-
lyzing low-level signals having an amplitude less than
~20 dbm, in the 10 to 12,400 mc frequency range, the
same r-f cable assembly is used to couple the incoming
signal directly to the proper DIRECT INPUT jack.

c. R-f Cable Assembly CG-1525/U (0 ft 3 in.) con-
sists of type RG-71/U coaxial cable, terminated at each
end with BNC series UG-260A /U connectors. This cable
assembly is used as a jumper to interconnect the MIXER
OUTPUT and IF INPUT jacks, located at the right
section of the display unit front panel.

1-21. ADAPTERS. Four adapters are provided for con-
nection to the 2000-40,880 MC DIRECT INPUT jack
on the r-f tuning unit panel. One of the following
adapters is required when analyzing signals in the vhf
or ehf part of the spectrum, as described below:

a. R-f Cable Adapter UG-1242/UPM-84 consists of a
type "N” connector, with a large hex nut having inter-
nal threads that mate the 2000-40,880 MC DIRECT
INPUT jack. This adapter is used when the incoming
signal falls within the frequency range from 2000 to
12,400 mc. The signal is coupled through R-f Cable
Assembly CG-1526/U (6 ft 0 in.), or any other type
"N coaxial termination, to the input of the adapter.

b. Coax-to-Waveguide Adapter UG-1241/UPM-84 is
a rigid waveguide coupling, which is used to couple
signals over the frequency range 12,400 to 18,000 mc to
the input of the spectrum analyzer.

c. Coax-to-Waveguide Adapter UG-1240/UPM-84 is
a rigid waveguide coupling, which is used to couple
signals over the frequency range from 18,000 to 26,500
mc to the input of the spectrum analyzer.

d. Coax-to-Waveguide Adapter UG-1239/UPM-84 is
another rigid waveguide coupling, which is used to cou-
ple signals over the frequency range from 26,500 to
40,880 mc to the input of the spectrum analyzer.

1-22. VARIABLE ATTENUATORS. Three external
variable r-f attenuators are provided for use with high-
level incoming signals, when operating in the following
discrete frequency ranges:

a. From 12,400 to 18,000 mc, Variable Attenuator
CN-409/UPM-84 may be inserted between the incoming

T.0. 33A1-13-57-2

signal and Coax-to-Waveguide Adapter UG-1241/UPM-
84. (See paragraph 1-21b.)

b. From 18,000 to 26,500 mc, Variable Attenuator
CN-410/UPM-84 may be inserted between the incoming
signal and Coax-to-Waveguide Adapter UG-1240/UPM-
84. (See paragraph 1-21c.)

c. From 26,500 to 40,880 mc, Variable Attenuator
CN-411/UPM-84 may be inserted between the incoming
signal and Coax-to-Waveguide Adapter UG-1239/UPM-
84. (See paragraph 1-21d.)

1-23. BANDPASS FILTERS. Five bandpass filters are
provided for insertion in the signal input line to the
spectrum analyzer, to eliminate spurious or other unde-
sired responses (due to external signals) from appearing
on the spectrum display. These are:

a. Bandpass Filter F-338/UPM-84, for signal analysis
over the 750 to 1350 mc frequency range.

b. Bandpass Filter F-341/UPM-84, for signal analysis
over the 1175 to 2250 mc frequency range.

¢. Bandpass Filter F-337/UPM-84, for signal analysis
over the 2000 to 3900 mc frequency range.

d. Bandpass Filter F-336/UPM.-84, for signal analysis
over the 3375 to 7375 mc frequency range.

e. Bandpass Filter F-335/UPM-84, for signal analysis
over the 6100 to 12,100 mc frequency range.

1-24. RACK MOUNTING BRACKETS. A pair of steel
rack mounting brackets is supplied, to enable mounting
the spectrum analyzer in a standard 19-inch relay rack,
if desired. This type of mounting permits operation of
the spectrum analyzer within its dust cover. One bracket
is designed for mounting to the right side of the relay
rack; the other bracket is designed for mounting to the
left side of the relay rack. Each bracket is secured to
the bottom of the spectrum analyzer by means of three
No. 10-32 screws.

1-25. ELECTRON TUBE, FUSE, AND INDICATOR
LAMP COMPLEMENT.

1-26. Table III lists the types, quantities, and functions
of the entire complement of electron tubes (including
crystal diodes), fuses, and indicator lamps employed in
the equipment. The table is arranged in numerical
sequence, by the first occurrence of reference symbol.
Thus, V1 listing occurs first in the tabulation. V2 and
V610 are grouped together, as the second listing, because
both reference symbols employ the same type (6X4W)
electron tube. The listing then continues, in similar fash-
ion, by increasing order of reference symbol appearance.
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TABLE Ili. TUBE, FUSE, AND INDICATOR LAMP COMPLEMENT

Section |

TUBES
Ref. Symbol Type Qty. Function
Vi 6BLG 1 Reflex klystron local oscillator.
V2, V610 6X4W 2 V2: Protective diode,
V610: Bias rectifier.
V3, V301 GAF4A 2 V3: Tuned transmission line local oscillator.
V301 : Spectrum calibrator oscillator.
V101, V102, GJAWA 3 V101: 160 mc i-f amplifier,
V103 V102: 171 mc i-f amplifier,
V103: 149 mc i-f amplifier.
V104, V201, 5654/6AK5W/ 3 V104: 64 mc i-f amplifier,
V404 6096 V201: 64 mc i-f amplifier,
V404: Frequency tripler, 224 mc sweeper output.
V202, V203 5750/6BEGW 2 V202: Third mixer, 6 mc output,
V203: Fourth mixer, 500 kc output.
V204, V205 6186/6AGSWA 3 V204: 500 kc i-f amplifier,
V402 V205: 500 kc i-f amplifier,
V402: 74.7 mc sweeper amplifier.
V401, V502, 5814WA 4 V401: Sweep amplifier,
V503, V507 V502A: Sawtooth amplifier,
V502B: Blanking amplifier.
V503: Blanking multivibrator,
V507A: Phantastron cathode follower,
Vs507B: Intensifier Amplifier.
V403 6ANS 1 74.7 mc sweeper amplifier.
Vso01 5751WA 1 Horizontal amplifier.
V504, V505 6AUGCWA 2 Vertical amplifiers.
V506 5725/6AS6GW / 1 Phantastron sweep oscillator.
6187
¢
V508, V603, 12AT7TWA 4 V508: Sweeper driver stage,
V612,V614 V603 : Reflector supply voltage control stage,
V612, V614: 300-volt supply voltage control stages.
V601, V608, SR4WGA 3 V601 : Reflector supply full-wave rectifier,
V609 V608, V609: 300-volt supply full-wave rectifiers.
V602, V616 6098/GAR6W A 2 V602: Reflector supply series regulator,
V616: Cathode-ray tube supply high-voltage oscillator.
V604, V605, OA2WA 4 V604, V605, V606: Reflector supply voltage reference stages,
V606, V615 V615: Bias supply voltage regulator.
V607 OB2WA 1 Reflector supply voltage reference stage.
V611, V613 G08OWA 2 300-volt supply series regulators.
V617, V618 122 2 Cathode-ray tube supply, halfwave rectifiers.
V619 5ADP7 1 Cathode-ray tube.
TOTAL 44

~t
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TABLE IIl. TUBE, FUSE, AND INDICATOR LAMP COMPLEMENT (c nt)

CRYSTAL DIODES

Ref. Symbol Type Qty. Function
CR1 1IN78 1 Klystron local-oscillator crystal mixer.
CR2 IN21B 1 Tuned transmission line local-oscillator crystal mixer.
CR3, CR201, ING9 3 CR3: Line voltage rectifier, metering circuit.
CR501 CR201: Video detector.
CR501: Shaping diode.
CR101 1N82 1 64 mc crystal mixer.
TOTAL 6
FUSES
F601, F602 FO2G5R00A 2 Active power line protective fuses.
F603, F604 FO2G5R00A 2 Spares.
TOTAL 4
INDICATOR LAMPS
DS1, DS2, G.E. No. 47 9 DS1 through DS4: Tuning dial illuminators.
DS3, DS4, 1DS602: POWER on pilot lamp.
DS602, DS603, IDS603 through IDS606: Cathode-ray tube graticule illuminators.
DS604, DSG605,
DS606
DS601 AN3121-1819 1 KLYSTRON on pilot lamp.
TOTAL 10

1-27. GENERAL. (See figure 1-3.)

1-28. The controls, indicators, and connectors to which
reference is made in the operating procedures are shown
in figure 1-3; their functions are listed in table IV.

1-29. POWER CONNECTION. (Sce figure 1-4.)

1-30. Apply operating power to the spectrum analyzer
as directed in the following steps:

a. Connect a nominal 115-volt, 50 to 1000 cps, power
source to the power input receptacle, at the rear of the
instrument case, via Electrical Power Cable Assembly
CX-3974/U (10 ft 0 in.).

b. Place the POWER-OFF switch to the POWER
position; illumination of the POWER pilot lamp, at
the left side of the display unit panel, indicates that
the low-voltage circuits are energized. After a 45-second
delay, the KLYSTRON pilot lamp, at the right side of
the panel, should become illuminated. This indication
shows that the klystron power supply is energized.

1-31. OPERATING CONTROLS, INDICATORS,
AND CONNECTORS.

1-32. Table IV lists the panel designation, index number
of figure 1-3, and the function of all operating controls,
indicators, and connectors located on the equipment
front panel.
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Figure 1-3. Spectrum Analyzer TS-1011/UPM-84, Operating Controls and Conn ctors
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TABLE IV. OPERATING CONTROLS, INDICATORS, AND CONNECTORS

Panel Designation Index Function
No.
POWER-OFF switch and POWER 1 POWER-OFF switch closes the circuit in the primary of the power trans-
pilot lamp formers to apply a-c power via power cable assembly supplied.
Illumination of pilot lamp indicates that low-voltage power supplies are
energized.
SWEEP FREQ-CPS 2 Provides an adjustable sweep repetition rate, from 1 to 30 cps.
SPECTRUM WIDTH-MCS 3 Provides an adjustable spectrum display, from 500 kc to 25 mc.
HORIZ GAIN 4 Varies the gain of the horizontal deflection amplifier, to change the width of
the horizontal trace on the cathode-ray tube (hereafter referred to as crt).
VERT GAIN 5 Varies the gain of the vertical deflection amplifier, to change the height of
the display appearing on the crt.
HORIZ CENTERING 6 Shifts the trace left or right on the crt.
VERT CENTERING 7 Shifts the trace up or down on the crt.
INTENSIFIER 8 Sets the level of intensification of the signal displayed on the crt.
FOCUS 9 Provides control over the sharpness of the crt trace.
BRIGHTNESS 10 Controls the intensity of the trace on the crt.
SPECTRUM CENTERING 11 Controls the center frequency of the 224 mc sweep frequency generator.
FINE and COARSE controls
SPECTRUM CALIBRATOR dial 12 Rotation of the TUNING control permits relocating the calibrating marker
and TUNING control pip within + 12.5 mc of the i-f bandpass.
Variation from center frequency is shown on the dial.
IF INPUT 13 Provides convenient terminal point for injecting the output of the r-f tuning
connector unit, or an external test signal, into the display unit circuits.
MIXER OUTPUT 14 Provides convenient terminal point for access to the output of the r-f tuning
connector unit.
CALIBRATOR 15 Controls the height of the calibrating pip on the screen, or removes the cali-
AMPLITUDE brating pip when control is rotated to its counterclockwise OFF position.
DIMMER 16 Controls illumination of the crt graticule.
KLYSTRON 17 Illumination of pilot lamp indicates that the klystron high-voltage power
pilot lamp supply is energized.
SYNC 18 Varies the synchronizing voltage, to lock the sawtooth generator to sub-
multiple of tHe line frequency.
FREQUENCY dial and BAND 19 This control selects the proper scale on the FREQUENCY drum, corre-
SELECTOR control sponding to the r-f input signal under measurement.
TUNING 20 Controls the operating frequency, as indicated on the direct-reading FRE-

QUENC Y scale.
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TABLE IV. OPERATING CONTROLS, INDICATORS, AND CONNECTORS (c nt)

S cti nl

Index
Panei Designation No. Function

DIRECT INPUT: 21 R-f input connection for low-level signal, within the frequency range
2000-40,880 MC indicated.

This connection utilizes the maximum sensitivity of the instrument.
DIRECT INPUT: 22 R-f input connection for low-level signal, within the frequency range
10-2120 MC indicated.

This connection utilizes the maximum sensitivity of the instrument,
ATTENUATOR INPUT: 23 R-f input connection for high-level signal (greater than —20 dbm) in the
10-2120 MC frequency range indicated.

This connection utilizes the internal attenuator.
ATTENUATOR OUTPUT: 24 Provides convenient access to the attenuated r-f signal, in the frequency
10-2120 MC range indicated.
ATTENUATOR INPUT: 25 R-f input connection for high-level signal (greater than —20 dbm) in the
2000-12,400 MC frequency range indicated.

This connection utilizes the internal attenuator.
ATTENUATOR OUTPUT: 26 Provides convenient access to the attenuated r-f signal, in the frequency
2000-12,400 MC range indicated.
R-F ATTENUATOR 27 Provides a means of atienuating an input signal connected to either ATTEN-

UATOR INPUT jack, over the range from zero to 100 db.
METER SELECTOR and Moni- 28 Provides a means of monitoring any one of four voltages and the first crystal
toring Meter mixer current, when the selector is in any position other than METER OFF.
IF ATTEN-DB 29 Controls the gain of the narrow-band i-f amplifier, in 6 db steps over the

range zero to 60 db.

J&0o|

-325v  +125v  +300V

ADJ ADJ ADJ
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1-33. GENERAL ELECTRICAL CHARACTERISTICS.

1-34
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1-34. The general electrical characteristics, capabilities, and limitations of the spectrum analyzer are listed below:

»

12

Frequency Range

Power Requirements

Spectrum Display

Resolution Bandwidth (at the 3 db points)

Frequency Dispersion:
Over the tuning range from 10 to 55 mc
Over the tuning range from 55 mc to 40,880 mc

Sweep Repetition Rate
Sweeper Frequency
Synchronization

Intermediate Frequencies:
First i-f
Second i-f
Third i-f
Fourth i-f

Spectrum Calibrator Frequency

. Spectrum Calibrator Accuracy

Frequency Accuracy

. Sensitivity (Minimum Discernible Signal):

10 mc to 150 mc

150 mc to 300 mc

350 mc to 1,000 mc
1,000 mc to 2,000 mc
2,000 mc to 16,000 mc
16,000 mc to 40,880 mc

R-f Attenuation:
From 10 mc to 12,400 mc

From 12,400 mc to 40,880 mc
I-f attenuation
Cathode-ray Tube

Operating Temperature Range

.10 to 40,880 mc, covered in eight bands.

103.5 to 126.5 volts rms ac, 50 to 1000 cps, 380 watts
power consumption.

.Power on the vertical axis, versus frequency on the hori-

zontal axis.

20 kc at all frequencies.

500 kc to 5 mc, adjustable.
500 kc to 25 mc, adjustable.

1 to 30 cps, adjustable.
224 mc center frequency, capable of = 12.5 mc deviation.

. Internal line frequency.

160 mc center frequency with a bandwidth of 25 mc.

64 mc.
.6 mc.
500 kc.

- 160 mc center frequency with a tuning range of + 12.5 mc.

== 5% of the available display, or = 1 mc for the maxi-
mum display.

=+ 1% of the fundamental local-oscillator frequency.

— 63 dbm.
— 57 dbm.
— 51 dbm.
. — 50 dbm.
— 40 dbm.

— 40 dbm. nominal

100 db, uncalibrated, continuously variable through the use
of two self-contained attenuators,

. Uncalibrated; 3 external attenuators supplied (40 db range).

From 0 to 6O db, step-variable in nominal 6 db increments,

5 inch, phosphor coating.

. 0 degrees C (32 degrees F) to 55 degrees C (131 degrees F).
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SECTION I
TEST EQUIPMENT AND SPECIAL TOOLS

2-1. TEST EQUIPMENT.

2-2. The test equipment required for field and organiza-
tional maintenance of Spectrum Analyzer Set AN/UPM-
84 is listed in table V.

2-3. SPECIAL TOOLS.

2—4. No special tools are required for maintenance of
Spectrum Analyzer Set AN/UPM-84. A spanner wrench,

mounted at the rear of the power supply chassis, is
supplied for loosening the barrel nut on the klystron
oscillator assembly. A set of four splined wrenches;
mounted on the rear cover of the transmission-line local
oscillator, is supplied for loosening set screws used in
the equipment. Standard socket head wrenches, align-
ing tools, screwdrivers, pliers, and a soldering iron are
sufficient for the maintenance procedures outlined in
sections V and VI of this handbook.

TABLE V. TEST EQUIPMENT REQUIRED FOR MAINTENANCE

Name

AN Type or Mfr's
Designation

Alternate

Application

Voltmeter 20,000 ohms- Multimeter Simpson 260 Checking voltages at designated test points; checking
per-volt sensitivity TS-352/U voltage and resistance measurements from tube socket
terminals to chassis ground.
Oscilloscope AN/USM-24 Tektronix Model Observing waveforms at designated test points.
531
Voltmeter, vacuum-tube TS-505/U RCA Voltohmyst Checking voltages at high impedance test points, where
type Senior, Model loading of conventional voltmeter would introduce
WV98A error in measurement.
Frequency meter Measurements Alignment of sweep frequency generator and spectrum
Corp. Model 59 calibrator.
Electron tube tester TV-2/U TV-3B/U or Checking performance of electron tubes.
Hickok Model
547A

Audio signal generator

Hewlett-Packard
Model 200CD

General Radio
Model 1210B

Checking response of vertical amplifier and performance
of video circuits.

R-f signal generator AN/USM-44 Checking narrow band i-f amplifier, wide band i-f
amplifier, attenuator AT4, and filters.
R-f signal generator Measurements Checking wide band i-f amplifier, narrow band i-f ampli-

Corp. Model 80

fier, and filters.

Crystal calibrator

Measurements
Corp. Model 111B

Calibrating the spectrum calibrator.

R-f signal generator AN/URM-34 Checking performance of attenuator AT3.
High-frequency receiver AN/APR-4 Checking alignment of filters.
Crystal test set TS-268/UP AIL Model 390A Checking crystals in r-f tuning unit and in display unit.

Wavemeter

Polarad Model FS

Checking performance of klystron local oscillator.

13
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. Roller Slide and Track Assembly
. Frame Assembly

. Power Connector P36

. Coaxial Connector P21

. Power Supply Chassis

N N

Figure 3-1. Spectrum Analyzer TS-1011/UPM-84, showing R-f Tuning Unit Removed from Frame
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SECTION Il
PREPARATION FOR USE AND RESHIPMENT

3-1. PREPARATION FOR USE.

3-2. Spectrum Analyzer Set AN/UPM-84 is complete
in one portable unit and is ready for use upon delivery.
No permanent or special installation procedures are
necessary. Upon delivery, the equipment should be
checked however, to make certain that no damage has
occurred during shipment. To prepare the equipment for
operation, proceed as directed in the following steps:

The packaged equipment, including Electronic
Equipment Case CY-2074/UPM-84, weighs ap-
proximately 225 pounds. It is strongly recom-
mended that two personnel be employed at all
times in lifting, unpacking, transporting, and
repacking the equipment.

a. Grasp Electronic Equipment Case CY-2074/UPM-
84 by its four recessed handles. Place the equipment case
on a work bench so that its widest dimension (23-1/8
inches) is resting on the bench.

b. Allow approximately eight inches, at the forward
end of the equipment case, to protrude beyond the front
edge of the work bench. This arrangement will permit
the latches, which secure the cover to the equipment
case, to be accessible.

c. Unlatch the eight fasteners from the cover of
Electronic Equipment Case CY-2074/UPM-84. Lift the
cover from the front end of the case and place the cover
on the work bench.

d. With two men working at opposite sides of the
equipment case, grasp the two front handles on the
upper (display) unit. Carefully slide Spectrum Analyzer
TS-1011/UPM-84 forward and out of the equipment
case. Place the spectrum analyzer on the work bench in
a convenient position near the equipment to be tested,
but outside of any direct, strong, r-f field.

3-3. INSPECTION OF MAJOR COMPONENTS.
(See Figure 3-1.)

3—4. SPECTRUM ANALYZER TS-1011/UPM-84. To
perform a visual inspection of the spectrum analyzer,
proceed as directed in the following steps:

a. Access to the components of the r-f tuning unit
may be obtained by first setting the tuning dial to the
extreme high frequency end, and then loosening the four
captive screws (located under the handles on the front
panel). Then carefully withdraw the tuning unit, on
its roller slide and track, from the main chassis. The two
chassis may then be completely separated by disconnect-
ing power connector P36 (3, figure 3-1) and coaxial
connector P21 (4, figure 3-1) from their mating re-
ceptacles on the r-f tuning unit. Examine the tuning
unit assembly for any evidence of damage to com-
ponents. Check rotation of the TUNING control for
any signs of binding or excessive backlash. Check the
klystron assembly for signs of mechanical misalignment
or rough handling. (Refer to figures 6-13 and 6-14 for
top and bottom views of the r-f tuning unit.)

b. Access to all other components may then be ob-
tained by removing the instrument case. To remove the
case, turn the four camloc fasteners, located at the rear
of the instrument, a half-turn counterclockwise and
slide the main chassis out of the case. Examine the
subassemblies of the display unit for any evidence of
damage to components or tube breakage. Make certain
that all tubes are firmly seated in their sockets. (Refer
to figures 5-1 through 5-3 for top, left, and right side
views of the equipment.)

c¢. Upon completion of visual and mechanical inspec-
tion, replace the display unit within its instrument case.
Place the r-f tuning unit directly in front of the display
unit, and reconnect power connector P36 (3) and co-
axial connector P21 (4) to their respective jacks on the
r-f tuning unit. Then slide the r-f tuning unit back into
the frame assembly (5). Secure the r-f tuning unit to
the frame assembly by tightening the four front panel
captive screws in place.

3-5. ACCESSORIES. Refer to figure 1-1 and to table I
for a complete listing of the various cable assemblies,
variable attenuators, bandpass filters, and adapters sup-
plied with the equipment. Remove the accessories from
the test set case. Visually inspect each component for
cut or frayed insulation, kinks in wiring, and/or bent
electrical contacts. No attempt should be made, at this
time, to disassemble the accessories for a visual inspec-
tion of the components within the housings. If no obvi-
ous repairs are required, replace all accessories and cable
assemblies into the proper compartments of the case, so
that they will be readily accessible when required for a
particular test set-up.

-
n
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3-6. PREPARATION FOR RESHIPMENT.

3-7. To prepare the spectrum analyzer for reshipment,
proceed as directed below:

a. Remove the electrical power cable assembly from
the power source outlet and from the POWER INPUT
receptacle on the spectrum analyzer rear panel. Stow
the electrical power cable assembly in the proper com-
partment of the test set case.

b. Disconnect cords, adapters, attenuators, etc., be-
tween any external equipment which has been under-

16
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going tests, and from the input jacks of the spectrum
analyzer. Stow the accessories in the test set case storage
compartment.

c. After checking that all cable assemblies, cords, and
accessories have been removed from the equipment and
stored in the test set case, place the test set case on the
work bench. Grasp the spectrum analyzer by the handles
provided on the front panel, and slide it into the main
compartment of the test set case. Place the cover over
the top of the case, and latch the eight clasps on the
main body of the case securely to the catches on the
cover. The equipment is now ready for transit.
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S ctinlV
Paragraphs 4-1t 4-6

SECTION 1V
THEORY OF OPERATION

4-1. BRIEF CIRCUIT DESCRIPTION.
(See figure 4-1.)

4-2. INTRODUCTION. Spectrum Analyzer Set AN/
UPM-84 is a multiple-conversion, superheterodyne re-
ceiver, covering the range of 10 mc to 40,880 mc in
cight overlapping bands. The instrument provides a
cathode-ray tube display of power, as a function of
frequency, of an r-f signal lying within its tuning range.
The high resolution of the instrument permits accurate
measurements of signals, at small frequency increments.
Analysis of all conventional types of a-m, f-m, and
pulsed r-f signals can be made. The spectrum analyzer
consists essentially of an r-f tuner, a wide band ampli-
fier (160 mc center frequency), a narrow band amplifier
(20 kc final bandwidth), a sweep frequency generator,
a spectrum calibrator, video and sweep circuitry for the
visual display, and five power supplies.

4-3, R-F TUNER. The r-f tuner consists of two vari-
able r-f attenuators, two crystal mixers, two local oscil-
lators, two low-pass filters, and a precision drive
mechanism for simultaneous tracking of the local oscil-
lators with rotation of the tuning control. Special
shielding is provided to minimize leakage radiation, and
to permit satisfactory operation in the presence of high-
powered transmitters.

a. The two r-f attenuators serve to attenuate high
level r-f signals applied to the crystal mixers. The first
attenuator covers the range from 10 mc to 2120 mc;
the second attenuator covers the range from 2000 mc to
12,400 mc. For the range 12,400 mc to 40,880 mc, three
external attenuators are employed. (See figure 1-1.)

b. The crystal mixers convert the incoming r-f signal
to a frequency of 160 mc, for amplification by the
wide band amplifier. The r-f signals are applied to the
appropriate DIRECT INPUT jack, which couples the

input signal to the proper mixer. For the first three .

bands, covering the signal frequency range from 10 to
2120 mc, crystal mixer CR2 is used. For the remaining
five bands, covering the signal frequency range from
2000 to 40,880 mc, CR1 functions as the crystal mixer.

c. The low-frequency local oscillator consists of a
transmission line oscillator circuit, employing a uhf
triode. For high frequency operation, a klystron local
oscillator is employed, with rotation of the tuning con-
trol automatically tracking cavity length, klystron volt-
age, and tuning scale indication. Simultaneous tuning
of the low-frequency and high-frequency local oscilla-
tors is accomplished by means of a precision mechanical
drive system.

d. The wide band and narrow band iow-pass fiiters
serve to suppress any spurious beat frequencies caused
between any oscillator harmonics and incoming r-f sig-
nal harmonics. The narrow band filter also serves to
limit the bandwidth of the i-f signal, when tuning the
spectrum analyzer over the signal frequency range from
10 to 55 mc.

4-4. WIDE BAND I-F AMPLIFIER. The wide band
i-f amplifier is a stagger-tuned triplet, which offers some
selectivity to the i-f signal and also serves to raise the
i-f signal level to a value suitable for reconversion and
display of video information. The 160-mc output of the
stagger-tuned triplet stage is applied to a second crystal
mixer (CR101), for heterodyning with the output of the
sweep frequency generator, which operates at a center
frequency of 224 mc. The resultant G64-mc signal is
applied to the narrow-band i-f amplifier.

4-5. SWEEP FREQUENCY GENERATOR. The sweep
frequency generator is a swept signal local oscillator,
whose center frequency and frequency deviation may be
varied linearly with respect to time. The sweep fre-
quency generator consists of a sawtooth swept oscillator,
several tuned amplifiers that multiply the swept oscil-
lator frequency to the final 224-mc center frequency,
and a band-pass filter to suppress spurious responses. The
change in center frequency is set by the front panel
SPECTRUM CENTERING COARSE and FINE con-
trols, while the sweep deviation is varied by means of
a SPECTRUM WIDTH control. The output of the
sweep frequency generator is fed to the second crystal
mixer (CR101), and heterodynes with the output of the
wide band amplifier to produce the second intermediate
frequency of 64 mc.

4-6. NARROW BAND I-F AMPLIFIER. The narrow
band i-f amplifier serves to amplify the 64 mc signal
from the wide band i-f amplifier, and to produce a final
i-f center frequency of 500 kc. Two converter stages are
employed within the narrow band i-f amplifier to effect
the conversion of the incoming 64 mc signal to the
final i-f center frequency of 500 kc. The first converter
stage heterodynes the amplified 64 mc signal with the
second harmonic (58 mc) of a 29 mc crystal oscillator,
to produce a 6 mc carrier. The 6 mc carrier is then
mixed, in the second converter, with a 6.5 mc local
oscillator to produce the final center frequency of 500
kc. This signal is amplified and detected by CR201, to
yield the desired video information. The overall band-
width of this amplifier is narrow (20 kc), resulting in
a video display of high resolution, constant over the
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entire tuning range of 10 to 40,880 mc. The output of
the final i-f amplifier is detected by a crystal diode
(CR201), and applied to the amplifiers within the video
chassis.

4-7. VIDEO CHASSIS. The video chassis includes cir-
cuitry for amplifying the detected i-f signal before it is
applied to the cathode-ray tube, for developing the
necessary sweep voltages, for intensifying the video
information displayed on the screen and for blanking
out the sweep retrace. The sawtooth sweep voltage drives
the horizontal deflection amplifiers, as well as the sweep
frequency generator driver circuit. The sawtooth sweep
generator can be synchronized with the applied a-c line
voltage. Provision is made for front panel control of
the amplitude of the synchronizing voltage.

4-8. SPECTRUM CALIBRATOR. The main function
of the spectrum calibrator is to provide a variable-
frequency marker pip, on the cathode-ray tube display,
for calibrating the spectrum and for making vernier
frequency measurements. A subsidiary purpose is to
obtain a fast, visual check of i-f and video system per-
formance. These measurements may be required in deter-
mining: the side-band frequencies present in the portion
of the spectrum displayed, frequency separation of adja-
cent signals, spectrum width or relative amplitude of
side lobes. A dial, designated DIFFERENCE FREQ-
MCS, is engraved at 0.2 mc increments over the entire
sweep range. The dial covers limits from zero (referred
to center of display) to 12.5 mc each side of zero. The
spectrum calibrator TUNING control is used for locat-
ing the calibrating pip at any desired point on the
display. Provision is made for front panel control of
the amplitude of the calibrating pip.

4-9. POWER SUPPLIES. Included in the display unit
are five power supplies. Low ripple content and a high
degree of regulation on the regulated supplies assure a
low percentage of amplitude and frequency modulation.
The basic circuits include the following:

a. One regulated supply for developing the negative
potentials for the klystron cathode and reflector.

b. One dual supply for providing the positive poten-
tials required by the various circuits in the display unit,
and by the transmission-line local oscillator.

c. A third supply for providing the negative low-
voltage bias potentials required in the video chassis
circuits.

d. A fourth supply for developing the high-voltages
required by the cathode-ray tube.

e. A fifth supply for developing plus 28 volts dc, for
operation of the relays within the instrument.

Section IV
Paragraphs 4-7 to 4-12

4-10. R-F CIRCUITS FOR BANDS 1 TO 3,
DETAILED DESCRIPTION. (See figure7-1.)

4-11. SIGNAL PATH. The low frequency bands (one
through three) cover the frequency range from 10 mc
to 2120 mc. For these bands of operation, two types of
input are available.

a. DIRECT INPUT. When observing low-level sig-
nals (—20 dbm or below), the r-f signal is applied to
DIRECT INPUT jack J5. This jack is internally con-
nected to a three-db pad, designated AT2, for isolation
purposes. The signal is applied to crystal mixer CR2,
through a type UG-28/U tee adapter. Reference to
figure 7-1 shows that the tee adapter mates with the
signal input jack J6, crystal mixer jack ]7, and local-
oscillator output jack J4. Coaxial cable W5, which ter-
minates in mating plug P3 and jack ]4, interconnects
the output of the local oscillator to the input of the
tee adapter.

b. ATTENUATOR INPUT. When observing high-
level signals (- -20 dbm or higher), r-f attenuator AT4
is employed to couple the signal to DIRECT INPUT
jack J5. This connection reduces the possibility of mixer
CR2 burnout and simultaneously brings the signal level
within the dynamic signal handling ability of the spec-
trum analyzer. When employing r-f attenuator AT4,
connection is made to ATTENUATOR INPUT jack
J29. The attenuator is a piston type waveguide-beyond-
cutoff device, and employs mutual inductance coupling
to provide a means of controlling the amplitude of the
signal applied to crystal mixer CR2. The attenuated r-f
signal is present at front panel ATTENUATOR OUT-
PUT jack J27. By attaching R-F Cahle Assembly CG-
1526/U (1 ft 6 in.) between the ATTENUATOR
OUTPUT jack and the DIRECT INPUT jack, the atten-
uated signal is coupled to fixed pad AT2. Signal atten-
uation up to 100 db may be obtained by means of RF
ATTENUATOR AT4. The signal path is then identical
to that described in sub-paragraph a, above.

4-12. TRANSMISSION-LINE LOCAL OSCILLATOR
DESCRIPTION. (See figure 4-2.) The local oscillator
for bands 1, 2, and 3 consists of a high frequency triode
(V3) employed as a transmission-line type of uhf oscil-
lator. This oscillator utilizes a resonant section of trans-
mission line as its tuned circuit. Tuning is accomplished
by changing the position of an r-f shorting bar on a
parallel-track transmission line. The method of tuning
varies the inductance in the tuned-plate circuit, to
resonate with the sum of capacitor C3 and the stray
plate-grid capacitance. Trimmer capacitor Cl1 is pro-
vided to insure proper tracking over the entire frequency
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Figure 4-2. Transmission Line Oscillator,
Simplified Schematic

range. In band 1 operation, V3 oscillates at a funda-
mental frequency of 160 mc above the incoming signal.
For bands 2 and 3, the second and fourth harmonics
are employed, respectively, to mix with the incoming
signal. The output of the oscillator is coupled to the
type UG-28/U tee adapter by a fixed attenuator net-
work, formed by C4, R3, R10 and R29. Both plate and
filament supplies are carefully filtered to minimize inci-
dental amplitude and frequency modulation of the
displayed spectrum.

4-13. R-F CIRCUITS FOR BANDS 4 TO 8,
DETAILED DESCRIPTION. (See figure7-1.)

4-14. SIGNAL PATH. The five high frequency bands,
4 through 8, cover the frequency range from 2000 mc
to 40,880 mc. In bands 4, 5, and a portion of band 6
(covering a frequency range of 2000 to 12,400 mc),
two types of input are available,

a. DIRECT INPUT. When observing low-level sig-
nals (—20 dbm or below), the r-f signal is applied
through DIRECT INPUT jack J28 to crystal mixer
CR1. The signal from klystron local oscillator V1 is
coupled directly to crystal mixer CR1, to heterodyne
with the incoming signal.

b. ATTENUATOR INPUT. When observing high-
level signals (—20 dbm or higher), 1-f attenuator AT3
is employed to couple the signal to DIRECT INPUT
jack J28. This connection reduces the possibility of
mixer CR1 burnout and simultaneously brings the signal
level within the dynamic signal handling ability of the
spectrum analyzer. When employing r-f attenuator AT3,
connection is made to ATTENUATOR INPUT jack
J31. This attenuator is a piston type waveguide-beyond-
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cutoff device and is similar in design to AT4 (previously
described in paragraph 4-11). Both AT3 and AT4 are
ganged together, and move simultaneously as the RF
ATTENUATOR control is rotated. The attenuated r-f
output signal is accessible at front panel ATTENUA-
TOR OUTPUT jack J32. By attaching R-F Cable
Assembly CG-1526/U (1 ft 6 in.) between the ATTEN-
UATOR OUTPUT jack and the DIRECT INPUT jack,
the attenuated signal is coupled directly to crystal mixer
CR1. Signal attenuation up to 100 db may be obtained
by means of RF ATTENUATOR ATS3.

c. When observing high-level signals in the higher
bands (namely the upper end of band six, as well as
bands seven and eight, covering a wave-guide fre-
quency range of 12,400 to 40,880 mc), external attenu-
ators are employed. Table I lists three variable attenu-
ators supplied to cover the frequency range of 12.4 to
40.0 kmc. Three coax-to-waveguide adapters for use
with the above attenuators are also listed.

4-15. KLYSTRON LOCAL OSCILLATOR DESCRIP-
TION. (See figures 4-3 and 4-4.) The local oscillator
employed for bands 4 through 8 is a klystron tube, V1,
shown in figure 4-3. The klystron oscillator circuit is
that of a velocity modulation tube, operating in an
external resonant cavity. The cavity employed is in the
form of a coaxial transmission line, and consists of two
cylinders, one inside the other. The klystron tube is
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Figure 4-3. Klystr n Tube, Outlin Drawing
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inserted at one end of this line so that the outer cylinder
makes contact with the first interaction grid (so termed
because it is closer to the cathode). The inner cylinder
makes contact with the second interaction grid. At the
other end of the cavity, the circuit is completed by a
movable non-contacting shorting plunger of special con-
struction. The position of this movable short determines
the resonant frequency of the cavity.

a. Reference to figure 44 shows that the cathode of
klystron V1 is fixed. The reflector voltage is varied by
the tracking potentiometer, as the operating frequency
is changed. The maximum reflector voltage is limited
by the reflector supply and by the setting of HIGH
LIMIT ADJUST coatrol R7. The minimum reflector
voltage is determined by the setting of LOW LIMIT
AD]JUST control R5. Thus, the reflector is always main-
tained negative, with respect to the cathode.

b. For this reason, the electrons that pass through
the resonator grids encounter a strong decelerating field
and are slowed to a stop; they are then accelerated in
the reverse direction towards the cathode. A bunching
process is thus caused by the accelerating and deceler-
ating action. If the r-f energy extracted from the elec-
trons by the cavity on the return trip exceeds that lost
in the cavity, the excess energy is available as useful
output power and the tube functions as an oscillator.

Section IV
Paragraphs 4-16t 4-17

c. In order to maintain the proper phase between the
r-f oscillations and the return of bunched electrons to
the cavity as the frequency is changed, the plunger is
ganged with tracking potentiometer RG. This circuit
constitutes the bleeder for the klystron reflector supply.
Protective diode V2, a duo-diode tube, is connected
between the cathode and the reflector. This tube serves
to keep the reflector from going positive with respect
to the cathode, and possibly damaging the klystron.

4-16. LOW PASS FILTERS.
(See figures 4-5 and 4-6.)

4-17. DESCRIPTION. When operating in bands 1
through 3, either one or two low pass filters are con-
nected in series with the output of crystal mixer CR2.
These filters are essential to prevent spurious signals
(developed by the crystal mixers because of oscillator
or signal feedthrough) from passing through the i-f
amplifiers and ultimately appearing on the display. Two
separate filters are provided. One is 2 wide-band low
pass type, which is permanently across the output of
crystal mixer CR2; the other is a narrow-band low pass
type, which is switched in series with the wide-band low
pass filter only when operating in the 10 mc to 55 mc
portion of band one.
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Figure 4—4. Klystron Local-Oscillat r, Simplifi d Schematic

21



S ction IV 7.0. 33A1-13-57-2

Paragraphs 4-18t 4-19

ALTERNATE SIGNAL
FROM CRYSTAL
MIXER CRI

P19l 0

!

l6OMC P9 180 MC LOW PASS
SIGNAL <—g—-ﬁ WIDE BAND
FROM MIXER FILTER
CR2 RG-7I/U

COAXIAL JZ/I wa J34 FILTER IGNAL

DISPERSION RELAY

SWITCH (TOwl BAND
A\Y -
/ P2~ WIXER IF AMPLIFIER)
OUTPUT

Ji8 i
mo@
T Y17 RELAY OPERATED

COAXIAL SWITCH
(S| DE-ENERGIZED)

DE-ENERGIZED
o VP@“C‘HES‘S{S) w6 Plz Ji2 Jie w9 Ji5 |63 MC LOW PaSS
I ksol ol — *—(ﬁ—(@o— NARROW BAND
| f Pl6 PIS FILTER
Lo___] f _g
TO +28V DC — Ji3 /Ll:” Ji4 TPM
VIA S8, o« o¢ . .
WAFER 2, FRONT 52 L.L .

Figure 4-5. R-f Tuning Unit Relay Circuits, 55-2120 Mc Operation, with Relay S1 De-energized

a. The wide-band low pass filter is nominally tuned
to 180 mc and is connected to the output of crystal
mixer CR2. (See figure 4-5.) The signal from the out-
put of CR2 is coupled by way of mating connectors J9
and P9 to the input of the 180 mc filter. This filter
serves to attenuate spurious signals (developed in
crystal mixer CR2) and extraneous oscillator signals
from passing through to the i-f amplifiers. At the same
time, the desired i-f frequency, centered at 160 mc, is
allowed to pass with little attenuation.

b. The narrow-band low pass filter is nominally
tuned to 163 mc, and is connected in series with the
output of the 180 mc filter only when operating over
the frequency range of 10 to 55 mc. (See figure 4-6.)
This filter serves to reduce the overall i-f channel width
to 5 mc. It also eliminates spurious responses due to the
local oscillator, when the local oscillator is tuned in the
vicinity of 160 mc during operation at the low end of
the tuning dial.

4-18. R-F TUNING UNIT SWITCHING CIRCUITRY.
(See figures 4-5, 4—6 and 7-1.)

4-19. INTRODUCTION. When rotated to bands 1, 2,
and 3, contacts on the BAND SELECTOR apply B-plus
voltage to transmission-line local oscillator V3, and
energize coaxial switch S3. The contacts of switch S3
then permit the output of the low-frequency crystal
mixer CR2 to be available at MIXER OUTPUT jack
J34. When operating over the 10 mc to 55 mc portion
of band 1, other BAND SELECTOR contacts energize
coaxial switch S1, which places the 163-mc low pass
filter in series with the 180-mc low pass filter. (See
figure 4-6.) With the BAND SELECTOR rotated to
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bands 4 through 8, both the 163-mc and the 180-mc
low pass filters are not in use, and coaxial switch S3 is
de-energized. The contacts of switch S3 then permit the
output of the high-frequency crystal mixer CR1 to be
available at MIXER OUTPUT jack J34. A detailed
circuit analysis follows.

a. B-PLUS SWITCHING TO V3. (See figure 7-1.)
With the BAND SELECTOR set to bands 1, 2, and 3,
the positive 125-volt potential available at pin B of
power connector J36 is coupled through terminal 8 of
wafer 2, rear section, of switch S8B to terminals 5, 6,
or 7. B-plus voltage is then applied through filter FL1,
resistor R4, feedthrough capacitor C5, and choke L1 to
the plate of transmission-line oscillator V3. This oscil-
lator is inoperative in bands 4 through 8, since the 125-
volt supply bus is opened by switch S8B when the switch
is rotated further clockwise beyond switch terminal
number 7.

b. 28-VOLT SWITCHING TO COAXIAL SWITCH
S3. With the BAND SELECTOR set to bands 1, 2, and
3, the positive 28-volt potential available at pin E of
power connector J36 is coupled through terminal 1 of
wafer 2, front section, of switch S8A to terminals 2, 3,
and 4. Energizing power is then applied across the coil
of coaxial switch S3 and chassis ground, closing the
circuit from input connector J18 to output connector J21.
Under this condition, the output of the low-frequency
crystal mixer CR2 is applied through the moving con-
tact of coaxial switch S3, and through coaxial cable
W4, to MIXER OUTPUT jack J34. With switch section
S8A rotated to bands 4 through 8 (corresponding to
S8A terminals S through 9), the 28-volt bus is opened
and coaxial switch S3 is de-energized. With S3 in its
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de-energized condition, the output of the high-frequency
crystal mixer CR1 is applied through input connector
J19 and the moving contact of S3 to output connector
J21. The signal is again coupled through coaxial cable
W4 to MIXER OUTPUT jack J34.

¢. NARROW DISPERSION ENABLING SWITCH
$2. With BAND SELECTOR S8A rotated to band 1
position and with the TUNING dial set within the
frequency range from 10 mc to 55 mc (figure 4-G), the
cam-actuated microswitch S2 is closed. Under this con-
dition, the positive 28-volt potential available at terminal
10 of switch section S8A is applied to two additional
circuits. One circuit consists of the coil of coaxial switch
S1, which will then be energized. In the 10 mc to 55 mc
portion of band 1, the output of the 180-mc low pass
filter is coupled through coaxial cablc W7 to 51 connec-
tor J12; one moving contact within the coaxial switch
provides a closed path from input connector J12 to
output connector J13. The signal is then applied through
coaxial cable W8 and input connector J14 to the 163-mc
low pass filter; the filtered signal is coupled from out-
put connector J15 and coaxial cable W9 to input con-
nector J16 of coaxial switch S1. A second moving
contact within switch S1 provides a closed path to out-
put connector J17; coaxial cable W10 applies the
filtered signal to the input of coaxial switch S3. The
second circuit that is energized by the closing of micro-
switch S2 is relay K501, located on the video chassis in
the display unit. The coil of relay K501 is energized by
28 volts dc, which is coupled through pins L of ]36-P36.

"A jumper interconnects pin L of P36 to pin L of P503

on the power supply; this connection is continued

Section IV
Paragraphs 4-20 to 4-21

through pin L of J503 to the coil of relay K501. This
relay controls the dispersion limits of the sweep fre-
quency generator, as described in paragraph 4-28.

d. CRYSTAL CURRENT SWITCHING. With
BAND SELECTOR S8C rotated to band 1, 2, or 3, the
rectified crystal current from pin R of power connector
J36 is coupled through XTAL I SET control R28 to
switch termf®al 2, 3, or 4. Under this condition, switch
S8C terminal 1 applies the current from the low-fre-
quency crystal mixer CR2 to meter M1 via METER
SELECTOR S5. With BAND SELECTOR S88C rotated
to bands 4 through 8, the rectified crystal current is
coupled through XTAL I SET control R21 to switch
terminals 5 through 9. Under this condition, switch
S8C terminal 1 applies the current from the high-
frequency crystal mixer CR1 to meter M1. (For instruc-
tions on adustment of the crystal current set controls,
see paragraph 6-21.)

4-20. WIDE BAND I-F AMPLIFIER.
(See figure 4-7.)

4-21. CIRCUIT ANALYSIS. The 160 mc i-f signal is
applied from MIXER OUTPUT jack J34 to IF INPUT
jack J107 by way of R-f Cable Assembly CG-1525/U
(0 ft 3 in.). This is an accessory cable and serves as an
external jumper connection between the output of the
tuning unit and the input to the wide band i-f amplifier.
This connection provides a flexible arrangement by
which external test signals may be coupled to the i-f
amplifier input.
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a. The i-f input signal applied to J107 is fed through
mating connectors P108 and J108 to filter FL101. This
is a low pass filter tuned to 160 mc, and is useful in
excluding spurious frequencies from the input to the
wide band amplifier. The signal is then fed through
mating connectors J109 and P109, P102 and J102, to
the input of V101, the first stage of the wide band i-f
amplifier. The network formed by L101 through L104
in series, and shunt capacitors C104, C105 and C106,
constitute a low pass filter. The low pass filter acts as
the d-c return for the rectified crystal current of CR1
and CR2. The 160 mc signal at J102 is directed to the
cathode of V101 through C102, which acts as a much
lower impedance to the signal than the low pass filter.
The output of the low pass filter terminates at pin H
of plug P106 on the wide band i-f amplifier assembly.
Crystal current, developed in either high frequency
crystal CR1 or low frequency crystal CR2, is coupled
through the low-pass filter to pin H, and to meter M1
through METER SELECTOR 8§5.

b. The i-f input signal is applied to the cathode of
V101. This tube acts as an impedance transformer,
matching the input of the amplifier to the cable that
transmits the signals present in the output of the r-f
tuning unit. Tubes V101, V102, and V103 comprise a
stagger-tuned triplet amplifier, tuned respectively to
160 mc, 171 mc, and 149 mg, to produce adequate gain
over a 25-mc bandwidth. It should be noted that one
feature of the three amplifier stages, V101 through
V103, is the use of grounded grid circuitry. A series
resonant circuit, consisting of C103 and L1035, between
cathode and ground, is tuned to 64 mc. This series
resonant circuit traps any 64-mc component present at
the input to the i-f amplifier. The amplified output
from V101 appears across T101, which is the tuned
circuit of V101. This signal is coupled from the plate
of V101 to the cathode of tube V102. Transformer
T102, tuned to 171 mc, couples the amplified signal
from V102 to the cathode of amplifier V103.

c. T103 applies a signal which is the combined re-
sponse of the stagger-tuned triplet and the sweeper
voltage (applied through resistor R106 via SWEEPER
INPUT jack J103) to crystal mixer CR101.. A resultant
second intermediate frequency (centered at 64 mc) is
obtained by the heterodyning of the sweeper output and
the wide band signal developed at the output of T103.
For example, ‘at the instant that the sweeper is pro-
ducing 235 mc, a 171 mc input to the wide band ampli-
fier will produce an output of 64 mc. Rectified crystal
current is directed through the low pass filter network,
consisting of L119 and L123 in series, and shunt capaci-
tors C117 and C126. Crystal current readings may be
conveniently obtained at XTAL jack J104. This termi-
nation is useful for alignment of the wide band i-f
amplifier assembly. (See paragraph 6-9.)

Section IV
Paragraphs 4-22 to 4-23

d. The 64 mc second i-f output of crystal mixer
CR101 is resonated by means of variable inductor L122.
This tuned circuit is connected to the grid, pin 1, of V104.
The second i-f frequency, centered at 64 mc, is amplified
and tuned by means of T104. The resultant second i-f
signal is coupled by way of T104 to the 64 mc output
jack, J105.

4-22. NARROW BAND [-F AMPLIFIER.
(See figure 4-8.)

4-23. CIRCUIT ANALYSIS. The output of the wide
band i-f amplifier is applied to the input of the narrow
band i-f amplifier by way of cable W104, via jack ]J201,
to input transformer T201. This transformer is tuned to
64 mc, the signal frequency at the output of the wide
band i-f amplifier.

a. The 64-mc signal which appears across the second-
ary of T201 is applied to the grid of V201, The ampli-
fied signal appears across the resonant network in the
plate of V201, consisting of capacitor C205 and variable
inductor L202. This signal is coupled to grid number
three (pin 7) of converter tube V202 through capaci-
tor C209.

b. Tube V202 is connected as a pentagrid converter,
in which the local oscillator is crystal-controlled by
Y201. Crystal Y201 is connected between pins 1 and 6,
with pin 6 acting as a tuned plate and pin 1 as the grid
of a triode oscillator. The oscillator output is coupled
through the electron stream to modulate the incoming
64-mc signal. Since transformer T206 is tuned to 6 mc,
only the second harmonic of the crystal oscillator can
heterodyne with the incoming 64-mc signal to produce
an output of 64 — (29 x 2) = 6 mc. The resultant 6-mc
signal is coupled to grid number three (pin 7) of -
converter V203, where the fourth and final conversion
of the i-f signal takes place. A 6.5-mc oscillator circuit,
consisting of capacitors C224, C227, and inductor L213,
is connected to the oscillator grid pin 1 of V203. This
6.5-mc signal heterodynes with the 6-mc i-f signal to
produce the final difference frequency of 500 kc.

c. Tubes V204 and V205, in cascade, amplify the 500
ke i-f signal to a level sufficient, after detection, to
drive the vertical amplifiers. The output of V205 is
coupled by capacitors C246 to crystal diode CR201,
which detects the i-f signal and produces a voltage pro-
portional to the amplitude of the applied i-f signal.
This detected signal is coupled to the vertical amplifier
for visual display. The resolution of the specttum ana-
lyzer is 20 kc, constant at all signal frequencies, at the
3 db points. This resolution, determined by the band-
width of the 500 kc stages of the narrow band amplifier ’
and the characteristics of the video amplifier, permits
distinguishing between two signals closely spaced in the
frequency spectrum.
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Figure 4-9. Vertical Amplifier Circuit, Simplified Schematic

4-24. VIDEO CIRCUITS.

(See figures 4-9 ibrough 4-14.)

4-25. VERTICAL AMPLIFIER. (See figure 4-9.) Video
information, developed at the output of the narrow
band i-f amplifier by means of crystal rectifier CR201,
is coupled to the input of video amplifiers V504 and
V505. The signal path is through the video output jack
J202 to mating connector P202, and connecting cable

N

W501. The signal is then coupled through mating con-
nectors P502 and J502 to the VERT GAIN control.
VERT GAIN control R537 is connected to the control
grid, pin 1, of V505. Video information applied to the
grid is cathode-coupled to V504. Both V504 and V505
operate as cathode-coupled push-pull balanced deflection
amplifiers, in which the overall sensitivity is controlled

by the front panel VERT GAIN control R537. The use

+300V

[— DENOTES SIGNAL PATH |

+125V +i25V 4
3 »
SYNC INPUT
VIA PIN E OF
J503-P503
R538§ R539§ RS43
CSH == CATHODE FOLLOWER
€509 V5074
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L
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Voo < V50! AND INTENSIFIER,
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5725/6AS6W/6187 RS44A
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Figure 4-10. Sawtooth Generator Circuit, Simplified Schematic
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of balanced amplifiers insures proper linearity and mini-
mum distortion of the displayed video on the screen.
The vertical positioning is effected by means of the
front panel VERT CENTERING control, R531. Video
output from V504 and V505 is directly coupled to the
vertical deflection plates through pins A and B of mat-
ing connectors J504 and P504. Direct coupling has a
twofold advantage: it provides broadband frequency
response down to d-c operation; at the same time, direct
coupling permits instantaneous trace positioning.
4-26. SAWTOOTH GENERATOR. (See figures 4-10
and 4-11.) Tube V506 and the cathode follower V507A,
combine to form a free-running phantastron sawtooth
generator.

a. The function of the sawtooth generator is to pro-
vide the timing reference voltage for the horizontal
amplifier V501, the blanking multivibrator V503, and
the sweeper driver V508. This sawtooth frequency is
adjustable over a range of at least 1 to 30 cps, by
means of the front panel SWEEP FREQ control R544A.
Synchronization with the internal power line frequency
may be set with SYNC control, R645.

b. Phantastron V506 employs a pentode with two
control grids. The suppressor grid has a sharp cut-off
characteristic, and is used as an independent control
element. Initially, at the beginning of the cycle, the
screen grid, pin 6, is conducting heavily, with the sup-
pressor grid, pin 7, effectively cutting off the plate
current, as shown in figures 4-11a, b, and c. The instan-
taneous plate voltage (see figure 4-11a) is at a maxi-
mum. At the same time, the control grid, pin 1 (see
figure 4-11d), is at zero bias due to the positive voltage
return of grid resistors R541 and R544A, in series. The
presence of any transient negative pulse at the plate,
pin 5, of V506 is fed back to the control grid of V506
via cathode follower V507A. This action causes the
screen current to fall, resulting in a simultaneous rise in
screen voltage (see figure 4-11c). This voltage change
is coupled by way of C509 to the suppressor grid, pin
7, which now acts to initiate and maintain plate cur-
rent. The plate current now rises (e, falls) at a constant
rate determined by the RC constant in V506 grid circuit,
consisting of €512, R541, and R544A. Phantastron
linearity is obtained by the feedback between plate, pin
5, and grid, pin 1. Feedback tends to maintain a con-
stant current through the grid capacitor. The rise in
plate current (or fall in plate voltage) continues, as
shown in figure 4-11a, until the plate-cathode potential
is too small to maintain sufficient gain around the loop.
At this point, the control grid voltage reverts to its
normal zero bias condition, causing the screen and sup-
pressor potentials to be restored to their original condi-
tions. The plate current now starts to fall (plate voltage
rises rapidly) until the plate voltage reaches the orig-
inal maximum value. The presence of a synchronizing
voltage at the suppressor grid insures that oscillations
will quickly reach an equilibrium value and maintain
a constant sawtooth rate, determined by the setting of
SWEEP FREQ control R544A.,
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Figure 4—11. Sawtooth Generator Circuit,
Ladder Diagram

4-27. HORIZONTAL AMPLIFIER. (See figure 4-12.)
The sawtooth voltage, whose frequency is variable from
1 to 30 cps, provides the input signal to the horizontal

amplifier. This sawtooth signal is derived at the cathode,
pin 3, of V507A. Capacitor C501 serves to couple the
signal to HORIZ GAIN control, R508, and blocks d-c
voltage from V507A cathode. The capacitance of C501
is a low reactance over the range of 1 to 30 cps. HORIZ
GAIN control R508 is connected to the control grid,
pin 7, of V501, which is a twin-triode amplifier, func-
tioning as a cathode-coupled push-pull balanced ampli-
fier. A sawtooth voltage applied to the grid, pin 7, is
cathode-coupled to the grid, pin 2, of the second triode
stage. The resultant amplified output of V501 is applied
to the horizontal plates of the cathode-ray tube. The use
of balanced amplifiers insures proper linearity and mini-
mum distortion of the horizontal sweep voltage. Hori-
zontal positioning of the trace is effected by means of
the front panel HORIZ CENTERING control, R502.
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4-28. SWEEPER-DRIVER. (See figure 4-13.) The saw-
tooth generator output (previously developed in phan-
tastron stages V506 and V507A) is also applied through
divider resistors, R572 and R573, to the input of
V502A. The amplified sawtooth output is then applied
to the pre-set WIDE DISPERSION control, R553, or
to the pre-set NARROW DISPERSION control, R554.
Narrow dispersion is selected by contacts 2 and 4 of
reiay K501, when operating on band 1 over the tuning
range from 10 to 55 mc. Wide dispersion is selected
by contacts 2 and 3 of relay K501, for the remaining
portion of band one and the seven higher bands. When
operating in band 1 from 10 to 55 mg, relay K501 is
energized by microswitch $2, which is driven by a cam
on the main tuning shaft. (See paragraph 4-19c.) The
output of either pre-set control is then applied to
SPECTRUM WIDTH control R558, which determines
the amplitude of sawtooth voltage applied to sweeper
driver V508. Variation of the applied sawtooth voltage
to V508 determines the width of the r-f spectrum dis-

Figure 4-12. Horizontal Amplifier Circuit,
Simplified Schematic

The horizontal output of V501 is directly coupled to
the horizontal deflection plates through pins C and D
of mating connectors J504 and P504. Direct coupling
assures stable operation at low sweep frequencies.

played on the screen. The width of the r-f spectrum,
with relay K501 de-energized, may be as narrow as 500
ke, or as wide as 25 mc when tuning over the frequency
range from 55 to 40,880 mc. When the 10 to 55 mc
range of the spectrum analyzer is used, relay K501 is
automatically energized to limit the maximum pass band
displayed to 5 mc. Control of the spectrum centering
is provided by the front panel FINE control R564, and
COARSE control, R565. The amplified sawtooth output
of sweeper driver V508 is now applied to the input of
the sweep frequency generator.

» —>+300V DC
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R574 ]
K503 . ; :@
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Figure 4-13. Sweeper Driver Circuit, Simplified Schematic
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4-29. BLANKING MULTIVIBRATOR. (See figure
4-14.) A third part of the output of the sawtooth
generator circuit (V506 and V507A) consists of a
square-wave voltage derived from the screen grid of
phantastron V506. (See figure 4-11c.) This waveform
triggers blanking multivibrator V503, by applying the
square-wave voltage through crystal diode CR501 to the
grid, pin 7, of V503. The polarity of CR501 is such
as to allow only the negative-going waveform to pro-
duce an output signal at the grid of V503. The signal
thereby developed corresponds to the start of the retrace
period of the sweep voltage. Tube V503 functions as
a one-shot cathode-coupled multivibrator, which ampli-
fies and sharpens the blanking pulse output. For proper
blanking, the width of this pulse must be adjusted to
correspond to the retrace period. This is automatically
adjusted by the ganged connection of potentiometer
R544B to SWEEP FREQ control R544A. Control R517
is factory pre-set to adjust the tracking of R544B with
respect to the sweep frequency control. The amplified
output of the blanking multivibrator is coupled by
capacitor C503 to the grid, pin 7, of V502B, where
the signal is amplified and inverted. After inversion,
the output signal is of negative polarity, and blanks
the electron beam for the duration of the sweep retrace.
This blanking potential is developed at pin 6 of V502
and is applied, through pin N of connector J503, to the
control grid of the cathode-ray tube.

4-30. INTENSIFIER AMPLIFIER. (See figure 4-14.)
The function of the intensifier-amplifier is to provide
an adjustable level of pulse brightening, during the
trace period. This is accomplished by applying negative
video pulses, derived at the plate, pin 5, of V505 to

T.0. 33A1-13-57-2

the input of amplifier V507B. These negative pulses are
then amplified and phase inverted. The resulting posi-
tive pulses are coupléd through R514 to the intensity
grid of the display tube via pin N of ]J503. The intensity
grid is driven positive, during pulse reception, for auto-
matic brightening. The intensity grid is driven negative
during the retrace period for automatic blanking, as
discussed in paragraph 4-29. Both blanking and intensi-
fier signals are available at the plate, pin 6, of V502B.

4-31. SWEEP FREQUENCY GENERATOR.
(See figure 4-15.) '

4-32. INTRODUCTION. The function of the sweep
frequency gencrator is to convert the sawtooth output
of the sweeper driver V508 (in the video chassis) into
a swept frequency centered at 224 mc. The amount of
sweep, or deviation, is determined by the amplitude of
the applied sawtooth voltage. Adjustment of the ampli-
tude is obtained by SPECTRUM WIDTH control R558.
The center frequency is determined by the setting of
SPECTRUM CENTERING COARSE and FINE con-
trols R565 and R564, respectively.

a. The sweep frequency generator consists of four
stages: V401, V402, V403 and V404.

b. V401 is a cathode-follower driver, whose cathode
load is the primary of a saturable reactor. This device
is a magnetic-core transducer, which produces a linear
inductance change in its secondary, when the primary
is excited by a varying d-c current. When cathode fol-
lower V401 is driven by a sawtooth voltage, a linear
inductance variation (with respect to time) is developed
at the reactor output.
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Figure 4-14. Blanking and Intensifier Circuits, Simplified Sch matic
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c. When the primary current through the saturable
reactor is constant, the secondary appears as a fixed
inductance. V402 is connected to function as an elec-
tron-coupled oscillator, with the secondary of T200 and
variable capacitor C404 making up the tuned-grid cir-
cuit. Feedback is obtained through the screen and con-
trol grid capacitance. The plate-tuned circuit consists of
L403, which is tuned to 74.7 mc. Resistor R408 serves
to broaden the frequency response. With a sawtooth
input signal applied to V401, the reactor secondary acts
as a varying inductance, resulting in a frequency devia-
tion of the 74.7 mc outpur. Since the frequency devia-
tion is proportional to the rate at which the inductance
varies, a change in the amplitude of the applied saw-
tooth voltage results in a linear change in deviation.
i Variation of the front panel SPECTRUM WIDTH
:control changes the amplitude of the applied sawtooth
‘voltage, which in turn, varies the deviation of the 74.7 mc
,carrier at the plate of V402. The FINE and COARSE
SPECTRUM CENTERING controls (R564 and R565
‘on the video chassis) permits shifting the 74.7 mc center
frequency, by changing the operating point of cathode
follower V401. The quiescent inductance value, devel-

CALIBRATOR-OSCILLATOR

TUNING J [ L305

-13-57-2

oped by the reactor, is then changed, and the center
frequency is shifted. RT401 is a non-linear resistance
which compensates for ambient temperature changes in
the vicinity of V401.

d. The amplified frequency-modulated output (with
a nominal center frequency of 74.7 mc) is now applied
to the input of buffer-amplifier V403, This stage ampli-
fies and isolates the 74.7 mc output from load variations
in the succeeding stage.

e. The amplified 74.7 mc output is then applied to
V404, which acts as a frequency tripler and amplifier,
producing a frequency-modulated output having a
nominal center frequency of 224 mc.

4-33. SWEEPER FILTER. (See figure 7-2.) The sweep
frequency generator output signal, centered at 224 mc,
is coupled to the sweeper filter input via mating con-
nectors J405 and P405 by way of cable W402. This
circuit acts as a band-pass filter to pass the nominal 224
mc * 12.5 mc desired output, and to suppress all other
frequencies originating in the sweep frequency genera-
tor. The response over a pass band of approximately
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v 30! INPUT JACK JIOI PlO1
6AF4A ON WIDE BAND IF AMPL | UG—88C/U ™ W30I
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Figure 4-16. Spectrum Calibrator, Simplified Schematic
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7.0. 33A1-13-57-2

25 mc presents a maximum insertion loss of approxi-
mately 2 db. The output of the sweeper filter is coupled
through cable W401, and mating connectors P103-]103,
to V103, in the wide band i-f amplifier.

4-34. SPECTRUM CALIBRATOR. (Se¢e figure 4-16.)

4-35. DESCRIPTION. V301 is connected as a high-
frequency Colpitts oscillator, tuned to a center fre-
quency of 160 mc. The spectrum calibrator provides a
variable frequency pip, for calibrating the spectrum dis-
play and for determining small frequency differences.
It also provides a quick visual check of i-f and video
amplifier operation.

a. Frequency variations of up to plus or minus 12.5
mc may be cbtained by variation of the front panel
DIFFERENCE FREQ-MCS control, C306. Both the
plate and filament supplies to V301 are carefully filtered
by means of shielded low-pass filters (FL301 and
FL302), as a means of preventing oscillator leakage.
Filtering minimizes feedback of the 160 mc calibrating
signal through the power supply circuits. The spectrum
calibrator is mounted in a shielded assembly, to mini-
mize radiation leakage to adjacent circuitry. The 160 mc
output is fully adjustable from minimum to maximum
by rotation of the front panel CALIBRATOR AMPLI-
TUDE control.

b. Power is applied to the spectrum calibrator through
a harnessed cable assembly which is terminated in con-
nector P301. This connector mates with the receptacle
J301, on the main chassis frame.

4-36. POWER SUPPLIES.

4-37. INTRODUCTION. A block diagram of the vari-
ous power supplies and their interconnections is shown
in figure 4-17. Five power supplies are included in the
display unit, and include the following circuits:

a. A negative high-voltage supply of minus 733 and
minus 325 volts, to provide power to the klystron
oscillator.

b. A dual positive supply of plus 300 and plus 125
volts, for use by thé¢ various circuits in the display unit,
and in the transmission-line local oscillator circuitry.

c. A negative low-voltage bias supply of minus 150
volts, for use by the various circuits in the video chassis.

d. An r-f oscillator type of supply, for developing
the high voltages required ‘by the cathode-ray tube.

e. A selenium full-wave rectifier, which develops plus
28 volts dc for operation of the relays within the
instrument.

4-38. KLYSTRON SUPPLY, DESCRIPTION. (See
figure 4-18.) Since klystron output stability is highly
dependent upon a well-regulated power source for
cathode and reflector potentials, an electronically-regu-
lated supply is employed. The klystron power supply

S ction IV
Paragraphs 4-34 to 4-40

consists of rectifier tube VG601, series regulator tube
V602, control tube V603, and voltage reference diodes
V604 through V607.

a. In operation, transformer T601 is energized after
time delay relay K602 completes its delay cycle. (See

figure 7-3.) A fixed time delay is required before appli-

cation of klystron potentials, to permit adequate tem-
perature stabilization of the klystron filament. The
high voltage a-c potential (developed by transformer
T601) is applied to pins 4 and 6 of full-wave rectifier
V601, to produce approximatetly 800 volts of unregu-
lated d-c potential across filter capacitor C601. The
unregulated voltage is applied to the plate of V602, the
series regulator.

b. V602 regulates by simulating a variable resistance
in series with the supply voltage. The difference between
the supply (or input) voltage and the regulated output
is the plate-to-cathode voltage drop across the series
tube. When the regulator is operating, an increase in
input voltage results in an increase of the negative grid-
to-cathode bias. The plate-to-cathode drop across the
tube is thereby increased (with the load current con-
stant), causing the output voltage to remain unchanged.
When the input voltage drops, the negative grid-to-
cathode bias is reduced by the action of control tube
V603; the series tube then functions as a smaller effec-
tive series resistor, its plate-cathode voltage decreases,
and the output voltage remains essentially constant. The
action is similar for output load voltage variations.

¢. V603 is a twin-triode cascode amplifier, capable
of high gain and wide frequency response. V604 is the
reference tube, which maintains a constant potential of
150 volts. The overall result’is high stability and im-
proved ripple reduction.

d. Reference diodes V605, V606, and VG607 (in series)
develop a constant voltage of 405 volts. This potential,
when added to the minus 325-volt supply, produces the
necessary minus 733 volts for the klystron reflector.

4-39. BIAS SUPPLY, DESCRIPTION. (See figure
7-3.) The input to rectifier V610 is obtained from pin
3 of T602. A-c voltage is applied to the cathode in a
half-wave rectifier circuit, to produce a negative unregu-
lated voltage output. This output is filtered by a low
pass RC filter and is applied to the plate of V615, the
voltage regulator. The negative bias supply of 150 volts
is available for the sweeper driver, in the display unit.
The bias voltage is also used as the reference potential
for the dual positive supplies discussed in paragraph
4-40.

4-40. DUAL POSITIVE SUPPLY, DESCRIPTION.
(See figures 4-17 and 7-3.) A dual electronically-
regulated supply of plus 125 and plus 300 volts is
provided for the circuits in the display unit and for the
transmission-line local oscillator.
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a. The 125-volt supply consists of transformer T602,
full-wave rectifier VG608, series regulator V611, control
tube V612, and voltage divider circuit R626, R627, and
R628, in series. The reference potential is obtained from
V615, as described in paragraph 4-39. Functionally, the
circuit is similar to that of the klystron supply.

b. The 300-volt supply consists of transformer T602,
full-wave rectifier V609, series tube VG613, regulator
amplifier V614, and voltage divider circuit R637, R638,
and R639, in series. The reference potential is obtained
from V615, with circuit functioning similar to that of
the klystron supply.

4-41. R-F OSCILLATOR SUPPLY, DESCRIPTION.
(See figure 4-19.) For the high-voltage low-current
requirements of the cathode-ray tube, an r-f oscillator
supply is employed. A simplified schematic of the oscil-
lator-rectifier portion of the supply is shown in figure
4-19,

a. High-frequency oscillations are developed in the
Hartley-type circuit, by the use of close coupled plate-
grid windings on transformer T603. When power is
initially applied to the anode circuit of oscillator tube
V616, a voltage drop appears across the plate winding,
terminals 1 and 2, of transformer TG603. By transformer
action, a voltage is induced into the grid winding,
terminals 2 and 3, causing an oscillatory current to flow
through C621. The frequency of oscillation is deter-
mined by the inductance of the entire winding and the
capacitance of C621. By coupling a voltage back to the
grid, sustained oscillations are developed, with the 300-
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volt supply delivering sufficient power to compensate
for circuit losses.

b. The secondary of transformer T603 consists of
many turns of fine wire, resulting in a high step-up
ratio. Rectifiers V617 and VG618 are arranged in a volt-
age doubler circuit to produce potentials of plus 2400
and minus 2400 volts, with respect to ground. These
potentials are applied to the various accelerating and
control grids of VG619, the cathode-ray tube. Discharge
resistors are provided across the positive 2400 volts, as
a means of quickly discharging the high potential when
power is disconnected. The bleeder necwork in the nega-
tive supply permits adjustment of the various acceler-
ating and control voltages applied to V619. This circuit
arrangement also assures discharge of the negative high-
voltage. These bleeder resistances minimize the possi-
bility of shock hazard when attempting to service the
equipment.

c. The front panel BRIGHTNESS control, R663,
maintains the control grid at the proper negative poten-
tial with respect to cathode. The front panel FOCUS
control, R667, adjusts the potential on grids 2 and 4,
to cause proper convergence of the electron beam. The
accelerating anode, through connector P605, is connected
directly to the plus 2400-volt output of V617.

4-42. POSITIVE 28 VOLT SUPPLY. (See figure 7-3.)
The 28 volt supply consists of transformer T605, selen-
ium bridge rectifier CR601, and filter capacitor C628.
This supply is used to energize time delay relay K601
in the primary of the klystron power supply, dispersion
relay K501 on the video chassis, and coaxial switches
St and S3 within the tuning unit.
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Section V
Paragraphs 5-1 to 5-4

SECTION V

ORGANIZATIONAL MAINTENANCE

5-1. SCOPE.

5-2. This section discusses maintenance which may be
performed on Spectrum Analyzer Set AN/UPM-84 at
the organizational level. Procedures are described cov-
ering replacement of protective fuses, pilot and indica-
tor lamps, and tubes. Other repairs requiring the use
of relatively simple test equipment are also described.
Minimum performance standards are given as an aid
in localizing substandard operation. A preliminary in-
spection procedure is given to aid in a visual analysis

of conditions that lead to premature breakdown. Meth-
ods for systematically isolating electrical defects, as well
as an inspection schedule to insure uninterrupted opera-
tion, are included.

5-3. MINIMUM PERFORMANCE STANDARDS FOR
ORGANIZATIONAL MAINTENANCE.

5—4. Minimum performance standards for organizational
maintenance and methods of checking them are given
in table VI

TABLE Vi. MINIMUM PERFORMANCE STANDARDS FOR ORGANIZATIONAL MAINTENANCE

Operational
Characteristic Test

Minimum Standard

1. Front panel indicators.

Power switch thrown to POWER position.

Panel pilot light on.

Bezel lights on.

Blower on.

Klystron indicator on, after 45 second delay.

2. Dimmer.

Screen scale illumination varies from zero to full

Vary DIMMER control throughout its range.

intensity.

3. Oscilloscope opera-
tion.

a. Vary VERT CENTERING and HORIZ
CENTERING controls throughout their
ranges.

b. Adjust BRIGHTNESS and FOCUS controls
to obtain sweep trace of suitable brightness
and sharpness on screen.

c. Vary HORIZ GAIN control throughout
its range.

d. Vary SWEEP FREQ control throughout
its range.

e. Vary VERT GAIN control throughout its
range, with any convenient low-level signal
anplied to DIRECT INPUT jack )5.

a. Set the controls so that the sweep trace is posi-
tioned approximately one inch below center of
screen.

b. Sweep trace line becomes sharpened and retrace
disappears.

c. Sweep length narrows and expands on screen.
Set control to obtain a trace four inches wide.

d. Sweep trace varies from low frequency (1 cps)
with perceptible flicker, to high frequency (30 cps)
without flicker.

e. Pattern height increases and contracts on screen,
as VERT GAIN control is rotated.

4. Monitoring meter.

a. Set METER SELECTOR to REFLECTOR
position.

b. Set METER SELECTOR to LINE position.
c. Set METER SELECTOR to -+ 125 position.
d. Set METER SELECTOR to + 300 position.
e. Set METER SELECTOR to XTALU position.

a. Pointer deflects to midscale, in shaded VOLTS
scale region.

b. Same as above.

c. Same as above.

d. Same as above.

e. Pointer deflects on-scale; reading varies with
setting of TUNING control.
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TABLE VI. MINIMUM PERFORMANCE STANDARDS FOR ORGANIZATIONAL MAINTENANCE (c nt)

Operational

Characteristic Test Minimum Standard
5. Spectrum calibrator a. Energize spectrum calibrator by rotating a. Calibrating pip height varies from minimum to
operation. CALIBRATOR AMPLITUDE control to maximum; height is determined by setting of
extreme clockwise position. VERT GAIN and IF. ATTEN-DB controls.

b. With DIFFERENCE FREQ-MCS control b. Calibrator pip position varies as DIFFERENCE
set to zero, and SPECTRUM WIDTH control FREQ-MCS control is rotated.

set to extreme clockwise position, adjust
COARSE and FINE tuning controls.

c. Rotate DIFFERENCE FREQ-MCS scale to c. Calibrator pip varies from center to extreme

its fully clockwise limit; then to its counter- left; then back through center to extreme right side
clockwise limit. of screen. Readjust pip to appear at center of
screen.

6. SPECTRUM WIDTH | Vary SPECTRUM WIDTH control through- Width of calibrator pip varies from narrow to

control. out its range. broad display.
7. INTENSIFIER Vary INTENSIFIER (screwdriver-slotted) Brightness of displayed pips varies with respect
control. control throughout its range. to trace. Adjust for contrast.
8. SYNC control. Vary SYNC (screwdriver-siotted) controi Varies sync amplitude to iock the sweep frequency
throughout its range. generator. Adjust to approximately 309 rotation,

from counterclockwise position.

9. IF. ATTEN-DB Vary IF. ATTEN-DB control throughout its Varies sensitivity and gain of the i-f amplifier.
control. range. Adjust to give noise of desired height on screen
(approximately !4 inch).

10. R.F. ATTENUATOR Control of attenuation of the input signal in 0—100 db, continuously variable; maximum inser-
control. the frequency range from 10 to 2120 mc, and tion loss 40 db; not less than 100 db attenuation
from 2000 to 12,400 mc. Rotate the R.F. at maximum attenuator setting.

ATTENUATOR control.

11. BAND SELECTOR. Rotate the BAND SELECTOR to each of its Band 1— 10 — 410 mc.
eight positions. Band 2—250 — 980 mc.

Band 3—700 —2120 mc.

Band 4— 2.0 — 4.4 kmc.

Band 5— 4.2 — 8.9 kmc.

Band 6— 6.3 — 13.5 kmc.

Band 7— 12.8 — 27.2 kmc.

Band 8— 19.25— 40.88kmc.

5-5. PRELIMINARY INSPECTION. breakdown of components is usually caused by over-

heating due to improper ventilation, the accumulation
5-6. GENERAL. Preliminary inspection should be per- of dust and dirt, and/or loose connections and fittings.
formed on the spectrum analyzer, while it is turned off, Inspection should be carried out with a view toward
in an effort to correct conditions which might lead to finding evidence of these conditions. Table VII lists
a breakdown. The most frequent cause of premature the preliminary inspection procedures.

KEY TO LEGEND FOR FIGURE 5-1

1. Case Assembly 7. Handle 13. Power Supply Chassis Assembly
2. Tuning Head and Panel Assembly 8. Knob, Round 14. Angle

3. Bezel 9. Decal 15. Connector, Plug, P36

4. Scale, Calibrated 10. Shield, Front 16. Hood, Connector

5. Gasket, Rubber 11. Cathode Ray-Tube Power Supply Chassis Assembly 17. Channel Assembly, Slide Mount
6. Cable Assembly, W101 12. Frame Assembly
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The operation of this equipment involves the
use of high voltages (plus and minus 2400
volts) which are dangerous to life. Remove
operating power by disconnecting the power

cable assembly from power input receptacle
J601, at the rear of the chassis, before starting

inspection.

TABLE VIi. PRELIMINARY INSPECTION PROCEDURE

Section V

What to Inspect

Defects to Look For

Remedies

Precautions

Electrical power cable As-
sembly W601, plugs P601
and P604, a-c receptacle
J6o1.

Kinks in the cable, cuts, dete-
riorations and fraying of the
rubber insulation.

Loose connections,

Dirt, oil, grease, corrosion.

Replace the cable if beyond
repair.

Resolder connections or re-
place cable.

Clean with cloth moistened
with cleaning solvent Fed.
Spec. No. P-S-661, if neces-
sary.

Instrument Case.

Dirt and corrosion.

Dirty filter.

Clean with cleaning solvent
Fed. Spec. No. P-$-661.
Clean or replace.

Meter M1.

Bent indicator, cracked case
or broken glass.

Replace the meter.

Meter M1 is hermetically
sealed. Replace, if cracked.

Knobs, screws, connectors, Looseness. Tighten. Do not overtighten as this
handles. will strip threads.
Switches. Looseness. Tighten mounting screws and
nuts.
Inability to change position. If defective, switches must be
replaced.
Fuses. Dirty fuse caps. Check empty Clean with cloth. Insert 5

spare fuse holders on front of
panel.

amp. 250 v. fuses.

Panel and Chassis.

Dirt, corrosion, moisture,
rust.

Remove loose dirt and dust
with a brush or low air pres-
sure. Remove dirt and grease
on the chassis or panel with a
brush or cloth moistened in
cleaning fluid.

Mounting screws and Looseness. Tighten, Do NOT vary the slotted
clamps. shafts of variable resistors on
the tuning unit or display
unit, or the tuning screws of
coils on the subchassis.
KEY TO LEGEND FOR FIGURE 5-2
1. Shield Assembly, Rear 6. Tube, Electron, V619
2. Blower Assembly 7. Connector, Plug, P503
3. Connector, Plug, P602 8. Hood, Connector
4. Socket, Cathode-ray Tube 9. Bracket Assembly, Cathode-ray tube Mount
5. Connector, Receptacle, J106, J203, J301, J408 10. Angle
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TABLE VII. PRELIMINARY INSPECTION PROCEDURE (c nt)

What t Inspect

Defects t Look For

Rem dies

Precauti ns

Wiring.

Loose wires.
Frayed, worn or missing insu-
lation.

Resolder, recable or reclamp.
Rewire, as necessary.

Solder joints.

Loose or cold solder connec-
tions.

Corroded.

Resolder.

Clean and resolder.

Resistor and capacitor
mounting boards.

Loose mounting.

Tighten mounting screws and
nuts.

Resistors. Cracks, chipping, blistering, Replace with resistor of cor- Be certain that overheating is
discolorations and other signs rect value. (See figures 7-1 not due to other defective
of overheating. through 7-3.) components, such as leaky

capacitors.

Capacitors. Leaks, bulges, signs of discol- Replace capacitor.

orations.
Loose mounting bracket.

Tighten nuts holding bracket.

METER SELECTOR S5,
BAND SELECTOR S8, IT.
ATTEN-DB control S602.

Bent contacts.

Broken contacts.

Dirty or corroded contacts.

Re-bend with tweezers.
Replace contacts or eatire
switch.

Clean with cloth moistened
with trichlorethylene, MIL-T-
7003.

Avoid prolonged contact with
skin.

Tubes, except klystron lo-
cal-oscillator.

Poor seating.

Cold tubes or other symptoms
of open filaments.
Overheating caused by inter-
nal shorts.

Press tubes firmly in sockets.
Replace.

Replace.

Allow tubes to cool. Do not
jiggle tubes, or partially with-
draw them from sockets. Such
movements tend to weaken
tube pins and to spread the
contacts in the sockets. Re-
placement of the klystron is a
field maintenance operation.
(See section VI.)

Tube Shields.

Looseness.
Missing shields.

Press into position.
Replace.

Tube Sockets.

Looseness.
Cracks, chips.

Tighten mounting.
Replace sockets if necessary.

Oscillator Drive.

Remove tuning unit by means
of four captive screws. Dust,
dirt and foreign matter in os-
cillator gear drive, Slippage
in frequency dial drum. Catch-
ing or jamming when tuning
control knob is turned.

Bent or broken gears or gear
teeth.

Clean; remove any foreign
matter.

Tighten, readjust.
Replace gears.
(See applicable Illustrated

Parts Breakdown for disas-
sembly procedure.)

Avoid use of compressed air,
as this may force particles into
other critical assemblies.

Do not use force.

. Filter, FL101

OB AWV AN~

. Slide Assembly

KEY TO LEGEND FOR FIGURE 5-3

. Cable Assembly, W 104

. Cable Assembly, W103

. Wide Band Chassis and Cover Assembly

. Potentiometer Mounting Assembly

. Video Amplifter Chassis Assembly

. Upper Panel Assembly

. Sweeper Filter Chassis and Cover Assembly

10. Grommet

11. Connector, Plug, P504

12. Hood, Connector

13. Sweeper Assembly

14. Cable Assembly, W502

15. Narrow Band Chassis and Cover Assembly
16. Cable Assembly, W501

17. Cover Assembly, Transformer

18. Angle
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5-7. ACCESS TO EQUIPMENT. (See figures 5-1
through 5-4.) Access to the components of the r-f
tuning unit may be obtained by rotating the four cap-
tive screws (located on the tuning unit front panel)
until they are free from the frame. Then, carefully with-
draw the tuning unit from the front of the panel,
sliding it along the tracks provided on the main chassis.
The tuning unit may then be electrically disconnected
from the main chassis by removing the muiti-pin con-
nector, P36, from its mating receptacle J36, which is
accessible at the rear left section of the r-f tuning unit.
Then disconnect coaxial connector P21 from connector
J21 located on coaxial switch S3. Withdraw the tuning
unit from the frame and place the unit on a clean work
bench. Access to all major assemblies and components
mounted on the main chassis is obtained by*removal of
the main chassis dust cover. To remove the dust cover,
rotate the camloc fasteners, located at the rear of the
equipment, a half-turn counterclockwise. Then slide the
main chassis out of the dust cover. Refer to figures 5-1
through 54 for left, top, right, and rear views of the
main chassis, which identify the major assemblies
mounted on the main chassis. Refer to figure 7-4 for
the interunit cabling diagram.

5-8. TROUBLE ANALYSIS FOR ORGANIZATIONAL
MAINTENANCE.

5-9. Failure of Spectrum Analyzer Set AN/UPM-84 to
meet 2 minimum performance standard, as given in

Secti nV
Paragraphs 5-7 t 5-9

table VI, will require an analysis of the possible causes
of malfunctioning. A review of the operating theory,
as discussed in section IV, will be helpful before at-
tempting to service this equipment. Refer to Table VIII,
Trouble Analysis for Organizational Maintenance, for
a step-by-step procedure in which the cause of trouble
may be localized to the power supplies, the video cir-
cuitry, the sweep frequency generator, the natrow band
i-f amplifier, the wide band i-f amplifier, the spectrum
calibrator, or the r-f tuning unit. A defect within a
stage may be located by voltage and resistance meas-
urements. In trouble-shooting within the equipment,
observe the following precautions:

a. Use clip leads at the ends of voltmeter test prods
for all voltage checks.

b. Be certain that equipment power is off when attach-
ing the test prod leads to circuit components.

c. Make sure all cable plugs are properly connected.

d. After observing the above, apply power to the
spectrum analyzer, and wait for approximately 15 min-
utes to allow the equipment to warm up.

e. Turn power off before removing test prods from
circuit components.

f. Refer to figures 6-24 through 6-29 for normal volt-
age and resistance measurements at the tube socket
terminals mounted on the main chassis.

g Refer to figures 7-1 through 7-3 to locate test
points on the display unit and the tuning unit.

KEY TO LEGEND FOR FIGURE 5-4

Frame Assembly
. Test Jack, J603

NN

Power Jack, J601

v %~

. Blower, B601
10. Video Chassis

11. Spectrum Calibrator Dial

12. 160 MC Filter

— 325V AD]J Control, R609
. +125V AD]J Control, R627
+300 V ADJ Control, R638

Power Supply, Main Chassis
Cathode-Ray Tube, High Voltage Power Supply
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TABLE VIIl. TROUBLE ANALYSIS PROCEDURE FOR ORGANIZATIONAL MAINTENANCE

Control Settings and If Indication
Step Test Point Test Equipment Instructions Normal Indication is Normal if Indication is Abnormal
1. Power A-c voltmeter — 105-125 v ac. Proceed with | Trouble is in a-¢ power source.
Source TS-352/U step 2.
2. Ends of | Ohmmeter Cable removed from | Continuity from end | Proceed with | Open or shorted power cable
Electrical | TS-352/U spectrum analyzer | to end, each lead. In- | step 3. assembly.
Power Ca- and power source. finite resistance be-
ble Assem- tween leads.
bly CX-
3974/U
(10ftoin.)
3, A-c voltmeter | Electrical power ca- | 105-125 v ac. Proceed with | No voltage indicates defective
ﬁ TS-352/U ble assembly connec- step 4. switch S601, open fuse(s)
ted between power F601-602, open filter FL6OI,
(See figure source and spectrum poor contact J601.
7-3) analyzer; POWER
switch on.
4. Visual None POWER switch on. | POWER indicator on. | Proceedwith | Check for continuity at trans-
Bezel lights on. step. 5 former T604, terminals 1 and
2.
5. D-c voltmeter | POWER switch on. | 28 v dc, nominal. Proceed with | Trouble is in selenium rectifier
Q TS-352/U step 6. CR601, shorted capacitor C628,
open transformer T605, or
(See figure shorted load.
7-3)
6. A-c voltmeter | POWER switch on. | 105-125 v ac after 45 | Proceedwith | Trouble is in thermal time de-
Q TS-352/U second delay. KLY- | step7. lay relay K602 or K6O1.
STRON indicator on.
(See figure
7-3)
7. D-c¢ voltmeter | POWER switch on. | + 75 v dc nominal. Proceed with | Open transformer T601, defec-
TS-352/U step 8. tive rectifier V601, shorted
capacitor C601, or defective
(See figure associate components.
7-3)
8. D-c voltmeter | POWER switch on. | Minus 325 v dc. Proceed with | Adjust control RG09. If volt-
Q TS-352/U step 9. age is adjustable but range is
incorrect, trouble may be in
(See figure V602, V604, V605, VG606, or
7-3) V607 circuitry. If voltage is not
adjustable and range is incor-
rect, trouble may be in VG603,
as well as above tubes. Trou-
ble may be defective capacitor
C603 or associated resistors,
R612 through R616.
Visual — Brightness of regu- Same as above.
lator tubes V605,
V606, V607.
9. D-¢ voltmeter | POWER switch on. | Minus 300 v dc nom- | Proceed with | Open transformer T602, defec-
TS-352/U inal. step 10. tive rectifier V610.
(See figure
7-3)
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TABLE VIiI. TROUBLE ANALYSIS PROCEDURE FOR ORGANIZATIONAL MAINTENANCE (cont)

Control Settings and

If Indication

Step Test Point Test Equipment Instructions Normal Indication is Normal If Indication is Abnormal
10. D-c voltmeter | POWER switch on. | Minus 150 v dc. Proceed with | Open transformer T602, defec-
TS-352/0 step 11, tive rectifier VG610, open resis-
tor R641, R643, R644. Shorted
(See figure capacitor C613, C614 or C615.
7-3) Defective tube VG15.
11. D-c voltmeter | POWER switch on. | +200 v dc nominal. Proceed with | Defective rectifier V608,
e TS-352/U step 12. shorted capacitor C606.
(See figure
7-3)
12. D-c voltmeter | POWER switch on. | =125 v dc. Proceed with | Defective control R627, asso-
TS-352/U step 13. ciated resistors, and capacitors,
defective tubes V612, V611,
(See figure
7-3)
13. D-c voltmeter | POWER switch on. | -+ 370 v dc nominal. Proceedwith | Defective rectifier V609,
@ TS-352/U step 14. shorted capacitor C607.
(See figure
7-3)
14. D-c voltmeter | POWER switch on. | +300 v dc. Proceed with | Defective control R638, asso-
TS-352/U step 15. ciated resistors and capacitors.
defective tubes V613, VG614,
(See figure
7-3)
15. D-c voltmeter | POWER switch on. | + 300 v dc. Proceed with | Open resistors, R648, or poor
TS-352/U step 16. contact at pins X of J606-
PG606 to + 300 v dc bus.
(See figure
7-3)
16. VTVM TS- | POWER switch on. | +400 v dc. Proceed with | Open transformer T603, de-
505/U step 17. fective rectifier tube VG617,
shorted high-voltage leads.
(See figure Defective V616 or associated
7-3) resistors or capacitors.
17. VTVM TS- | POWER switch on. | Minus 400 v dc nom- | Proceedwith | Defective rectifier V618,
505/U inal. step 18. shorted C627, open bleeder re-
sistors or controls R663-R668.
(See figure Shorted high-voltage leads.
7-3)
18. Visual None POWER switch on. | Normal trace approx- | Proceed with | If only a bright spot is visible,
(See figure Observe screen for | imately 4 in. long. step 19. and BRIGHTNESS and FO-
7-2) trace. CUS controls functioning nor-

mally, difficulty is caused by
absence of horizontal sawtooth
voltage. Check sawtooth gen-
erator V506, V507A or asso-
ciated resistors and capacitors;
also check horizontal amplifier
V501 or its associated compon-
ents.
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TABLE VIIl. TROUBLE ANALYSIS PROCEDURE FOR ORGANIZATIONAL MAINTENANCE (cont)

Control Settings and

If Indication

Step Test Point Test Equipment Instructions Normal Indication is Normal If Indication is Abnormal
19. Visual None Vary HORIZ GAIN | HORIZ GAIN widens | Proceed with | Failure to obtain normal con-
(See figure and HORIZ CEN- | and narrows trace | step 20. trol may be due to defective
7-2) TERING controls | length. HORIZ CEN- potentiometers, amplifier V501
and observe screen | TERING positions or associated resistors or ca-
for normal action. trace to lett or right. pacitors. Check sawtooth gen-
erator V506 and VSO7A, resis-

tors and capacitors.

20. | Visual None Vary VERT GAIN | VERT GAIN increases | Proceed with | Failure to obtain normal con-

(See figure and VERTCENTER- | or contracts height of | step 21. trol may be due to defective

7-2) ING control and ob- | display. VERT CEN- potentiometers, amplifier tubes
serve screen for nor- | TERING positions V504 or V505 or associated
mal action. trace up or down. resistors and capacitors.

21. Oscilloscope Vary SPECTRUM | Sawtooth output fre- | Proceed with | Defective sweeper driver tube

ﬁ AN/USM-24 | WIDTHandSWEEP | quency 1-30 cps, con- | step 22. V508 or V502A and VS507A;
FREQ controls. trollable by SWEEP open or dirty contacts on relay
(See figure FREQ control; ampli- Ks01; defective SPECTRUM
7-2) tude controlled by WIDTH control R558; or
SPECTRUM WIDTH SWEEP FREQ control R544A.

control.

22, Frequency | Disconnect P405 | Observe frequency de- | Proceed with | Defective sweep frequency
meter (Meas- | and vary COARSE | viation in the vicinity | step 23. generator, check V401; oscil-
urementsCorp. | SPECTRUM CEN- | of 224 mc. lator V402; amplifier V403,

(See figure | Model 59) TERING control. tripler V404; and associated
7-2) (Auach output coil | components.

10 J405 for adequate |

indication.)

23. Frequency | Energize spectrum | Observe meter indica- | Proceed with | Defective spectrum calibrator.
meter (Meas- | -alibrator: set SPEC- | tion in vicinity of 160 { step 24. Check V301 oscillator and as-
urementsCorp. | TRUM WIDTH to | mc. sociated components.

(See figure | Model 59) minimum. Remove |

7-2) cover of spectrum
calibrator and place
probe of frequency
meter near oscillator
coil.

24. : Signal Gener- | Apply 64 mc signal | Observe video signal | Proceed with | Defective narrow band i-f am-
ator to J201. Set VERT | at output jack J202. step 25. plifier. Check tubes V201,
AN/USM-44 | GAIN at maximum; V202, V203, V204, V205, and

(See figure adjust I.LF. ATTEN- mixer CR201.
7-2) DB for best readings.
25. None Reconnect jacks J201 | Observe calibrator pip | Proceed with | Defective wide band i-f am-
@ and J203. Energize | on screen. step 26. plifier. Check grounded grid
spectrum calibrator amplifiers V101, V102, V103,
(See figure and set SPECTRUM mixer CR101 and V104,
7-2) WIDTH to maxi-
mum. Vary DIFF
FREQ-MCS tuning
control ; adjust CAL-
IBRATOR AMPLI-
TUDE for best read-
ings.
26. Visual None Adjust TIF. ATTEN- | Observe change in | Proceed with | Defective 1. F. ATTEN-DB

(See figure
7-3)

DB in steps.

noise height on screen.

step 27.

control. Check resistor net-
work on 8§602. Check J203 and
P203, pins D), for secure mat-

ing.
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TABLE VIii. TROUBLE ANALYSIS PROCEDURE FOR ORGANIZATIONAL MAINTENANCE (cont)

Control Settings and If Indication

Step Test Point Test Equipment Instructions Normal Indication is Normal If Indication is Abnormal

27. Visual None BAND SELECTOR | Check for XTAL cur- | Proceed with | Defective transmission-line
(See inbands1-3; METER | rent indication as | step 28. local oscillator V3; replace-
figures SELECTOR on | TUNING control is ment is a field maintenance
7-1 XTAL. rotated through each repair. Defective crystal mixer
and 7-2) of bands 1-3; abrupt CR2, dirty contacts on S5, S8;

discontinuities of open potentiometer R28 ; check
XTAL current (in pin R on J36 and P36, pin D on
which pointer falls to J203 and P203, pin H on J106.
zero) is abnormal, and Check for open-circuited wide
indicates loss of oscil- band and narrow band filters.
lation. Check continuity of coaxial

switches S1 and S3.

Check M1 meter.

28. Visual None BAND SELECTOR | Check for XTAL cur- | Proceed with | Defective klystron local oscil-
(See inbands4-8 ;METER | rent indication as | step 29. lator V1. Replacement is a
figures SELECTOR on | TUNING control is field maintenance repair. De-
7-1 XTAL. rotated through each fective crystal mixer CRI,
and 7-2) of bands 4-8; abrupt dirty contacts on S5, $8, open

discontinuities of putentiometer R21. Check pin
XTAL current (in R on J36. Check for continuity
which pointer falls to of coaxial switches S1 and S3.
zero) is abnormal, Check M1 meter.

and indicates loss of

oscillation.

29. Visual Signal Gener- | BAND SELECTOR | Check for linear ai- | Proceed with | Check jacks J27, P26, J26, J29
(See figure | ator in band 1, Cable CG- | tenuation, as observed | step 30. and )5 for firm connections.
7-1) AN/USM-44 | 1526/U (1 ft 6 in.) | on screen. Compare Replacement of attenuator

or equivalent | connected between | with calibrated atten- AT4 is a field maintenance
signal gener- | ATTENUATOR | uator or signal gen- repair.
ator OUTPUT 10-2120 | erator.

MC and DIRECT

INPUT. Apply a 400

mc test signal to AT-

TENUATOR IN-

PUT 10-2120 MC

jack.

30. | Visual Signal Gener- | BAND SELECTOR | Check for linear at- Check jacks J31, P33, ]33, J32
(See figure | ator in band 4. Shift cable | tenuation, as observed and J28, for firm connections.
7-1) AN/URM-34 | to high frequency { on screen. Compare Replacement of attenuator

or equivalent | jacks. Apply a 4§ kmc | with calibrated atten- AT3 is a field maintenance
highfrequency | test signal to AT- | uator or signal gen- repair.
signal gener- | TENUATOR IN- | erator.
ator PUT 2000-12,400
MC jack.

5-10. CHECKING THE DC POWER SUPPLIES.

5-11. GENERAL. All dc power to operate the vacuum
tubes within the Spectrum Analyzer is developed by
four electronic power supplies. A bridge-type selenium
rectifier is employed to supply 28 volts for operation
of the various control relays. The four electronic power
supplies consist of the minus 733 and 325 volt supply
for the klystron, the dual positive supplies of 300 and
125 volts for the display unit, the negative bias supply
of 150 volts for the display unit, and the plus and minus
2400 volt supply for the cathode-ray tube. (Refer to

paragraph 4-36 for a detailed circuit description, to
figure 4-17 for a functional block diagram, and to
figure 7-3 for the overall schematic diagram.)

5-12. ADJUSTMENT PROCEDURE. (See figure 5-4.)
The outputs of the various supplies, with the exception
of the high voltage cathode-ray tube supply, are avail-
able for test at J603, located at the rear of the main
chassis. Adjustment controls R609, R627, R638 are
available for adjusting the output potentials of the elec-
tronically regulated supplies. For this test procedure,
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clip leads may be removed from the ends of the voltmeter
test prods, since readings may be safely obtained by
inserting the voltmeter test prods into the appropriate
pins provided on J603. Moreover, it is unnecessary to
turn power OFF between tests, providing care is exercised
in handling the test equipment. With the power switch
ON and after allowing a 45 second delay for the klystron
indicator to light, perform the following tests and
adjustments:

a. Pins 1 and 2 (proceeding counterclockwise from
the keyway of the octal socket) are test points for the
negative 733 and 325 volt klystron supply. Adjust R609
for correct operating potentials. These potentials are
mutually dependent upon each other; the inability to
obtain normal reading of one supply will usually ad-
versely affect the other. Refer to table VIII if abnormal
readings are observed.

b. Pin 3 is the test point for the negative bias supply
of 150 volts. No adjustment is available since this poten-
tial is developed by the gas reference tube V615. Abnor-
mal indication at pin 3 will usually be accompanied by
abnormal indications at pins 6 and 7 since these are
dependent upon the negative 150 volt reference. Refer
to table VIII if abnormal readings are observed.

T.0. 33A1-13-57-2

c. Pin 5 is the test point for the + 28 v supply for
all control relays. No adjustment is available since this
potential is obtained directly from a selenium full-wave
bridge.

d. Pins 6 and 7 are test points for the positive sup-
plies for the display unit. Adjust R627 and R638 to
obtain readings of +125 volts and +300 volts respec-
tively. These readings will only be obtainable if the read-
ing previously observed at pin 3 was minus 150 volts.
Refer to table VIII if abnormal readings are obtained.

5-13. LUBRICATION.

5-14. GENERAL. Oilite bearings are used on those
parts of the equipment which have moving parts. These
bearings require no further lubrication during the life
of the equipment. Under severe salt-air conditions, a
small amount of liquid, light, petrolatum, Specification
No. AN-P-51 may be applied to the contacts of the two
wafer switches, consisting of the METER SELECTOR
S5, and the BAND SELECTOR 88, after first cleaning
with trichlorethylene, Specification MIL-T-7003. These
wafers are accessible in the r-f tuning unit. Similar lu-
brication should*be applied to the IF. ATTEN DB

TABLE IX. INSPECTION SCHEDULE

W = Weekly M =Monthly Q=~Quarterly
Component Inspection Schedule
Blower B6O1. Screen free of accumulated dust. Bearings lubricated. M
Electrical power cable assembly CX-3974/U Refer to table VIL w
(10 ft 0 in.)
Front panel and front panel controls; operating Refer to table VII. M
and spare fuses.
Bezel and graticule. Clean accumulated dust and dirt. w
Rear of panel, top and bottom of chassis. Connections mechanically secure and not corroded. Locking M
nuts tight. Klystron oscillator attenuator drive assembly,
oscillator cam follower, push rods, and frequency dial drum,
clean and moving freely.
Resistors and capacitors. Refer to table VII. M
Tubes, except transmission-line local oscillator Refer to table VII. M
within housing, cathode-ray tube and klystron
tube.
Cathode-ray tube socket. Socket making good electrical contact with tube base. Socket M
clear of accumulated dust and dirt. Check with power dis-
connected.
Wiring. Wires properly insulated, harnessed, and securely clamped. Q
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wafer switch located behind the front panel in the dis-
play unit. Avoid application of excessive amounts of
lubricant; also avoid prolonged skin contact with
trichlorethylene.

5-15. INSPECTION SCHEDULE.
5-16. Spectrum Analyzer TS-1011/UPM-84 is a pre-

Secti ns V-VI

cision instrument with carefully calibrated frequency
indicators. It is essential that the equipment be main-
tained in proper operating condition so that it may
perform its functions with the required accuracy. Peri-
odic checks will serve to insure reliable performance of
the equipment. Table IX lists the parts requiring inspec-
tion, the times at which inspection is required, and the
specific conditions or operations to be performed.

SECTION VI
FIELD MAINTENANCE

6-1. SCOPE.

6-2. This section of the handbook discusses maintenance
which may be performed on Spectrum Analyzer Set
AN/UPM-84 at the field level. Minimum performance
standards, a trouble-shooting chart, and repair and
alignment procedures are described. Reference should
be made to table VIII, for a systematic means of localiz-
ing difficulties once they arise.

6-3. MINIMUM PERFORMANCE STANDARDS
FOR FIELD MAINTENANCE.

6-4. Minimum performance standards for field mainte-
nance and methods for checking them are given in table
XI. Performance data of the spectrum analyzer depend
upon the settings of the following controls. Adjust as
indicated in table X, below, before attempting to ob-
tain data, unless otherwise noted.

a. Failure to meet a minimum performance standard,
as given in table XI, will require an analysis of the
possible causes of equipment failure. The theory of
operation of this equipment, as given in section IV of
this handbook, should be thoroughly understood before
attempting to analyze trouble in the spectrum analyzer.

b. Table XIV, Electronic Trouble Analysis, lists pos-
sible troubles, probable causes, and suggested remedies,
as referenced to figures 7-1 through 7-3. Major test
points are shown in these illustrations.

c. Table XV, Secondary Test Point Trouble-Shooting
Chart, tabulates secondary test points shown in the
video schematic portion of figure 7-2. Included are test
points and typical waveforms.

d. Refer to figures 6-24 through 6-29 for voltage
and resistance measurements within the electronic as-
semblies of the display unit.

TABLE X. FRONT PANEL CONTROL SETTINGS

Control

Setting

POWER

SPECTRUM WIDTH
SWEEP FREQ

IF ATTEN-DB

SYNC
VERT GAIN
HORIZ GAIN

ON

25 mc
30 cps

Set at a convenient level for 1
inch of noise.

309 clockwise
50% clockwise

Trace length set to full screen
diameter.
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TABLE XI. MINIMUM PERFORMANCE STANDARDS FOR FIELD MAINTENANCE

Circuit Characteristic

Test Condition

Applied To

Normal Reading

band i-f amplifier.

lated at 400 c¢ps, 150 microvolt
amplitude. (See figure 6-2.)

band i-f amplifier chas-
sis.

Ve.rtical amplifier | Apply test signal of 45 volt rms, | Jack J502 on video | Approximately two-inch deflection on screen.
gain. 20 to 10,000 cps, from an audio | chassis. (See paragraph 6-5.)

frequency signal generator. (See

figure 6-1.)
Gain of narrow | 64 mc (nominal), 30% modu- | Jack J201 on narrow | Overall gain of 20,000 at J202 (3 VAC). (See

paragraph 6-7.)

Gain of wide band
i-f amplifier.

160 mc¢ (nominal), 309 modu-
lated at 400 cps, at 2 to 3 micro-
volts amplitude. (See figure 6—4.)

Jack J102 on wide band
i-f amplifier chassis.

Overall gain of 50 at J105. (See paragraph
6-9.)

Sweep frequency
generator opera-
tion.

Spectrum  calibra-
tor operation.

28 wvolts dc, capable of being
varied plus or minuS 14 volts. (See
figure 6-6.)

Jack J401 on sweep fre-
quency generator chas-
sis.

Minimum frequency deviation of 211 to 236
mc, with an output voltage of at least one volt
rms, at 224 mc. (See paragraph 6-11.)

Crystal calibrator marker, 10 mc
and 1 mc. (See figure 6-9.)

IF INPUT jack J107,
on display unit panel.

Spectrum calibrator pip tracks to % 0.5 mc
from —12.5 to +12.5 mc. (See paragraph
6-13.)

Sweeper filter re-
sponse.

224 mc¢ (nominal), 30% modu-
lated at 400 cps. (See figures 6-10
and 6-11.)

Plug P405 on the sweep
frequency generator
chassis. Apply signal via
a 50 to 100 ohm pad.

Response over passband of 212-236 mc should
have a maximum insertion loss of 2 db across
a 100 to 50 ohm pad at output of filter. (See
paragraph 6-16.)

Klystron oscillator
operation.

Low frequency
local-oscillator op-
eration.

Rotate BAND SELECTOR to band
4 and tune to approximately 2000
mc. Check klystron tracking over
the band by means of a wave-
meter, such as Polarad Model FS.

DIRECT INPUT jack
J28, on r-f tuhing unit.

With METER SELECTOR set to XTAL,
tracking of wavemeter results in a dip on front
panel meter. The indicated frequency on the
wavemeter is always 160 mc higher than in-
dicated on the dial. (See paragraph 6-18 for
klystron adjustments.)

180 mc low pass
filter alignment.

Rotate BAND SELECTOR to band
1 and tune to approximately 100
mc. Check low frequency oscil-
lator tracking over the band by
means of a frequency meter, such
as Measurements Corp. Model 59.
(See figure 6-16.)

DIRECT INPUT jack
J5, on the r-f tuning
unit, using antenna to
couple the frequency
meter to the spectrum
analyzer input.

Tracking results in a peak indication on meter
M1. The indication on the frequency meter is
always 160 mc higher than indicated on the
dial. (See paragraph 6-23 for low-frequency
oscillator adjustments.)

163 mc low pass
filter alignment.

180 mc (nominal), 309 modu-
lated at 400 cps. (See figures 6-17
and 6-18.)

Plug P92 through a 50
to 100 ohm pad. (See
8, figure 6-14.)

With output of filter coupled through a 100
to 50 ohm pad to a calibrated receiver, a
maximum insertion loss (of the filter itself)
of 9 db at 180 mc should be observed. Attenua-
tion from the maximum response should be le$$
than 1.5 db at 175 mc and more than 7.5 db
at 185 mc. (See paragraph 6-23.)

163 mc (nominal), 30% modu-
lated at 400 cps. (See figures 6-20
and 6-21.)

Jack J14 through a 50
to 100 ohm pad. Jack
J14 is available on the
163 mc filter subas-
sembly to the rear of the
frequency dial drum.
(See 10, figure 6-13.)

With output of filter coupled through a 100
to 50 ohm pad to a calibrated receiver, a
maximum inisertion loss (of the filter itself)
of 6 db at 163 mc should be observed. Loss
should drop no more than 3 db below maxi-
mum at 157.5 and 162:5 mc. (See paragraph
6-27.)
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A.F. ‘SIGNAL
GENERATOR AN/ UPM-84
HEWLETT -PACKARD
MODEL 200CD
0.5 UF
output o———f >0 J502

OSCILLOSCOPE|
TEKTRONIX
MODEL 531

Figure 6—1. Checking Gain of Vertical Amplifier,
Test Set-up Diagram

6-5. CHECKING GAIN OF VERTICAL
AMPLIFIER.

6-6. To determine whether the spectrum analyzer meets
the minimum standards of vertical amplifier gain, set
up the test equipment as shown in figure 6-1. Measure
the frequency response, with the front panel controls as
indicated in table X. A frequency response which is
uniform within 2 db, from 20 cps to 8 kg, indicates
satisfactory equipment performance. To check the fre-
quency response, proceed as follows:

a. Set the audio frequency signal generator at 1000
cps.

b. Adjust the signal generator output to yield a 2-inch
peak-to-peak signal on the spectrum analyzer display.

¢. Note the input level (using the built-in calibrator
on the Tektronix Model 531 Oscilloscope, or on an
external voltmeter).

d. Vary the signal generator frequency control
throughout the range 20 to 10,000 cps, and adjust the
input level to yield a 2-inch deflection at each test fre-
quency. Failure to obtain a proper frequency response

RF SIGNAL
GENERATOR
MEASUREMENTS CORR

MODEL 80

OUTPUT

AN/UPM-84

J20l! J202

50 TO 100
OHM PAD

AC
VTVM

Figure 6-2. Checking Gain f Narrow Band I-f
Amplifier, Test Set-up Diagram
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indicates the need for service. Replace vertical amplifier
tubes V504 and V505. If unable to obtain proper re-
sponse, refer to figure 6-26 for voltage and resistance
measurements within the vertical amplifier to isolate

the difficulty.

6-7. CHECKING GAIN OF NARROW BAND I-F
AMPLIFIER.

6-8. To check the minimum standards for the narrow
band i-f amplifier, set up the test equipment as shown
in figure 6-2. Also refer to figure 6-3 for an exploded
view of the narrow band i-f amplifier to identify the
various controls and adjustments. The parenthetical
numbers which follow refer to the index numbers of
figure 6-3. Measure the gain of the narrow band i-f
amplifier at 64 mc. A gain of approximately 20,000
indicates satisfactory equipment performance. Failure to
obtain this indication shows the need for re-alignment.
Proceed as directed in the following steps:

a. Set the r-f signal generator to 64 mc, 30 percent
modulated at 400 cps. Adjust the output to 150 micro-
volts and apply the signal output to J201 (16).

b. Tune the signal generator slightly, to obtain maxi-
mum output.

c. Peak transformers T201 (18), L202 (17), L205
(19), T206 (21), L209 (22), L213 (20), L216 (22) and
L219 (22) by observing the pointer of the a-c vtvm for
maximum deflection.

d. Reduce the output of the signal generator, as
required, to avoid overloading the narrow band i-f
amplifier.

e. Retune the signal generator occasionally for maxi-
mum output.

f. When alignment is complete, reconnect P202 to
J202 (16.)

6-9. CHECKING THE GAIN OF THE WIDE
BAND I-F AMPLIFIER.

6-10. To check for minimum standards of wide band
i-f amplifier gain, set up the equipment as shown in
figure 6—4. Also refer to figure 6-5 for an exploded view
of the wide band i-f amplifier chassis. The parenthetical
numbers which follow refer to the index numbers of
figure 6-5. Measure the gain of the wide band i-f
amplifier over the pass band from 150 to 170 mc. A
gain of approximately 50, at 160 mc, indicates satis-
factory equipment performance. Failure to obtain this
indication shows the need for re-alignment. Procced as
directed in the following steps:

a. Tune the Measurement Corp. Model 80 R-f Signal
Generator to 160 mc and connect the output to J102
(12) by means of the 50-t0-100 ohm pad. Do not apply
operating power to the AN/USM-44 Signal Generator
at this time.
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L. Dust Cover Assembly

2, Screw

3. Washer

4. Shield, Electron Tube

5. Shield, Electron Tube

6. Tube, Electron, V201

7. Tube, Electron, V202, V203 *@
8. Tube, Electron, V204, V205 5 =
9. Crystal, Quartz, Y201
10. Socket, Crystal
11. Clamp

12. Socket

13. Screw

14. Washer

15. Strap

16. Connector, Receptacle, J201, J202

17. Coil, Tuned, 1202

18. Transformer, Tuned, T201

19. Coil, Tuned, L205

20. Coil, Tuned, L213

I. Transformer Assembly, T206

2. Coil, Tuned, L209, 1.216, L219

3. Clip

4. Capacitor, Feedthrough, C244,
C248, C25i, C252

25. Connector, Plug, P203

26. Hood

Figure 6-3. Narrow Band I-f Amplifier, Exploded View
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RF SIGNAL
GENERATOR
AN/USM-44

RF SIGNAL AN/UPM 84 JI04 ~
GENERATOR ()
MEASUREMENTS IGOMC ~ SWEEPER  64MC —1—:
woloRe INPUT  INPUT  OUTPUT
RF OUTPUT PRSI 5 K3 oM PAD
OHM_PAD OHM_PAD

RF OUTPUT OHM

50 TO 100

PAD

|

AC
VTVM

Figure 6—4. Checking Gain of Wide Band I-f Amplifier, Test Set-up Diagram

b. Set the r-f output level of the Measurement Corp.
Model 80 Signal Generator to cause the meter, con-
nected to J104 (14), to indicate approximately 0.4
milliampere.

c. Peak transformers T101 (20), T102 (19), and
T103 (18), to obtain a maximum indication on the
milliammeter when applying test frequencies of 160
mg, 171 mc, and 149 mg, respectively. A minimum current
indication of approximately 0.4 milliampere should be
maintained during alignment adjustments, to assure
uniform gain over the passband.

d. Check the i-f response for a nominal bandwidth
of 25 mc (about a center frequency of 160 mc) to yield
a maximum of 3 db fall-off at plus or minus 12.5 mc.
Readjust T101 (20), T102 (19), and T103 (18), if
necessary, to obtain correct frequency response.

e. Apply operating power to the AN/USM-44, and
remove power from the Measurement Corp. Model 80
R-f Signal Generator.

f. Check the 64 mc stage by setting the AN/USM-44
Signal Generator to 64 mc, and applying the test signal
to the SWEEPER INPUT jack, J103 (12).

g- Peak L122 (17) and T104 (16) for maximum indi-
cation on the vtvm.

h. Remove the output cable of the Measurement
Corp. Model 80 R-f Signal Generator from the 160 MC
INPUT jack, J102.

i. Shift the output of the AN/USM-44 Signal Gen-
erator from the SWEEPER INPUT jack, J103, to the
160 MC INPUT jack, J102. Apply the maximum
amplitude test signal available, at 64 mc, and tune L105
(21) for a voltage minimum.,

j. Check the overall operation of the wide band i-f
amplifier by applying test signals, as shown in figure
64, of 224 mc to the SWEEPER INPUT jack, J103,
and of 160 mc to the 160 MC INPUT jack, J102,

simultaneously.

k. Temporarily remove power from the Measure-
ment Corp. Model 80 R-f Signal Generator. Adjust
the level of the 224 mc signal at J103 until a reading
of 0.4 milliampere is obtained at J104.

I. Reapply power to the Model 80 R-f Signal Gen-
erator, Vary the signal generator tuning slightly, in the
vicinity of 160 mc, until a response is obtained on the
vtvm at J105. Set the amplitude control of the Model
80 R-f Signal Generator to produce a reading of 0.5
volt.

m. Retrim coil L122 (17) and transformer T104 (16)
for a maximum indication on the vtvm, if necessary.

n. Recheck the overall performance of the wide band
amplifier as directed in step j, above. An overall gain
of 50 indicates satisfactory equipment performance.

6-11. CHECKING PERFORMANCE OF SWEEP
FREQUENCY GENERATOR.

6-12. To check for minimum standards of the sweep
frequency generator, set up the test equipment as shown
in figure 6-6. Also refer to figure 6-7 for an exploded
view of the sweep frequency generator chassis. The
parenthetical numbers which follow apply to the index
numbers of figure 6-7. Measure the output of the sweep
frequency generator with an a-c vtvm connected across
the 100 ohm termination. An output reading of 1 volt
at 224 mc, down 15, at 211.5 and 236.5 mc, indicates
satisfactory equipment performance. Failure to obtain
this indication shows nced for realignment. Proceed as
directed in the following steps:
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14.
15.
16.
17.
18.
19.
20.
21.
22,
23.

. Capacitor, Feedthrough, C127,

. Shield, Electron tube

. Shield, Electron tube

. Tube, Electron, V104

. Tube, Electron, V101, V102, V103
. Dust Cover Assembly
. Screw

. Washer

. Socket, Electron tube
. Screw

10.
11.
12.

Washer
Strap, Nut
Connector, Receptadle, J101, J102, J103, J105

C128, C129, C131

Jack, Test, J104

Lug, Terminal
Transformer, Tuned, T104
Coil, Tuned, L122
Transformer, Tuned, T103
Transformer, Tuned, T102
Transformer, Tuned, T101
Coil, Tuned, L105
Conncctor, Plug, P106
Hood

22,23
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Figure 6-5. Wide Band I-f Amplifier, Expl ded View
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100 OHM—— TERMINATION

| 4+
[IF——
—

2

FREQUENCY
METER
MEASUREMENTS
CORPR
MODEL 59

AC
J405 © VTVM
J4030
AN/UPM-84 2 OHM
20 MA
METER

VTVM

Figure 6-6. Checking Performance of Sweep Frequency Generator, Test Set-up Diagram

a. Connect the variable d-c voltage to J401 (46).
Adjust this voltage to obtain an indication of 9.5 milli-
amperes on the meter connected between J403 (44) and
J404 (44).

b. Vary trimmer capacitor C404 (39) to obtain an
indication of 74.7 mc, in the vicinity of variable in-
ductor 1403 (38), employing the frequency meter.

¢. Tune inductor L403 to obtain a maximum indica-
tion on the vtvm, at the grid, pin 1, of V403. Retrim
C404, if necessary, as directed in step b.

d. Adjust the variable d-c voltage, by rotation of R1,
to obtain readings over the limits of 70.5 and 78.8 mc
on the frequency meter. Record the milliammeter
readings.

e. Remove the frequency meter from the test set-up.

f. Connect the vtvm to the grid, pin 1, of V404. Tune
the inductor (37) to center the response as potenti-
ometer R1 is varied through its operating range.

g. Using the vtvm connected to SWEEPER OUT-

TABLE Xil. SWEEP FREQUENCY GENERATOR ALIGNMENT DATA
{Average Values)

Test Point Test Frequency

2115 224 236.5
Output frequency of L403 70.5 mc 74.7 mc 78.9 mc
D-c input to jack J401 20 v 33v 43 v
Variable inductor current (at J403 and
J404) 6.5 ma 9.5 ma 12.5 ma
Oscillator grid-to-cathode voltage, V402 —~30v —2.85v —2.5v
Tripler grid, V404 —13.0v 16.0 v ~13.0v
Output, 100-ohm load across jack J405 to
ground 0.98 v ac 1.05 v ac 092 vac

(9]
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. Shield Assembly
. Screw

Washer

. Gasket, Metex

. Screw

. Washer

. Gasket, Metex

. Shield, Electron tube
. Shield, Electron tube
. Shield, Electron tube
. Tube, Electron, V401
. Tube, Electron, V402
. Tube, Electron, V403
. Tube, Electron, V404
. Socket, Electron tube
16.
. Washer

. Strap, Nut
19.
. Screw
21.
22.
23.
24.
25.

Screw

Socket, Electron tube

Washer
Strap, Nut
Post
Screw
Washer

26. Post
27. Lug, Terminal

EL 2 28. Post

o— 3 29.Clip
. 30. Screw

31, Washer
32, Washer
3. Connector, Plug, P408
. Hood
. Filter Assembly, FL401, FL402
. Transformer, Tuned, T401
. Coil, Tuning, L407
38. Coil, Tuning, L403
. Capacitor, Variable, C404
. Saturable Reactor, T400
. Nut, Hex
. Washer
. Plate Assembly
. Jack, Test, J403, J404
. Jack, Test, J402
. Connector, Receptacle J401, J405
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Figure 6-7. Swe p Frequency Generator, Explod d View
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PUT jack J405 (46), tune transformer T401 (36) for
a maximum output in the vicinity of 224 mc (the third
harmonic of 74.7 mc), with the milliammeter indication
at the center of the range. Check the final output fre-
quency of 224 mc by locating the frequency meter in
the vicinity of T401. (The frequency meter is now
being used as an absorption meter.) Check the response
over the frequency range.

h. Typical readings obtained when aligning the sweep
frequency generator are listed in table XII.

6-13. CHECKING PERFORMANCE OF THE
SPECTRUM CALIBRATOR.

6-14. To check the minimum performance standards of
the spectrum calibrator circuit, observe the pip on the
self-contained display of the spectrum analyzer. Use a
crystal calibrator, such as Measurements Corp. Model
111-B, or equivalent, to obtain markers at 1 mc and
10 mc. Refer to figure 6-8 for a view showing location
of the adjustment controls. Set up the test equipment
as shown in figure 6-9, and proceed as follows.

a. Remove R-f Cable Assembly CG-1525/U (0 ft
3 in.) from the front panel of the display unit, to gain
access to I-F INPUT jack J107.

b. Apply the output of the crystal calibrator to I-F
INPUT jack J107.

S ction VI
Paragraphs 6-13 to 6-14

c. Place the crystal calibrator MEGACYCLES con-
trol to the 10 MC position. Be sure that the spectrum
analyzer SPECTRUM WIDTH control is set to its
maximum clockwise position. With the spectrum ana-
lyzer tuned to any frequency above 55 mc, a bandpass
of 25 mc is available on the screen.

d. Observe the screen of the cathode-ray tube to
locate the 150, 160, and 170 mc crystal markers.

e. Use a wax marking pencil to inscribe the location
of the 150 mc and 170 mc markers on the cathode-ray
tube screen.

f. Rotate the crystal calibrator MEGACYCLES con-
trol to the 1 MC position and mark the location of the
147, 148, 172, and 173 mc markers.

g- Rotate the CALIBRATOR AMPLITUDE control
to its approximate mid-position. Set the control to ob-
tain convenient height of signal pip.

h. Vary the SPECTRUM CALIBRATOR TUNING
control to the minus 12.5 mc position.

i. If the spectrum calibrator pip falls midway be-
tween the 147 and 148 mc markers (from the Measure-
ments Corp. Model 111-B crystal calibrator), the spec-
trum calibrator circuit is operating satisfactorily at the
low end of its frequency excursion.

j. Vary the SPECTRUM CALIBRATOR TUNING
control to the plus 12.5 mc position.

KEY TO INDEX NUMBERS

I. CAPACITOR, VARIABLE , C303
5 2,CAPACITOR, VARIABLE , C304
3. CAPACITOR ASSEMBLY, C306
4. INDUCTOR, TANK, L 305
5.GEAR ASSEMBLY
6.GEAR, WORM, NYLON
7. DIAL
8. SCREW,LOCKING

Figure 6-8. L cation of Adjustment Controls, Sp ctrum Calibrator Assembly
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CRYSTAL
CALIBRATOR
MEASUREMENT
CORP.
MODEL i-B

0 JI07
AN/UPM-84

Figure 6-9. Alignment of Spectrum Calibrator,
Test Set-up Diagram

k. If the spectrum calibrator pip falls midway be-
tween the 172 and 173 inc markers, the spectrum cali-
brator circuit is also operating satisfactorily at the high
end of its frequency excursion.

l. In the event that the alignment error of the
spectrum calibrator is greater than 0.5 mc, realignment
will be required. Proceed as directed in paragraph 6-15.
The parenthetical numbers which follow refer to the
index numbers of figure 6-8.

6-15. To realign the spectrum calibrator circuit, pro-
ceed as directed in the following steps:

a. Turn the tuning knob to produce a dial reading
of ——12.5 mc.

b. Adjust L305 (4) to cause the spectrum calibrator
pip to coincide with the —12.5 mc marker.

c.”Turn the tuning knob to produce a dial reading of
+12.5 mc.

d. Adjust the C303 (1) and C304 (2) simultaneously,
so that the spectrum calibrator pip coincides with the
+12.5 mc marker.

e. Alternately adjust the plus and minus limits until
the calibration is correct. If unable to obtain calibration
within the limits described in paragraph 6-14, above,
mechanical realignment will be required. Proceed as
directed in steps f through v,

f. Remove the cover from the calibrator housing by
removing four nuts and lock washers.

coreroorssrrern
CAUTION §

Laaaaaaaaass gy

SO PO
oo

Always remove operating power from the
equipment before attempting to readjust gears
within the spectrum calibrator housing. Failure
to observe this precaution may result in shock,
due to the presence of 4125 voles in the
vicinity of the gear mechanism. Reapply op-
erating power in making electrical adjustments,
using care and insulated alignment tools.
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g- Adjust C303 (1) and C304 (2) so that the tops
of the adjusting screws are approximately one-quarter
inch above their locking bushings.

h. Loosen the nylon driver gear (G), so that variable
capacitor C306 (3) is free to move with respect to the
tuning knob.

i. Set the variable capacitor (3) at its maximum
capacitance value by rotating its associated split gear

(5).

j- Set the nylon gear (G) (previously loosened) so
that the counter clockwise stop is at the maximum
capacitance value.

k. Loosen the dial locking screw (8) and set the
dial (7) at the —12.5 mc point, maintaining the vari-
able capacitor at its maximum capacitance position.

L. Retighten all set screws and reapply operating
power.

m. Rotate the tuning knob, so that the dial reads
—8.5 mc and tune 1305 to produce a marker frequency
of 147.5 mc.

n. Disconnect power and reset the nylon driver
gear (6) so that the stop is just below the 147.5 mc
point. Reset the dial to read —12.5 mc at the 147.5
mc point.

0. Replace the cover and apply operating power.

p. Rotate the tuning knob to give a dial reading of
+12.5 mc and tune both C303 (1) and C304 (2)
simultaneously to line up the 172.5 mc marker.

q- Repeat steps n and p until the dial tracks at 147.5
and 172.5 mc. Reset the nylon gear (6) and dial (7)
to center the range within the stops, if necessary.

r. Check the calibration every 2.0 mc. If the center
calibration region is out of tolerance limits, tracking
may be improved by the following procedure:

s. Turn the tuning knob to read —12.5 mc.

t. Reset the dial slightly and rotate the tuning knob
again for —-12.5 mc dial setting.

u. Retune L305 (4) for 147.5 mc output.
v. Repeat steps p, q and .

6-16. CHECKING ATTENUATION OF THE
SWEEPER FILTER CHASSIS.
See figures 6-10 through 6-12.

6-17. To check the performance of the sweeper filter
chassis, measure the bandpass characteristic, with the
cover on. A measured response over the passband having
a maximum insertion loss of 2 db indicates satisfactory
equipment performance. At 185 mc, a response having a
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Figure 6-10. Sweeper Filter, Response Curve

minimum attenuation of 7.5 db is satisfactory. At 270
mc, a response having a minimum attenuation of 10
db is satisfactory. Refer to figure 6-10 for the ap-
plicable response curve. If the sweeper filter chassis
fails to meet the minimum performance standards out-
lined above, realignment will be required. Realignment
of the sweeper filter chassis should be attempted only
by those technicians competent in bandpass filter tech-
niques, and only after the need for realignment has been
definitely established. The technique employed in the
alignment of the sweeper filter is to check the response
of each major section. The sweeper filter consists of a
low pass section (series inductances L454 and L455 with
associated shunt elements) and a high pass section
(C451 and C452 with associated shunt elements). The
test procedure consists of checking the response pro-
vided by each section. Set up the test equipment as
shown in figure 6-11. Refer to figure 6-12 for an ex-
ploded view of the sweeper filter chassis. The paren-
thetical numbers which follow apply to the index
numbers of figure 6-12. Proceed as follows:

a. Loosen the lock nuts for variable capacitors C450,
C453, C454 and C456 (11).

b. Set the signal generator and receiver to 148 mc
and apply a test signal to connector P405 (10).

c. Slightly detune L452 (14) by inserting an iron
or brass slug into coil L452.

d. If the setting of C450 (11) is correct, minimum
power transfer will be observed at the output of the
receiver.

e. Adjust C450 (11), if required, for minimum power
transfer.

f. Insert the iron or brass slug into L450 (16) and
adjust C453 (11) for minimum transfer of power.

g. Set the signal generator and receiver to 339 mc,
and insert an iron or brass slug into L456 (12).

h. If the setting of C454 (11) is correct, minimum
transfer of power will be observed.
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RF  SIGNAL
GENERATOR
AN/USM-44

RF OUTPUT

| 50 TO 00
OHM PAD

SWEEPER
FILTER

P405  PIO3
—o

CALIBRATED
RECEIVER

100 TO 50
OHM PAD

INPUT

Figure 6-11. Checking AHtenuation of Sweeper Filter,

Test Set-up Diagram
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Figure 6-12. Sweeper Filter Chassis, Exploded View
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i. Adjust C454 (11), if required, for minimum power
transfer.

j- Detune L453 (13) by means of the slug.

k. If the setting of C456 (11) is correct, minimum
transfer of power will be observed.

. Adjust C456 (11), if required, for minimum power
transfer.

m. If the measured bandpass characteristic is satis-
factory, carefully retighten all lock nuts to avoid dis-
turbing any settings.

6-18. CHECKING KLYSTRON OSCILLATOR
OPERATION.

6-19. If the klystron oscillator fails to provide a satis-
factory indication of minimum performance standards
as outlined in table XI, klystron tube V1 may require
replacement. Before attempting to replace the klystron
tube, make certain that operating power is turned
off. Remove the r-f tuning unit from the main chassis.
Refer to figures 6-13 and 6-14, top and bottom views of
the r-f tuning unit. Proceed as follows:

a. Loosen the adjustable clamp (5, figure 6-14)
which secures the back cover to the klystron oscillator
assembly (3, figure 6-14), and gently pull out the four-
pin klystron base socket.

b. Use the spanner wrench supplied with the equip-
ment to loosen the barrel lock nut at the end of the
klystron oscillator assembly (3). Do not remove the
lock nut completely.

c¢. Grasp the projecting end of the klystron tube,
gently rotating it in a clockwise direction while simul-
taneously withdrawing the tube from its spring finger
holders within the cavity.

d. Insert the replacement tube carefully within the
center of the cavity, and press it all the way in, rotating
clockwise against a noticeable resistance as the internal
contact ring-fingers make engagement, until it meets a
positive stop.

Section VI
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e. Re-tighten the large knurled collar, using the
spanner wrench.

f. Connect the socket to the base of the klystron
tube. Use care to avoid breaking or bending the tube
pins as the socket can be forced on in the wrong posi-
tion. (The tube will not operate in this case.)

8- Replace the cover and securely fasten it to the
klystron oscillator assembly (3, figurc G-14) by means
of the adjustable clamp.

6-20. REPELLER VOLTAGE TRACKING ADJUST-
MENTS. The repeller voltage tracking procedure which
follows is based on the understanding that the spectrum
analyzer has been previously aligned and operating
satisfactorily, but that the klystron tube has been
changed. Before making any adjustments, check over
the band for crystal current. The tracking adjustment of
the previous tube may be satisfactory for the replace-
ment tube. To ‘set the repeller tracking voltages, if re-
quired, a test set-up (as indicated in figure 6-15) and
a high gain oscilloscope will be necessary. Proceed as
directed in the following steps:

a. Check the power supply reflector voltage at test
jack J603 (see figure 5-4). With operating power dis-
connected, insert the test prods of a 20,000 ohm-per-volt
multimeter into the —733 V DC and the —325 V DC
sockets. Re-apply operating power, and observe the
multimeter for an indication of 408 volts. If this indi-
cation is obtained, no power supply adjustments are
required. Remove the meter prods from the test jack.

b. If an indication of —408 volts is not present
(step a, above), disconnect operating power from the
spectrum analyzer. Connect the negative test prod of
the meter to the —325 V DC socket, and connect the
positive test prod to chassis ground. Reconnect operat-
ing power. Carefully rotate the shaft of the —325 V
AD] control R609 (figure 5-4) to obtain a precise
indication of —325 volts on the external voltmeter.

KEY TO INDEX NUMBERS FOR FIGURE 6-12

1. Cover and Fastener Assembly 13. Coil, L453

2. Screw 14. Coil, L452

3. Washer 15. Coil, L451

4. Chassis Assembly 16. Coil, L450

5. Connector, Feedthrough 17. Coil, L454

6. Cable, Coaxial 18. Coil, L455

7. Connector, Plug, P103 19. Capacitor, Fixed, C451, C452
8. Connector, Feedthrough 20. Shield

9. Cable, Coaxial 21. Lug, Terminal
10. Connector, Plug, P405 22. Shield

11. Capacitor, Variable, C450, C453, C454, C455, C456 23, Shield

12. Coil, L456

24. Chassis and Fastener Assembly
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c. Disconnect operating power from the equipment.
Reinsert the meter prods into the —325 V DC and the
—733 V DC sockets of the test jack. A precise indica-
tion of —408 volts, on the external voltmeter, indicates
satisfactory operation of the reflector power supply.
Failure to obtain this indication indicates the need for
trouble-shooting voltage reference stages VG605, VG606
and VG607, on the main chassis.

d. After the reflector power supply is known to be
operating satisfactorily, disconnect operating power
from the spectrum analyzer.

e. Connect the external modulating circuit (figure

Section Vi
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6-15) to the reflector test jacks ]J22 and ]23, located on
the tuning unit. (See figure 7-1.)

f. Connect the output of the phase shifting circuit
(figure 6-15) to the EXT HORIZ SWEEP INPUT of
the external high-gain oscilloscope.

g- Connect the output of the spectrum analyzer
crystal mixer to the vertical input of the high-gain
oscilloscope. (The crystal mixer output is conveniently
accessible at the MIXER OUTPUT jack, on the display
unit front panel.)

h. Refer to table XIII to set the repeller tracking
voltages.

TABLE XIll. SETTING THE REPELLER TRACKING VOLTAGES

Step Adjustment Adjustment Location Normal Indication

1 Set power switch to ON position. Wait Front panel a. POWER indicator lights.
approximately 1-minute for the delay relay b. After a 45 second delay period, the
to complete its cycle, KLYSTRON indicator lights.

2 Rotate BAND SELECTOR to band 4. Front panel 2000-4400 mc scale is visible on the fre-

quency drum.

3 Rotate TUNING knob to set frequency dial Tuning unit front 4400 mc calibration mark appears under
to high end. panel. the index hairline.

4 Adjust the modulation amplitude and phase External circuit A single mode pattern appears on the
control potentiometers. (See figure 6-15.) (figure 6-15.) screen.

5 Adjust the HIGH-LIMIT AD]J screwdriver R-f tuning unit (11, The mode moves to the center of the
control R7. ﬁgure 6-13). screen.

6 Rotate TUNING knob to set frequency Tuning Unit front 2000 mc calibration mark appears under
dial to low end. panel. the index hairline.

7 Increase the modulation amplitude and ad- External circuit A single mode pattern appears on the
just the phase control. (figure 6-15). screen.

8 Adjust the LOW-LIMIT AD]J screwdriver R-f tuning unit (11, The mode moves to the center of the screen.
control R5. figure 6—13).

9 Repeat adjustments. The modes must re-
main centered as the oscillator is tuned
through the entire band.

KEY TO INDEX NUMBERS FOR FIGURE 6-13

. Knob, Round

Knob, Crank

Knob, Round

Knob, Pointer

Panel Assembly
Cable Assembly, W9
Cable Assembly, W8

. Cable Assembly, W10
. Bracket Assembly

CENAM BN

10. 163 Mc Filter and Bracket Assembly
11, Tracking Chassis Assembly

12. Potentiometer Assembly, R6

13. Oscillator Plate Assembly

14. Cover and Wrench Assembly

15. Dial Mount Assembly

16. Slide and Bracket Assembly

17. Pointer
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KEY TO INDEX NUMBERS FOR FIGURE 6-14

. Attenuator Drive Assembly

. Bracket Assembly

. Klystron Oscillator Assembly
Block

. Klystron Oscillator Clamp

NI S

6-21. ADJUSTMENT OF CRYSTAL CURRENT SET,
BAND 1 AND BAND 4, CONTROLS.

6-22. To adjust the internal CRYSTAL CURRENT
SET controls R28 and R21, rotate the front panel
METER SELECTOR to its XTAL position. Proceed as
directed in the following steps:

a. Disconnect all signal input cables from the input
jack, on the tuning unit front panel.

b. Rotate the BAND SELECTOR to band i. The
10-410 mc scale will be visible on the FREQUENCY
drum,

c. Vary the TUNING control, on the tuning unit
front panel, from the low to the high frequency end
of its travel. Simultaneously, observe the pointer de-
flection of the panel-mounted meter. A pointer deflec-
tion within the limits of 0.2 to 10 milliamperes,

6. Roller Assembly

7. Plate

8. 180 Mc Low Pass Filter
9. Bracket Assembly

throughout the frequency range 10 to 410 mc, indicates
satisfactory crystal current for band 1 operation.

d. Failure to obtain this indication shows the need
for readjusting CRYSTAL CURRENT SET, BAND 1,
control R28. Reset the shaft of the potentiometer to
obtain a meter pointer deflection from 0.2 to 10 milli-
amperes throughout the frequency range of band 1.

e. Perform the same sequence of operations for band
4, being sure to rotate the BAND SELECTOR so that
the 2000-4400 mc scale is visible on the FREQUENCY
drum.

f. Failure to obtain satisfactory meter indication shows
the need for readjusting CRYSTAL CURRENT SET,
BAND 4, control R21. Reset the potentiometer to
obtain a meter pointer deflection from 0.2 to 10 milli-
amperes throughout the frequency range of band 4.

OPST
Moo,
3A
< . 10—\ o———]
115V AC ! ! *
60 CPS E | g MODULATION TI SWEEP VOLTAGE TO
00— AMPLITUDE TEST JACKS J22 AND J23 MODE PATTER
CONTROL ON TRACKING CHASSIS ASSEMBLY, Ng,‘?ECE;TTE%E’;
REAR OF R-F TUNING UNIT
12
STEP-UP
RATIO
63V MODE PATTERN
' ot | ouTPuT CENTERED
nsv CONTROL SCOPE
| MEG
6.3V FILAMENT
TRANSFORMER O UF
i o
* I\ .
I':JOSIJEL:ATION BETWEEN WINDINGS ?’\OVDC = -
AND CORE IS 2000 V RMS PHASE- SHIFT CONTROL
(STANCOR NO.AS52C OR EQUIV.) IMPROPERLY ADJUSTED

Figure 6—-15. Rep ller V Ita

ge Tracking, Test Set-up Diagram
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6-23. CHECKING LOW FREQUENCY LOCAL-
OSCILLATOR OPERATION.

6-24. If the low frequency local-oscillator fails to pro-
vide a satisfactory indication of minimum performance
standards as outlined in table XI, oscillator tube V3
may require replacement. Since realignment may be re-
quired if V3 is replaced, the technician must make
certain that the oscillator tube is the source of difficulty,
rather than incorrect applied potentials or other defects.
Refer to' paragraph 5-10 for the procedure to be
followed in adjustments and tests on the power supplies.
The following procedure should be employed in re-
placing and aligning the low frequency local-oscillator.
Refer to figure 5-16 for a test equipment hook-up, and
to figure 6-13 for a top view of the tuning unit.

a. Remove the cover and wrench assembly (14,
figure 6-13). Remove the defective tube and insert a
replacement tube in the tube socket. Energize the equip-
ment and allow a ten-minute warm-up period.

b. Set the METER SELECTOR to XTAL position,
and rotate the BAND SELECTOR to Band 1.

¢. Crystal current should be observed throughout
Band 1. The meter pointer deflection will vary as the
TUNING dial is rotated; normal deflection is 14 to 3
full scale. If crystal current indications are low, meter
sensitivity may be increased by means of XTAL CUR-
RENT SET, BAND 1 control, R28. (See paragraph
6-21.) Failure to obtain any meter readings indicates a
defective tube V3, or other electrical component within
the local-oscillator circuit.

d. If crystal current is normal, set the signal generator
(figure 6-16) to 410 mc, at approximately —40 dbm
output, and apply the output to DIRECT INPUT jack
J5. The indicator pointer should be accurately refer-
enced to the calibrated scale. Make certain to approach
the 410 mc mark on the FREQUENCY drum in a clock-
wise direction, to minimize backlash errors.

e. Energize the spectrum calibrator circuit by rotating
the CALIBRATOR AMPLITUDE control clockwise,
beyond its OFF position. Set the SPECTRUM WIDTH
control to display 6 megacycles.

RF SIGNAL
GENERATOR
MEASUREMENTS AN/UPM-84
CORP.
MODEL 80
RF OUTPUT O

Figure 6-16. Alignment f Low Fr quency
L cal-Oscillator, Test Set-up Diagram
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f. Observe the spectrum analyzer display for the
appearance of two pips: one pip represents the calibra-
tor output; the second represents the signal generator
output. If both pips coincide within one percent on the
screen, no further adjustments at the high frequency
end of the dial are required. If the two pips do not
coincide, proceed as directed in steps g through 1.

g. Loosen the two set screws which secure the arm to
the local-oscillator shaft. Reposition the arm, while ob-
serving the screen for the coincidence of the two pips.
Before locking the arm in this position, place the dust
cover over the oscillator assembly and observe the direc-
tion of displacement of the signal generator pip on the
cathode-ray tube screen.

h. Remove the dust cover again, and reposition the
arm slightly, to compensate for the presence of the dust
cover. Now check that the two pips coincide, and lock
the arm in position. Repeat this procedure, as required,
to obtain coincidence of the two pips. This completes the
high-frequency calibration procedure.

i. Now tune the signal generator to approximately 60
mc, at —40 dbm output, and rotate the tuning dial to
60 mc. Be sure to rotate the knob approximately 10 mc
below the desired 60 mc setting. Then approach the 60
mc setting in a clockwise rotation of the dial, to mini-
mize backlash.

j- Check for coincidence of signat pip and marker
pip, by observing the screen. (Be sure that the dust
cover is in place over the local-oscillator assembly.) If
the signal pip and marker pip are separated by 2 mc or
less, no further adjustments are necessary. However, if
the indication exceeds this limit, further adjustment is
required, as follows:

In the following procedure, be sure to use an
insulated screwdriver, to avoid electrical shock
to maintenance personnel. Trimmer capacitor
C1 operates at plus 125 volts potential.

k. With the dust cover off, vary trimmer capacitor C1
in that direction which causes the signal pip to approach
coincidence with the marker pip. Replace the dust
cover, and check whether the signal generator pip and
marker pip are now within a 2 mc spacing of each
other. If so, the adjustment is complete.

L. Check the high end of the frequency dial for co-
incidence of marker pip and signal generator pip,
within the limits of 19, of the fundamental oscillator
frequency. For example, at 20 mc, the local oscillator is
at 180.mc. Therefore, an acceptable limit of tolerance is
+1.8 mc. However, at a TUNING dial setting of 400
mg, the local oscillator is at 560 mc. Therefore, an ac-
ceptable limit of tolerance is -+ 5.6 mc.
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Figure 6—-17. 180 Mc Low Pass Filter, Response Curve

RF SIGNAL
GENERATOR
AN/USM-44

180 MC P2 100 TO 50
FILTER OHM PAD

50 TO 100
OHM PAD

2

RF OUTPUT

CALIBRATED
RECEIVER

INPUT

Figure 6-18. 180 Mc L w Pass Filter, Test Set-up Diagram

69



Section VI

T.0. 33A1-13-57-2

VIEW A

(P9)
4

70

Figur 6-19. 180 McL w PassFilt r,Expl d dVi w




T.0. 33A1-13-57-2

6-25. 180 MC LOW PASS FILTER ALIGNMENT.
(See figures 6-17 through 6-19.)

6-26. To check the performance of the 180 mc low
pass filter, measurement of the band pass characteristic
will be required. With the dust cover on, and the filter
removed from the tuning unit, a measured response over
the passband having a maximum insertion loss (includ-
ing internal pad) of 9 db at 180 mc indicates satisfactory
performance. At 175 mc, a response having a minimum
attenuation of 1.5 db is satisfactory. At 185 mc, a
response having an attenuation greater than 714 db is
satisfactory. Refer to figure 6-17 for the applicable re-
sponse curve. If the 180 mc low pass filter fails to meet
the minimum performance standards outlined above,
realignment will be required. The same precautions dis-
cussed in paragraph 6-17 apply to alignment of the
180 mc filter. Referring to figure 6-18, set up the test
equipment after removing the filter from the tuning
unit. Refer to figure 6-19 for an exploded view of the
180 mc low pass filter. The 180 mc filter is accessible at
the bottom of the tuning unit and is located between the
klystron tuning cam and the dual attenuator drive as-

item 8 fionire A 1A\ Doaessn o TTTIRITNIA
sembly. (See item 8, figure 6-14.) Rotate the TUNING

dial to the high frequency end, so that the tuning cam
will not obstruct removal of the 180 mc low pass filter.
Proceed with the following tests and adjustments. (All
references are to figure 6-19.)

a. Loosen the lock nuts on capacitors C13, C16, C19
and C23 (14).

b. Short out coils L8 (20), L11 (19), L12 A19), L14
(16), and L15 (15), with a single short jumper.

c. Set the signal generator and receiver to an operat-
ing frequency of 240 mc and apply a test signal to P9
(4).

d. Slightly detune L16 (10) by inserting an iron or
brass slug into the coil.

e. If the value of C13 (14) is correct, minimum trans-
fer of power will be observed at the output of the
receiver. Adjust C13 (14), if required, for minimum
transfer of power.

Section VI
Paragraphs 6-25 to 6~28

f. Insert the iron or brass slug into L6 (7), and ob-
serve the output of the receiver for minimum transfer
of power.

8- Adjust C23 (14), if required, for minimum trans-
fer of power.

h. Short out L7 (21) and Li12 (17), L14 (10),
L15 (15) using two short jumpers.

i. Set the signal gencrator to 213 mc.

J. Using the same procedure as outlined in steps d
through h, adjust the value of C16 (14) as required
for minimum transfer of power.

k. Short out L7 (21), L8 (20), L11 (19), and L 15
(15) using two short jumpers.

l. Set the signal generator to 220 mc.

m. Using the same procedure as outlined in steps d
through h, adjust the value of C19 (14) as required for
minimum transfer of power.

n. Set C14, C17 and C21 (14) tuning screws to ap-
proximately one-quarter inch above the top of the
locking bushing.

0. Check the response over the band, with the dust
cover on. If the response is not as specified, readjust
C14, C17 and C21 (14) as required.

p. Retighten all lock nuts, being careful to avoid
disturbing previous adjustments.

6-27. 163 MC LOW PASS FILTER ALIGNMENT.
(See figures 6-20 through 6-22.)

6-28. To check the performance of the 163 mc low
pass filter, measurement of the band pass characteristic
will be required. The 163 mc filter may be measured
without removing it from the tuning unit, since the
filter is readily available at the top of the tuning unit,
behind the frequency dial drum. (See 10, figure 6-13.)
A measured response over the band having an attenua-
tion of less than 4db (with respect to the maximum
response point) at 157.5 and 162.5 mc indicates satis-
factory performance. An insertion loss over the above
frequency band of less than 6 db is satisfactory. Refer
to figure 6-20 for the applicable response curve. If the

KEY TO INDEX NUMBERS FOR FIGURE 6-19

. Cover Assembly

. Screw

. Washer

. Connector, Plug, P9

Cable, Coaxial

. Connector, Cable termination
. Coil, R-f, L6

. Coil, R-f, L9

. Coil, R-f, L13

10. Coil, R-f, L16

11. Connector, Plug, P12

12. Cable, Coaxial

13. Connector, Cable termination

XN AN ANN —

17. Coil, R-f, L12

18. Capacitor, Fixed, C15, C18, C22
19. Coil, R-f, L11

20. Coil, R-f, L8

21. Coil, R-f, L7

22. Lug, Terminal

23. Standoff

24. Resistor, Fixed, R26, R27
25. Resistor, Fixed, R25

26. Shield

27. Shield

28. Lug, Terminal

29. Resistor, Fixed, R23

14. Capacitor, Variable, C13, C14, Ci6, C17, C19, C21, C23 30. Resistor, Fixed, R22, R24

15. Coil, R-f, L15
16. Coil, R-f, L14

31. Chassis Subassembly
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LOSS (DB)

i

180

FREQUENCY (MC)

Figure 6-20. 163 Mc Low Pass Filter, Response Curve

163 mc low pass filter fails to meet the minimum per-
formance standards outlined above, realignment will be
required. The same precautions discussed in paragraph
6-17 apply to alignment of the 163 mc filter. Set up the
equipment as shown in figure 6-21. Refer to figure 6-22
for an exploded view of the 163 mc filter assembly, for
identification of the various adjustments. Proceed as
follows. (All references are to figures 6-22.)

a. Loosen the lock nuts for variable capacitors C25,
C26, C27 and C28 (10).

b. Set the slug of L25 (15) all the way in.

c. Set the signal generator and receiver to an operating
frequency of 188 mc.

d. If the value of C25 (12) is correct, minimum trans-
fer of power should be observed. If this is not the case,
adjust C25 (10) to the proper value of capacitance.

e. For C26 (10), set the frequency at 177.5 mc; for
C27 set to 171 mc; and for C28 set to 186 mc.

f. Vary the slug of L25 (15) until the response at
157 mc has the same value as at 163 mc.

g. Retighten all lock nuts, being careful to avoid
disturbing previous adjustments.

RF  SIGNAL
GENERATOR
AN/USM-44

50 TO 100

AN/UPM -84

Ji4 as 100 TO 50

RF OUTPUT OHM PAD

—-Q

OHM PAD

CALIBRATED
RECEIVER

INPUT

Figure 6-21. Alignm nt of 163 Mc Filter, Test Set-up Diagram
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. Bracket Assembly

Screw

. Washer

. Switch, Coaxial, S1

Screw

Washer

Cover Assembly

. Screw

. Washer

. Capacitor, Variable, C25, C26, C27,C28
. Connector, Receptacle, J14, J15

N -

moVvmNaAW AW

——

. Coil, R-f, L17, L24

. Coil, R-f, L22

. Coil, R, L19

. Coil, R-f, L25

. Capacitor, Fixed, C24
. Coil, R-f, L18

. Coil, R-f, L21

. Shield

. Shietd

. Coil, R, 1.23

. Chassis and Fastener Assembly

VIEW A

Figur 6-22. 163 McFilt r,Expl ded Vi w
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6-29. LOW PASS FILTER FL101.

6-30. .This non-adjustable filter is used to suppress
internal spurious responses. A flat response over the
frequency range of 100 to 250 mc, with an insertion
loss of less than 2 db, and 2 minimum attenuation of 9
db at 400 mc and 20 db at 500 mc, indicates satisfactory
filter performance.

6-31. CHECKING PERFORMANCE OF VIDEO
CHASSIS.

6-32. GENERAL. The video chassis of Spectrum
Analyzer TS-1011/UPM-84 consists of circuitry similar
to that in a conventional oscilloscope. Refer to table
XV, Secondary Test Point Trouble Shooting Chart, for
typical waveforms to be observed at each stage within
the video chassis. The absence of an appropriate wave-
form at the point indicated signifies an operational
defect. Analysis of the stage, by means of voltage and
resistance measurements (figures 6-24 through 6-29)
will usually quickly find the cause of substandard
performance. Reference should also be made to figure
6-23 for an exploded view of the video chassis.

6-33. ADJUSTMENT OF PRE-SET VIDEO CHASSIS
CONTROLS. Normally, the pre-set controls within the
video chassis will not require readjustment. However,
if the spectrum analyzer fails to meet minimum per-
formance standards with respect to blanking, or spec-
trum centering and width, readjustment will be neces-
sary. Do not tamper with these controls unless absolutely
certain that all other tests and adjustments indicate that
their setting is incorrect. Review section IV, which dis-
cusses theory and operation of the blanking multivi-
brator, for the function of BLANKING WIDTH
control R517 (21, figure 6-23). Similarly, the discussion
on the sweeper driver should be reviewed for the
function of WIDE DISPERSION control R553 (20),
NARROW DISPERSION control R554 (19), the front
panel SPECTRUM WIDTH control, the chassis NEG.
LIMIT ADJUST control R563 (22), and POS. LIMIT
ADJUST R566 (21).

6-34. ADJUSTMENT OF BLANKING WIDTH
CONTROL.
(See figure 6-23.)

6-35. To adjust the BLANKING WIDTH control
R517 (21), remove the video signal input connector
P502 from input jack J502, on the video chassis, and
proceed as follows:

a. Apply a sine wave through a capacitor to J502.

b. Set the SWEEP FREQ control to minimum (maxi-
mum counterclockwise).

¢. Adjust R517, if necessary, until the retrace dis-
appears from the screen.

d. Recheck at 30 cycles and one cycle sweep.
e. Reconnect P502 to J502.
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6-36. ADJUSTMENT OF DISPERSION CONTROLS.
(See figure 6-23.)

6-37. To adjust the WIDE DISPERSION control R553
(20) or the NARROW DISPERSION control R554
(19), remove input plug P102 from jack J102, on the
wide band i-f amplifier chassis, and proceed as follows:

a. Apply a 160 mc signal, of known accuracy, to jack
J102.

b. Energize the spectrum calibrator and allow a 30
minute warm-up period.

¢. Adjust the SPECTRUM CENTERING controls to
center the 160 mc signal on the display screen.

d. Set the DIFFERENCE FREQ-MCS dial to “07,
and superimpose the calibrator pip on the 160 mc
signal. If it does not superimpose, recalibrate the marker.
(Refer to paragraph 6-13.)

e. Set the SPECTRUM WIDTH control to maximum,

f. Rotate the DIFFERENCE FREQ-MCS dial 12.5
mcs clockwise, and then counterclockwise, from its
center setting ( +2.5 mc for the narrow dispersion con-
trol). The calibrator pip should move to one end of
the display screen, and then to the other.

g. If necessary, adjust the WIDE and NARROW
DISPERSION controls to obtain dispersions of 25 and
5 mcs respectively. If unable to do so, check the sweep
linearity and readjust the linearity, if required.

h. Reconnect plug P102 to jack J102.

6-38. ADJUSTMENT OF LIMIT CONTROLS.
(See figure 6-23.)

6-39. To adjust the NEGATIVE LIMIT control R563
(22) and the POSITIVE LIMIT control R566 (21),
proceed as follows:

a. Set the DIFFERENCE FREQ-MCS dial at “0”.

b. Rotate the SPECTRUM CENTERING COARSE
control fully clockwise, and then counterclockwise. The
calibrator pip should move to one extreme end of the
screen and then to the other.

c. If necessary, vary the limit adjustments R563 and
R566 until the calibrator pip is set at the ends of the
screen, with full rotation of the SPECTRUM CENTER-
ING COARSE control.

6-40. ELECTRONIC TROUBLE ANALYSIS.
(See figures 6-24 through 6-29.)

6-41. Table XIV lists the most probable troubles, causes,
and suggested remedial steps that may be encountered
in servicing the equipment. The references given in this
table will aid in tracing the cause of failure to the defec-
tive major circuit. Figures 6-24 through 6-29 are sup-
plied as a convenient means of checking voltage and
resistance measurements from tube socket terminals to
chassis ground. For checking waveforms at particular
secondary test points within the video chassis, refer to
table XV for representative waveforms at the designated
tube socket terminals.



O AR AR~

POTENTIOMETER MOUNTING ASSEMBLY
VIEW A

. Chassis Assembly
. Shield, Electron tube

Tube, Electron, V504, V505

. Socket, Electron tube

. Capacitor, Fixed, C506, C507

. Bracket

. Capacitor, Fixed, C502

. Shield, Electron tube

. Tube, Electron, V502, V503, V507
. Tube, Electron, V501

. Tube, Electron, V508

. Socket, Electron tube

. Capacitor, Fixed, C503

. Bracket

. Capacitor, Fixed, C501

. Capacitor, Fixed, C508

. Grommet

. Relay, K501

. Resistor, Variable, R554

. Resistor, Variable, R553

. Resistor, Variable, R517, R566
. Resistor, Variable, R563

. Bushing, Extension

. Shaft Lock

. Shield, Electron tube

. Tube, Electron, V506

. Socket, Electron tube

. Connector, Receptacle, J501
. Capacitor, Fixed, C514

. Connector, Receptacle, 504
. Connector, Plug, P504

. Hood, Connector

. Connecziir, Receptacle, J503
. Connector, Plug, P503

. Hood, Connector

. Resistor, Variable, R502, R531
. Lug, Terminal

. Screw

. Nut

. Resistor, Variable, R508, R537
. Clamp

. Resistor, Variable, R544

. Resistor, Variable, R558

. Connector, Receptacle, J502
. Lettering Plan, Plate
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v 125 v 125
R 13K R 3K
V_ 0 v_ 18
R ¢} R 17K
v 2.3
R 300
XVI0I XVI02 XVIO3 XVI04
6J4WA BU4WA 6J4WA 5654/6AK5W/6096
KEY TO SYMBOLS NOTES

\ INDICATES DC VOLTAGE TO GROUND

UNLESS OTHERWISE SPECIFIED. l. IF ATTEN-DB CONTROL SET TO O.

AC INDICATES AC VOLTAGE TO GROUND 2. TRIPLETT MODEL 630-A MULTIMETER USED:
UNLESS OTHERWISE SPECIFIED. A.) FOR AC MEASUREMENTS,5000 OHMS/VOLT.
R INDICATES DC RESISTANCE TO GROUND, B.JFOR DC MEASUREMENTS,20,000 OHMS/VOLT.

WITH ELECTRICAL CABLING TO MAIN
CHASSIS CONNECTED.

Figure 6-24. Wide Band I-f Amplifier, Voltage and Resistance Measurements
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]lV 2.4
R 1.8K
V_6.3 AC XV20I
R O 565476AKSW/6096
v O
R O
KEY TO SYMBOLS v 1.6
V  INDICATES DC VOLTAGE TO R 150 XV202
GROUND UNLESS OTHERWISE vV _6-2AC 5750/6BE6W
SPECIFIED. R O
AC INDICATES AC VOLTAGE TO vV_o0
GROUND UNLESS OTHERWISE RO
SPECIFIED.
R INDICATES DC RESISTANCE
TO GROUND,WITH ELECTRI- v 10§
CAL CABLING TO MAIN R ITK
CHASSIS CONNECTED. XV203
% INDICATES READING TAKEN vV o 5750/6BE6W
WITH RCA MODEL WV-98A o
VTVM
V -1.6 %
R 22K
v 1,8
"R 1,8K
V_6.3 AC Xv204
R0 WA
NOTES I R0 6186/6AG5
R 0
1. IF ATTEN-DB CONTROL SET
TO 0" POSITION.
2. TRIPLETT MODEL 630A MUL-
TIMETER USED v 1.8
a) FOR AC MEASUREMENTS, R 230
5000 OHMS PER VOLT. | V 63 AC
b) FOR DC MEASUREMENTS, R XV205
20,000 OHMS PER VOLT. || vV 0 6186 /6AG5WA
I R O
v 125
R I5K

Figure 6-25. Narrow Band I-f Amplifier, Voltag and Resistance Measurements
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V50! V508 v506 V507
5751WA I2AT?TWA  5725/6AS6W/6187 5814WA
vV -65
R 12K
v 2.8 v 16 v 50 v 0
R 450K R 12K R 460K R 1.0
- —
M v 1s0 v 0 V_ 3. AC ]
R 500K R INFINITE R
V_3JAC _ v v
R 0 R R
v \'
R R "?’
v v
R R
v v v
R R R 4.2MEG
v v vV 0
R R INFINITE R IMEG
v vV -65 V125
R 24K R 30K R 25K
o -
R 650K 2
vV __65 "_(,
R 35K ;
v 3.JAC
; R
v
R
v
R
v
R
v
R 100K
v v v 3.1AC vV 3.0AC
R 370K R 250K R 0 R0
v 29
R TOK
V504 V505 V503 V502
6AUBWA 6AUGWA 5814WA 575IWA
KEY TO SYMBOLS NOTES
V_ INDICATES DC VOLTAGE TO GROUND I. SWEEP FREQ SET TO 30CPS.
UNLESS OTHERWISE SPECIFIED. 2. HORIZ GAIN, HORIZ CENTERING, VERT GAIN, VERT
AC INDICATES AC VOLTAGE TO GROUND CENTERING 'SET AT MID—POSITION.
UNLESS OTHERWISE SPECIFIED. 3. FINE AND COARSE SPECTRUM CENTERING
R INDICATES DC RESISTANCE TO GROUND, CONTROLS SET AT O.

WITH ELECTRICAL CABLING TO MAIN
CHASSIS CONNECTED.

4. SPECTRUM WIDTH SET AT IO MC.

5. TRIPLETT MODEL 630-A USED:
A) FOR AC MEASUREMENTS,5000 OHMS/VOLT.
B )FOR DC MEASUREMENTS, 20 000 OHMS/VOLT.
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Figure 6-26. Video Circuits, Voltage and Resistance Measurements
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Section VI

TABLE X1V. ELECTRONIC TROUBLE ANALYSIS

Trouble

Probable Cause

Remedy

Low intensity of spectrum
or no trace.

High voltage cathode-ray tube
power supply.

Make certain that high voltage lead P605 is connected to
V619. Check V619 for open filament. Check V619 pin 3 for
negative potential with respect to cathode, pin 2, as
BRIGHTNESS control is varied. Make certain that P504 is
mating securely with J504 on video chassis.

Hum on base line.

Low voltage power supply.

Check voltage and ripple of the + 125 volt and + 300 volt
outputs. Ripple should not exceed 50 mc peak on the -+125
volt supply, and 300 mc peak on the -+ 300 volt supply.

Noise normal but no sig-
nal on bands 4-8.

Klystron power supply inoperative.

Defective klystron.
Defective crystal mixer CR1.

Check delay relays K601, K602. Check for + 28 volts at pin
8 of K602, and terminal 1 of relay K601. Klystron delay light
on, but no power output, indicates defective K601 coil or
contacts.

Replace klystron tube.

Replace crystal.

Noise normal, but no sig-

nal on bands 1-2
nia: on dands 1-3.

Defective crystal mixer CR2.

MNnfnreivn seamomicainndioma Jaan
LJCICCivVe  Tansmissiohn-iine 10{a

oscillator.

Replace crystal.
Moot WA
Neopidee v ) OdLalourL,

Spot fixed in center of
screen.

Low voltage power supply.

Check + 125 volt supply.

No horizontal deflection.

Horizontal sweep circuits.

Check for sawtooth waveform at J402, on sweep frequency
generator chassis. Refer to figure 4-11 for characteristic
curves at pins of sawtooth generator V506. Check SWEEP
FREQ control R544A for 1 to 30 cps output,

No vertical deflection.

Wide band i-f; narrow band i-f;
sweep frequency generator; and/or
vertical amplifier.

Check the wide band i-f amplifier, the narrow band i-f ampli-
fier, and the sweep frequency generator; realign, if necessary.
Check the vertical amplifier.

Poor amplitude linearity.

Wide band i-f amplifier defective
or out of alignment.

Sweep frequency generator out of
alignment.

Replace defective tube or realign, as required.

Readjust C404 on sweep frequency generator chassis, and/or
realign.

Poor frequency linearity.

Misalignment of sweep frequency
generator.

Refer to alignment procedure, paragraph 6-11.

Low noise level; spectrum
appears when signal is
applied.

Low gain.

Check the gain of the vertical deflection amplifiers, narrow
band i-f amplifier, wide band i-f amplifier, mixer CR101, and
sweep frequency generator. Refer to appropriate alignment
procedures (section VI).

Inability to obtain full
dispersion.

Incorrect setting of dispersion limit
potentiometers,

Defective sweeper driver, sweep
frequency generator, relay K501, or
cathode follower driver V401.

Readjust potentiometers R553 or R554 for uniform disper-
sion.

Replace defective component; realign sweep frequency gen-
erator.

No marker, but r-f signal
appears on screen.

Spectrum calibrator inoperative.

Replace oscillator V301; realign.

Low signal-to-noise ratio.

Defective crystal mixer in tuning
unit.
Incorrect klystron anode voltage.

Replace CR2 for bands 1-3; replace CR1 for bands 4-8.

Readjust —325 V ADJ control RG609, available at rear of
chassis. (See figure 5-4.)
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33K

Xv404 Xv403
5654/6AK5W/6096  6ANS

Xv402
6186/6AGSWA 5814WA

KEY TO SYMBOLS

AC

INDICATES DC VOLTAGE TO GROUND
UNLESS OTHERWISE SPECIFIED.
INDICATES AC VOLTAGE TO GROUND
UNLESS OTHERWISE SPECIFIED.
INDICATES DC RESISTANCE TO GROUND,

WITH ELECTRICAL CABLING TO MAIN
CHASSIS CONNECTED.

L402 Xv40|

NOTES

SWEEP FREQ SET TO 25 CPS.

SPECTRUM WIDTH SET TO 25MC.

TRIPLETT MODEL 630-A MULTI-

METER USED.

a) FOR AC MEASUREMENTS, 5000 OHMS
PER VOLT.

b) FOR DC MEASUREMENTS, 20,000 OHMS
PER VOLT.
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Figure 6—27. Sweep Fr quency Generator,V Itage and Resistanc Measurements
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TABLE XIV. ELECTRONIC TROUBLE ANALYSIS (c nt)

Trouble

Probable Cause

Remedy

No r-f sensitivity for por-
tions of the tuning range
(dead spots).

Local oscillator tube in r-f tuning
unit defective.

Readjust klystron reflector tracking, or replace klystron.
Check operation of transmission-line oscillator. See adjust-
ment procedure, section V1.

Overheating.

Dirty filter.

Replace.

Rotating HORIZ GAIN
changes the horizontal
position.

D-c balance not properly set.

Readjust HORIZ. CENTERING control.

Signal “break-up.”
(Unusually high inciden-
tal fm.)

Low noise level and no
signal.

Defective cathode follower V401
or oscillator-amplifier V402, in
sweep frequency generator.
Excessive ripple in klystron power
supply.

If the incidental fm is more than 20 kc, replace V401 and/or
V402.

If fm is less than 20 k¢, check klystron power supply for
ripple. With no external signal, use the calibrator pip as the
applied signal and measure the incidental fm. (See applicable
Handbook Operation Instructions.)

Defective wide band i-f amplifier,
sweep frequency generator, or
sweeper driver circuitry.

Sweep frequency generator.

Check for presence of calibrating pip. If marker appears,
trouble is in the wide band amplifier.

If the pip does not appear, trouble is in the sweep frequency
generator or the sweeper driver. Check for sawtooth voltage
at J402. If present, check the sweep frequency generator. If
sawtooth is not present, check the sweeper driver circuitry.

Calibrator pip cannot be
centered with the DIF-
FERENCE FREQ-MCS
dial set at zero.

Defective or misadjusted positive
or negative limit potentiometer in
sweeper driver stage.

Readjust R566 and/or R563, if required. (See paragraph
6-38.)

BAREWA

NOTES

. TRIPLETT MODEL 630A VOLTMETER USED
FOR ALL MEASUREMENTS.
a)FOR AC MEASUREMENTS, 5000 OHMS
PER VOLT.
b)FOR DC MEASUREMENTS, 20,000 OHMS
PER VOLT.

DO NOT
MEASURE a
25

<

o

Xvel8
122

DO NOT
MEASURE
25

o|<

2400
INFINITE.

Xvel7
2z d % 6

i<

v_2400 ¢
R INFINITE

KEY TO SYMBOLS

V  INDICATES DC VOLTAGE TO GROUND
UNLESS OTHERWISE SPECIFIED.

AC INDICATES AC VOLTAGE TO GROUND
UNLESS OTHERWISE SPECIFIED.

R INDICATES DC RESISTANCE TO GROUND,
WITH OPERATING POWER DISCONNECTED.

Figure 6-28. Cath de-ray Tube P wer Supply,
Voltage and Resistance Measur m nis

Section V|
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- T
~ m
KEY TO SYMBOLS | i
r 3 V  INDICATES DC VOLTAGE TO GROUND ' !
] I UNLESS OTHERWISE SPECIFIED. I I
| [ AC INDICATES AC VOLTAGE TO GROUND | |
! I UNLESS OTHERWISE SPECIFIED. I I
I | R INDICATES DC RESISTANCE TO GROUND, | |
! 1 % INDICATES MEASUREMENT BETWEEN ! |
: | PINS 4 AND 6 OF XV60I. |
|
1 ! | |
] | |
| | | Vv 3. _AC
| I | ” R O
| TOP VIEW OF : NOTES | Y | v 28
I TEST SOCKET | I. TRIPLETT MODEL 630 A VOLTMETER | R 320K R 100K I “ 525
! | USED FOR ALL MEASUREMENTS? | 8
L h a ;%2 @% N_IrEASUREMENTS,SOOO OHMS L —_ e e —— —— R 95
———————————— - L .
v 560 b) FOR DC MEASUREMENTS, 20,000 v 3.1AC
R INFINITE OHMS PER VOLT. XVe6I9 RO
; 5ADP7 v_28
R 95
XV60I
XV610
xaW 5RAWGA -
} 6.3 AC R
S5RAWGA v
XV605 XV604
OA2WA OA2WA R INFINITE
V 1600 AC *
XVell ” R 75K
6080WA v _-32° V 1600 AC %
R 50K
3.1 AC v -480 ” R 75K
R_INFINITE ‘é 33 AC
| v
T R 140K
XV606 VvV 3.1AC
R OA2WA R O
v 0
v 350 AC =3
R 25
XV608 vV 280
5RAWGA R _INFINITE
INFINITE vV _-480 vV_125
180 R INFINITE R 14K
420K v _—6I5 XV602
XV6i3 R INFINITE 6098/6AR6WA
{. 6080WA ]
= 7/
v __ 0 v 3.1 AC
R__100 R
XV6l4 XV612 XV603
I2AT 7WA I2AT7WA 12AT 7WA

Figur 6-29. Main Chassis Pow rSupply Circuits, Voltoge
82 and Resistanc M asurem nfs
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setting of INTENSIFIER control R512.

TABLE XV. SECONDARY TEST POINT TROUBLE SHOOTING CHART
Secondary
Test Point Observed at Indication Application Note
® Pin 5, V506 Sawtooth frequency, adjustable from 1-30 cps, determined by setting of
SWEEP FREQ control R544A. Also see figure 4-11.
® Pin 3, V507A Same as above. Same as above.
© Pin 6, V501 Sawtooth, same as above, but inverted; amplitude determined by setting
of HORIZ GAIN control R508.
® Pin 1, V501 Same waveform as test point A; amplitude determined by setting of
HORIZ GAIN control R508.
® Pin 5, V505 Apply test signal as per paragraph 6-5; amplitude determined by setting
of VERT GAIN control R537.
® Pin 5, V504 Same as above. Same as above.
©® Pin 1, V502A Same as test point C. Sawtooth, same as test point C.
® Pin 6, V508 Sawtooth, same as above; amplitude determined by setting of pre-set
WIDE DISP. and NARROW DISP. controls and front panel SPEC-
TRUM WIDTH control.
O] Pin 6, V507B @ Test signal applied as per paragraph 6-5. Amplitude determined by

83



Secti ns VI-VIi

T.0. 33A1-13.57-2

TABLE XV. SECONDARY TEST POINT TROUBLE SHOOTING CHART ( n#)

Secondary
Test Point Observed at Indication Application Note
@ Pin 6, V503 Rectangular wave, width determined by setting of R544B, which is
ganged to SWEEP FREQ control, R544A. Width is also controlled by
pre-set BLANKING WIDTH control, R517.
® Pin 6, V502B Adjust INTENSIFIER control to extreme counterclockwise position.
Signal same as test point J, but inverted and amplified.

Note: Refer to Figure 7-2; employ Tektronix 531 Scope for measurements.

SECTION VI

DIAGRAMS

7-1. SCOPE.

7-2. This section of the handbook contains four dia-
grams. All electronic reference designations are in
accordance with Military Standard MIL-STD-16A. Elec-
tronic symbols employed in the schematic diagrams are
in accordance with Military Standard MIL-STD-15A.
The system of test points employed in figures 7-2 and
7-3 are those called for by Specification MIL-H-
6757A(ASG). Major test points are referenced in table
VI of this handbook; secondary test poiats are refer-
enced in table XV. The following is a list of the dia-
grams which appear in this section:

a. FIGURE 7-1, R-F TUNING UNIT SCHEMATIC
DIAGRAM. The series of reference symbols employed
is from 1 to 99. This diagram includes the two local-
oscillators, the 163-mc low pass filter, the 180-mc low
pass filter, relays S1 through S3, and the two r-f at-
tenuator circuits, AT3 and AT4. The METER SELEC-
TOR circuit, including meter M1, is also shown in this
illustration.

b. FIGURE 7-2, INTERMEDIATE-FREQUENCY
AND VIDEO CIRCUITS SCHEMATIC DIAGRAM.
The three-inch jumper cable, designated R-f Cable As-
sembly CG-1525/U (0 ft 3 in.), with its connector P34,
is shown in the upper left corner of the diagram. There-
after, the series of reference symbols employed is from

84

101 to 599. This diagram includes the 160-mc filter
FL101, the wide band i-f amplifier circuit, the narrow
band i-f amplifier circuit, the spectrum calibrator circuit,
the sweep frequency generator and filter circuits, and
the video circuits.

c. FIGURE 7-3, POWER SUPPLY AND CATH-
ODE-RAY TUBE CIRCUITS SCHEMATIC DIA-
GRAM. The series of reference symbols employed is
from 601 to 699. This diagram includes the reflector
power supply circuit, the 300-volt and bias supply
circuits, the high-voltage supply oscillator circuit, and
the cathode-ray display tube circuits. Two interconnect-
ing jacks and plugs are used in this diagram, and are
designated J606-PG06 and JG607-P607. These connectors
provide a convenient means of breaking the circuit
connections to the power supplies, and facilitate servic-
ing of the equipment.

d. FIGURE 7-4, SPECTRUM ANALYZER SET
AN/UPM-84, INTER-UNIT CABLING DIAGRAM.
This diagram illustrates the various interconnections be-
tween major sub-chassis of the equipment. Frequent
reference should be made to this diagram in servicing
the equipment, as a means of localizing trouble to
defective or open cabling connections. Both r-f coaxial
cable assemblies and harnessed power cable assemblies
are shown in the illustration.
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