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Figure 1-1. Signal Generator AN/uSM-44 (Hewlett-Packard), Equipment Supplied 
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NAVWEPS 16-30USM44-501 Section I 
Paragraphs 1-1 to 1-4 

SECTION I 

GENERAL DESCRIPTION 

1-1. IDENTIFICATION. (See figures 1-1 through 
1-3A.) 

1-2. This publication comprises operating instruc
tions for Signal Generator Test Set AN/USM-44 (figure 
1-1) and Signal Generator Test Set AN/USM-44A 
(figure 1-2) manufactured by Hewlett-Packard Com
pany, Palo Alto, California, and Signal Generator Test 
Set AN/USM-44A (figures 1-3 and 1-3A) manufactured 
by Nuclear Electronics Corporation, Philadelphia, 
Pennsylvania, and Jetronic Industries, Incorporated, 
Philadelphia, Pennsylvania. 

1-3. The main component of Signal Generator Test 
Set AN/USM-44 is Signal Generator TS-510/U (figure 
1-4). The main component of Signal Generator Test 
Set AN/USM-44A is Signal Generator TS-510A/U 
manufactured under the following contracts: Hewlett
Packard Company under Orders No. NOasN383-
33733A, N383-36708A, and N383-46471A (figure 1-5); 
Nuclear Electronics Corporation under Order No. 

N383-46472 (figure 1-6); and Jetronic Industries, In
corporated under Orders No. N383-76596A and N383-
83177A (figure 1-6A). This equipment is manufactured 
in accordance with Specification MIL-G-7702 (AER), 
dated 15 November 1953. 

1-4. Throughout this handbook, reference to Signal 
Generator TS-510A/U will be construed to mean all 
models; references to Signal Generator TS-510A/U(*) 
refer specifically to Signal Generator TS-510A/U 
manufactured by Nuclear Electronics Corporation and 
Jetronic Industries, Incorporated; references to Signal 
Generator TS-510A/U(**) refer specifically to Signal 
Generator TS-510A/U manufactured by Hewlett-Pack
ard Company; and references to Signal Generator 
TS-510A/U(***) refer specifically to. Signal Generator 
TS-510A/U manufactured by Jetronic Industries, In
corporated. The information contained in this hand
book is applicable to Signal Generator TS-510/U and 
all models of Signal Generator TS-510A/U unless 
otherwise indicated. 

·.·.•i�C�����,tT· ' 1 'w"'<y ':,;�,,-�>::o:--',, 

Figure 1-2. Signal Generator AN/USM-44A (Hewlett-Packard), Equipment Supplied 
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Section I NAVWEPS 16-30USM44-501 
Paragraphs 1-5 to 1-9 

Figure 1-3. Signal Generator AN/USM-44A (Nuclear Electronics), Equipment Supplied 

1-5. Other publications applicable to this equipment 
are: 

a. Handbook of Service Instructions, NA VWEPS 
16-30USM44-502. 

b. Handbook of Overhaul Instructions, NA VWEPS 
16-30USM44-503. 

c. Illustrated Parts Breakdown, NA VWEPS 16-
30USM44-504A. 

1-6. GENERAL DESCRIPTION OF COMPLETE 
EQUIPMENT. (See figures 1-1 through 1-3A.) 

1-7. EQUIPMENT SUPPLIED. Refer to Table I for 
a tabular list of the equipment supplied. 

1-8. EQUIPMENT REQUIREDBUT NOT SUPPLIED. 
To use the crystal calibrator, included as an integral 

2 

part of this equipment, a 600-ohm high-impedance 
headset, or the equivalent, must be provided by the 
operator. When external modulation of the signal gen
erator is desired, an external source of modulating 
voltage must be provided by the operator. 

1-9. GENERAL DESCRIPTION. (See figures 1-1 
through 1-3A.) Signal Generator AN/USM-44 is 
the nomenclature assigned to Signal Generator TS-
510/U and its accessories, and Signal Generator 
AN/USM-44A is the nomenclature assigned to Signal 
Generator TS-510A/U and its accessories. This 
equipment is complete, self-contained, transportable, 
and includes, in addition to the signal generator in
strument itself, the following accessories: A water
tight transit case, power and r-f cables, connector 
adapters, and an output fuseholder for protection of 
the r-f output attenuator. 

, 
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Figure 1-3A. Signal Generator AN/USM-44A (Jetronic Industries), Equipment Supplied 

(, 

(, 

2A 





(
1' 

(r 

l 

(, 
(0 "'' 

NAVWEPS 16-30USM44-501 Section I 

Table I. Equipment Supplied 

QUAN TITY 
OVERALL DIMENSIONS (in.) 

PER EQUIP. 
ITEM AN TYPE DESIG. HEIGH T or WIDTH DEPTH WEIGHT 

LENGTH (lb) 

Signal Generator AN/USM-44 (Hewlett-Packard) (See figure 1-1.) 

1 Signal Generator TS-510/U 16 13-3/4 20 62 

1 Transit Case CY -1605/USM-44 24 20 17-5/8 32 

1 Cord CX-3135/U ( 6 ft, 0 in.) 72 - - 0.6 

2 Cord CG-409/U ( 4 ft, 0 in.) 48 - - 0.2 

1 Connector Adapter UG-201A/U - - - -

1 Connector Adapter UG-349A/U - - - -

1 R-f Output Fuse Mount MX-1730/U 4-5/8 3/4 dia - 0.4 

1 R-f Amplifier Tube Wrench - - 2-7/8 3/4 dia - 0.2 
(located in chassis clips) 

Signal Generator AN/USM-44A (Hewlett-Packard) (See figure 1-2.) 

1 Signal Generator TS-510A/U 16 13-3/4 20 62 . Transit Case CY -2105/USM-44A 24 20 17-5/8 32 ... 

1 Cord CX-3135/U (8 ft, 0 in.) 96 - - 0.8 

2 Cord CG-409/U ( 4 ft, 0 in.) 48 - - 0.2 

1 Connector Adapter UG-201A/U - - - -

1 Connector Adapter UG-349A/U - - - -

1 R-f Output Fuse Mount MX-1'/30/U 4-5/8 3/4 dia . - 0.4 

1 R-f Amplifier Tube Wrench -- 2-7/8 3/4 dia - 0.2 
(located in chassis clips) 

Signal Generator AN/USM-44A (Nuclear Electronics and Jetronic Industries) (See figures 1-3 and 1-3A.) 

1 Signal Generator 

1 Transit Case 

1 *Cord 

1 **Cord 

2 Cord 

1 Connector Adapter 

1 Connector Adapter 

1 R-f Output Fuse Mount 

1 R-f Amplifier Tube Wrench 
(located in chassis clips) 

�-

*Supplied with TS-510A/U(*). 
**Supplied with TS-510A/U(***). 

TS-510A/U 

CY -2105A/USM-44A 

CX-3135/U (6 ft, 0 in.) 

CX-3135/U (8 ft, 0 in.) 

CG-409/U (4 ft, 0 in.) 

UG-201A/U 

UG-349A/U 

MX-1730/U 

--

16 13-3/4 20 62 

24 20 17-5/8 32 

72 - - 0.6 

96 - - 0.8 

48 - - 0.2 

- - - - I - - - -

4-5/8 3/4 dia - 0.4 

2-7/8 3/4 dia - 0.2 

3 
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Section I 

Paragraphs 1-10 to 1-12 
NAVAER 16-30USM44-501 

1-10. The TS-510A/U VHF Signal Generator is a gen
eral purpose test instrument capable of furnishing 
accurately adjustable radio frequency signals from 
0.1 microvolt to 0.5 volt in amplitude over a frequency 
range from 10 to 420 megacycles. The instrument 
may be amplitude modulated by internally generated 
sine waves or by externally applied sine waves or 
pulses. The TS-510A/U includes a built-in crystal
controlled heterodyne calibrator which permits the 
operator to adjust the output frequency to a high degree 
of accuracy. This particular circuit includes a front 
panel switch for selecting either of two beat frequen
cies, 1 or 5 megacycles, which will appear throughout 
the range of the signal generator. The output signal 
level is adjusted by an attenuator, calibrated in both 
volts and decibels below 1 milliwatt (dbm), and can 
be read directly to an accuracy of ±2 db over the full 
frequency range without the use of external pads, 
monitoring devices, or charts. The instrument fea
tures straightforward operation through the use of 
reliable, direct-reading controls and meters through-

out. With its high quality output signal, the TS-
510A/U is especially suitable for applications requir
ing a minimum of incidental amplitude or frequency 
modulation. 

1-11. Signal Generator TS-510A/U is designed to 
meet the exacting requirements of precision labora
tory work as well as for general application in the 
10- to 420-megacycle frequency range. The equip
ment can be used for testing, calibrating, or trouble
shooting VHF radio equipment and measuring standing 
wave ratios, antenna and transmission line char
acteristics, and receiver sensitivity when used in 
conjunction with other test apparatus. In order to 
obtain utmost accuracy for these and similar applica
tions, particular care has been taken in the design of 
the instrument to hold spurious modulation to a very 
low value under all operating conditions. 

1-12. The TS-510A/U Signal Generator is housed in 
an aluminum cabinet finished in light gray non-

Figure 1-4. Signal Generator TS-510/u (Hewlett-Packard) 
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NA. VWEPS 16-30USM44-501 Section I 
Paragraphs 1-13 to 1-17 

reflecting paint. Bow (guardrail type) handles attached 
to the front panel provide assistance in handling the 
instrument and protection for the controls and indi
cators located on the panel. Ventilation is provided 
by louvers in the side and back surfaces of the 
cabinet. The chassis is removable by loosening four 
screws in the rear of the cabinet. 

1-13. All r-f signal circuits and the output atten
uator are housed in an aluminum diecasting divided 
into three compartments. For ease in r-f tube re
placement, all three r-f tubes are located in the 
uppermost compartment, separate from the tuned 
circuits. This compartment is accessible by re
moving the small plate under the frequency dial drum. 
The compartments containing the tuned circuits are 
accessible when the side plate is removed. 

1-14. All controls, meters, and terminals are located 
on the front panel and are marked with large, black
filled, engraved letters. The frequency dial is of the 
drum type with a scale length of 11-3/4 inches for 

each band, or approximately 59 inches for the entire 
range. The full frequency range is covered in five 
bands, each band being read on a separate dial scale. 
An automatically positioned pointer indicates the 
scale in use. Except for the headset jack and the 
power connector receptacle, all connectors on the 
front panel are of the BNC type. All fuses for the 
equipment are replaceable from the front panel. 

1-15. Standby heaters are provided for the purpose 
of maintaining higher than ambient temperature within 
the cabinet during periods of intermittent use, thereby 
preventing frequent condensation and moisture. 

1-16. ELECTRICAL CHARACTERISTICS. (See fig
ures 1-4 through 1-6A.) 

1-17. Signal Generator TS-510A/U is capable of 
generating a continuously adjustable r-f output signal 
throughout a frequency range of 10 to 420 megacycles, 
as indicated on a direct-reading dial. The fre
quency dial calibration is accurate to better than 

Figure 1-5. Signal Generator TS-510A/U (Hewlett-Packard} 

5 
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Section I 
Paragraphs 1-18 to 1-19 

NAVAER 16-30USM44-501 

0.5%. Calibration accuracy may be improved by 
employing the crystal-controlled heterodyne calibra
tor, which provides checkpoints at every multiple of 
5 megacycles over the entire frequency range of the 
equipment. The frequency dial index is adjustable by 
a small knurled knob on the front panel so that the 
dial calibration can be set exactly on frequency at 
any calibrator checkpoint. The checkpoint signals 
are obtained by connecting a headset (not part of the 
equipment) to the XTAL CAL. OUTPUT jack. The 
calibrator is accurate to ±0.01% of 5 me, provides 
better than 0.1 milliwatt of power to a 600-ohm 
headset, and is adjustable in output by the XTAL 
CAL. GAIN control. In addition to the above, Signal 
Generator TS-510A/U provides checkpoints of 1 mega
cycle over the entire frequency range of the equipment. 

1-18. An output attenuator, calibrated to be read 
directly in both volts and decibels, provides continuous 
adjustment of the output signal from +4 to -127 dbm 

(350 millivolts to 0.1 microvolt) and may be read 1D 

an accuracy of ±2 db or better over the entire 
frequency and attenuation range when the instrument 
is connected to an external 50-ohm resistive load. 
The internal impedance of the generator, as seen at 
the output jack, is 50 ohms over the full frequency 
range; when connected to a 50-ohm resistive load, 
the VSWR due to mismatch will not be greater than 
1.2 (SWR of 1.6 db). 

1-19. The r-f output signal from the TS-510/U may 
be amplitude modulated by internally generated 400-
and 1000-cycle sine waves or by externally applied 
sine waves above 4 volts rms over a frequency range 
from 20 cps to 100 kc or by externally aPplied pulses 
above approximately 10 volts. When pulse modu
lated, the instrument is capable of generating pulses 
of radio frequency energy as short as 4 micro
seconds at r-f signal frequencies above 40 mega
cycles and as short as l microsecond above 220 

Figure 1-6. Signal Generator TS-510A/u (Nuclear Electronics) 
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NA VWEPS 16-30USM44-501 Section I 
Paragraphs 1-20 to 1-30 

megacycles. The degree of sine wave modulation is 
continuously variable from 0 to 95% by a front panel 
control. Modulation of the r-f signal is continuously 
displayed on a direct reading percent modulation 
meter having an accuracy of ±10% or better. 

1-20. The envelope of the sine-wave-modulated signal 
contains less than 5% distortion for modulation per
centages below 30%, and less than 10% distortion for 
modulation percentages between 30% and 50%. Inci
dental amplitude modulation of the CW output signal 
is less than 0.1 %. The level of harmonics and 
spurious signals contained in the CW output signal is 
40 decibels below the level of the output signal when 
the output level is greater than 200 microvolts. 

1-21. The TS-510A/U is especially suitable for align
ing narrow-band a-m receivers. In such applications, 
during actual receiver alignment, a significant amount 
of spurious f-m in the generator may result in mis
tuning of the receiver due to unwanted detection by the 
selectivity characteristic of the i-f amplifier in the 
receiver. To keep spurious f-m to a negligible 
value, the instrument employs a master oscillator
power amplifier (MOP A) type of r-f generator circuit. 
Modulation is introduced at the power amplifier stage 
and has little or no effect on the frequency of the 
oscillator. A buffer stage between the oscillator and 
amplifier further isolates the oscillator. The effec
tiveness of these measures is such that spurious f-m 
is less than 0.001% at 30% modulation for frequencies 
below 100 megacycles and less than 1000 cps above 
100 megacycles. 

1-22. To minimize r-f leakage, all r-f signal circuits 
are housed in an aluminum casting, the access covers 
of which are sealed with wire braid. Leakage is such 
that when the output signal is adjusted for 0.1 micro
volt, the conducted signal leakage at any other front 
panel connector and the radiated leakage two inches 
from the instrument are each less than 1.0 micro
volt. 

1-23. All plate circuits in the instrument are op
erated from regulated d-e voltage. In addition, the 
heaters in the r-f oscillator, buffer, and power ampli
fier tubes are operated from regulated square wave 
power generated by a multi vibrator. This measure 
effectively provides greater overall stability of the 
system. The TS-510/U is designed to operate from 
a nominal 115-volt, 50- to 1000-cycle, single-phase 
a-c power source and consumes approximately 180 
watts of power. Signal Generator TS-510A/U(*) is 
designed to operate from a nominal 115-volt, 50- to 
420-cycle, single-phase a-c power source. Signal 
Generator TS-510A/U(**) is designed to operate 
from a nominal 115-volt, 50- to 1000-cycle, single
phase a-c power source and consumes approximately 
195 watts of power. 

1-24. Further information is given in table II. 

1-25. TRANSIT CASE. (See figure 1-7.) 

1-26. Transit Case CY-1605/USM-44 is a watertight 
carrying case provided for shipment and storage of 

Signal Generator TS-510/U along with the accessories 
and instruction books supplied with the AN/USM-44 
equipment. The transit case is constructed of a 
special laminated material consisting of wood covered 
on each side with aluminum sheeting. The cover for 
the transit case is provided with a double lip which 
is filled with sponge rubber. The double lip effects a 
weathertight seal when the cover for the case is 
closed. The cover is attached to the case by eight 
trunk-type latches. (See figure 1-7.) 

1-27. Transit Case CY-2105/USM-44A is a watertight 
carrying case provided for shipment and storage of 
Signal Generator TS-510A/U(**) along with the ac
cessories and instruction books supplied with the 
AN/USM-44A equipment. Its construction is similar 
to Transit Case CY-1605/USM-44. 

1-28. Transit Case CY-2105A/USM-44A is a water
tight carrying case provided for shipment and storage 
of Signal Generator TS-510A/U(*) along with the 
accessories and instruction books supplied with the 
AN/USM-44A equipment. Its construction is similar 
to Transit Case CY -1605/USM-44. 

1-29. ACCESSORIES. (See figures 1-1 through 1-3A.) 

1-30. The equipment accessories consist of three 
cables, two connector adapters, and one fuse mount. 
Equipment descriptions and purposes are as follows: 

a. Cord CX-3135/U(6 ft} is the power cord for the 
TS-510/U and consists of a 6-foot length of 3-con
ductor cable terminated on one end by a 3-contac1 
female AN type connector for connection to the fron1 
panel power receptacle on the signal generator; the 
other end is terminated in a dual purpose plug which 
may be connected either to a standard 2-conductor 
a-c outlet or to a special 3-conductor type. A re
movable third contact blade which screws to the body of 
the plug grounds the chassis of the instrument when 
used with the appropriate a-c power receptacle. A 
similar cord, Cord CX-3135/U(8 ft) is the power 
cord for TS-510A/U(**). It is 8 feet long. Cord 2273 
is the power cord for TS-510A/U(*) and is 6 feet 
long. Cord 2273 is also used with TS-510A/U(***) but 
is 8 feet long. 

b. Cord CG-409/U(4 ft) is the signal input cable for 
the TS-510/U and TS-510A/U(**). It consists of 
approximately 4 feet of RG-58/U cable with a UG-260/U 
plug on each end. Cord 2429 is the signal input 
cable for the TS-510A/U(*). Two of these signal 
input cables are supplied with the instrument. 

c. Connector Adapter UG-201A/U is a BNC male to 
Type N female adapter; it is included as an accessory 
for convenience in making cable connections to the 
signal generator. (See figure 1-8.) 

d. Connector Adapter UG-349A/U, included for the 
same purpose, is a BNC female to Type N male 
adapter. (See figure 1-8.) 
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Section I NAVAER 16-30USM44-501 

Table II. Specifications for Signal Generators TS-510/u and TS-510A/u 

TYPES OF OUTPUT: 

FREQUENCY RANGE: 

ACCURACY OF FREQUENCY 
CALIBRATION: 

CRYSTAL CALIBRATOR: 

OUTPUT VOLTAGE: 

OUTPUT LEVEL METER: 

OUTPUT LEVEL CALIBRATION 
ACCURACY: 

OUTPUT LEVEL AND RATED LOAD: 

INTERNAL MODULATION: 

EXTERNAL MODULATION: 

PERCENT MODULATION: 

�NVELOPE DISTORTION FOR SINE WAVE 
MODULATION: 

INPUT IMPEDANCE FOR EXT SINE 
MODULATION: 

EXTERNAL PULSE MODULATION: 

INPUT IMPEDANCE FOR EXT PULSE 
MODULATION: 

FREQUENCY STABILITY: 

INPUT POWER REQUIREMENTS: 

*Pertains only to TS-510/u 
**Pertains only to TS-510A/u(*) 

***Pertains only to TS-510A/u(**) 
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CW; Internal sine-wave amplitude modulation; External ampli
tude modulation; External pulse modulation. 

10 to 420 megacycles covered in five bands. 

With crystal calibrator, ±0.05% at checkpoints. Without cali
brator, ±0.5% overall. 

*5 megacycle oscillator accurate to ±0.01% providing check
points at each 5 megacycles over full frequency range. Pro
vides 0.1 milliwatt or better to a 600-ohm headset. 

**5 megacycle oscillator accurate to ±0.01% providing check
points at each 1 megacycle and 5 megacycles over the full 
frequency range. 

***1 megacycle oscillator accurate to ±0.01% providing check
points at each 1 megacycle over the full frequency range. 

Continuously adjustable attenuator provides from 0.1 micro
volt minimum to 0.5 volt maximum when operated into rated 
load of 50 ohms. 

Monitors r-f power level fed to output attenuator; calibrated 
0 to 7 dbm and 0.1 to 0.5 volt. 

For all conditions of operation the accuracy of the attenuator 
dial is within ±2 decibels when operated into a rated load. 

***The accuracy of the attenuator dial is ±1 db over entire fre
quency range into a 50-ohm resistive load. 

The VSWR measured at the output connector is less than 1.2 
(SWR 1.6 db) when connected to nominal 50-ohm resistive load 

Sine waves at frequencies of 400 and 1000 cps ±5%, (± 10%**). 
Percent modulation continuously adjustable from zero to 95% 
at output levels up to 0 dbm. 

100 to above 20,000 cps. Percent modulation continuously 
adjustable from zero to 95% at r-f output levels up to 0 dbm 
with modulating voltages from 4 to 25 volts rms. 

Indicated by direct-reading panel meter accurate to ±10%. 

Less than 5% at 30% modulation for frequencies from 100 to 
5000 cps. Less than 10% at 50% modulation. 

20,000 ohms shunted by 50 microfarads. 

Positive 10-volt (5-volt***) peak pulse required. Combined 
rise and decay time of r-f output pulse less than 4 micro
seconds from 40 to 220 megacycles; less than 1 microsecond 
from 220 to 420 megacycles. Residual level at least 20 db 
below 0.5 peak pulse output. 

50,000 ohms shunted by 40 micromicrofarads. 

Frequency drift less than 0.005% per 15-minute period. 

115/230 volts ac, single phase. (**115 volts ac, single phase.) 

,, 

) 

),,,,,, ''7-� 



I 

(" 

(�� 

(,, 

(, 

NAVAER 16-30USM44-501 Section I 

TRANSIT CASE CY -21 05/USM-44A 

TRANSIT CASE CY -1605/USM-44 

Figure 1-7. Transit Cases, CY-1605/USM-44 and CY-2105/uSM-44A 
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Paragraphs 1-31 to 1-40 

Figure 1-8. Accessory Cover 

e. R-f Output Fuse Mount MX-1730/U, a special 
coaxial fuseholder for protection of the output atten
uator, is included as an accessory for the TS-510/U 
and the TS-510A/U(**) Signal Generators. This fuse 
protects the output attenuator from damage in the 
event that an external voltage is accidentally applied 
at the RF OUTPUT. The fuseholder connects to the 
output cable and is provided with 2 standard female 
Type N output connectors. A Type BAG, 1/16-amp 
fuse is utilized. The fuseholder has an insertion 
loss of 0.05 db at 200 me, 0.56 db at 300 me, and 0.65 
db at 400 me; its VSWR is not greater than 1.35 when 
connected to a 50-ohm resistive load. (See figure 
1-8.) A similar fuseholder, 2152, is included as an 
accessory for the TS-510A/U(*) Signal Generator. 

1-31. DIFFERENCES IN EQUIPMENT. 

1-32. FINE FREQ. ADJUST CONTROL. Beginning 
with serial number 510, the TS-510/U Signal Gen
erators are equipped with a short range incremental 
tuning device for making extremely small changes in 
the output signal frequency. The FINE FREQ. AD
JUST control is operated by an additional knob on the 
front panel and provides from 0.01 to 0.2% adjustment 
in the output frequency after selection by the main 
frequency control dial. The addition of the FINE 
FREQ. ADJUST control does not alter the circuit, 
operation, or specifications for the signal generator. 
The FINE FREQ. ADJUST control is illustrated in 
figures 2-2 and 2-3, item 28. 

1-33. CRYSTAL CALIBRATOR, TS-510/U. The cal
ibrator is a ±5 megacycle oscillator, accurate to 
±0.01 %, providing checkpoints at each 5 megacycles 
over the full frequency range. It also provides 0.1 
milliwatt or better to a 600-ohm headset. 

1-34. CRYSTAL CALIBRATOR, TS-510A/U. The 
calibrator is a 1 to 5 megacycle oscillator, accurate 

10 

to ±0.01 %, providing checkpoints in 1 megacycle 
increments over the full frequency range. It also 
provides 0.1 milliwatt or better to a 600-ohm headset. 

1-35. OUTPUT ATTENUATOR CONTROL, TS-510/U 
AND TS-510A/U(*). (See figures 2-1 and 2-3.) 
The accuracy of the attenuator dial is within ±2 
decibels for all conditions of operation at rated load. 

1-36. OUTPUT ATTENUATOR CONTROL, TS-
510A/U(**). (See figure 2-2.) The accuracy of the 
attenuator dial is within ±1 decibel for all conditions 
of operation at rated load. 

1-37. INTERNAL MODULATION, TS-510/U AND TS-
510A/U(*). Sine waves are obtainable at frequencies 
of 400 and 1000 cps ±5%. Percentage modulation is 
continuously adjustable from 0 to 95% at output levels 
up to 0 dbm. 

1-38. INTERNAL MODULATION, TS-510A/U(** ). 
Sine waves are obtainable at frequencies of 400 and 
1000 cps ±1 0%. Percentage modulation is continuously 
adjustable from 0 to 95% at output levels up to 
0 dbm. 

1-39. EXTERNAL PULSE MODULATION, TS-510/U 
AND TS-510A/U(*). Positive 10-volt peak pulse is 
required. The combined rise and decay time of the 
r-f output is less than 4 microseconds from 40 to 
220 megacycles; and less than 1 microsecond from 
220 to 420 megacycles. Residual level must be at 
least 20 db below 0.5 peak pulse output. 

1-40. EXTERNAL PULSE MODULATION, TS-
510A/U(**). Positive 5-volt peak pulse is required. 
The combined rise and decay time of the r-f output 
is less than 4 microseconds from 40 to 220 mega
cycles; and less than 1 microsecond from 220 to 
420 megacycles. Residual level must be at least 
20 db below 0.5 peak pulse output. 

,, 
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SECTION II 

OPERATING PROCEDURES 

2-1. SCOPE OF PROCEDURES. 

2-2. This section illustrates and describes the op
erating controls for the TS-510/U and TS-510A/U 
and gives step-by-step procedures for operating the 
signal generator in each mode of operation: con
tinuous wave, internal sine modulation, external 
sine modulation, and external pulse modulation. All 
procedures usually require that the instrument first 
be set up for CW operation to establish the exact 
frequency and power output requirements; the signal 
generator is then switched to the desired mode of 
operation. Instructions for using e:- c�:y""..a.l con
trolled frequency calibrator and for lo��wg Lfl': output 
of the signal generator are also included. Material 
in this section is as follows: 

2-3. 
2-7. 
2-9. 
2-11. 

2-13. 

2-15. 

2-17. 
2-19. 
2-21. 
2-23. 
2-28. 

Installation. 
Operating Controls, Dials, and Terminals. 
Turning On the Equipment. 
Setting the Equipment for Continuous Wave 
Modulation. 
Setting the Equipment for Internal Sine Wave 
Modulation. 
Setting the Equipment for External Sine Wave 
Modulation. 
Setting the Equipment for Pulse Modulation. 
Using the Frequency Calibrator (TS-510/U). 
Using the Frequency Calibrator (TS-510A/U). 
Signal Generator Loading Considerations. 
Turning Off the Equipment. 

2-3. INSTALLATION. 

2-4. Since the TS-510/U or the TS-510A/U is port
able equipment designed for test-bench use and not 
for permanent installation, no special installation 
procedure is necessary. Both the signal generator 
and the equipment under test should be within arms' 
reach of the operator, with connecting leads between 
the equipments kept as short as possible. 

I :���o�:-J 
Do not obstruct the ventilating louvers on the 
sides of the instrument cabinet. Safe opera
ting temperature depends on free air flow 
through these louvers. 

2-5. Models TS-510/U and TS-510A/U(**) operate 
from a nominal 115/230-volt, 50 to 1000 cps single
phase power source. If the equipment is to be oper
ated from a 230-volt source, the power transformer 

primary connections must be changed as indicated 
in the Handbook of Service Instructions. Model TS-
510A/U(*) operates only from a nominal 115-volt, 
50 to 420 cps single-phase power source. On all 
models, the power cord supplied for connecting the 
signal generator to a power source is equipped with 
a special three-conductor male plug. The third 
contact on the plug is attached directly to the metal 
plug body and through the cable to the chassis of the 
instrument. When it is desired to ground the signal 
generator chassis, the third blade may be used with 
outlets designed for this plug, or a wire lead may 
be connected between the plug body and an external 
ground such as the a-c receptacle box. The third 
contact (ground contact) may be easily removed so 
that the plug can be connected to the standard 115-
volt a-c outlet. 

2-6. If the signal generator has been subjected to 
conditions which may create moisture or condensa
tion, such as rapid changes in temperature, dry any 
moisture which may be present. Allow the instru
ment to warm up for as long as possible before 
using it. When the signal generator is to remain idle 
for extended periods of time, it should be stored in 
the transit case provided to keep moisture and dust 
from entering the cabinet and to prevent possible 
damage. 

2-7. OPERATING CONTROLS, DIALS AND TERM
INALS. 

2-8. The front panel operating controls, dials, and 
terminals for the TS-510/U and the TS-510A/U are 
listed with their functions in Table III and are shown 
in figures 2-1, 2-2, 2-3, and 2-4. Figure 2-1 shows 
the front panel layout for the TS-510/U, figure 2-3 
shows the front panel layout for the TS-510A/U(*), 
and figure 2-2 shows the front panel layout for the 
TS-510A/U(**). A simple block diagram showing 
which circuits in the signal generator are affected 
by the various front panel controls is shown in 
figure 2-4. 

2-9. TURNING ON THE EQUIPMENT. 

2-10. To place TS-510/U or TS-510A/U Signal Gen
erator in operation, proceed as follows: 

a. With the power switch in OFF position, connect 
the power cord to the signal generator and to a 115-
volt a-c power source. The HEATER pilot lamp 
lights, indicating that the internal space heaters are 
in operation. 

11 



Section II NAVAER 16-30USM44-501 

Table Ill. Controls and Terminals 

REF. 
NO. DESIGNATION FUNCTION ., 

1 Power Receptacle Receives power from power cord supplied. 

2 AC 3 AMP (fuse) Protects power source and instrument against short circuits. 

3 SPARES (fuses) Replacement 3 amp fuses. 

4 DC 0.25 AMP (fuse) Protects the internal power supply against short circuits. 

5 SPARES (fuse) Replacement 0.25 amp fuse. 

6 HEATER (pilot lamp) Pilot lamp indicates power is applied to generator and space 
heaters are in operation. 

7 Power Switch In the ON position all circuits of the signal generator are energized 
In the off position space heaters are energized. 

8 POWER (pilot lamp) Pilot lamp indicates when main circuits are energized. 

9 MOD. SELECTOR Adjusts signal generator circuits for desired type of operation. 

10 FREQUENCY RANGE (selector) Selects frequency range and positions the range pointer on 
MEGACYCLES dial. 

11 *FREQUENCY (control) Controls the output frequency in combination with the FREQUENCY 
(see figure 2-3) RANGE switch. 

or 
**Frequency Control (see figures 

2-1 and 2-2) 

12 MEGACYCLES (indicator) Indicates frequency of the r-f output signal directly in megacycles. 

13 AMP. TRIMMER (control) Tunes r-f power amplifier for maximum output. 

14 OUTPUT LEVEL (control) Adjusts the r-f power level existing at input to output attenuator. 

15 OUTPUT VOLTS-DBM (indicator) Indicates r-f power level existing at input to output attenuator. 

16 Output Attenuator (control) Selects and indicates the r-f output signal level in microvolts, 
millivolts, and decibels. 

17 RF OUTPUT (jack) Output connector for r-f output signal (see CAUTION). 

18 XTAL CAL. OUTPUT (connector) Connects headset to crystal calibrator. 

19 XTAL CAL. GAIN (control) Adjusts loudness of beat frequency signal from frequency calibrator 

20 EXT. MOD. (jack) Receives sine wave from external source for modulation of r-f 
output signal. 

21 MOD. LEVEL (control) Adjusts modulation percentage to desired value. 

22 PERCENT MODULATION Indicates the percentage modulation of the r-f output signal. 
(indicator) 

23 ZERO (screwdriver adjustment) Electrically sets the modulation meter to zero with instrument 
in operation with no modulation applied. 

24 EXT. PULSE (jack) Receives pulses from external source for modulation of the r-f 
output signal. 

25 Frequency dial index adjustment Adjusts frequency dial index over short range. 
--------- --- ----·-- · ·· - --

12 
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REF. 
NO. 

26 

27 

28 

29 

30 

Table III. Controls and Terminals (cont) 

DESIGNATION FUNCTION 

Frequency dial lock Locks frequency dial. 

Attenuator dial lock Locks attenuator dial. 

FINE FREQ. ADJUST Adjusts RF OUTPUT frequency in very small increments. 

1 MC OFF 5 MC Selects 1 megacycle and 5 megacycle outputs or no output 
(OFF position). 

***Amp. trimmer lock Locks AMP. TRIMMER control. 

*Used only on Signal Generator TS-510A/U(**) 
**Used only on Signal Generators TS-510/U and TS-510A/U(*) 

***Used only on Signal Generator TS-510A/U(***) 

115V 50-1000"\.. 
CX-3135/U(6 'Q") 

FREQUENCY 
RANGE 

A 

-------------------------------------------- - - - -------------------

Figure 2-1. Signal Generator TS-510/U (Hewlett-Packard) Front Panel Controls 
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Figure 2-2. Signal Generator TS-510A/u (Hewlett-Packard) Front Panel Controls 

b. Turn the power switch to the ON position. The 
HEATER pilot lamp should extinguish as the POWER 
pilot lamp lights, indicating that power is no longer 
being supplied to the space heaters but is being 
applied to all circuits of the signal generator. 

c. Place the MOD. SELECTOR in the CW position 
and the OUTPUT LEVEL control to near maximum. 
Other controls may be set in any position before 
turning on the generator. 

d. A fter an approximate 1 minute warm-up, adjust 
the AMP. TRIMMER for maximum reading on the 
OUTPUT VOLTS meter and set the OUTPUT LEVEL 
control to obtain a reading at SET LEVEL on the 
OUTPUT VOLTS meter. 

14 

1: : �� ��£?�� -� 
Do not apply an external r-f or d-e voltage to 
the RF OUTPUT jack on the signal generator. 

To do so can burn out the impedance-matching 
network in the output attenuator. Special care 
must be taken when working with "trans
ceiver" type apparatus, such as the AN/ 
ARC-27 equipment, to insure that the trans
mitter remains inoperative while the signal 
generator is connected to the equipment an
tenna. 

NOTE 

For protection of the output attenuator on the 
TS-5!0/U and the TS-5lOA/U(**), a special 
fuseholder MX-1730/U is supplied for con
nection to the RF OUTPUT jack or cable. A 
similar fuseholder, 5152, is supplied with the 
TS-510A/U(*). When using the signal gener
ator for any application where there is a 
possibility of voltage being applied at the RF 
OUTPUT jack, this fuse must be used between 
the signal generator and the external equip
ment. 
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II�V 50-1000'\.. 
CX-3t35/U(6'0" l 

*USED ONLY ON TS-510A/U(JETRONIC INDUSTRIES) 

l( 

Figure 2-3. Signal Generator TS-510A/U (Nuclear Electronics and Jetronic Industries), 
Front Panel Controls 

2-11. SETTING THE TS-510/U, TS-510A/U FOR 
CONTINUOUS WAVE OPERATION. 

2-12. For CW operation the TS-510/U and TS-
510A/U supply a continuous wave output signal of up 
to 5 milliwatts in power across an external 50-ohm 
load (0.5 volt) with the output level directly indicated 
to an accuracy of better than ±2 db for all conditions 
of operation. The TS-510A/U(**) has an output level 
calibration accuracy of ±1 db over the entire fre
quency and attenuation range. When set for CW 
operation, the MOD. LEVEL control is inoperative 
and may be set to any position; however, the PERCENT 
MODULATION meter monitors the output signal 
during all types of operation and may display mo
mentary fluctuations resulting from switching tran
sients. For continuous wave operation, proceed as 
follows: 

a. Following the warm-up period described in para
graph 2-9, set the MOD. SELECTOR to CW. 

b. Select the desired band of frequencies with the 
FREQUENCY RANGE selector. 

c. Set the MEGACYCLES indicator to the desired 
frequency. 

d. Set the OUTPUT LEVEL control to near maxi
mum and adjust the AMP. TRIMMER for maximum 
output as indicated on OUTPUT VOLTS meter. 

e. Connect the external load to the RF OUTPUT 
jack on the signal generator. 

t:����?��J 
Do not apply an external r-f or d-e voltage 
at the RF OUTPUT jack on the signal gener
ator. To do so can burn out the impedance
matching network in the output attenuator. 
Special care must be taken when working with 
"transceiver" type apparatus, such as the 
AN/ ARC-27 equipment, to insure that the 
transmitter remains inoperative while the sig
nal generator is connected to the equipment 
antenna. 

15 
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f. Set the OUTPUT LEVEL control to obtain a read
ing at SET LEVEL on the OUTPUT VOLTS meter. 

g. Set the output attenuator for the desired output 
level as read directly from the attenuator dial. 

h. Adjust the FINE FREQ. ADJUST control when 
very small refinements in the r-f output frequency 
are desired. Recheck the r-f amplifier tuning. 

2-13. SETTING THE TS-510/U, TS-510A/U FOR 
INTERNAL SINE WAV E MODULATION. 

2-14. For internal sine modulation of the r-f output 
signal, the signal generator supplies the same quality 
r-f signal as for CW operation modulated by either 
400- or 1000-cycle internally generated sine waves 
as selected by the MOD. SELECTOR switch. The 
modulating frequencies are accurate to within ±5%, 
and the modulation envelope contains less than 5% 
distortion for modulation percentages up to 30%, 
less than 10% at 50% modulation. Percent modulation 
is continuously adjustable from 0 to 95% by the MOD. 
LEVEL control at r-f power levels of 0 dbm or less. 
Incidental frequency modulation resulting from amp
litude modulation of the output signal is extremely 
low, being only a few hundred cycles for reasonable 
modulation percentages. For modulation percent
ages below 50%, the frequency modulation index will 
not exceed 1.0. Output frequency and power level 
are set in the same manner as for CW operation. 
For internal sine wave modulation, proceed as follows: 

NOTE 

When the modulation is increased to very high 
percentages, there may be a resulting shift 
in the reading on the OUTPUT VOLTS meter. 
Reset the meter to SET LEVEL. 

a. Follow complete step-by-step procedure for ob
taining CW operation. 

b. Set the MOD. SELECTOR to 400rv or lOOOrv as 
desired. 

c. Set the MOD. LEVEL control for desired degree 
of modulation as indicated on the PERCENT MOD
ULATION indicator. 

d. Subsequent changes may be made in the frequency 
indicator and output attenuator settings while the 
instrument is being operated with modulation. 

2-15. SETTING THE TS-510/U, TS-510A/U FOR 
EXTERNAL SINE WAVE MODULATION. 

2-16. For external modulation, a signal source gen
erating frequencies from 100 to above 20,000 cps 
with an amplitude of approximately 4 volts for TS-
510/U and TS-510A/U(*), and 5 volts for the TS-
510A/U(**), must be connected through an appro
priate cable (CG-409/U for TS-510/U, TS-510A/U(**) 

or 2429 for the TS-510A/U(*)) to the EXT. MOD. 
jack on the signal generator. The modulation is of 
the same high quality as that obtained with internal 
modulation. The degree of modulation is also con
tinuously adjustable by means of the MOD. LEVEL 
control and is indicated directly on the front panel 
PERCENT MODULATION indicator. Percent modu
lation is continuously adjustable from 1 to 95% by 
the MOD. LEVEL control with the attenuator set to 
0 dbm or less. The input impedance at the EXT. 
MOD. jack is approximately 50,000 ohms. For ex
ternal sine wave modulation, proceed as follows: 

NOTE 

When the modulation is increased to very high 
percentages there may be a resulting shift in 
the reading on the OUTPUT VOLTS meter. 
Reset the meter to SET LEVEL. 

a. Follow complete step-by-step procedure for ob
taining CW operation. 

b. Set MOD. SELECTOR to EXT. MOD. position. 

c. Connect modulating source to EXT. MOD. jack. 

d. Set MOD. LEVEL control for desired degree of 
modulation as read on the PERCENT MODULATION 
indicator. 

e. Subsequent changes may be made in frequency 
indicator and output attenuator settings while the in
strument is being operated with modulation. 

2-17. SETTING THE TS-510/U, TS-510A/U FOR 
PULSE MODULATION. 

2-18. For pulse modulation, a pulser generating 
positive pulses from 10 to 50 volts in amplitude 
must be connected through an appropriate cable 
(CG-409/U for TS-510/U, TS-510A/U(**) or 2429 
for the TS-510A/U(*)) to the EXT. PULSE jack on 
the signal generator. For pulse operation, the signal 
generator produces essentially no r-f output signal 
until an external positive pulse is applied to the 
EXT. PULSE jack. The resultant r-f output pulse 
from the signal generator is of good quality at r-f 
frequencies above 100 megacycles (see table ll). 

The output pulse is free of transients and has low 
residual signal between pulses. Any input pulse 
above 10 volts (5 volts for the TS-510A/U(**)) will 
100% modulate the r-f output signal. The peak level 
of the r-f output pulse will be within 1 db of the C W  
level established b y  the same settings o f  the OUTPUT 
LEVEL control and output attenuator. The amplitude 
of the modulation pulse is not adjustable by the MOD. 
LEVEL control. For pulse modulation, proceed as 
follows: 

a. Follow step-by-step procedure for obtaining CW 
operation. Set the CW output level to the peak volt
age level desired for the r-f output pulse. 

17 



Section II NAVAER 16-30USM44-501 
Paragraphs 2-19 to 2-26 

Table IV. Power Losses as Related to 
VSWR in Generator Load 

VSWR MINIMUM MAXIMUM 
IN 50-0HlVI POWER POWER 

LINE LOSS LOSS 

1.0 .06 db .06 db 
1.5 .08 db .37 db 
2.0 .3 db .85 db 
2.5 .6 db 1.3 db 
3.0 .9 db 1.7 db 
4.0 1.5 db 2.4 db 
5.0 2. db 3.1 db ------------------

b. Set the MOD. SELECTOR to pulse. 

c. Set the external pulse source to provide between 
1 0  and 50 volts. Connect the pulser to the EXT. 
PULSE jack on the signal generator. 

d. The r-f pulse now obtained from the RF OUTPUT 
jack should be controlled in amplitude only by the 
output attenuator, the peak amplitude of the pulse 
being read directly in volts from the attenuator in
dicator. If the output frequency is changed, the signal 
generator should be set to CW operation for peaking 
the amplifier and setting the output level to SET 
LEVEL on the OUTPUT VOLTS meter, then returned 
to PULSE operation. 

2-19. USING THE TS-51 0/U FREQUENCY CALI
BRATOR. 

2-20. The frequency indicator in the TS-510/U is 
accurate to within ±0.5 percent when the white line 
on the index window cursor is set vertically, i.e., 
the index is in the center of its movable range. To 
obtain higher accuracy, use the crystal-controlled 
frequency calibrator to adjust the cursor and set the 
frequency dial calibration exactly on frequency at the 
checkpoint nearest the desired operating frequency. 
The frequency calibrator provides a beat-frequency 
checkpoint at each multiple of 5 megacycles over the 
full frequency range of the signal generator which 
can be heard by connecting a headset to the XTAL 
CAL. OUTPUT jack. To use the frequency calibrator, 
proceed as follows: 

a. Connect headset to the XTAL CAL. OUTPUT 
jack and set XTAL CAL. GAIN control to the maxi
mum CW position. 

b. Tune the signal generator to the desired opera
ting frequency then tune to the nearest 5 megacycle 
checkpoint. Tune for zero-beat. 

c. With signal generator set to zero-beat, adjust 
index window cursor so that the calibration of fre
quency dial is exactly "on" at this checkpoint. 

d. Tune the signal generator to the nearest check
point on the other side of thedesired operating fre
quency and note dial calibration at this point. 
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e. The desired operating frequency can then be ob
tained by interpolation either between the two check
points or between the two closest indicator calibra
tions, whichever is more accurate. 

f. Below approximately 50 megacycles, the linear 
vernier scale on the FREQ. control becomes less 
useful since the calibration spread becomes pro
gressively more non-linear with decrease in fre
quency. 

2-21. USING THE TS-510A/U FREQUENCY CALI
BRATOR. 

2-22. When using Model TS-510A/U, set the XTAL 
CAL. control to either the 1 MC or 5 MC position, 
then follow the step-by-step procedure outlined in 
paragraph 2-20. 

2-23. SIGNAL GENERA TOR LOADING CONSIDER-
ATIONS. 

2-24. When using either the TS-510/U or the TS-
51 0A/U, the external load connected to the instru
ment should be 50 ohms resistive for best accuracy 
of indicated output power. The output attenuator 
indicator has been calibrated by using a "flat" load 
of 50 ohms. The internal impedance of the generator 
is sufficiently close to 50 ohms so that in the worst 
case of VSWR of only 1.2 (SWR of 1.6 db) exists 
when the generator is compared with 50 ohms. Error 
in power level indication with this magnitude of VSWR 
will have no important effect on the accuracy of the 
output attenuator indicator. However, when the value 
of the load is unknown and when best accuracy of 
measurement is desired, the standing wave ratio in 
the line to the load must be minimized. 

2-25. Table IV shows the calculated power loss when 
the load on the signal generator causes a voltage 
standing wave ratio of the magnitude shown. The 
VSWR values shown are a comparison between a 
load and a 50-ohm transmission line. The minimum 
loss figures are based on a mismatch of 1.2 VSWR 
between the signal generator and transmission line. 
The maximum loss shown is the total loss from the 
maximum power available from the generator for a 
given setting of the output attenuator and includes 
the possible generator VSWR of 1 .2. The data do not 
allow for losses in the transmission line to the load 
since, in most cases, such losses are negligible. 

2-26. It will be seen that when the load is matched 
to the transmission line, the greatest loss from the 
maximum power available from the signal generator 
is approximately 0.06 db. Mismatches causing the 
voltage standing wave ratios given in the left-hand 
column will give power losses within the limits shown 
in the remaining two columns. Although the losses 
as shown in db do not consist of large numerical 
values, they may represent a considerable change in 
the voltage calibration of the output attenuator indi
cator in relation to the voltage impressed across the 
external load. 
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NAVAER 16-30USM44-501 Section II 
Paragraphs 2-27 to 2-29 

2-27. In most cases, when making measurements on 
receivers designed to work from a 50-ohm line and 
antenna the standing wave ratio in the line from the 
signal generator to the receiver is not significant. 
The reason for this is that any power reflected from 
the receiver back toward the generator represents a 
deficiency in receiver design, and the amount of 
power lost in such cases is considered as a loss 
subtractive from the gain of the receiver. A some
times overlooked factor which contributes error in 
high-frequency measurements is the improper as
sembly of coaxial connectors. A standing wave ratio 

of several db with attendant error can often be attri
buted to this cause. 

2-28. TURNING OFF THE EQUIPMENT. 

2-29. During periods of intermittent use, the power 
switch may be set to the standby or down position 
thus energizing the space heaters to prevent con
densation in the instrument. To completely de
energize the equipment, all power must be removed 
by disconnecting the power cord from either the a-c 
source or from the receptacle on the front panel. 
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NAVAER 16-30USM44-501 
Section Til 

Paragraphs 3-1 to 3-3 

SECTION In 

O PERATING CHECKS AND ADJUSTMENTS 

3-1. GENERAL. 

3-2. The following procedure checks the circuits of 
the TS-510/U, TS-510A/U Signal Generator for satis
factory overall operation using only a headset con
nected to the internal frequency calibrator and read
ings taken from the two front panel meters. The 
procedure checks all phases of operation and if 
trouble is encountered will lead to a portion of the 
instrument where the fault may lie. An operator 
planning to use only one phase of the operation at one 
particular frequency may wish to limit the procedure 
to the tests which seem most appropriate. To check 
the overall operation of the signal generator, set the 
front panel controls to the following positions and 
proceed with steps below. 

Power Switch ON 

MOD. SELECTOR Begin on CW 

FREQUENCY RANGE Begin on A range 

Frequency Control Begin at 10 megacycles 

OUTPUT LEVEL Begin at maximum setting 

AMP. TRIMMER Tune for maximum reading 
on OUTPUT VOLTS mete!' 
at each frequency tested 

MOD. L EVEL Set to minimum 

XTAL CAL. GAIN Set to maximum 

*1 MC OFF 5 MC Set to 1 MC 

*Located on Signal Generator TS-510A/U. 

a. Noting the reading on the OUTPUT VOLTS indi
cator, adjust the OUTPUT LEVEL control from min
imum to maximum at various frequencies over the 
range of the signal generator. Peak the AMP . 
TRIMMER control at each frequency tested. A read
ing from near 0 to full scale should be obtainable 
at any frequency. 
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b. Using the headset connected to the XTAL CAL. 
OUTPUT jack, note the beat-frequency checkpoints 
at various frequencies across the range of the signal 
generator. At any checkpoint it should be possible 
to set the frequency dial calibration "on frequency" 
with the frequency window index cursor. 

c. On Model TS-510A/U, with the headset connected 
to the XTAL CAL. OUTPUT jack, note the beat
frequency checkpoints at various frequencies across 
the range of the signal generator. If the beat
frequency cannot be heard, set the 1 MC OFF 5 MC 
control to the 5 MC position and repeat the above 
procedure. At any checkpoint it should be possible 
to set the frequency dial calibration "on frequency" 
with the frequency window index cursor. 

d. Set the MOD. SELECTOR to PULSE. The OUT
PUT VOLTS meter reading should drop to zero. 
Externally applied pulses will cause only a very 
small reading on the OUTPUT VOLTS meter. 

e. Set the MOD. SELECTOR to EXT. MOD., then 
to 400"' and lOOOru . The OUTPUT VOLTS indicator 
should give same reading as for CW operation. No 
modulation will occur until the MOD. LEVEL control 
is advanced from minimum. If the PERCENT MOD
ULATION indicator does not read exactly zero when 
the MOD. LEVEL control is set to minimum, adjust 
the recessed front panel zero set potentiometer to 
zero the meter. 

f. With the MOD. SELECTOR set to 400 and then 
to 1000 , advance the MOD. LEVEL control. Read
ings from 1 to 95% should be obtainable at any r-f 
output frequency. It may be noted that the reading 
on the OUTPUT VOLTS indicator may be made to 
shift up or down slightly when high percentages of 
modulation are applied. The shift is normal but it 
may not always occur. 

3-3. If the signal generator gives satisfactory indi
cations in the foregoing tests, it may be presumed 
to be in good operating condition. 
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NAVAER 16-30USM44-501 Section IV 
Paragraphs 4-1 to 4-5 

SECTION IV 

EMERGENCY OPERATION AND REPAIR 

4-1. INTRODUCTION. 

4-2. If a circuit failure occurs in the TS-510A/U 
Signal Generator, continued operation is not recom
mended. When a sign of malfunction is observed, 
refer to the troubleshooting information contained in 
the Handbook of Service Instructions. Section V of 
the Service Handbook gives detailed instructions for 
servicing the TS-510A/U without extensive test equip
ment and will enable the operator to service many of 
the simpler troubles that can occur. 

4-3. The degree of emergency operation that is pos
sible with the TS-510A/U Signal Generator depends 
upon the specific need of the operator. For example, 

Vl6 
6080 

Vl3 
6080 

V9 
6AU6 WA 

*6U8 

V6 
5675 

V21 
5814/12AU7 

V20 
5726/ 6AL5W 

Vl9 
6AH6 

! 

if the operator requires only a CW r-f output signal, 
the modulator and modulation indicator circuits are 
not used and may be inoperative; when modulation 
is required and the internal modulation oscillator is 
inoperative, an external modulating voltage can be 
substituted. No other emergency operation of the 
signal generator is practical. 

4-4. ELECTRON TUBE COMPLEMENT. 

4-5. The electron tubes used in the TS-510A/U 
Signal Generator are listed in Table V with their 
function. The tube locations on the signal generator 
chassis are shown in figure 4-1. 

VIS 
6AH6 

VII 
12AT7WA 

VIO 
12AT7WA 

V2 
5814/12AU7 

*SIGNAL GENERATOR TS-510A/U 

Figure 4-1. Tube Location Diagram 
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Table V. Electron Tube and Diode Complement 

REFERENCE 
JAN TYPE FUNCTION 

DESIGNATION 

V-1 5670 Modulator limiter 

6BQ7 

V-2 5814/12AU7 Modulator oscillator 

V-3 
V-4 
V-5 6CL6 Modulator amplifier 

V-6 5675 Radio frequency oscillator 

V-7 6BD4 Radio frequency buffer 

V-8 5876 Radio frequency amplifier 

V-9 6AU6WA Xtal calibrator oscillator 
6U8 

V-10 
V-11 12AT7WA Xtal calibrator amplifier 

V-12 6AU6WA Voltage control amplifier 

V-13 6080 Series voltage regulator 

V-14 6AU6WA Voltage control amplifier 

V-15 5651 Gaseous voltage regulator 

V-16 6080 Series voltage regulator 

V-17 5687 Heater supply multivibrator 

V-18 
V-19 6AH6 Modulation indicator amplifier 

V-20 5726/6AL5W Modulation meter rectifier 

V-21 5814/12AU7 Modulator meter bridge tube 

CR-1 GllA Calibrator mixer diode 

CR-2 Power monitor detector 
CR-3 1N82 Power monitor compensator 

CR-7 1N34 R-f amplifier cathode clamp 

CR-4 
thru 
CR-7 1N547 Power supply rectifier 

CR-8 
thru 
CR-11 1N540 Power supply rectifier 

CR-12 GllA R-f amplifier cathode clamp 

Model designation: ' 

TS-510/U refers to TS-510/U (manufactured by Hewlett-Packard).only. 
TS-510A/U(*) refers to TS-510A/U (manufactured by Nuclear Electronics) only. 
TS-510A/U(**) refers to TS-510A/U (manufactured by Hewlett-Packard) only. 
TS-510A/U(***) refers to TS-510A/U (manufactured by Jetronic Industries) only. 

----·-
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MODEL(S) 

TS-510/U 
TS-510A/U(**) 
TS-510A/U(*) 
TS-510A/U(***) 

All 

All 

All 

All 

All 

TS-510/U 
TS-510A/U(*) 
TS-510A/U(**) 
TS-510A/U(***) 

All 

All 

All 

All 

All 

All 

All 

All 

All 

All 

All 

All 

TS-510/U 
TS-510A/U(*) 
TS-510A/U(**) 

TS-510A/U(***) 

TS-510A/U(***) 

TS-510A/U(***) 
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NAVAER 16-30USM44-502 Section I 
Paragraphs 1-1 to 1-2A 

SECTION I 

DESCRIPTION AND LEADING PARTICULARS 

1-1. IDENTIFICATION. 

1-2. This publication contains service and mainten
ance instructions for Signal Generator Test Set 
AN/USM-44 (figure 1-1), Signal Generator Test Set 
AN/USM-44A (figure 1-1A) manufactured by Hewlett
Packard Company, Palo Alto, California, and for Sig
nal Generator Test Set AN/USM-44A (figure 1-1B) 
manufactured by the Nuclear Electronics Corporation, 
Philadelphia, Pennsylvania. The main component of 
Signal Generator Test Set AN/USM-44 is Signal Gen
erator TS-510/U. The main component of Signal 
Generator Test Set AN/USM-44A manufactured by the 
Hewlett-Packard Company under Orders No. 
NOasN383-33733A, N383-36708A, and N383-46471A, 
and manufactured by the Nuclear Electronics Corp
oration under Order No. N383-46472 is the Signal 

Generator TS-510A/U. This equipment is manu
factured in accordance with Specification MIL-G-
7702 (AER), dated 15 November 1953. 

1-2A. Throughout this handbook references to Signal 
Generator TS-510A/U will be construed to mean all 
models; references to Signal Generator TS-510A/U(*) 
refer specifically to the Signal Generator TS-510A/U 
manufactured by the Nuclear Electronics Corporation 
under Order No. N383-46472; and references to 
Signal Generator TS-510A/U(**) refer specifically 
to the Signal Generator TS-510A/U manufactured by 
the Hewlett-Packard Company under Orders No. 
NOasN383-33733A, N383-36708A, and N383-47671A. 
The information contained in this handbook is ap
plicable to Signal Generator TS-510/U and all models 
of Signal Generator TS-510A/U unless otherwise 
indicated. 

Figure 1-lA. Signal Generator AN/uSM-44A (Hewlett-Packard), Equipment Supplied 
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Figure 1-1B. Signal Generator AN/uSM-44A (Nuclear Electronics), Equipment Supplied 

1-3. LEADING PARTICULARS. 

1 1-4. Signal Generator TS-510A/U is designed to meet 
the exacting requirements of precision laboratory 
work and general service work requiring small 
amounts of r-f power, such as testing and calibrating 
high frequency radio equipment, measuring standing 
wave ratios, antenna and transmission line char
acteristics, receiver sensitivity and similar uses. 
To be especially useful for accurate calibration of 
communications equipment such as the AN/ ARC-27, 
the physical construction and circuitry of the r-f 

I generating circuits in the TS-510A/U are designed to 
produce an output signal that is especially free of 
spurious amplitude modulation and incidental fre
quency modulation. 

1-5. The frequency range of the signal generator, 10 
to 420 megacycles, is covered in five ranges, the 
range in use being automatically indicated on the five 
scale frequency dial and each scale providing approx
imately a 2:1 frequency range. The dial is hand 
calibrated to an accuracy of 0. 5% for each unit and, 
if necessary, may be removed for equipment service 
and replaced without loss of accuracy. The output 
attenuator dial is a pre-calibrated dial which can be 
removed and replaced with little loss in calibration 
accuracy. 

1 1-6. The TS-510A/U is 13-3/4 inches wide by 16 
inches high by 20 inches' long and weighs 62 pounds. 
The instrument is constructed of aluminum alloy 
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throughout and is designed to have good circuit ac
cessibility. Guardrail handles are provided for pro
tection to the front panel controls and to assist in 
removing the instrument from the cabinet. Ventila
tion for the signal generator is provided by the 
louvers in the sides and rear of the cabinet. All fuses 
are replaceable from the front panel by spare fuses 
located on the front panel. Table 1-4 lists the spec-

I ifications for the TS-510A/U Signal Generator. 

1-7. TUBE CO MPLEMENT. Table 1-2 gives the 
quantity required, type, circuit designation and func
tion of the electron tubes and crystal diodes used in 
the AN/USM-44 equipment. 

1-8. DIFFERENCES IN EQUIPMENTS. 

1-9. FINE FREQ. ADJUST CONTROL. Beginning I 
with serial number 510, the TS-510/U Signal Gener
ators are equipped with a short range incremental 
tuning device for making extremely small changes in 
the output signal frequency. The FINE FREQ. ADJ. 
control is operated by an additional knob on the front 
panel and provides from 0.01 to 0.2% adjustment in 
the output frequency after selection by the main fre
quency control dial. The addition of the FINE FREQ. 
ADJ. control does not alter the circuit, operation, 
or specifications for the signal generator. The FINE 
FREQ. ADJ. control is illustrated in figure 2-1, 
item 28. Several minor changes in the values of 
electronic parts have been made. These changes do 
not materially affect the performance of the signal 
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Paragraphs 1-9A to 1-9E 

Figure 1-2. Signal Generator TS-510/u 

generator. All modifications are listed below with 
the serial number at which the change took place, the 
purpose of the modification, and the adjustments 
required when making the change on early model 
instruments. 

1-9A. CRYSTAL CALIBRATOR, TS-510/U. The cal
ibrator is a 5 megacycle oscillator which is accurate 
to ±0.01 %, providing checkpoints every 5 megacycles 
over the full frequency range of the Signal Generator. 
It provides an audible beat note of 0.1 milliwatt or 
better to a 600-ohm headset. 

1-9B. CRYSTAL CALIBRATOR, TS-510A/U. The cal.;. 
ibrator employs a 6U8 pentode-triode electron tube. 
The pentode section is a 5 megacycle oscillator which 
is accurate to ±0.01% and which provides checkpoints 
every 5 megacycles over the full frequency range of 
the Signal Generator. The triode section is a 1 mega
cycle oscillator which is accurate to ±0.01% and 
which provides checkpoints every megacycle over the 

Revised 15 January 1960 

frequency range of the Signal Generator. The XT AL 
CAL. 1 MC-OFF-5 MC switch provides for selection 
of calibrator frequency. The crystal calibrator cir
cuit provides an audible beat note of 0.1 milliwatt or 
better to a 600-ohm headset. 

l-9C. OUTPUT ATTENUATOR CONTROL, TS-510/U 
AND TS-510A/U(*). The accuracy of the attenuator 
dial is within ±2 decibels for all conditions of oper
ation at rated load. 

1-9D. OUTPUT A TTENUA TOR CONTROL, TS-
510A/U(**). The accuracy of the attenuator dial is 
within ±1 decibel for all conditions of operation at 
rated load. 

1-9E. INTERNAL MODULATION, TS-510/U AND 
TS-510A/U(*). Sine waves are obtainable at fre
quencies of 400 cps and 1000 cps ±5%. Percentage 
modulation is continuously adjustable from 0 to 95% 
at output levels up to 0 dbm. 
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Figure 1-2A. Signal Generator TS-510A/u(**) 

1-9F. INTERNAL MODULATION, TS-510A/U(**). 
Sine waves are obtainable at frequencies of 400 cps 
and 1000 cps ±10%. Percentage modulation is con
tinuously adjustable from 0 to 95% at output levels 
up to 0 dbm. 

1-9G. EXTERNAL PULSE MODULATION, TS-510/U 
AND TS-510A/U(*). Positive 10-volt peak pulse is 
required. The combined rise and decay time of the 
r-f output is less than 4 microseconds from 40 to 220 
megacycles, and less thap. 1 microsecond from 220 
to 420 megacycles. Residual level must be at least 
20 db below 0.5 peak pulse output. 

4 

1-9H. EXTERNAL PULSE MODULATION, TS-
510A/U(**). Positive 5-volt peak pulse is required. 
The combined rise and decay time of the r-f output 
is less than 4 microseconds from 40 to 220 mega
cycles, and less than 1 microsecond from 220 to 420 
megacycles. Residual level must be at least 20 db 
below 0.5 peak pulse output. 

1-10. OPERATING CONTROLS, DIALS AND TERM
INALS. 

1-11. The front panel operating controls, dials and 
terminals for the TS-510A/U Signal Generator are I 
listed with their functions in Table 1-3 and are shown 
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NAVAER 16-30USM44-502 Section I 

Figure 1-2B. Signal G enerator TS-510A/u(*) 

in figure 1-3. A simplified block diagram showing 
which circuits are affected by various front panel 
controls is shown in figure 1-4. 

[ :����?��-� 
Do not connect any source of r-f or d-e power 
to the R-F OUTPUT jack on the TS-510A/U 
Signal Generator. To do so will burn out the 
impedance-matching network in the output at
tenuator and no output will be obtained. Special 
care must be taken when working with "trans
ceiver" type apparatus, such as the AN/ ARC-

Revised 15 January 1960 

27 equipment, to insure that the transmitter 
remains inoperative while the signal gener
ator is connected to the equipment antenna. 

NOTE 

For protection to the output attenuator on the 
TS-510A/U Signal Generator, a special fuse
holder is supplied for connection to the RF 
OUTPUT cable. When using the signal gener
ator for any application where there is the 
possibility of voltage being applied to the RF 
OUTPUT, this fuse must be used between the 
signal generator and the external equipment. 
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Figure 1-3A. Signal Generator TS-510A/U(*), Front Panel Controls 
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Figure 1-3B. Signal Generator TS-510A/U(**), Front Panel Controls 
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Section I NAVAER 16-30USM44-502 

Table 1-1. Equipment Supplied 

OVERALL DIMENSIONS (in.) 
QUANTITY ITEM AN TYPE DESIG. HEIGHT or WEIGHT 
PER EQUIP. LENGTH WIDTH DEPTH (lb) 

Signal Generator AN;bSM-44 (Hewlett-Packard). (See figure 1-1.) 

1 Signal Generator TS-510;b 16 13-3/4 20 62 

1 Transit Case CY-1605;bSM-44 24 20 17-5/8 32 

1 Cord CX-3135;b (6 ft, 0 in.) 72 - - 0.6 

2 Cord CG-409;b (4 ft, 0 in.) 48 - - 0.2 

1 Connector Adapter UG-201A;b - - - -

1 Connector Adapter UG-349A;b - - - -
1 R-f Output Fuse Mount MX-1730;b 4-5/8 3/4 dia - 0.4 

1 R-f Amplifier Tube Wrench -- 2-7/8 3/4 dia - 0.2 
(located in chassis clips) 

Signal Generator AN;bSM-44A (Hewlett-Packard). (See figure 1-1A.) 

1 Signal Generator TS-510A;b 16 13-3/4 20 62 

1 Transit Case CY-2105;bSM-44A 24 20 17-5/8 32 

1 Cord CX-3135;b (8 ft, 0 in.) 96 - - 0.8 '')' '" 
2 Cord CG-409;b (4 ft, 0 in.) 48 - - 0.2 

1 Connector Adapter UG-201A;b - - - -

1 Connector Adapter UG-349A/U - - - -

1 R-f Output Fuse Mount MX-1730;b 4-5/8 3/4 dia - 0.4 

1 R-f Amplifier Tube Wrench -- 2-7/8 3/4 dia - 0.2 
(located in chassis clips) 

Signal Generator AN;bSM-44A (Nuclear Electronics). (See figure 1-1B.) 

1 Signal Generator TS-510A;b 16 13-3/4 20 62 

1 Transit Case CY-2105A;bSM-44A 24 20 17-5/8 32 

1 Cord CX-3135;b (6 ft, 0 in.) 72 - - 0.6 

1 Cord CG-409;b (4 ft, 0 in.) 48 - - 0.2 

2 Connector Adapter UG-201A;b - - - -
1 Connector Adapter UG-349A;b - - - -

1 R-f Output Fuse Mount MX-1730/U 4-5/8 3/4 dia - 0.4 

1 R-f Amplifier Tube Wrench -- 2-7/8 3/4 dia - 0.2 
(located in chassis clips) -------

8B Revised 15 January 1960 



NAVAER 16-30USM44-502 Section I 

('' 
Table 1-2. Electron Tube Complement 

QUANTITY TYPE NAME AND FUNCTION 

1 5651 V15 Gaseous voltage regulator. 

('' 
1 5670 V1 Modulator limiter. 

1 5675 V6 Radio frequency oscillator. 

1 5687 V17 Heater supply multi vibrator. 

2 5814/12AU7 V2 Modulator oscillator 
V21 Modulator meter bridge tube. 

1 5876 VB Radio frequency amplifier. 

2 6080 V13 Series voltage regulator. 
V16 Series voltage regulator. 

2 6AH6 V18 Modulation indicator amplifier. 
V19 Modulation indicator amplifier. 

I *3 6AU6WA *V9 Xtal calibrator oscillator. 
**2 V12 Voltage control amplifier. 

V14 Voltage control amplifier. 

1 6BC4 V7 Radio frequency buffer. 

3 6CL6 V3 Modulator amplifier. 

(,,, ', 
V4 Modulator cathode follower. 
V5 Output level control tube. 

1 6U8 **V9 Xtal calibrator oscillator. I 
2 12AT7WA V10 Xtal calibrator amplifier. 

Vll Xtal calibrator amplifier. 

1 GllA CR1 Calibrator mixer diode. 

1 1N34 CR7 R-f amplifier cathode clamp. 

2 1N82 CR2 Power monitor detector. 
CR3 Power monitor compensator 

*Used only on Signal Generator TS-510/u. 
**Used only on Signal Generator TS-510A/u(*) and TS-510A/u(**). I 

( 

l 
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REF. NO. DESIGNATION FUNCTION 

1 Power Receptacle Receives power from power cord supplied. 

2 AC 3 AMP (fuse) Protects power source and instrument against short circuits. 

3 SPARES (fuses) Replacement 3 amp fuses. 

4 DC 0.25 AMP (fuse) Protects the internal power supply against short circuits. 

5 SPARE (fuse) Replacement 0.25 amp fuse. 

6 HEATER (pilot lamp) Pilot lamp indicates power is applied to generator and space heaters 
are in operation. 

7 Power Switch In the ON position all circuits of the signal generator are energized. 
In the off position space heaters are energized 

8 POWER (pilot lamp) Pilot lamp indicates when main circuits are energized. 

9 MOD. SELECTOR Adjusts signal generator circuits for desired type of operation. 

10 FREQUENCY RANGE Selects frequency range and positions the range pointer on 
(selector) MEGACYCLES dial. 

I 

*11 FREQUENCY (control) Controls the output frequency in combination with the FREQUENCY 
(see figure 1-3A) or RANGE switch. 
Frequency Control 
(see figures 1-3 and 
1-3B) 

12 MEGACYCLES (indicator) Indicates frequency of the r-f output signal directly in megacycles. 

13 AMP. TRIMMER (control) Tunes r-f power amplifier for maximum output. 

14 OUTPUT LEVEL (control) Adjusts the r-f power level existing at input to output attenuator. 
,<"')',• �,,,�'' 

15 OUTPUT VOLTS-DBM Indicates r-f power level existing at input to output attenuator. 
(indicator) 

16 Output Attenuator Selects and indicates the r-f output signal level in microvolts, 
(control) millivolts, and decibels. 

17 RF OUTPUT (jack) Output connector for r-f output signal (see CAUTION). 

18 XTAL CAL. OUTPUT Connects headset to crystal calibrator. 
(connector) 

19 XTAL CAL. GAIN Adjusts loudness of beat frequency signal from frequency 
(control) calibrator. 

20 EXT. MOD. (jack) Receives sine wave from external source for modulation of r-f 
output signal. 

21 MOD. LEVEL (control) Adjusts modulation percentage to desired value. 

22 PERCENT MODULATION Indicates the percentage modulation of the r-f output signal. 
(indicator) 

23 ZERO (screwdriver Electrically sets the modulation meter to zero with instrument in 
adjustment) operation with no modulation applied. 

24 EXT. PULSE (jack) Receives pulses from external source for modulation of the r-f 
output signal. 

25 Frequency Dial Index Adjusts frequency dial index over short range. 
Adjustment 

26 Frequency Dial Lock Locks frequency dial. 

*Used only on Signal Generator TS-510A;b(**). 
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NAVAER 16-30USM44-502 Section I 

Table 1-3. Controls and Terminals (Cont) 

REF. NO. DESIGNATION FUNCTION 

27 Attenuator Dial Lock Locks attenuator dial. 

28 FINE FREQ. ADJUST Adjusts RF OUTPUT frequency in very small increments. 

*29 1 MC OFF 5 MC Selects 1 megacycle and 5 megacycle outputs or no output (OFF 
position). 

**29 1 MC OFF 5 MC Selects 1 megacycle and 5 megacycle outputs or no output (OFF 
position). 

*Used only on Signal Generator TS-510A/u(**). 
**Used only on Signal Generator TS-510/u and TS-510A/u(*). 

CABLE LENGTH 48 INCHES 

r-�� 
STRIPPING DETAIL: 

RUBBER 
WASHER 

Figure 2-1. Fabrication of Video Cord CG-409/U 
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NAVAER 16-30USM44-502 Section I 

Table 1-4. Specifications for Signal Generators TS-510;t and TS-510A;t 

TYPES OF OUTPUT: 

FREQUENCY RANGE: 

ACCURACY OF FREQUENCY 
CALIBRATION: 

CRYSTAL CALIBRATOR: 

OUTPUT VOLTAGE: 

OUTPUT LEVEL METER: 

OUTPUT LEVEL CALIBRATION 
ACCURACY: 

CW; Internal sine-wave amplitude modulation; External ampli
tude modulation; External pulse modulation. 

10 to 420 megacycles covered in five bands. 

With crystal calibrator, ±0.05% at checkpoints. Without cali
brator, ±0.5% overall. 

*5 megacycle oscillator accurate to ±0.01% providing check
points at each 5 megacycles over full frequency range. Pro
vides 0.1 milliwatt or better to a 600-ohm headset. 

**5 megacycle oscillator accurate to ±0.01% providing check
points at each 1 megacycle and 5 megacycles over the full 
frequency range. 

***1 megacycle oscillator accurate to ±0.01% providing check
points at each 1 megacycle over the full frequency range. 

Continuously adjustable attenuator provides from 0.1 micro
volt minimum to 0.5 volt maximum when operated into rated 
load of 50 ohms. 

Monitors r-f power level fed to output attenuator; calibrated 
0 to 7 dbm and 0.1 to 0.5 volt. 

For all conditions of operation the accuracy of the attenuator 
dial is within ±2 decibels when operated into a rated load. 

***The accuracy of the attenuator dial is ± 1 db over entire fre
quency range into a 50-ohm resistive load. 

OUTPUT LEVEL AND RATED LOAD: I The VSWR measured at the output connector is less than 1.2 
(SWR 1.6 db) when connected to nominal 50-ohm resistive load 

INTERNAL MODULATION: 

EXTERNAL MODULATION: 

PERCENT MODULATION: 

�NVELOPE DISTORTION FOR SINE WAVE 
MODULATION: 

INPUT IMPEDANCE FOR EXT SINE 
MODULATION: 

EXTERNAL PULSE MODULATION: 

INPUT IMPEDANCE FOR EXT PULSE 
MODULATION: 

FREQUENCY STABILITY: 

INPUT POWER REQUIREMENTS: 

*Pertains only to TS-510;tJ 
**Pertains only to TS-510AAJ'(*) 

***Pertains only to TS-510AAJ'(**) 

SF 

Sine waves at frequencies of 400 and 1000 cps ±5%, (±10%**). 
Percent modulation continuously adjustable from zero to 95% 
at output levels up to 0 dbm. 

100 to above 20,000 cps. Percent modulation continuously 
adjustable from zero to 95% at r-f output levels up to 0 dbm 
with modulating voltages from 4 to 25 volts rms. 

Indicated by direct-reading panel meter accurate to ± 10%. 

Less than 5% at 30% modulation for frequencies from 100 to 
5000 cps. Less than 10% at 50% modulation. 

20,000 ohms shunted by 50 microfarads. 

Positive 10-volt (5-volt***) peak pulse required. Combined 
rise and decay time of r-f output pulse less than 4 micro
seconds from 40 to 220 megacycles; less than 1 microsecond 
from 220 to 420 megacycles. Residual level at least 20 db 
below 0.5 peak pulse output. 

50,000 ohms shunted by 40 micromicrofarads. 

Frequency drift less than 0.005% per 15-minute period. 

115/230 volts ac, single phase. (**115 volts ac, single phase.) 

Revised 15 January 1960 
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NAV AER 16-30USM44-502 Section II 
Paragraphs 2-1 to 2-6 

SECTION II 

SPECIAL TEST EQUIPMENT AND SPECIAL TOOLS 

2-1. TEST EQUIPMENT REQUIRED. 2-5. CABLE FABRICATION. 

2-2. No special test equipment has been procured for 2-6. Two identical test cables are supplied with the 
I the maintenance of the TS-510A/U Signal Generator. A N/USM-44 and AN/USM-44A equipment. These I 

cables are standard 4-foot CG-409/U cables and are 
the only cables required for use with the signal gen
erator. Additional cables may be constructed, how
ever, care must be used in preparing the ends of the 
cable for fitting into the connectors. 

Table 2-1 lists the test equipment required for making 
the tests described in this manual. Commercial mod
els of test apparatus are presented when no military 
counterparts are available 

2-3. SPECIAL TOOLS. 

2-4. No special tools are required for maintenance of 
I Signal Generator TS-510A/U other than the spanner 

wrench supplied in the equipment. The spanner wrench 
is for removing the r-f amplifier tube from inside the 
r -f generator housing and is located in a spring clip 
on the instrument chassis adjacent to the generator 
housing. 

NOTE 

Be neat. C u t  squarely, leave no long shield 
strands, and do not nick the center conductor 
when cutting through the dielectric. When sol
dering the center conductor into the connector 
center pin, do so quickly; do not melt the di
electric. Figure 2-1 shows the cable end pre
pared for inserting into connector. 

Table 2-1. Test Equipment Required for Maintenance 

Name AN Type Desig. Alternate Application 

Headphone Set HS-2 Used with internal frequency calibrator. 

Non-electronic Multi- AN/PSM-4 TS-352/U General voltage, current and resistance 
meter measurements. 

Electronic-Multi meter ME-30/U ME-6/U High-impedance and/or low level a-c 
(a c) voltage measurements. 

Electronic Multimeter ME-26A/U High-impedance ac or de and/or VHF 
(ac and de) measurements. 

Variable Line Trans- Variac, 3 amp Varies input line voltage to detect marg-
former inal operation. 

Oscilloscope TS-239/UP Waveform measurements. 

VHF Detector Hewlett-Packard Waveform measurements of modulated 
Co. 420A Wide- VHF carrier. 
Band Crystal 
Detector 

Test Oscillator TS-312/FSM-1 TS-382/U External sine modulation of signal gen-
erator. 

Pulse Generator SG-69/FCC External pulse modulation of signal gen-
erator. 

Distortion Analyzer TS-723/U Modulation distortion measurem mt. 

Frequency Meter AN/USM-26 LM Calibration oscillator adjustment. 

Power Meter TS-196/C MP-4 TS-125/AP VHF output power measurements. 

Bolometer Mount Hewlett-Packard VHF output power measurements. 
Co. 476A Univer-
sal Bolometer 
Mount 

--·---··----
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Section Ill NAVAER 16-30USM44-502 

(a) With cover in place. 

ACCESSORY COVER 

(b) Cover removed to show accessory stor
'
age. 

Figure 3-1. Transit Case CY-1605/USM-44 
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NAVAER 16-30USM44-502 Section III 

Paragraphs 3 -1 to 3 -6 

SECTION III 

PREPARATION FOR USE AND RESHIPMENT 
�. 

3-1. PREPARATION FOR USE. 

3-2. Signal Generator Test Set AN/USM-44 and AN/ 
USM-44A are portable, single component, test in
struments designed for test bench use. The main 
component of the Signal Generator Test Set AN/USM-
44, Signal Generator TS-510/U, is shipped with its 
accessories in Transit Case CY-1605/USM-44. The 
main component of the Signal Generator Test Set 
AN/USM-44A, Signal Generator TS-5lOA/U(*), is 
shipped with its accessories in Transit Case CY-
2105A/USM-44A; Signal Generator TS-510A/U(**) is 
shipped with its accessories in Transit Case CY-
2105/USM-44A. The complete equipment is shown 
in figures 1-1, 1-1A, and 1-1B. The transit case and 
accessory stowage is shown in figures 3-1 and 3-2. 
The construction of Transit Case CY -2l05A/USM-44A 
and CY-2105/USM-44A is similar to that of Transit 
Case CY-1605/USM-44. The instruction books and 
accessory cables are stowed in the bottom of the 
transit case; the r-f connector adapters and an r-f 
output fuse mount are contained in a snap-on tray, 
shown in figure 3-2, which fastens to the transit 
case cover. When unpacking, check the contents of 
the transit case against the complete equipment shown 

I in figures l-1, 1-1A and 1-1B. 

3-3. To remove the instrument from the transit case, 
loosen the eight trunk latches on the cover of the case 
and remove the transit case cover. Pull signal gen
erator from the transit case by the guardrail handles. 

Locate the instrument close to a source of 115 volt 
a-c power and close to the equipment to be tested. 
The equipment under test and the signal generator 
should both be within arms' reach of the operator. 

3-4. The power cord for the equipment, CX-3135/U, 
is a 3-conductor cable terminated by a dual purpose 
male plug which will connect either to a standard 

2-conductor a-c outlet or to a special 3-conductor 
grounded type. The plug is equipped with a remov
able third contact blade which screws to the body of 
the plug and is for grounding the chassis of the instru
ment when used with the appropriate a-c power re

ceptacle. The third blade must be removed if the plug 
is to be used with the standard 2-conductor a-c outlet. 

3-5. Two identical, 4-foot, coaxial connecting cables 
are provided with the signal generator; one intended 
for connecting the r-f output signal to external 
equipment under test, the other for connecting an 
external source of modulating voltage to the signal 
generator. These cables are fitted with BNC type 
terminations at both ends and are used with the sig
nal generator without the need for connecting adapters. 

3-6. Two connector adapters are provided so that 
type N coaxial fittings may be used with the type BNC 
fittings on the front panel of the signal generator. One 
is a male BNC to female type N to be used at the front 
panel r-f output jack; the other, a male type N to female 

Figure 3-2. Accessory Cover 
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BNC to connect the type N output of the r-f fuse mount 
to a BNC termination. These adapters are required 
when the r-f output fuseholder, which is designed for 
use with type N fittings, is to be used with cables 
equipped with BNC fittings. 

3-7. To prevent damage to the precision attenuator 
resistors, a special r-f fuseholder (with fuse) is sup
plied for connection between the signal generator and 
external equipment under test when there is the 
possibility of an external voltage being applied to r-f 

I output jack on the TS-510A/U. The fuse mount is 

d signed for use with type N fittings but, with the two 
connector adapters supplied, may also be used with 
BNC type fittings. It is recommended that the fuse 
mount be located between the end of a connecting 
cable and the equipment under test. 

3-8. PREPARATION FOR RESHIPMENT. 

3-9. No shipping container other than the transit 

case for the equipment is required for shipment or 
transporting Signal Generator AN/USM-44 or AN/ I USM-44A. The signal generator and all accessories 
are stowed in the transit case (see figure 3-1 ). To 
repack the equipment in the transit case, the instruc
tion books are first placed in the bottom of the case 
with the three accessory cables. The signal gener
ator is then inserted panel up into the case, seating 
on the rubber bumpers in the bottom of the case. 
The two connector adapters and the r-f fuse mount 
are pressed into clamps in the accessory tray which, 
in turn, fastens to the cover of the transit case by 
two snap-on fasteners. The cover of the transit 
case contains rubber bumpers which, when the cover 

is installed, seat against the front panel of the signal 
generator and hold it securely in place. No special 
precautions are required other than to check the 
completeness of the equipment and to see that the 
trunk latches holding the cover to the body of the 
transit case are securely fastened. 

MODULATION 
_j� I PERCENT MODULATION I INDICATOR 
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j 
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RF POWER OUTPUT f-® IRr OUTPUT I 
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RF OSCILLATOR RF BUFFER 

V6 v 1 
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Figure 4-1. Signal Circuit Block Diagram of Signal Generator TS-510A/U 
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NAVAER 16-30USM44-502 Section IV 
Paragraphs 4-1 to 4-9 

SECTION IV 

THEORY OF OPERATION 

4-1. GENERAL SYSTEM OPERATION. 

I 4-2. The electrical circuits of the TS-510A/U Signal 
Generator consist of the sections shown in the block 
diagram in Figure 4-1, plus a power supply which is 
not shown. Briefly, the operation of the various sec
tions is as follows: 

a. The radio frequency oscillator generates a var
iable frequency r-f signal which is fed through a buffer 
and power am plifie r to the output jack of the signal 
generator. The oscillator is of the Colpitts type care
fully designed for very high stability and resetability. 

b. The buffer isolates the oscillator from the power 
amplifier and minimizes interaction between the two 
circuits. 

c. The radio frequency power amplifier receives 
both the r-f and modulation signals and amplifies the 
r -f energy f o r  a pplication to the output attenuator. 
The r -f amplifier also receives variable bias from 
the modulator whic h permits adjustment of the power 
level fed to the output attenuator. 

d. The output power monitor samples the r-f energy 
fed to the output attenuator and indicates the power 
and voltage level on a front panel meter. 

e. The output attenuator obtains monitored r-f energy 
from the power amplifier, applies the selected degree 
o f  attenuation, and conducts the energy to the front 
p anel output jack. 

f. The beat frequency calibrator generates harmon
ics of the 5 me signal obtained from the crystal, as 
well as harmonics of the 1 me signal obtained from a 
tuned circuit and mixes these harmonics with the r-f 
output signal coupled from the r-f amplifier. The re
sultant beat frequency signal is amplified and fed 
through an impedance matching transformer to the 
front panel headphone jack. 

g. The internal modulation oscillator generates 
either a 400 or 1000 cycle-per-second sine wave for 
application to the modulator. 

h. The modulator receives all modulation signals 
for application to the r-f power amplifier and also 
supplies variable bias to the amplifier for control of 
the r-f output power level. 

i. The modulation-measuring circuits receive de
tected modulation from the r-f power monitor, amplify 
and rectify it, and indicate the modulation percentage 
directly on a front panel meter. 

4-3. RF GENERATOR ASSEMBLY OPERATION. 

4-4. The r-f generator assembly, shown in Figure 4-2 
I is the heart of the TS-510A/�, generating the r-f en

ergy that is delivered to the external load. The circuit 
is an MOP A circuit to which a buffer stage has been ad
ded to minimize incidental frequency modulation. All 
Revised 15 January 1960 

of the radio-frequency circuits in the generator are 
contained within the generator housing. All electrical 
connections to the r-f circuits are made through special 
h igh-attenuation filters. All removable covers are 
sealed with replaceable wire braid gask ets. 

4-5. The generator housing is divided into three com
partments. The top compartment houses the three r-f 
tubes and d-e circuitry. The lower front compartment 
contains the oscillator tuned circuits; the lower rear 
compartment contains the power amplifier tuned cir
cuits and the crystal calibrator oscillator. The r-f 
g enerator assembly also includes the entire output 
frequency and attenuator drive mechanisms. 

4-6. RADIO FREQUENCY OSCILLATOR. (See Fig
ures 4-2 and 4-3.) 

4-7. The radio frequency oscillator generates a sine 
wave signal from 1 0  to 420 megac ycles in five fre
quency bands, each band having approximately 2:1 fre
quency range. A type 5675 "pencil" triode tube is used 
in a Colpitts circuit tuned by a precision split-stator 
capacitor (plate meshing type) and five se parate r-f 
transformers, L-1 through L-5. The tuning capacitor, 
which is specially constructed for high stability and 
resetability, consists of two stator sections connecting 
to the grid and plate of the oscillator tube and a float
ing rotor which meshes equally between the two stators. 
The tuning capacitor assembly, mounted inside and at 
the top of the tuning compartment in the r-f generator 
h ousing, is driven by a ball-bearing mounted worm 
drive through the top of the housing casting. 

4-8. The oscillator tuning coils are wire-wound under 
special tension on 5/8-inch diameter ceramic forms 
on the A, B, and C bands and are silver-plated, Nilvar 
loops o n  the D and E bands. Tension-winding pro
vides greater stability with changing temperature. The 
five inductors are mounted on a revolving turret actu
a te d  by the FREQUENCY RANGE selector. As the 
turret is rotated, the desired coil is positioned in the 
tuned circuit just b elow the oscillator tube and tuning 
capacitor, COIUlections being made through large silver
plated contacts mounted directly on the bottoms of the 
two stators of the tuning capacitor. Both ends of the 
tuning inductor and capacitor are at r-f and d-e poten
tial, with no part of this circuit grounded. 

4-9. The circuit diagram for the oscillator is shown 
in Figure 4-3. The oscillator tube, V-6, is operated 
across the -165-volt and +225-volt supplies with con
siderable series resistance to limit the maximum plate 
current that can flow. The plate is series-fed through 
a 3000-ohm resistor, R-45, which also serves to isolate 
the tuned circuit from r-f ground at C-15, while the 
cathode is returned to -165-volts through R-42 and 
R -43. Cathode by- pass capacitor C-25 is actually 
part of the tube mounting plate and is not visible when 
the plate is in position. R-42 prevents resonance in 
the cathode lead; R-43 in conjunction with R-45 limits 
the maximum plate current that can flow through V -6. 
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4 -10. Bias for the control grid is obtained across 
grid leak resistor R-44, which under usual conditions 
d evelops appro x imately 70 volts at the grid. C-16 
couples the tuned circuit to the tube grid, r-f drive 
being determined by the ratio of grid-plate to grid
cathode impedance. These impedances consist partly 
of inter-electrode capacity, shown as dotted compon
ents in the partial schematic diagram, and largely of 
lumped constants in the tuned circuit. The grid-plate 
capacity is shunted by the tuned circuit and a small 
trimmer capacitor C-18, while the grid-cathode capa
city is shunted by trimmer capacitor C-59. Trimmer 
C-18 sets the minimum capacity of the tuned circuit 
a nd is used to adjust the high frequency limit of all 
bands when the oscillator tube is replaced. C-59 is an 
additional adjustment usually set for minimum capacity 
a nd requires no readjustment. This capacitor has 
minor effect on the grid drive at the high frequency 
e nd s  o f  the bands a nd is usually set for maximum 
drive. C-68, the FINE FREQ. ADJ. control (included 
in signal generators with serial numbers 510 and above) 
adds a very small capacity to the existing capacity in 
the oscillator tank by rotating a small accentric alum
inum disk closer or farther from the stator of the main 
tuning capacitor. 

4-11. The inductances of the tuned coils are variable 
over a small range by adjusting a single shorted turn 
on each coil for the A ,  B, C, and D bands and by ad
justing the size of the single loop for the E band. In 
models with serials below 204 the D band coil is ad
justed the same as E band. These adjustments are 
u sed at the factory to set the low frequency limit of 
each frequen

'
cy band. 

4-12. Heater voltage for the oscillator tube is obtained 
from a multivibrator operated on regulated voltage to 
s up ply very sta ble heater power. All power to the 
oscillator tube is brought through the housing by special 
filters having very high attenuation of radio frequencies 
to prevent conduction of the r-f energy outside the in
strument . The entire oscillator circuit is contained 
in the cast aluminum r-f generator assembly shown in 
Figure 4-2a. The tuned circuits are located in a lower 
front compartment, the other circuits in a tube com
partment above. An inside view of the r-f generator 
assembly is shown in Figure 4-2b. The oscillator tube 
is mounted through the top of the tuning compartment 
so that the grid and plate elements project through the 
top plate into the tuning compartment, while the heater 
and cathode ele ments remain a bove the top plate. 
Mounting facilities are contained in the upper com
partment, and the tube may be replaced from the upper 
compartment without entering the tuning compartment. 

4-13. RADIO FREQUENCY BUFFER OPERATION. 
(See Figure 4-4.) 

4-14. A loosely -coupled secondary winding on each 
o f  the oscillator coils couples r-f energy from the 
oscillator to the buffer stage located in the tube com
partment in the top of the r-f generator housing. The 
buffer tube, V-7, is a type 6BC4 miniature triode con
n ected as an untuned, grounded -grid amplifier and 
serves to isolate the oscillator circuit from the effects 
of the modulation signal at the cathode of the power 
a mplifier. The use of the buffer reduces incidental 
frequency modulation to an extremely small value. 
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C68 I 

Q IFREQI 

I 
Cgp _L 

-r-

R42 
470 

1 
I 

R43 
4000 
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{- __ _liL GENERATOR 

I \ - - HOUSING 

Cl4 
.OOif.LF 

Cl5 
.OOij.lF 

+ 225 V DC 

REGULATED 

Figure 4-3. Schematic Diagram of Radio Frequency 
Oscillator 

4-15. The circuit diagram for the buffer is shown in 
Figure 4-4. For simplicity, the coupling coil for only 
the A band is shown in the schematic diagram in Fig
ure 4-4. Although the buffer tube V-7 utilizes a large 
cathode resistor (R-116, 7500 ohms), it operates with 
practically zero bias and relatively high plate current. 
R-116 holds plate current constant for a wide range of 
tube characteristics and in conjunction with R-47, a 
dropping resistor in the plate supply lead, serves to 
limit plate current to safe values. R-117 in conjunc
tion with C-64 and C-65 in the cathode circuit prevents 
transfer of r-f energy between the oscillator and buffer 
s ta ges. R-112, mounted on the coil for the A band, 
damps unwanted resonance in the cathode lead. R-113, 
shunting the coupling coil, limits the somewhat greater 
r -f drive from this coil. The plate of the buffer is 
coupled to the cathode of the r-f a mplifier through a 
w id e-band, coupling network consisting of coil L-8 
with damping resistor R-13, series coil L-9 with block
ing capacitor C-29, and shunt peaking coils L-10 and 
L -11, shown in Figure 4-5. Resistors shunting the 
peaking coils are used as the forms for the windings. 
The resistor values are selected to damp the reson
a nt peaks of the coils. For greatest stability of op
eration, heater power for the buffer is obtained from 
the regulated heater supply multivibrator V-17. 

4-16. RADIO FREQUENCY POWER AMPLIFIER OP
ERATION. (See Figure 4-5.) 

4-17. The radio frequency power amplifier, V-8, amp
lifies the r-f energy received from the buffer for ap
plication to the r-f output attenuator. The circuit con
sists of a 5876 "pencil" triode connected as a grounded-
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grid, cathode-modulated amplifier. The plate circuit 
of the amplifier is tuned in the same manner as the 
o scillator, with a similar split-stator capacitor and 
f iv e  u n ta pped c oils mounted on a revolving turret. 
The amplifier tuning capacitor is ganged with the os
cillator capacitor by a double-ended worm drive (see 
F igure 4-15 ). The amplifier capacitor is provided 
with a mechanical linkage, controlled from the front 
panel, to shift the rotor plates from their normal 
tracking position. This control allows the amplifier 
tuning to be separately adjusted for maximum output 
at all frequencies. 

4-18. The c oil mounting turret is also ganged with 
that of the oscillator. The coil in use is so located to 
b e  c onnecte d  d irectly across the tuning capacitor 
stators and is inductively coupled to the output attenu
ator probe. Tuned coils are wound with copper wire 
on 1 12-inch diameter teflon forms. 

4-19. The c ircuit diagram for the r-f amplifier is 
shown in Figure 4-5. The power amplifier tube is 
operated across the -165 and +225-volt supplies. The 
plate is series-fed from the +225-volt supply through 
decoupling filter R-57 and C-33. The cathode is re
turn ed through a portion of the wide-band coupling 
filter a nd resistors R-35 and R-36 to the -165-volt 
supply. R-36 m atches the higher impedance of the 
cathode circuit of V-5 to the lower impedance of the 
cathode circuit of V-8, while R-35 is the cathode bias 
resistor. R-35 is also the cathode load resistor for 
control tube V-5, and the bias developed across R-35 
is largely controlled by the current in V-5. The mod
ulating signal is also developed across R-35 and with 
the bias voltage is fed to the cathode of V-8. Crystal 
diode CR-7, connected between the cathode return cir
cuit and ground, limits the lowest potential to which 
the cathode can be driven. This arrangement protects 
V-8 from the effects of any negative switching tran
sients which might be applied to its cathode. The plate 
tank is tuned by C-17B. C-32, a small trimmer capa
citor across C-17B, sets the minimum capacity and 
is provided for adjusting the tracking of the highest 
frequency band so that minimum operation of the A MP 
TRIMMER control is required. The inductances of the 
tuned c oils can be adjusted over a small range by 
means of metal sleeves between the cores and coils on 
the B, C, and D lxlnds and by altering the winding shape 
and size on the A and E bands. These adjustments are 
set at the factory to track the low frequency end of 
each band with the frequency of the oscillator. 

4-20. Heater supply voltage for the r-f amplifier is 
obtained from the regulated heater supply multi vibrator. 
Filter FL-9 in the heater circuit reduces incidental 
frequency modulation by preventing leakage of modu
lating signals between the heaters of the oscillator 
and amplifier tubes. The tuned circuits of the r-f amp
lifier are contained in the rear compartment of the 
r-f generator housing (see Figure 4-2). The d-e cir
cuits for the amplifier are located in the compartment 
above. The amplifier tube is mounted through the top 
of the tuning compartment so that the plate element 
p rojects through the top plate into the tuning com
partment. The heater and cathode elements, and the 
mounting facilities, are in the upper compartment and 
the tube may be replaced without entering the tuning 
compartment. 

4-21 . O U TPUT ATTEN UATOR A ND R-F POWER 
MONITOR OPERATION. (See Figures 4-5 and 
4-6.) 

4-22. A piston attenuator is used to control the power 
o bta ined from the r-f power amplifier (see Figure 
4-2b). The housing for the attenuator projects through 
the rear of the r-f generator housing and terminates, 
open-ended, close to the r-f amplifier plate circuit in
ductor. Figure 4-6 shows the front view of the pickup 
probe removed from the attenuator housing. The non
r esonant, single-turn, pickup loop at the end of the 
a tte nuator pr obe couples e nergy to an impedance
matching network, C-37, R-58, and R-59, mounted on 
the face of the probe and through a section of double
shielded coaxial cable to the RF OUTPUT jack. Capa
citor C-37 is actually a movable sleeve in the probe 
b od y  w hich allows minor adjustment of the internal 
impedance of the generator so that a minimum stand
i ng w a ve r a ti o  is o btained w he n  the output jack is 
terminated in a 50-ohm resistive load. 

4-23. The attenuator probe is positioned in its hous
ing by a wire cable driven by a ball-bearing mounted 
p ulley system coupled to the front panel attenuator 
d ial. Cable tension is adjustable and is carefully set 
for minimum back-lash. Friction throughout the sys
tem has been reduced to as low a value as possible. 

4-24. The r-f power level which is fed to the attenu
ator is sampled and continuously monitored by an anten
na (two parallel wires crossing the open end of the at
tenuator housing) connected to a small detector assem
bly mounted under the housing inside the r-f amplifier 

Figure 4-6. R-F P ickup Probe for Output Attenuator 
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Figure 4-7. Schematic Diagram of Crystal Controlled Frequency Calibrator 

tuning compartment (see Figure 4-2b). This power 
level is indicated in both volts and decibels, over a 
limited range, on the front panel power level meter. 
A calibration mark on the meter marked SET LEVEL 
establishes a predetermined amount of power fed into 
the attenuator housing for direct reading of the output 
attenuator dial calibrations. 

4-25. Radio frequency energy is coupled from the 
power monitoring antenna to a crystal detector through 
L-17, a small coil used to adjust the frequency response 
of the detector circuit. Crystal diode CR-2 with re
turn resistor R-60 rectifies the radio frequency energy 
and produces a d-e voltage equal to half the peak-to
peak r-f voltage; R-119 serves to flatten the frequency 
response of the circuit; C-38 and filter FL-8 remove 
the remaining r-f component and couple the d-e volt
age to a compensating network, CR-3 and R-61. FL-8 
is specially designed to attenuate all radio frequencies 
above approximately 3 megacycles and to pass all fre
quencies below that frequency with little or no attenu
ation. CR-3 corrects for non-linearities in detector 

18 

CR-2 when the r-f signal level is low and detection 
takes place in the non-linear region of the diode. The 
degree of compensation is set by potentiometer R-61 
and is adjusted to obtain accurate down-scale read
ings on the front panel power leve l  meter. M-1 is 
calibrated to indicate the rms value of the r-f output 
signal. Potentiometer R-62 adjusts the sensitivity of 
the meter and is set at the factory with accurate VHF 
power measuring equipment. 

4-26. FREQUENCY CALIBRATOR OPERATION. (See 
Figures 4-7 and 4-7A.) 

4-27. The frequency calibrator consists of a crystal
controlled oscillator and mixer located in the r-f amp
lifier tuning compartment (see Figure 4-2b) and a 75 
d b  resistance-coup led amplifier located on the side 
chassis of the instrument. The accuracy of the crys
t al oscillator is within ±0.01% of 5 m egacycles and 
allows the frequency dial calibration to be set "on 
frequency" very accurately at the check points. The 
calibrator is in continuous operation as long as the 

Revised 1 May 1958 
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signal generator is turned on and is designed to op
erate into an earphone set having 600 ohms or greater 
impedance. 

4-28. The circuit diagram for the complete calibra
tion of Signal Generator TS-510/U is shown in Figure 1 4-7. For the circuit diagram o f  the complete cali
brator for Signal Generator TS-510A/U refer to Fig
ure 4-7A and paragraph 4-29A. The crystal oscil
lator uses a type 6AU6WA m i n i a t u r e  pentode con-
nected as an electron-coupled oscillator, having both 
the plate and screen circuits tuned to the crystal fre
quency of 5 megacycles. Limited adjustment of the 
crystal frequency is provided by trimmer C-23 con
nected across the crystal. The calibrator frequency 
is coupled from t h e  plate of the oscillator through 
blocking capacitor C-24 to the cathode of mixing diode 
CR-1. The signal from the r-f power amplifier is in
ductively coupled to the anode of the mixing diode by 
running the anode lead of the diode close to the r-f 
amplifier circuits. Harmonics of the calibrator are 
generated in the crystal and mixed with the r-f signal 
to produce beat-frequency signals across R-50. 

4-29. Beat-frequency signals from the mixing diode 
are taken through r-f filter FL-7 in the r-f generator 
housing to a c o n v e n t i o n a l  three-stage resistance
coupled amplifier consisting of V-10 md V-11, high
mu twin triodes connected in cascade and located on 
the lower, right chassis. Only one-half of V-10 is 
used, the remaining half being grounded. Due to the 
extremely high gain of the amplifier (approximately 

R 118 

1000 

Cl9 
.0047 

S2 

80 db), grounding of the input circuits is extremely 
critical. It is important that the load resistor (R-50) 
for mixer diode CR-1 and the cathode, and the grid 
return resistor (R-51) for V -10 are not grounded near 
the tube socket but are connected to the shield of the 
input cable which, in turn, is grounded at the r-f gen
erator housing, as shown on the schematic diagram. 
Potentiometer R-56 in the grid circuit of the last am
plifier stage controls the volume of the bear frequency 
output signal. The s i g n a 1 from the output stage is 
coupled through a 600-ohm line matching transformer 
T3 to the front panel EXT CAL. OUTPUT jack. 

4-29A. The circuit diagram for the complete calibra
tor of Signal Generator TS-510A/U is shown in Fig
ure 4-7A. T h e  crystal oscillator uses the pentode 
section of a type 6U8 electron tube connected as an 
electron-coupled oscillator, having both the plate and 
screen circuits tuned t o  the crystal frequency of 5 
megacycles. Limited adjustment is provided by trim
mer C-23 connected across the crystal. The cali
brator frequency is coupled from the plate of the os
cillator through blocking capacitor C-24 to the cathode 
of the mixing diode CR-1. The signal from the r-f 
power amplifier is inductively coupled to the anode of 
the mixing diode by running the anode lead of the diode 
close to the r-f amplifier circuits. Harmonics of the 
calibrator are generated in the crystal and mixed with 
the r-f signal to produce beat-frequency signals across 
R-50. 

4-29B. The triode section of the 6U8 supplies an out-
I put frequency of 1 megacycle when switch S-2 is in 

L7 

4.7 }J.}J.F 

COUPLED TO 
PLATE OF VS 

GilA 

R49 

3.9K 

Figure 4-7A. Scehmatic Diagram of Crystal Controled Frequency Calibrator TS-510A/U 
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the 1 MC position. This output is then coupled to the 
cathode of the mixing diode CR-1. The plate circuit 
is tuned to the fifth sub-harmonic of the pentode sec
tion by L-18. This results in a 1 megacycle output 
with an accuracy equal to the accuracy of the pentode 
section. 

4-30. MODULATOR S E C T I O N OPERATION. (See 
Figures 4-8, 4-9, and 4-10.) 

4-31. The purpose of the modulator section is three
fold: To generate 400- a n d  1000-cycle sine waves 
for internal modulation of the generator; to amplify 
all modulation signals for application to the r-f power 
amplifier; to control the power level obtained from 
the r-f amplifier for all types of operation by varying 

51 D 0 

SIC 

the bias on the r -f amplifier tube. The modulator con
sists of a resistance-tuned oscillator, V -2, shown in 
Figure 4-8, a limiter and single-stage video ampli
fier, V-1 and V-3, shown in Figure 4-9; and a cathode 
follower output stage and output level control tube, 
V-4 and V-5, shown in Figure 4-1. The modulator 
circuits are located along t h e  upper portion of the 
right side chassis; the oscillator on the bottom por
tion. 

4-32. The modulation oscillator is a resistance-tuned 
sine wave generator of the We in Bridge type. Basical
ly, the circuit c o n s i s t s  of a two-stage resistance
coupled amplifier which is caused to oscillate by the 
use of a frequency-selective positive feedback cir
cuit. At the resonant f r e q u e  n c y there is no phase 
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Figure 4-8. Schematic Diagram of Modulation Oscillator 
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shift in the positive feedback circuit, so that a volt
age of the resonant frequency on the grid of the first 
tube is reinforced by the output of the second tube and 
oscillation occurs. The two frequencies of operation 
are obtained by switching two different sets of resist
o rs, R -3 and R -5 or R-4 and R-6, into the positive 
feedback network when the MOD. SELECTOR is turned 
from 400 '\.. to 10001. . Precision resistors having 
good stability are used in the tuned circuit. Capa
citors C-2, C-3, and C-4 comprise the remainder of 
the tuned circuit. In addition to the positive feedback 
network, a negative feedback circuit is also used to 
stabilize the oscillator, reduce distortion, and to main
tain a constant output level. This circuit consists of 
a 3-watt lamp, I-1, used as a thermal resistance ele
ment having a positive temperature coefficient, com
position resistor R-8 and amplitude adjusting poten
tiometer R-7. The high positive temperature coef
ficient of the lamp provides automatic amplitude control 
of the signal, for if the amplitude of oscillation tends 
to increase, the current through the lamp tends to in
c rease, thereby increasing the lamp's resistance. 
Consequently, the negative feedback tends to increase 
and amplitude of oscillation is maintained constant. 
The amplifier portion consists of two medium-mu tri
odes, V-2A and B, in a conventional resistance-coupled 
c ir c uit w ith the output voltage being obtained from 
the cathode of the second stage. Although heater volt
age is applied to the oscillator at all times the instru
ment is in operation, plate voltage is applied to V-2 
only when the MOD. SELECTOR switch is in the 400-
or 1000-cycle position. 

4-33. The sine wave signal from the modulation os
cillator or from an external signal source is coupled 
through the MOD. LEVEL control to the limiter tube 
V-1, a 5670 twin triode, then to video amplifier V-3, 
a type 6C L6 pentode. The purpose of V -1 is to limit 
t he peak amplitude of modulating pulses, since for 
pulse modulation the input signal is fed directly to the 
grid of the limiting amplifier without passing through 
the MOD. LEVEL control. The limiting action of V-1 
b egins at approximately +2 volts peak which is con
siderably more than that required for 100% modulation 
of the output signal. Consequently, signals producing 
less than 100% modulation pass through the limiter 
unchanged. Limiting effectively squares the top of an 
incoming posit ive waveform above approximately 5 
volts without affecting its rise and fall or introducing 
t ransie nts. The uninver ted signal from amplitude 
limiter V-1 is then amplified approximately 18 db by 
V-3, a resistance-coupled 6CL6 pentode voltage amp
lifier, and coupled to output cathode follower V-4. 

4 -34. The m odulating signal from the limiter and 
a m plifier, is fed to output cathode follower V-4, a 
triode-connected type 6CL6 pentode. For sine wave 
modulation the signal from the cathode of V-4 is coup
led through switches S-1E and S-1 F to the grid of the 
output level control tube V-5 and superimposed on the 
variable bias voltage. The cathodes of both V-5 and 
the r-f power amplifier V-8 are connected together 
and returned to the -165-volt supply through resistor 
R-35. Any signal placed on the grid of V-5 is, there
fore, directly coupled from the cathode of V-5 to the 
cathode of the r-f power amplifier V-8. The d-e volt
age level established at the cathodes of the two tubes 
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is determined largely by the current flowing in V-5. 
The current in V-5 is controlled by the dual potentio
meter voltage divider, R-34, R-37A and B ,  and R-40, 
in the g r id c ircuit. T he cathode bias for V-8, and 
consequently the r -f output power, is varied by front 
panel output level potentiometers, R-37A for coarse 
adjustment and R-37B for fine adjustment. 

4-35. The cathode of V-4 is connected by the MOD. 
SELECTOR switch directly to the cathode of V-5 for 
pulse modulation operation. The additional current 
drawn by V-4 through common cathode resistor R-35 
produces a sufficiently high voltage to cut off the r-f 
amplifier and reduce the r-f output to zero. The mod
ulating pulses are not applied to the grid of V-5, and 
it now serves only to control the peak level of the r-f 
output pulse. Negative modulating pulses at the grid 
of V -4 (the positive input pulse having been inverted 
in V-3) cut off V-4 and allow the cathode potential to 
return to the level set by V-5 which establishes an r-f 
output level equal to the CW level as indicated on the 
o utput level meter. A pulse of r -f energy having an 
e nv elo pe shaped like the modulating pulse is then 
formed. 

4-36. MODULATION-MEASURING CIRCUITS OPER
ATION. (See Figures 4-11 and 4-12.) 

4-37. The modulation measuring circuits in the TS-
510A/U indicate the degree of sine modulation of the r-f I 
output signal directly in percentages between 0 and 
1 00% to an accuracy of 1 O% or better. These circuits 
consist of a stabilized wide-band amplifier and a bridge
type meter circuit. The circuit amplifies the detected 
modulation from the r-f power monitor circuit, recti
fies it and applies the resultant d -e voltage to the 
meter bridge. Being a peak reading circuit, the meter 
indicates the percent modulation of most waveforms 
(square-wave, saw-tooth, etc.) that are applied to the 
EXT. MOD. jack. The meter is calibrated to indicate 
the percent modulation of a given amount of r-f carrier 
power, the amount established by SET LEVEL on the 
output level meter. The percent modulation indication 
i s  accurate for all settings of the output attenuator 
from 0 dbm down. 

4-38. The circuit diagram for the stabilized ampli
fier, shown in Figure 4-11, consists of two conventional 
resistance-coupled type 6AH6 pentodes, V-18 and V-1 9. 
The circuit is stabilized by negative feedback and pro
v id e s  a pproximately 22 db gain to approximately 2 
megacycles. The feedback loop covers both stages, 
the feedback signal being coupled from the plate of the 
second stage through dropping resistor R- 99 and block
ing capacitor C-55 to the cathode of the first stage. 
The circuit diagram for the bridge circuit is shown in 
Figure 4-12 and consists of diode rectifier V-20 and 
twin-triode V-21, the two triodes constituting two legs 
of the meter bridge. With no modulation signal ap
plied to the amplifier, the steady-state d-c potential 
at the plate of amplifier V -19 is coupled to the grids 
of both triodes of V -21. With equal current flowing 
in the two sides of the bridge, the bridge is balanced 
and the meter reads zero. Potentiometer R-106 is a 
f ront panel zero adjustment of the bridge that pro
vides for variations in tube characteristics in the two 
sides of the bridge. 
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4-39. The modulation signal from amplifier V-19 is 
rectified by diode V-20, and the peak value of the rec 
tified voltage is applied to the triode in one leg of the 
bridge, unbalancing the bridge and causing the meter 
to read u p scale. The triode in the other leg of the 
bridge is unaffected by the modulation signal as the 
signal is filtered out by resistor R-101 and by-pass 
capacitor C-58. Potentiometer R-104 sets the sen
sitivity of the meter and is adjusted for correct cali
bration of the meter. 

4-40. POWER SUPPLY. (See Figure 4-13.) 

4-41. The power supply for the signal generator con
sists of two electronically regulated high voltage sup
plies, one providing -165-volts de, the other providing 
+225-volts de, with the chassis at zero potential. Each 
regulator is supplied from a full-wave bridge-type 
selenium rectifier with a separate high voltage wind
ing on the power transformer. The power transformer 
also supplies a-c voltage for all electron tube heaters 
except the r-f oscillator and power amplifier. The 

CR4 CR5 

CR6 

R73 

27K 

primary winding of T1 is divided into two parts and may 
be operated in series for 230-volt lines or in parallel 
for 115-volt lines at a frequency of 50-1000 cycles . 

I Transformer T1 of Signal Generator TS-510A/U can be 
operated only from 115-volt lines at a frequency of 50-
420 cycles. The output of each regulated supply is ad
justed by screwdriver adjusted potentiometers R-80 
and R-71 on the rear instrument chassis. The +225-
volt supply uses the -165 supply for a reference volt
age; consequently, a change in the -165-volt also af
fects the output from the +225-volt supply. 

4-42. The two regulated power supplies are identical 
in operation, therefore, only the -165-volt supply will 
be discussed. Figure 4-13 shows the complete sche- 1 

matic for both supplies. V-14, V-15, and V-16A con
stitute the voltage regulator circuit for the -165-volt 
supply.  V -15 is a constant-voltage tube which pro 
v ides a reference bias for voltage am plifier V-14. 
V-16A, the regulator tube operates as a variable re
sistor controlled by the voltage at the grid of V-14. If 
the output from the cathode of V-16A tends to increase, 
the voltage at the grid of V-14 tends to increase, caus
ing V-14 to draw more current. This lowers the plate 

V13 
6080 

SERIES REGULATOR 

VIGA 
� 6080 

VIGB 
� 6080 

SERIE S 

REGULATOR 

46A 

+I 10 

SERIES REGULATOR 

REFERENCE TUBE 

-165 VDC 

Figure 4-13. Schematic Diagram of Regulated Power Supplies 

Revised I May 1958 23 



Section IV NAVAER 16- 30USM44-502 
Paragraphs 4-43 to 4-49 

voltage of V-14 and, consequently, the grid voltage of 
V-16A ,  r e sulting in a greater plate resistance for 
V-16A, The greater plate resistance causes a greater 
voltage drop across V-16A, instantaneously compen
sating for the increased voltage at its cathode and re
sulting in a substantially constant voltage output. If the 
regulated output tends to decrease, the reverse of the 
above action occurs, also tending to maintain the cath
ode voltage constant. Ripple in the output �oltage is 
coupled to the grid of V-14 by capacitor C-44, while 
slower v ariations in the d-e level are fed to the grid 
of V -14 through voltage divider R-79, R-80, and R-81. 
The b ias for V-14, and thus the output voltage level 
from V-16A, is determined by the setting of R-80. 

4-43. The operation of the +225-volt supply is iden
t ic al to the -165 -volt supply but due to the greater 
current required (approximately 150 rna), three reg
u lator tubes (V -13A and B, V-16 B )  must be used in 
parallel. The reference voltage for the +225-volt sup
ply is obtained directly from the -165-volt supply. 

4 -44. H EATER SU PPLY MULTIVIBRATOR, (See 
F igure 4-14.) 

4-45. C onstant heater voltage is supplied to radio 
frequency tubes V-6, V-7, and V-8 by a free-running 
m ultivibrator o perating on the +225-volt regulated 
supply. The multivibrator develops square waves that 
are substantially constant in amplitude because the 
plate voltage excursion is limited by the +225-volt sup
ply and the maximum conductivity of the tube, The 
type 5687 has sufficient conductivity to cause the plate 
voltage to fall approximately 25 volts during the neg
ative half cycle. The multi vibrator, which operates 
without bias, is grid-plate coupled and produces sym
metrical waves , Transformer T2 couples the outp�t 
of the multivibrator to heater circuits within the r-f 
g enerator h ousing. P otentiometer R-87 is used to 
adjust the plate voltage of V-17 and thereby acts to 
control the applied filament voltage for V-6, V-7, and 
V-8. Resistors R-84 and R-85, in the grid circuit of 

the two triodes, prevent grid loading of the opposite 
plate circuits while the grid is in the positive part of 
its cy cle. R-83 and R-86 are the grid return resist
o rs. The schematic diagram for the heater supply 
multivibrator is shown in Figure 4-14. 

4-46. OPERATION OF MECHANICAL COMPONENTS. 

4-47. FREQUENCY DRIVE MECHANISM. The fre
quency drive mechanism operated by the front panel 
FREQ. control tunes the r-f oscillator and amplifier 
plate circuits over the frequency range of the signal 
g ener ator. The F REQ. knob turns a double-ended 
worm drive screw which meshes separately to both 
the oscillator and the power amplifier tuning capaci
tors in the r-f generator assembly. The drive screw 
is in two parts. The front part meshes with the oscil
lator drive, turning only with the FREQ. drive knob, 
and terminates in a sliding type coupling to the amp
lifier drive screw. The rear portion of the drive screw 
turns with the FREQ. drive knob but also can be driven 
an additional amount on either side of the FREQ. dial 
s etting by the A MP. TRIMMER control. The AMP. 
TRIMMER control connects only to the back half of the 
d ouble-ended worm drive screw and shifts it longi
t udinally along its axis about 3/8 of an inch. This 

24 

shifting moves the amplifier capacitor sufficiently to 
allow the amplifier capacitor to be manually tuned to 
the oscillator frequency for maximum output across 
the entire frequency range. 

4-48. The frequency drive screw and the drive shafts 
to both tuning capacitors are full ball-bearing mounted. 
The "stop" gear for the frequency drive screw is loca
ted to the front of the casting and consists of a second 
gear having one less tooth than its driving gear. The 
stop gear has one eccentric tooth and the driving gear 
o ne solid tooth. As the driving gear turns, the stop 
gear follows until the eccentric tooth meets the solid 
tooth and stops. The number of teeth and the number 
of solid teeth determines the number of turns possible 
before stopping. 

4 -49. ATTENUATOR DRIVE SYSTEM. The output 
a ttenuator adjusts the level of the signal obtained at 
the RF OUTPUT jack. The attenuator consists of a 
piston type pickup probe mounted in a cylindrical wave
guide housing which terminates close to the r-f amp
lifier plate tank. The probe is positioned in the wave
g uide housing by a flexible cable driven by the front 
p anel attenuator knob. Turning the attenuator control 
turns a drum at the rear of the r-f generator housing. 
T he fle xible cable on the drum feeds around three 
pulleys and carries the attached attenuator probe along 
the length of the waveguide housing. All pulleys are 
ball-bearing mounted and the position of one pulley is 
a djustable in order to tighten the drive cable. The 
pulley system as seen from the rear of the r-f gen
erator housing is shown in Figure 5-7 in the following 
section. 
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Figure 4-14. Schematic Diagram of Heater Supply 
Multi vibrator 
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4-50. The attenuator drive is designed for linear probe 
travel down the waveguide housing. The waveguide 
housing is a small diameter operating beyond cut-off 
over the frequency range of the signal generator. The 
r-f power level within such a waveguide falls off at an 

e xpotential rate. The combination of l inear probe 
travel and exponential power decrease permits the at
tenuator dial to be calibrated linearly in decibels and 
exponentially in voltage. Details of the pickup probe 
will be found in paragraph 4-22. 

SECTION V 

ORGANIZATIONAL AND SQUADRON MAINTENANCE 

5-l. INTRODUCTION. 

5-2. The trouble shooting data in this section will en
able an alert and careful operator to locate and ser
vice a majority of tube failures and accomplish simple 

I repairs in the TS-510A/U Signal Generator. Paragraph 
5 -5, M in imum Performance Standards, provides a 
quick check on the overall performance of the signal 
generator and, in so doing, isolates troubles to sec
tions of the instrument using only a headphone set and 
the front panel meters for testing. Paragraph 5-10, 
Power Supply Trouble Shooting and Adjustments, in
c ludes a trouble shooting chart which locates most 
troubles that may occur in the power supply and indi
c ates the adjustments that are necessary following 
certain repairs. A chart listing all electron tubes with 
a djustments required following tube replacement is 
also included. The servicing in this section requires 
a reliable 5,0 0 0  ohm/volt multimeter or better for 
voltage measurement and requires only that the signal 
g enerator be removed from the cabinet; no further 
disassembly is necessary. The circuits of the TS-

1 510A/U Signal Generator occupy easily defined areas 
and are immediately accessible. The material i:1 this 
section is outlined below. 

5-3. 
5-5. 
5-10. 

Cabinet Removal. 
Minimum Performance Standards. 
Power Supply Trouble Shooting and Ad-

justment. 
5-14. Replacing Electron Tubes. 
5-16. Minor Repair and Replacement. 
5-19. Lubrication . 
5-21. Inspection Schedule. 
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5-3. CA BINET REMOVAL. (See Figure 5-l.) 

5-4. To remove the cabinet from the TS-510A/U Sig- I 
nal Generator, place the instrument face down to rest 
o n  the guardrail handles. L oosen the four captive 
s cr ew s  on the rear of the cabinet. Lift cabinet off 
instrument chassis. 

5-5. TROUBLESHOOTING THE TS-510A/U. 

5-6. The first step in servicing the signal generator 
is to visually inspect the instrument chassis with the 
instrument operating. Watch for signs of short cir
cuits, such as excessive heat dissipation, burned or 
discolored components, etc. Be alert for any signs of 
damage or misuse. Note condition of tubes, if firmly 
s ea ted and lighted. A "dead" tube m ay be quickly 
spotted if it is not lighted or is cold. 

I 

5-7. The test procedure given in Table 5-1 will en
able the operator to make a broad, quick check on the 
overall operation of the TS-510A/USignal Generator I 
using only front panel meter indications and a head
p hone set connected to the front pan e l  XTAL CAL. 
OUTPUT jack. In analyzing any trouble symptom, the 
power supply voltages should be considered as a pos
sible trouble source and should be checked as described 
in Paragraph 5-11. 

5-8. When troubleshooting the TS-510A/U, isolate the I 
trouble to one of the main sections, the r-f generator 
assembly, the r-f power monitor, the modulator, the 
modulation indicator, the calibrator, or the power sup
ply. Analyze the nature of the trouble symptom that is 
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Figure 5-1. Cabinet Removal 

observed. In many cases, the symptom will point di
rectly to one section at fault. For example: If no out
p ut is obtained on only one band, other bands being 
normal, it is logical to assume the trouble to be in a 
coil or switching contacts for that one band. If nor
mal output is obtained but cannot be modulated, the 
trouble is in the modulator section. If modulation can 
be obtained but without indication on the percent mod
ulation meter, the modulation indicator section is at 
f ault, etc. The following table will assist with isolating 
trouble in this manner. To make the tests in Table 
5-l, connect the signal generator to a power source, 
s et the front panel controls as follows and proceed 
with the checks listed in Table 5-l: 

P ower Switch 
MOD. SELECTOR 

FREQUENCY RANGE 
Frequency Control 

OUTPUT LEVEL 

AMP TRIMMER 

MOD. LEVEL 

26 

ON 
Begin on CW 
Begin on A range 
Begin at low frequency 

end of frequency dial 
scale 

Begin with mid - range 
setting 

Tune for maximum read
ing on OUTPUT VOLTS 
meter at each frequency 
tested. 

Begin with minimum 
setting 

XTAL CAL. GAIN 
Output Attenuator 

Maximum CW position 
Not required for this 

check; however, if sig
nal generator is used 
with external equipment, 
set attenuator to obtain 
convenient indication on 
external equipment 

5-9. An indication of r-f output can be obtained on the 
OUTPUT VOLTS meter with only the power supply and 
r -f generator sections operating. Such a reading shows 
that the oscillator is producing a signal that passes 
through the buffer and power amplifier to the power 
monitor; if no reading can be obtained, the fault would 
logically lie in these circuits. 

a. If the power output is limited, V6, V7 or VB may 
b e  suspected of being weak. However, because re
placing and readjusting the r-f oscillator and ampli
fier tubes is complicated, replacement is not recom
mended for organizational personnel or inexperienced 
technicians (see Section VI). 

b. If the CW output power cannot be reduced to mini
mum or if control is not possible, the trouble lies in 
the circuits of the output level control tube V5. 
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Table 5-l. Minimum Performance Standards Check Chart 

Test Normal Indication Paragraph Reference 

Set controls as indicated in 
paragraph 5-3 and proceed as 
follows: 

1. Noting the reading on the OUT- Should be able to obtain a reading See paragraphs 5-9 "a " and "b". 
PUT VOLTS meter, increase from near 0 to full scale at all 
OUTPUT LEVEL control from frequencies. 
min to max at various frequen-
cies throughout range of the 
Rignal generator. Peak the 
AMP. TRIMMER for each fre-
quency. 

2. Using the earphone set and Should be able to set frequency See paragraph 5-9 "a". If b eat-
XTAL CAL OUTPUT, note beat dial "on frequency" at all check frequency signals are not obtain-
frequency check points at var- points using the index shifter able, see paragraph 5-9 "c". 
ious frequencies across range. control. 

3. Set the MOD. SELECTOR to OUTPUT VOLTS meter should If meter does not read near zero, 

PUL SE. read near zero. trouble lies in the circuitry o f  
V4. 

4. Set the MOD. SELECTOR to OUTPUT VOLTS meter should 
EXT. MOD., then to 400't., give same indication as for CW 
then to 1000\.. operation. 

5. Noting the reading on the Should be able to obtain 0 to 95% If necessary, zero set the mod. 
PERCENT MODULATION reading with both modulation fre.- meter using the front panel zero 
meter, increase the MOD. quencies. Should also be able to set control. If modulation is not 
LEVEL control with the MOD. hear the modulation tone in the indicated, see paragraph 5-10. 
SELECTOR in both the 400 '\. headset connected to the XTAL 
and 1000\.. positions. CAL. OUTPUT jack. 

c. If beat frequency signals are not obtainable from 
the XTAL CAL. OUTPUT jack, check the output of the 
calibrator oscillator and mixer circuits by measuring 
the d-e voltage at the output terminal of FL7 (see Fig
ure 6-11). The normal voltage at this point is 1-1/2 
to 2-1/2 volts. No voltage or very low voltage indi
cates a fault in the oscillator circuit, V9. If this volt
age is normal, check the calibrator amplifier circuits, 
VlO and Vll. 

d. If no signal is available at the RF OUTPUT jack, 
measure the resistance between the center terminal 
of the output jack and ground. The resistance should 
be 53 ohms. If it is not, there is a fa1,1lt in the output 
attenuator circuit; however, due to the complexity in 
repairing the attenuator this operation is not recom
mended for organizational personnel (see Section VI). 

5 -10. A n  indication of mod ulation obtained on the 
PERCENT M ODUL AT ION meter indica tes that the 
entire signal generator is operating. 

a. If, with a satisfactory indication of r-f output on 
the OUTPUT VOLTS meter, no reading is obtained on 
the PERCENT MODULATION meter, the fault may lie 
in three places: The modulation indicator section, 
the internal modulation oscillator, or the modulator 
itself. 

b. If the PERCENT MODULATION meter gives no 
indication, but the modulation can be heard in head
phones connected to the XTAL CAL. OUTPUT jack, 
check the modulation meter amplifier and bridge tubes 
V18 through V21. 

c. If neither meter responds to this test, check the 
internal modulation oscillator V2 by measuring the 
a-c signal voltage at pin 3 of V2, then pin 3 of V1, with 
the M O D .  SE L ECT OR in the 4 00'\. position and the 
MOD. LEVEL control set to max. The signal level at 
both points should be 2 volts rms and may be adjusted 
by potentiometer R7. 

d. If this signal is satisfactory, the trouble lies in 
the modulator V1, V3 or, to a lesser degree, V4 . 

5-11. POWER SUPPLY TR OUBLE SHOOTING AND 
ADJU STMENT. 

5-12. Table 5- 2 systematically locates troubles in 
the power supply section using a reliable 5,000 ohm/ 
v olt m ultimeter or better to m easure the indicated 
voltages. The point at which a voltage and resistance 
is to be measured is listed in column 1 and is illus
trated in Figure 5-3. A correct voltage reading ob
tained from the second column indicates the particular 
c ircui t  tested to b e  operating properly and may be 
passed by. An incorrect or unstable voltage indication 
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Section V NAVAER 16-30U SM44-502 
Paragraphs 5-13 to 5-18 

Table 5-2. Power Supply Trouble Shooting Chart 

Measure Normal 
Voltage at: Indication 

1. T1 (Fig. 6-16) 6.3 volts ac rms 

2. C45 (Fig. 5-3) -165 volts de (regulated) 

3. Resistor Board +225 volts de (regulated) 
(Fig. 5-3) 

4. T2, Terminal 4 7.6 volts as read on aver-
(Fig. 5-3) age responding meter 

calibrated in rms volts. 

should be corrected as instructed in the service note 
in the last column. All voltages are measured from 
c hassis gro und. When possible, use a variable line 
transformer to adjust the line voltage between 105 and 
125 volts when measuring the power supply voltages. 
Marginal operation is quickly detected in this manner, 
as the regulated voltages should remain stable during 
such line voltage changes. 

5-13. The power supply section consists of two elec
tronically regulated supplies and the heater supply 
multivibrator shown in the block diagram in Figure 
5-2. The power supply voltages must be adjusted in 
the order given in Table 5-2. The output voltage from 
the heater supply multivibrator depends upon the set
ting of the +225-volt s upply, w hich, in turn, depends 
upon the -165-volt supply; all supplies being dependent 
upon the stability of the voltage reference tube V15. 
The heater supply multivibrator must be adjusted as 
described in the table in order to obtain an adequate 
and safe filament operating power. The voltage given 
must be read by an average responding meter, such 
as the common multimeter test set, and which is cal
i brated in r ms volts. The high voltage of 7.6 volts 
c ompensates for an approximate .5 vol!,slrop in the 
filter which takes filament power into the r-f genera
tor housing. 

5-14. REPLACING ELE C TRON TUBES. 

I 5-15. When replacing tubes in the TS-510A/U Signal 
Generator, it is recommended that a check be made 
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Service Note 

This voltage will read between 6.2 and 6.3 volts rms 
when the line voltage is 115 volts. A noticeably 
higher or lower voltage indicates that the line volt-
age is significantly more or less than 115 volts. 

This is a stable regulated voltage accurately adjusted 
by R80. If this voltage is significantly high, low, or 
erratic, check voltage across V15 which should be a 
steady 150 volts. For excessively high output, check 
Vl4; for too low output, check V16A and the voltage 
applied to V16A shown in Figure 5-3. A weak selen-
ium rectifier CR6 which supplies low voltage to the 
regulator will cause unstable operation of the regu-
lator. 

This is a stable regulated voltage accurately adjusteq 
by R71. If this voltage is significantly high, check 

I V12; if too low, check V13 and the voltage applied to 
V13 shown in Figure 5-3. A weak selenium rectifier 
CR4 or CR5 which supplies low voltage to the regul-
a tor will cause unstable operation of the regulator. 

This is a stable square wave voltage that must be 
measured by an average reading meter calibrated in 
rms volts and is accurately adjusted by R87. This 
voltage is applied only to the three r-f tubes within 
the r-f generator housing. If this voltage is signifi-
cantly high (8 volts), one of the r-f tube filaments 
may be open or the heater supply multivibrator is 
far out of adjustment. 

on the operation of the instrument before and after 
each new tube trial; if no imp rovement in operation 
is noticed, the original tube should be returned to the 
socket. Table 5-3 lists the tubes of the signal gener
ator with a suggested check and paragraph reference 
if adjustments are necessary following replacement. 
Figure 5-4 locates the tubes in the signal generator. 

5-16. MINOR REPAIR AND ADJUSTMENT. 

I 

5-17. The three fuses used in the signal generator 
are replaceable from the front panel by spare fuses 
located on the front panel. The two pilot lights are 
r eplac eable from the front panel and use standard 
Mazda No. 47, 6.3 volt, bayonet base lamps. The dial 
light also uses the No. 47 bulb which is replaceable 
when the four captive screws in the rear of the instru
m ent are loosened and the chassis pulled from the 
cabinet sufficiently to gain access to the rear of the 
front panel. 

5-18. The only adjustments in the signal generator 
which normally would be undertaken by organizational 
personnel are the power supply voltage adjustments 
indicated in Table 5- 2 and the electrical PERCENT 
MODULATION meter zero set. The electrical zero 
set for the PERCENT MODULATION meter is a screw
driver adjustment accessible at the front panel and 
sets the meter pointer to zero when the signal gener
ator is operating on CW and the MOD. LE VEL control 
is set to minimum. 

Revised 15 January 1960 
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NAVAER 1 6-30USM44 -502 Section V 

Table 5-3. Tube Replacement Chart 

Check and/or 
Tube Function Adjustment Required 

Vl Modulation limiter. None. 

V2 Modulation oscillator. See para. 6-19 in Section VI, Fasron Maintenance. 

V3 Modulation amplifier. None. 

V4 Cathode follower. None. 

V5 Output level control tub e. None. 

V6 Radio frequency os cillator. Se�) para. 6-9 in Section VI, Fasron Maintenance. 

V7 Radio frequency buffer. See para. 6-10 in Section VI, Fasron Maintenance. 

VB Radio frequency amplifier. See para. 6-10 in Section VI, Fasron Maintenance. 

V9 XT AL calibrator oscillator. See para. 6-35 in Section VI, Fasron Maintenance. 

*V9 XTA L calibrator oscillator. See para. 6-36A in Section VI Fasron Maintenance. I 

V10 andVll Calibrator amplifier. None. 

V12 Voltage control amplifier. See Step 3 in Table 5-2. 

V-13 Series voltage regulator. See Step 3 in Table 5-2. 

V14 Voltage control amplifier. See Step 2 in Table 5-2. 

V15 Gaseous voltage re gulator. See Step 2 in Table 5-2. 

Vl6 Series voltage regulator. See Step 2 in Table 5-2. 

V17 Heater supply multivibrator. See Step 4 in Table 5-2. 

Vl8 Modulation indicator amplifier. None. 

V19 Modulation indi cator amplifier. None. 

V20 Modulation meter rectifier. None. 

V21 Modulation meter bridge tube. Set PERCENT MODULA1lON meter zero set (see 
para. 5-17). 

CR1 Calibrator mixer diode. None. 

CR2 Power monitor detector. See para. 6-11 in Section VI, Fasron Maintenance. 

CR3 Power monitor compensator. See para. 6-11 in Section VI, Fasron M aintenance. 

CR7 R-f amplifier cathode clamp. See Table 6-2, Item 8. 

* Used only on Signal G enerator, AN/USM-44A. 

Revised 1 May 1958 29 



Section V NAVAER 16-30USM44-502 
Paragraphs 5-19 to 5-20 

+ 

VOLTAGE REGULATOR RECTIFIER +360V DC 
INPUT 

CR4 - CR5 
V12, V13, V168 

+ 

RECTIFIER +260V DC VOLTAGE REGULATOR 
INPUT 

CR 6 
V14, V16A 

REFERENCE TUBE 

v 15 

+ 

....±. + 

HEATER SUPPLY 

MULTI VIBRATOR -
v 17 

+ 

-

+225V DC R EGULATED 

ED BY R71 OUTPUT ADJUST1 

7.6V RMS OF 1000 CPS 
WAVE SQUARE � 

OUTPUT ADJUSTE ED BY R87 

-165 V DC f, EGULATED 

ED BY RBO OUTPUT ADJUST. � 

Figure 5-2. Power Supply Block Diagram 

5-19. LUBRICATION. 

5-20. There are two mechanical operating systems in 
I the TS-510A/U Signal Generator; the frequency drive 

m e chanism s hown in Figure 5-5 and the attenuator 
drive system shown in Figure 5-6. The two systems 
are thoroughly lubricated at the factory, and it is not 
expected that subsequent lubrication will be necessary 
d ur ing the first year of use. The gears in the fre
quency drive system operate at slow speeds and trans
mit negligible power. Fully shielded ball bearings are 
used in many a p plications and require no s ubsequent 
attention. Ball bearings that are not fully shielded re
quire only ball bearing lubricant. If cleaning and re
lubrication are needed after prolonged use of the in
strument, excessive dust accumulation, or drying of 
lubricant, reference to the following chart and Figures 
5-5 and 5-6 will assist with renewing the lubricants 
at various points on the r-f generator assembly. The 
two worm gears used in the tuning capacitor drive are 
lubricated with a light-bodied lubricating grease. All 
remaining sleeve bearings and rubbing surfaces, in
cluding the small pulleys used in the attenuator drive 
system, are lubricated with a low viscosity lubricating 
oil. The bakelite RANGE SELECTO R drive shaft and 
the attenuator drive shaft (not shown in the illustration) 
r equire light-bodied lubricating grease where they 
enter the r-f generator housing. In all cases, avoid 
over-lubrication. 

30 

Lubrication Chart 
(See Figures 5-5 and 5-6) 

Location Specification 

Oscillator and amplifier worm MIL-G-3278 
gears 

Amp trimmer stop mechanism MIL-L-6085 

Amp trimmer toggle nut Same as above 

Amp trimmer drive link Same as above 

Amp worm drive shaft Same as above 

Amp sliding coupler Same as above 

Attenuator drive shaft panel Same as above 
bearing 

Attenuator pulleys (unshielded NAVY 14L3 
ball bearings ) 

Attenuator probe guide slot MIL-G-3278 

Revised 15 January 1960 
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CR5 
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NAVAER 16-30USM44-502 

MODULATION METER AMPLIFIER 

MEASURE 
REGULATED 

+ 225VOC HERE 

MEASURE +360 

VOLTS HERE 
L_-y- J 

POWER SUPPLY 

REGULATED 

POWER SUPPLIES 

ADJUST -165 VDC HERE 

ADJUST + 225 VDC 

HERE 

M EASURE 

REGULATED 
-165 VOC HERE 

ADJUST HEATER SUPPLYl 
VOLTAGE HERE 

MEASURE HEATER SUPPLY 

VOLTAGE HERE 

(7.6 V. RMS ON AVERAGE 
READING METER ) 

HEATER SUPPLY MULTI VIBRATOR 

Figure 5-3. Power Supply Section Showing Points of Voltage Measurement and Adjustm ent 

Section V 
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NAVAER 16-30USM44-502 

V21 V20 V l9 
5814/12 AU7 5726/6AL5W 6AH6 

V16 
6080 

Vl3 

5676 

V7 
68C4 ;;// 

* V9__/ 
6AU6WA 

sua / 
V6 ___/ 

5675 

VIS 
6AH6 

Figure 5-4. Tube Location D�agram 

V5 
6CL6 

V4 
6CL6 

VII 
12AT7WA 

VIO 
12AT7WA 

5814/12AU7 

* USED ON TS510/U ONLY 

Figure 5-5. Frequency Drive Mechanism Showing Points of Lubrication 
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NAVAER 16-30USM 44-50 2 Section V 
Paragraphs 5-21 to 5-22 

ADJUSTABLE LENGT!; PUI.LE'I' 
MOUNIING SHAff . . 

.. tb����A
�: s:��E 

�g�LEY 
AT:TENUATOR DIAL ON FRONT PANEL) 

Figure 5-6. R-F Generator Assembly Showing Output Attenuator Drive System, Rear View 

5-21. IN SPECTION SCHEDULE AN D P REVENTIVE 
MAINTENANC E. 

I 5-22. The TS-510A/U Signal Generator requires no 
special periodic maintenance or checks other than a 
general alertness for the effects of misuse, loose con
trols, condition of cables and connectors, and possible 
damage that may be evident in its general appearance. 
If the equipment is in normal use, the frequency and 
attenuator drive mechanisms should be inspected once 
every six months for drying of the lubrication. Gears 
of particular importance are the two brass gears which 
are turned by the worms in the frequency drive mech
anism. With proper lubrication and normal use, the 

Revised 15 January 1960 

lubr ication given should last for over a year of use. 
Avoid over-lubrication. If the signal generator has 
been subjected to unusual conditions, excessive moist
ure, dust, heat, vibration, etc., it is suggested that the 
instrument be removed from the cabinet and inspected 
for dirt or moisture accumulation, loosened compon
ents, or any possible sign of damage. Forced air under 
m ed iu m  p res sure is r ecom mended for dusting and 
d rying, alth ough care must be taken not to vary the 
s ettings of the adjustment potentiometers. When tight
ening nuts and s crews, various degrees of pressure 
are required depending on the strength of the material 
and weight which is supported. Avoid overtightening. 
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NAVAER 16-30USM44-502 Section VI 

Paragraphs 6-1 to 6-4 

SECTION VI 

FIELD AND FASRON MAINTENANCE 

6-1. INTRODUCTION. 

6-2. The service instructions in this section are an 
extension of the instructions in Section V. These in
structions include tube replacement, component re
placement, calibration procedures and complicated 
tests which require greater skill and more precise 
instruments than those described in Section V. Trouble 
shooting data in this section presume that trouble sym
toms have been analyzed and isolated to a section of 
the signal generator as instructed in Table 5-1 and 
that the entire power supply is operating properly as 
d etermined by the tests in Table 5-2. Replacement 
procedures are grouped at the beginning of the section 
followed by recalibration and test procedures toward 
the end of the section. The material in this section is 
as follows: 

6-3. 
6-5. 
6-7. 
6-9. 

6-10. 

6-11. 

6-13. 

6-15. 

6-17. 
6-19. 

Minimum Performance Standards. 
System Analysis Check Chart. 
Replacing Tubes in the R-F Generator. 
Replacing the Radio Frequency Oscillator 

Tube. 
Replacing the Radio Frequency Amplifier 

and B uffer Tubes. 
Replacing Components in the R-F Power 

Mop.itor Circuits. 
Replacing/Repairing the R-F Output Attenu

ator Probe. 
Replacing and Repairing the Attenuator 

Drive Cable. 
Repairing the Internal Frequency Calibrator. 
Replacing Components in the Modulation 

Oscillator. 

6-22. Replacing the R-F Oscillator and Amplifier 
Tuning Coils. 

6-24. Replacing Power Transformer Tl. 
6-26. Calibrating the Frequency Dial. 
6-28. Calibrating the Output Attenuator. 
6-30. Calibrating the Output Volts Meter. 
6-32. Calibrating the Percent Modulation Meter. 
6-35. Calibrating the Frequency- Calibrator 

Oscillator. 
6-37. Measuring the Quality of the Pulse Modula

ted R-F Output Signal. 
6-39. Measuring the Quality of the Sine Modulated 

R-F Output Signal. 
6-41. Maintenance, Overhaul and Inspection 

Schedule. 
6-43. Modernization. 

6-3. MINIMUM PERFORMANCE STANDARDS. 

6-4. To check the overall performance of the signal 
generator without the use of extensive test equipment, 
see the minimum performance standards check chart 
in Section V. The minimum performance check chart 
in this section lists m ore extensive tests to deter
m ine if each mode of operation is operating satis
factorily. Any one mode of operation may be checked 
individually, or the entire procedure may be performed 
in the order given as a systematic trouble locating 
procedure. Each test is accompanied by a paragraph 
r eference for correction of the problems that can 
arise during that particular test. The test equipment 
required for the tests in this section is listed in para
graph 2-1. The illustrated test set-ups are referenced 
in the chart. 

Table 6-1. Minimum Performance Check Chart 

Minimum Performance Paragraph 
Test Standard Reference 

1. FREQUENCY CALIBRATOR. Frequency should be 5 me ±.01% (500 See para. 6-35. 
Check frequency and voltage. cycles). D-e output voltage 1-1/2 volts 
See Figure 6-11. or higher. 

2. CW OUTPUT SIGNAL FRE- All calibrations should be within ±. 5% and See para. 6-26. 
QUENCY. Check frequency should be capable of being set "on fre-
calibration over full frequency quency" using the frequency dial index 
range using the internal fre- cursor. 
quency calibrator and headset. 

3. CW OUTPUT SIGNAL POWER Maximum power level of +4 dbm should b e  See paras. 6-28 and 6-30. 
LEVEL. Check output power obtainable over full frequency range. Odbm 
level; compare with OUTPUT power level should be on calibration; other 
VOL TS meter and output atten- calibration points on attenuator should be 
uator dial calibration. See within ±2 db. O UTPUT VOLTS meter cali-
Figure 6-7. bration should be "on" at SET LEVEL and 

±0.5 db at other calibration points. 
�-- ---- --- --
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Section VI NAVAER 16-30USM44-502 
Paragraphs 6-5 to 6- 9 

Table 6-1. Minimum Performance Check Chart (Cont.) 

Minimum Performance Paragraph 
Test Standard Reference 

4. INTERNAL MODULATION. Should be able to modulate from 0 to 95% See paras. 6-32 and 6-39. 
Check mod ulation capabilities; at all r-f output frequencies. Modulation 
meter calibration accuracy meter calibrations should be within ±10%. 
and distortion in modulated Distortion on modulated r-f output signal 
r-f output signal. See Figure should be less than 5%. 
6-10. 

5. EXTERNAL MODULATION. Should be able to modulate from 0 to 95% See para. 6-39. 
Check maximum modulation from 100 to 20,000 cps at all r-f output 
percentage from 100 to 20,000 frequencies with 4 volt rrns input or less. 
cps. 

6. EXTERNAL PULSE MODU- Should be able to obtain r-f output pulse See para. 6-37. 
LATION. Check waveshape of rise and decay times as specified in the 
pulse modulated r-f output Table of Specifications for the signal 
signal using pulse rise times generator. 
and pulse lengths of 1 micro-
second at all r -f output fre-
quencies. See Figure 6-12. 

6-5. SYSTEM ANALYSIS CHECK CHART. 

6-6. The schematic diagram at the end of the manual 
contains a series of test points which are listed below 
with measurement data taken at each test point. Mea
surements made at these points provide positive means 
of isolating a source of trouble to a small circuit area. 
When a circuit gives a faulty indication at a test point, 
the measurement may be analyzed to determine the 
type of failure, for example, insufficient gain through 
a n  amplifier normally indicates a weak tube. Dis
tortion m ay indicate a gassy tube, shorted coupling 
c apacitor, faulty resistor, etc. A faulty resistor is 
easily located by voltage and/or resistance measure
ments at the tube socket terminals and by comparing 
the readings with those given in the tube-socket volt
a ge -resistance diagrams at the rear of the manual. 
A short circuited capacitor is usually located by mea
s uring zero or low resistance across the capacitor 
with an ohmmeter. An open capacitor may be isolated 
b y  shunting the suspected component with a new one 
while noting instrument operation and by looking for 
a n  improvement in the usmi.l signs of oscillation or 
instability. Listed with the check points are paragraph 
references for detailed information regarding a par
ticular measurement. The indicated test point voltages 
are made to ground with a 20,000 ohm/volt rnultirneter 
s uc h  as the AN /PSM-4, unless otherwise noted, In 
s om e  measurements, a higher impedance meter or 
one having greater sensitivity is required and is so 
noted. In some measurements in the power supply it 
is more convenient to measure voltage from the -165-
volt supply than from chassis ground and is so indi
cated. B egin measurements with signal generator set 
for 0 dbrn output level :md CW operation (see para
graph 5-8), then shift the controls as instructed in the 
chart. Follow steps in or�er given; some steps pre
sume that previous measurements have given satis
f actory indications. Set the front panel controls as 
follows and proceed with the checks in the chart. 

36 

Power Switch 
MOD. SELECTOR 

FREQUENCY RANGE 
FREQ.CONTROL 

MOD. LEVEL 
AMP. TRIMMER 
OUTPUT LEVEL 

Attenuator 
XTAL CAL. GAIN 

ON 
cw 

D band 
100 megacycles 
Minimum 
Set for maximum output 
Set for SET LEVEL 

reading on OUTPUT 
VOLTS meter 

0 dbrn 
Maximum 

6-7. REPLACING TUBES IN THE R-F GENERATOR. 

6 -8. To replace V6, V7 or V8 in the tube compart
ment of the r-f generator housing, proceed as follows: 

a. To gain access to the r-f tubes, remove signal 
g enerato r from cabinet and remove frequency dial 
and tube compartment top plate as shown in Figure 6-1. 

b. The buffer tube V7 is removed by straight pull. 

c. The oscillator and amplifier tubes V6 and V8 are 
removed as shown in Figure 6-2. 

6-9. REPLACING THE RADIO FREQUENCY OSCIL
LATOR TUBE. Replacing the radio frequency oscillator 
tube V6 may affect the calibration of the frequency dial 
and may affect the maximum power available from the 
signal generator. In addition, the plate current of new 
type 5675 pencil triode tubes may differ widely. Fol
lowing replacement, the plate current must be checked 
and held between 18 and 27 milliamperes by tube selec
tion and the frequency dial calibration should be checked 
as follows: 

a, With the new oscillator tube installed and equip
ment turned off, break the green lead to C15, a feed
through type capacitor in the r-f generator tube com
partment, and insert a 0-50 rna milliammeter. 
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NAVAER 16- 30USM44-502 Section VI 

Table 6-2. System Analysis Check Chart 

Step and 
Test 
Point 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

TS-510A/u 
Control Position 

Operate as described in para. 
6-5. Set MOD. SELECTOR 
to: 
CW, max output 
CW, min. output 
PULSE operation 

Same as Step 1 

Same as Step 1. Set for: 

CW, max. output 
400 MOD output 
PULSE operation 

Same as Step 1 

Any position 

Set for CW at low freq. end 
of: 
"A" band 
"B" band 
"C" band 
" D" band 
"E" band 

Set for CW operation 

Set for CW operation. Set 
OUTPUT LEVEL to: 
Minimum 
SET LEVEL 

Maximum 

Set for CW operation. Set 
OUTPUT LEVEL to: 
Minimum 
SET LEVEL 
Maximum 

Set for 400\... Modulation 
at 10 me and 100 me 
10% mod. 
30% mod. 
50% mod. 
80% mod. 

Set for CW operation. 
OUTPUT LEVEL to: 
Minimum 
SET LEVEL 
M�mum ... -· 

Set 

Revised 15 January 1960 

Normal Possible Cause of 
Indication Abnormal Indication 

260V de, Excessive ripple, C42. Low voltage, CR6 or ex-
1.4V ac essive current drawn by following circuits. 

90 rna de 
95 rna de 
82 rna de 

-165V de, 5.5 !See Table 5-2, Item 2. 
millivolts ac 

+340V de, E xcessive ripple, C40. Low voltage, CR4, CR5 
2.7V ac or excessive current drawn by following cir-
15 5 rna de cuits. 
175 rna de 
147 rna de 

+225V de See Table 5-2, Item 3. 
5. 5 millivolts 
ac 

7 .6V ac, square See Table 5-2, Item 4. 
wave 

When out of oscillation a voltage of approxi-
mately 87 is read on all bands. Check oscillator 

103V de tube and associated components. 
89V de 
87V de 
82V de 
80V de 

+llOV de Higher voltage indicates a weak V7 or open plate 
circuit. 

Measure volt- With output level set to max. and RANGE selector 
age across R82 set between ranges, the d-e voltage should not 
OV de exceed -4. 5 volts to ground. 
+1.4V de (ap-
prox.) 
+7.0V de 

With modulator disconnected from filter FL6, in-
adequate voltage range indicates poor V5 or con-

+31V de trol circuit measured in Step 11. 
+6V de (approx.) 
-7V de, -26V de 
when disconnect-
ed from r-f gen-
erator 

A-C Volts Insufficient signal indicates low amplification 
10 me 100 me farther back in the modulator, see steps 14, 15, 
A8 -.-3- and 16. 
1.3 .75 
2.2 1.2 
3.7 1.8 

Use electronic Rough, insufficient, or excessive voltage check 
voltmeter. R34, R37, R39, and R40. 
+23V de 
- 2V de 
-30V de ---

37 



Section VI NAVAER 16-30U SM44-50 2 

Table 6-2. System Analysis Check Chart (Cont.) 

Step and 
TS-510A/U Test Normal Possible Cause of ,, 

Point Control Position Indication Abnormal Indication 

12 Turn off for this measure- 53 o hms 25 ohms indicates shorted C37, infinite indicates 
ment open R58. 

13 Set for 400 and 1000 inter- 2 V  ac rms Adjust R7 to obtain correct voltage; if necessary, 
nal modulation operation +6.4V de change 11. 

14 Set for 400 '- modulation Use electron- Approximate voltages required for modulation of 
at 10 me ic voltmeter the r-f output signal. 
1 0% .017V ac 
30% .048V ac 
50% .0 83V ac 
80% .141 V ac 

15 Set for 400 '- modulation Use electron- Low output indicates weak Vl. Gain should be 
at 10 me ic voltmeter approximately equal for these signal l ev els. 
10% .068V ac 
30% .195V ac 
50% .32 V ac 
80% .56 V ac 

16 Set for 400 '- modulation Low output indicates weak V3. Gain should be 
at 10 me approximately equal for these signal lev els. 
10% .58V ac 
30% 1.66V ac 
50% 2.8 V ac 
80% 4.8 V ac 

17 Set for 400 '- modulation Low output indicates weak CR2 and would be 
at 10 me accompanied by low indication on the r-f OUTPUT ·"')''· .. . , Y r 

10% .014V ac VOLTS meter. See paragraphs 6-30, 6-32. 
30% .044V ac 
50% .174V ac 
80% 1.2 V ac 

18 Set for CW operation. Set These voltages vary depending upon the forward 
OUTPUT VOLTS meter to resistance of CR2 and CR3. 
r ead: 
.1 volt .05V de 
Half scale .16V de 
SET LEVEL .23V de 
Full scale .32V de 

19 Set for 400 '- modulation Low voltage indicates weak V18 or V19. 
at 10 me 
10% .39V ac 
30% 1.0 V ac 
50% 1.55V ac 
80% 2.50 V ac 

20 Set for CW operation at 4V de If voltage is below 1 volt and beat-frequency sig-
any check point nals are not obtainable, check CR1 and V9. See 

paragraph 6-36. 

21 Set for CW operation at 43V ac with Low output indicates weak V10 or V11. 

)s 
�-

any check point J3 connected 
to 600 ohm 
load 
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NAVAER 16-30USM44-502 Section VI 
Paragraphs 6-10 to 6-12 

TO GAIN AC C ESS TO THE TUBE 
IN THE GENERATOR HOUSING: 

REMOVE THE 3 HUB 
MOUNTING SCREWS 
AND FREQUENCY DIAL 

RF AMPLIFIER RF GENERATOR RF OSCILLATOR 

RF BUFFER 

Figure 6-1. Diagram Showing Access to R-F Oscillator, Buffer and Amplifier Tubes 

b. Check the heater supply voltage as instructed in 
Step 4 of Table 5-2. 

c. Set the frequency range switch to the E band and 
turn equipment on. Milliammeter must read between 
18 and 27 rna plate current for V6. If it does not, try 
another replacement t ube. 

d. Check maximum power output capabilities as in
structed in paragraph 6-10. 

e. Using the internal heterodyne calibrator, check 
the frequency calibration throughout the range of the 
signal generator. 

f. To adjust the frequency calibration at the high
f requency end of all bands sim ultaneously, adjust 
t rim mer capacitor C 18, which is accessible in the 
t ube compartment of the r-f generator housing (see 
Figure 6-17). Capacitor C59 in series with C18 should 
o nly be adjusted if the adjustment range of C18 is 
not great enough. These adjustments have only minor 
effect at the low frequency ends of the ranges. For 
further information on frequency calibration, see para
graph 6-26. 

Revised 1 5  January 1960 

6-10. REPLACING RADIO FREQUENCY AMPL IFIER 
AN D BUFFER TUBES. Replacing the r-f amplifier 
and buffer tubes may limit the maximum power output 
a vaila b le from the signal generator an d should be 
checked as described below. Proceed as follows: 

a. F ollowing replacement of V7 or VB, check the 
heater supply voltage as instructed in Step 4 of Table 
5-2. 

b. Check the maxim um power output as read on the 
OUTPUT VOLTS meter throughout the frequency range 
of the signal generator, setting the AMP. TRIMMER 
control for maximum output at each frequency tested. 
A fu ll-scale readin g on the OUTPUT V O L TS meter 
s ho uld be obtainable o ver the entire r-f frequency 
range of the signal generator. 

6-11. REPLACING COMPONENTS IN THE R-F POWER 
MONITOR CIRCUITS. 

6-12. The complete power monitor for the TS-510A/U I 
Signal Generator consists of the detector assembly 
shown in Figure 6-3 fastened to the bottom of the at
ten uator tube in the r-f generator housing, an adjust
able compensating circuit fastened to the rear of the 
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R F POWER AMPLI Fl ER 

RETAINER RING 

NEOPRENE WASHER 

CATHODE CLIP� 

NAVAER 16-30USM44-502 

i 

R F OSCILLATOR 

i 
------8 H RETAINER SCREWS 

P L A T E  

FIBER SPACER 

V6 

r----CATHODE CLIP 
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Figure 6-2. Exploded View for Replacement of R-F Oscillator an d Amplifier Tubes 
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NAVAER 16-30USM44-502 Section VI 

ATTENUATOR 

I 
® FL7 (UNSOLDER R 119) 

HOUSING 

POWER MONITOR ANTENNA 

(UNSOLDER TERMINATIONS 

FROM Ll? BE LOW I 

POWER 

MONITOR DETECTOR 

r===\= '\ ASS EMBLY � � Ll7 � CR2 I'OCC moM"'"' "'"'"" 

-@ 2-56 MOUNTING SCREWS 

(REMOVE SCREWS, DROP ASSEMBLY) 

@) R 119 (UNSOLDER PIGTAIL LEAD 

FROM PIN PROJECTING THRO!JGH C 38 I 
6) c 38 ,�"'"'"'' \ 

FROM END PLATE) 

CONTACT BLOCK (UNSOLDER 

FROM CENTER OF C 38 I 

Figure 6-3. Diagram Showing Breakdown of Components in R-F Power Monitor Assembly 

generator housing and the front panel OUTPUT VOLTS 
meter. All components in these circuits are critical 
and replacement will affect either or both the calibra
tion and the frequency response of the OUTPUT VOLTS 
meter. If one of the components in the detector as
sembly must be replaced, carefully note the exact posi
tion of L17 and R60. Do not shift the position of L17 
or R60 unnecessarily. The length of L17 and the posi
tion of R60 and the length of the one pigtail lead on 
R60 are used to adjust the frequency response of the 
c ircuit. When installing a new component, position 

the new part exactly as the old one was. The crystal 
diode detector is mounted by a single spring clip and 
is instantly replaced by relieving the spring action and 
pulling the crystal out. Capacitor C38 is a button type 
w ith its periphery soldered against the end plate of 
the mounting bracket and is replaced as instructed in 
the numbered steps shown in Figure 6-3. Following 
replacement of any component in the power monitor 
circuits, check and, if necessary, adjust the OUTPUT 
VOLTS meter calibration and frequency response as 
instructed in paragraph 6-30. 

41 



Section VI 

42 

NAVAER 16-30USM44-502 

DRIVE CABLE 

\ 

SCREW 

PROBE BODY 

R F OUTPUT CABLE 

(a) Probe and Cable Attaching Parts 

-

R F OUTPUT CONDUCTOR 
(SOFT SOLDER ) 

R58 R59 

(SOFT SOLDER l 
�--------,�--------

OUTPUT SIGNAL 
PICKUP LOOP 

IMPEDANCE MATCHING NETWORK 

(b) Front View Showing Impedance Matching Network 

Figure 6-4. R-F Output Attenuator Probe 
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NAVAER 16-30USM 44 -502 Section W 
Paragraphs 6-13 to 6-1& 

6-13. REPLACING/REPAIRING THE R-F OUTPUT 
A TTENUATOR PROBE. 

6-14. It is not expected that the output attenuator probe 
will ever require service unless it has been damaged 
by external voltage applied to the R-F OUTPUT jack. 
If this is suspected, measure the resistance between 
t he center terminal of the output jack and ground. 
This resistance should be exactly 53 ohms. If the re
sistance is not 53 ohms, R58 has been damaged; if the 
resistance is 0 ohms, C37 may be shorted. If the at
t enuator probe is e lectrically damaged, it may be 
replaced by a completely new probe or the defective 
r esistor or capac itor may be replaced individually 
( see Step "e" below). In either case, the attenuator 
probe must be removed from the signal generator as 
follows: 

� 
During removal and replacement of the probe, 
extreme care must be exercised. The probe 
consists of a cylindrical metal tube with a ser
ies of spring contact fingers around its peri
phery which can be accidentally bent or twist
ed. Also, it will be noted that one of the fingers 
is bent toward the center of the probe slightly. 
Do not attempt to straighten it since it has been 
made thils way to assure clearance between the 
probe and the end of the guide slot in the atten
uator housing. Make certain that the probe is 
not subjected to shock. If the probe is sub
jected to.shock, the electrical components at
tached to the end of the probe can be broken or 
their position altered with a consequent change 
in the electrical characteristics of the probe. 

a. With the signal generator removed from the cab
inet, turn the attenuator control on the front panel until 
the probe reaches the end of its travel to the rear of 
the attenuator housing. 

b .  Referring to Figure 6-4a, remove the nut and 
washer that hold the drive cable in the probe drive 
screw in the top of the attenuator probe. Lift the cable 
out of the screw slot. 

c. Remove probe drive screw from probe body by 
removing inner nut and unscrewing drive screw. 

d. Carefully remove the probe by sliding it out of 
the attenuator housing. 

e. If the damage to the attenuator probe is limited 
to a burned-out resistor, and if a replacement resis
t or is available, the attenuator may be repaired by 
carefully unsoldering the old resistor, using a low 
temperature soldering iron, and replacing the resis
tor. Soldering must be done quickly and neatly with 
low temperature solder. Care must be taken to dup
licate the original workmanship as closely as possible 
by positioning the new part exactly as the old one, and 
by applying as little heat ln the soldering process as 
is possible. Capacitor C37 need not be adjusted unless 
it too has been damaged. This capacitor consists of a 
metal pin with a thin plastic coating acting as the di
electric material, and a metal sleeve. The sleeve is 

retained by a No. 4 Allen screw in the side of the probe 
body. If the coating on the pin is pierced, the pin must 
be replaced. Again, it is important to retain the orig
i nal positioning. Loosening the set screw shown in 
Figure 6- 4b allows for adjustment of C37 or replace
ment of the pin or sleeve. 

f. I f  repair is not possible, the probe and cable 
must be replaced. It will then be necessary to remove 
t he R-F OUTPUT jack from the front panel and re
l ease the cab le from the clamp holding the cable to 
the top of the side gusset. The entire probe assembly 
may then be removed from the instrument. Replace
ment probes are complete with cable and panel jack 
and require no adjustment of the impedance-matching 
network. 

g. Insert the new or repaired probe in the attenuator 
housing. Care must be taken in starting the probe into 
t he housing since the diameter at the probe contact 
fingers is slightly greater than the inner diameter of 
the housing. The contact fingers should be depressed 
slightly while starting the probe into its housing. Under 
n o  c ir c um stances should the probe be forced. See 
CAUTION at beginning of procedure. 

h. Replace the split drive screw in the probe, making 
c ertain that the screw slot is parallel to the axis of 
the housing. 

i. Set the attenuator drive cable in the screw slot 
between the.two washers and nuts. Do not tighten the 
u pper nut. The cable must move freely through the 
slot until the maximum probe penetration has been set. 

j. Secure the r-f cable to the clamp on the side gus
set (see Figure 6-12 ). 

k. Remove the r-f generator side plate to view the 
inner end of the attenuator housing and the amplifier_ 
coils. 

l. Set the output attenuator control full cc.w against 
the stop. The dial should read exactly +4 dbm. If it 
does not, loosen the set screws in knob and correct. 

m. Carefully move the attenuator probe toward the 
amplifier coils until the front edge of the pickup loop · 

is between 1/64 and 1/32 -inch ·back from the open end 
of the attenuator tube. This distance assures that the 
pickup loop cannot contact the amplifier coils when 
set for deepest penetration. Tighten upper nut to hold 
drive cable. 

n. Probe penetration has now been set and the atten
u ator dial calibration must be checked and adjusted 
as instructed in paragraph 6-28. 

6-15. REPLACING AND REPAIRING THE ATTENU
ATOR DRIVE CABLE. 

6-16. The attenuator drive cable is a special flexible 
cable consisting of a fine steel wire core covered by 
bronze braid and a nylon sheath and is expected to last 
through the life of the signal generator. If slack be
g ins to appear in the diive cable, the cable may be 
tightened by lengthening the supporting shaft which 
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CD SET SCREW 
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Figure 6-5. Diagram Showing Adjustment of Cable Tension for Output Atte nuator Drive System 

m ou nts the rear pulley (see Figure 6-5). The shaft 
is threaded a short distance at the seating end and the 
depth of seating is determined by the position of the 
nut on the shaft. The nut is forced against the mount
ing block face by the tightness of the drive cable and an 
Allen set screw, when tightened in the mounting block, 
p revents the shaft from turning. If, due to physical 
damage o r  wea r ,  the cable must be repl aced, a new 
cable of the same type should be obtained and installed 
as instructed below. It is possible with care, to re
p lace the cable so that a minimum of recalibration 
will be necessary. To replace the attenuator drive 
cable, proceed as follows: 

a. With signal generator removed from cabinet, re
move old drive cable. 

b. Cut replacement cable to 36-inch length. 

c. Referring to Figure 6-5, measure and note the 
e xact distance from face of mounting block to end of 
rear pulley s upport shaft. 

d. Loosen set screw holding the rear pulley support 
s ha ft in the mounting block and turn adjusting nut 

44 

clockwise to bring this distance to approximately 5-3/8 
inches prior to installing the new cable. 

e. Viewing the rear of the r-f generator assembly 
( see Figure 5-6), turn the cable drive drum ccw to 
the "stop" position. 

f. Insert one end of new cable through the bottom 
h ole in the drum so that 1-1/2 inches protrude and 
can be looped under the lower attaching screw. Secure 
end of cable under screw and washer. 

g. Bring drive cable down around the outside of 
driving drum to the inside of the first pulley. Feed 
cable around the first pulley and back to the rear pul
ley, around the rear pulley and forward (over the slot 
in the attenuator housing) to the third pulley. Feed 
cable around the third pulley back of the other end of 
the cable, to the top of the driving drum, once all the 
way around the drum and through the top terminating 
hole in the drum. Pull cable tight and secure end un
der top attaching screw and washer. 

h. Turn adjusting nut for rear pulley shaft clock
wise to increase the distance from the end of the rear 
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NAVAER 1 6-30USM44-502 Section VI 

Paragraphs 6-17 to 6-23 

pulley support shaft to the face of the mounting block 
t o  exactly 5-1/2 inches. This increase in distance 
should tighten the cable the proper amount and provide 
the correct length of travel for the attenuator probe. 

i. F ollowing replacement of the attenuator drive 
cable, the attenuator probe penetration must be reset 
a s  instructed in paragraph 6-1 4, steps "k" through 
"n". 

6-17. REPAIRING THE INTERNAL FREQUENCY 
CALIBRATOR. 

6-18. The internal heterodyne frequency calibrator 
occupies two separate spaces on the signal generator 
chassis. The 5 me crystal oscillator and mixer are 
mounted on a small chassis inside the r-f generator 
assembly; the calibrator amplifier is located on the 
lower deck on the right-hand side of the signal gener
ator. The single d-e voltage measurement described 
in paragraph 6-36, steps "c" and "d", indicates if the 
calibrator oscillator is functioning. Components in 
the calibrator amplifi1:!rs, V10 and Vll, are not critical 
and may be replaced without special precautions or 
a djustments. Components below the chassis in the 
5 me crystal oscillator may be replaced by removing 
the oscillator chassis as described below, followed by 
adjustments described in paragraph 6-36. To remove 
the calibrator oscillator chassis from the r-f gener
ator housing, proceed as follows: 

a. With the signal generator removed from the cab
i net, r emove the side plate from the r-f generator 
housing. 

b. Unsolder the shielded heater power {black) lead 
from the feed-through capacitor in the top of the com
partment. 

c. Unsolder the shielded plate (white ) lead from the 
tie-point in the top of the compartment. 

d. Disconnect wire from standoff insulator to filter 
FL7. 

e. Remove the two 6-32 machine screws attaching 
the oscillator chassis to the generator housing. Draw 
c alibrator chassis from the compartment carefully 
feeding power lead and projections. 

NOTE 

I In TS-510A/U Signal G1:!nerators with serial 
numbers 302 and below, four components in 

the frequency calibrator differed from the val
ue shown in the schematic diagram. See para
graph 6-45 for details of these parts changes. 

6-19. REPLAC IN G  COMPONENTS IN THE MODU
LATION OSCIL LATOR. 

6-20. Other than the resistors and capacitors in the 
frequency determining network, the tubes and com
ponents in the modulation oscillator are not critical 
and no adjustments are required following their re
placement. If it becomes necessary to replace a com
ponent in the frequency determining network, it will 
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be necessary to select the new compoaent so that the 
specified frequency of oscillation, 4001.. or 10001- , is 
again obtained. Original components are selected to 
1% tolerance and a new part within this tolerance should 
provide the correct output frequency. 

6-21. If lamp 11 is replaced, the output level must be 
checked and, if necessary, reset to 2 volts. Lamp 11 
in the cathode circuit of the oscillator tube provides 
a thermal resistance having a high positive tempera
ture coefficient and is used to maintain constant out
p ut voltage from the oscillator. The type S6 lamps 
used for this purpose vary from one lamp to another 
and produce widely varying output voltage from the 
oscillator. Potentiometer R7 is provided for adjust
ment of the o scillator output voltage. After the lamp 
has been replaced, the oscillator voltage as measured 
at pin 3 of V2 should be adjusted to be 2 volts rms; if 

it cannot be adjusted to this value, another lamp must 
be tried. 

6-22. REPLACING THE RF OSCILLATOR AND AMP
LIFlER TUNING COILS. 

6-23. To replace a coil in the r-f amplifier coil turret 
or to replace the r-f oscillator coil turret, the entire 
top portion of the r-f generator assembly must be re
m oved as shown in Figure 6-6. It is possible with 
care in handling, to remove the top portion of the as
s embly and reinstall it w ithout loss in a ccuracy of 
frequency or output level dial calibration. The removed 
portion must be handled with great care not to bump 
or shift the position of any of the coils on the turrets. 
If it becomes necessary to replace an A, B, or C band 
o scillator coil, the entire turret assembly must be 
replaced as these coils are mounted on the turret with 
a permanent cement. The D and E band c oils being 
self-supported wire coils or loops may be replaced 
separately. The r-f amplifier coils are mounted by 
axial screws and each coil may be replaced individually. 
If an amplifier coil is replaced, it is very important 
that the new coil be installed to be exactly the same 
distance from the mouth of the attenuator tube as the 
o ld one w as. The mounting screws allow this dis
tance to be adjusted over a small range and are orig
i nally set to obtain an equal amount of power from 
each coil. If a coil is significantly far from the cor- . 
rect distance, the OUTPUT VOLTS meter calibration 
for that range may not indicate the power level accur
a tely. To remove the r-f tuning coils from the r-f 
generator assembly, proceed as follows: 

� 
DO NOT bump the tuning coils or frequency 

drive shaft while servicing this assembly. To 
do so will complicate the repair and necessi
tate recalibration when the assembly is re
placed. 

a. With signal generator removed from cabinet, re
fer to Figure 6-1 and remove frequency dial assembly. 

b. R emove both the FREQ. and AMP. TRIMMER 
front panel shafts and knobs by loosening the set screws 
in couplers just behind the front panel. 
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® UPPER ASSEMBLY MOUNTING SCREWS 

REMOVE ELEVEN " 6-32 RD. HD. SCREWS 
AROUND EDGE OF UPPER CHASSIS. 

® CAREFULLY LIFT T UN E R  ASSEMBLY OUT OF 

HOUSING, (TAP UPPER CHASSIS TO LOOSEN FROM 
HOUSING) COCKING WHEN NECESSARY TO CLEAR 

PROJECTIONS • 

.------ CAU Tl 0 N ------, 

HANDLE THIS UPPER CHASSIS WITH GREAT 

CARE. DO NOT REST ON COIL TURRETS 

OR THE FREQUENCY DIAL MOUNTING HUB. 

® OUTPUT ATTENUATOR -----1--+--.;_/-J.. 
SET TO REAR OF TUBE 

@ FREQUENCY CALIBRATOR 

POWER LEADS 

DISCONNECT SHIELDED 

FEED- THRU CAPACITOR 

@ WIRE BRAID GASKET MATERIAL ____ _.-

UPON REASSEMBLY, INSTALL BRAID 
TO SEAL BUTTING SURFACES. 

LOOSEN FOUR SET SCREWS AND 
SLIP COUPLER TOWARD FRONT PANEL . 

FREQUENCY DIAL ASSEMBLY 

REMOVE THREE "8- 32 RD. HD. MOUNTING 
SCREWS AND LIFT ASSEMBLY OFF HUB. 

.r--------DO NOT LOOSEN THIS HUB 

--- tl 
---==t, 

IF SHAFT IS NOT TO BE REMOVED 

R-F FILTERS 

DISCONNECT LEADS FROM THE FILTERS 
IN THE UPPER ASSEMBLY. 

NING COIL TURRET 

SET BETWEEN THE 'c' AND 'D' RANGES. 

AMP TRIMMER 8 FREQ. CONTROL KNOB 

LOOSEN FOUR SET SCREWS BEHIND FRONT 
PANEL B REMOVE KNOBS WITH SHAFTS. 

Figure 6-6. Diagram Showing Removal of Frequency Drive Assembly from R-F Generator Housing 
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N AV AER 16--30USM44-502 Section VI 

Paragraphs 6-24 to 6-27 

c. Identify the wire leads from filters FLl, FL2, 
FL3, FL4, FL5, and FL6 on the generator housing. 
Unsolder these leads. 

d. Remove the side plate from the generator housing. 

e. Unsolder the shielded black and white leads that 
connect the frequency calibrator oscillator to the feed
through capacitor and tie-point on the top plate of the 
generator assembly. 

f. Loosen the four set screws in the coupler to the 
o scillator c oil turret, slide the coupler toward the 
tu rret and pull the FREQUENCY RAN G E  knob and 
shaft forward so that the shaft and coupler separate 
inside the compartment. 

g. Rotate coil turrets so that they are between ranges, 
i.e., so no contacts are meeting. 

h. Refer to Figure 6- 6 and remove the eleven 6-32 
round-head screws that fasten the top assembly to the 
generator housing. The top plate is indexed by two 
pins to the bottom portion of the housing. These pins 
may be tight and a LIGHT tap or pry may be required 
to separate the top plate from the housing. Do not jar 
the top assembly as the tuning capacitor alignment 
may be upset with a loss in frequency dial calibration 
a ccuracy and resetability. The index pins may re
main attached to either the top plate or the housing 
when the top assembly is removed. 

i. Using great care not to bump the amplifier coils 
against the attenuator housing, draw the top assembly 
out the top of the instrument. It will be necessary to 
juggle the a ssembly out of the housing to avoid the 
front and side panel projections. 

j. Rest the top assembly on a table such that the 
weight of the assembly is not borne by either the coil 
turret assemblies or the frequency drive shaft. 

GE 
Unless necessary, do not shift the position of 
the amplifier coil turret on the center shaft. 

Both the turret and coils are accurately set to 
give proper coupling to the output attenuator. 
If the coil or turret position is changed, the 
attenuator dial calibration will be upset. If a 
coil must be replaced, the new coil should be 
positioned exactly as the old one was. For 
best accuracy of output level calibration, the 

output should be checked as described in para
graph 6-28. 

k. Noting above CAUTION, remove either coil turret 
by loosening the two set screws in turret hub and pull
ing turret off the center shaft. 

1. Remove amplifier coils by unsoldering the wire 
leads to the coil and removing the single axial 6-32 
mounting screw. 

m. Remove D and E band oscillator coils by unsol
dering. A, B, and C band oscillator coils are not in
dividually replaceable and are replaced by replacing 
the entire oscillator turret assembly. 

6-24. REPLACING POW ER T RANSFO RMER Tl. 

6-25. To remove power transformer Tl from the sig
nal generator chassis, space heater R64 with its two 
mounting feet and adjustment potentiometers R61 and 
R 62 with their mounting bracket must be loosened 
from their mounting surfaces, but not removed alto
gether. Proceed as follows: 

a. Remove signal generator from cabinet. 

b. Release space heater R64 with mounting feet from 
bottom plate. 

c. Release R61, R62 mounting bracket from the r-f 
generator housing. Mounting screws thread into hous
ing and may be removed without releasing other parts. 

d. Remove tube V17 from socket. 

e. Unsolder all leads from terminals of Tl, identi
fying to facilitate replacement. 

f. Remove the four large nuts that thread into trans
former studs. Remove Tl. 

g. Replace Tl in reverse order of above. 

6-26. C ALIBRATING THE FREQUENCY DIAL. 

6-27. Two degrees of frequency dial calibration are 
covered in the following procedures: Simple calibra
tion following replacement of the r-f oscillator tube 
and the more complicated calibration required if the 
r -f oscillator coils are replaced. Following replace
ment of the r-f oscillator tube the MEGACYCLES dial 
c alibration must be checked on each band using the 
internal frequency calibrator. If it is not possible to 
b ring the fr equency d ial into calibration with the 
MEGACYCLES dial index shifter, the high frequency 
ends of all bands can be adjusted by trimmer C18 in
side the tube compartment of the r-f generator housing. 
It is not expected that a change in the oscillator tube 
will affect the frequency dial calibration more than at 
the top of each band. Instructions for this degree of 
frequency calibration are included in steps "a" through 
"f" of the following procedure. If a single oscillator 
c oil causes one dial scale to be inaccurate, the in
d uctance of that particular coil must be adjusted to 
track with the frequency dial calibrations; if the entire 
o scillator turret is changed, the inductance of each 
c oil must be adjusted individually to track with the 
frequency dial calibration. Instructions for this de
gree of frequency dial calibration begin with step "f" 
in the following procedure. To adjust the frequency 
dial calibration at the high ends of all frequency bands 
simultaneously, proceed as follows: 

a. With the signal generator removed from the cab
inet and operating after a 15 minute warm -up, check 
the frequency dial calibration at the top of each band 
and note the nature of a possible discrepancy (is the 
average calibration too high, or too low?). 

b. Remove the frequency dial and tube compartment 
top plate as shown in Figure 6-1. 
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c. Replace the frequency dial with only one mount
i ng screw and recheck calibration of dial as in step 
"a". 

d. Adjust C18 (shown in Figure 6-16) to obtain best 
overall or desired calibration of the frequency dial. 
If adjustment of C18 is not sufficient to bring the dial 
i nto calibration, C 58 may also be adjusted with the 
s arne effect; however, C 58 is usually not necessary 
and is set to minimum capacity. 

e. Replace tube compartment top plate and re-install 
frequency dial and recheck calibration. If a single os
cillator coil produces poor frequency calibration, or 
if the e ntire oscillator coil turret has been replaced 
and requires complete recalibration, proceed as fol
lows: 

f. Before making any adjustments on newly installed 
c oils, first carefully check the calibration obtained 
w ith the new coil. Using an accurate wavemeter or 
frequency meter note the actual frequency coverage 
o f  each coil, determine how far, and which way, off 
frequency each dial scale is. The total amount of each 
adjustment that is possible is limited, but is generally 
sufficient for recalibration. 

g. R em ove the side plate from the r-f generator 
housing and set the FREQUENCY RANGE selector to 
gain access to the desired oscillator coil. 

h. Adjust the inductance of the desired coil to set 
the frequency dial calibration "on frequency" at the 
low end of each band. If the output frequency on a given 
r ange is too high, the inductance of the appropriate 
coil should be increased by moving the shorted turn 
on the coil (on the A, B, C, and D bands) away from 
the windings and by lengthening the single loop on the 
E band. If the frequency is too low, the inductance 
should be decreased by moving the shorted turn toward 
the coil winding. 

(©)[)](©) 
oo oo

o 00 
0 00 

i. Check the high-frequency end of each dial scale 
to determine which way all upper frequencies must be 
adjusted for best overall calibration and, if necessary, 
readjust C18 as instructed in the first part of the pro
cedure. 

j. Recheck frequency at the low end of each band 
and refine the above adjustments for best overall ac
curacy. 

6-28. CALIBRATING THE OUTPUT ATTENUATOR. 

6-29. Following repair or replacement of the output 
a ttenuator probe, drive cable or dial, the attenuator 
must be recalibrated. The degree of adjustment will 
d epend on the extent of the repairs. If only the dial 
has been disturbed, the dial will be the only part re
q uiring adjustm ent. If the probe or cable has been 
replaced, the full calibration procedure must be per
formed and will require the use of a power meter and 
bolometer mount. The procedure consists of mechan
ically setting the safe m aximum penetration of the 
p robe at the "stop", and adjusting the output volts 
m eter to obtain correct attenuator dial calibration. 
To calibrate the output attenuator, proceed as follows: 

a. Remove signal generator from cabinet. Remove 
side plate from r-f generator housing. 

b. Set attenuator dial to cw "stop". If necessary, 
loosen attenuator dial and set to read exactly 4 dbm. 
This is the point of maximum probe penetration. 

c. Looking into the inner end of the attenuator probe 
h ousing, note the position of the pickup loop relative 
to the exact end of the tube. The pickup loop must be 
b etween 1/64 and 1/32 inch back from the end of the 
tube. If necessary, loosen the nut which attaches �he 
probe to the drive cable and adjust the maximum pen
etration to be within the specified amount. 

0 [ITI] o 

ooo 

SIGNAL GENERATOR 

TS 510/U 

UNIVERSAL BOLOMETER MOUNT 

-hp- MODEL 476 A 

MICROWAVE POW ER METER 

TS-196/C MP -4 

Figure 6-7. Test Set-Up for Calibrating the R-F Output Attenuator Dial 
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� 
When inserting attenuator probe, or when shift
ing its position in the housing, do not allow the 
fingers on the probe body to jam in the guide 
slot. One finger is designed to slip under this 
slot if the loop is kept vertical. 

d. Connect the signal generator to a power source 
and allow to warm up for 15 minutes. 

e. Set the front panel operating controls as follows: 

MOD. SELECTOR 
FREQUENCY CONTROL 

FREQUENCY RANGE 
AMP. TRIMMER 

OUTPUT LEVEL 
MOD. LEVEL 

XTAL CAL. GAIN 
Attenuator 

cw 
10 megacycles 
A band 
Adjust for max output 
Adjust for max output 
Minimum 
Minimum 
+4 dbm (max cw posi

tion) 

f. Connect power meter TS-196/CMP-4 or equiva
lent through a bolometer mount such as the Hewlett
Packard Co. Model 476A to the RF OUTPUT jack as 
shown in Figure 6-7. 

g. Measure the maximum power obtainable from 
the signal generator, i.e., with the OUTPUT LEVEL 
c ontrol and the attenuator probe set for maximum 
penetration. The maximum power available must be 
between +7 and +9 dbm. 

h. If necessary, readjust the maximum penetration 
of the atte rruator to obtain the maximum power level 
specified in step "g", being careful to not let the probe 
p ickup loop extend beyond the end of the attenuator 
housing, and preferably to be 1/64 inch back. 

i. Set the attenuator dial to 0 dbm or a convenient 
level just below 0 dbm. 

j. Adjust the OUTPUT LEVEL control to obtain the 
same power reading on the external power meter that 
is indicated on the attenuator dial. 

k. The OUTPUT VOLTS meter pointer should now 
be at SET LEVEL; if it is not, the OUTPUT VOLTS 
m eter must be adjusted as instructed in paragraph 
6-30. If the adjustment of the OUTPUT VOLTS meter 
amounts to more than one decibel, it will be necessary 
to retrack the meter and then to recalibrate the PER
CENT MODULATION meter circuit as well. 

1. Check calibration points between +4 and -10 dbm 
on the attenuator dial. Calibration at 0 dbm and below 
should be adjusted for best accuracy. 

6-30. CALIBRATING THE OUTPUT VOLTS METER. 

6-31. Following replacement of a component in the 
r-f power monitor circuit, replacement of the OUTPUT 
VOLTS meter, or when calibrating the attenuator dial, 
the OUTPUT VOLTS meter must be adjusted or re
calibrated. Changing a component in the power moni-

Revised 15 January 1960 

tor detector circuit will also affect the frequency re
sponse of the power monitor which must then be checked 
and, if necessary, readjusted. To calibrate the OUT
PUT VOLTS meter refer to Figure 6-7 and proceed 
as follows: 

a. Remove the TS-510A/U from its cabinet, connect I 
to a source of power and allow to warm up for 15 min
utes with the front panel controls set as follows: 

MOD. SELECTOR 
FREQUENCY CONTROL 

FREQUENCY RANGE 
AMP. TRIMMER 

OUTPUT LEVEL 
MOD. LEVEL 

XTAL CAL. GA IN 

Attenuator 

cw 
80 megacycles 
A band 
Adjust for max output 
Adjust to SET LEVEL 
Extreme counter-

clockwise 
Extreme counter

clockwise 
0 dbm 

b. Connect a power meter and bolometer mount to 
the RF OUTPUT jack as shown in Figure 6-7. 

c. Set the atte nuator to exactly 0 dbm and, disre
g arding the reading on the OUTPUT VOLTS meter, 
adjust the OUTPUT LEVEL control to obtain exactly 
0 dbm reading on the external power meter. 

d .  Adjust R62 to obtain a reading e xactly at SET 
LEVEL on the self-contained OUTPUT VOLTS meter. 

e. Reading the db scale of the OUTPUT VOLTS meter, 
check the 0 and +7 calibration points with the external 
p ower m eter (points - 4  and +3 decibels from the 0 
dbm power level, SET LEVEL calibration on meter). 
If these points are more than 0.5 db off calibration, 
proceed with tracking the meter as follows: 

f. Adjust the OUTPUT LEVEL control for -4 dbm 
as read on the external power meter. If necessary, 
a djust R62 to obtain a reading of 0 db on the self
contained OUTPUT VOLTS meter. 

g. Set OUTPUT LEVEL control for +3 dbm as read 
o n  the external power meter. If necessary, adjust 
R61 to obtain a reading of +7 db on the self-contained 
OUTPUT VOLTS meter. 

h .  Because the two adjustments R61 and R62 are 
interactive, steps "f" and "g" must be repeated until 
best overall accuracy of calibration is obtained. 

i. Recheck accuracy of calibration at SET LEVEL 
( +4 dbm) and, if necessary, adjust R62 to obtain an 
exact reading at this point. 

j. With the attenuator set on 0 dbm and the OUTPUT 
VOLTS meter set to SET LEVEL, check the r-f output 
p ower level at frequencies of 10, 100, 2 50, and 400 
megacycles (use same measuring equipment as used 
f or the calibration procedure above, comparing the 
higher frequencies with the 20 megacycles calibration 
f requency). If, at the higher frequencies, the OUT
PUT VOLTS meter reading must be made higher to 
obtain the same power reading on the external power 
meter, the frequency response of the power monitor 
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Figure 6-8. Graph Showing Effects of Adjustm ents on R-F Power Monitor Circuits 

Coil form: 

Coil A :  

Coil B: 

COIL A 

COIL B 

3/4 in. dia by approx. 2 in. long. 
Ceramic, polystyrene or similar 
material. 

5 turns of solid No. 22 wire 
spaced 1/8 in. between turns. 

2 turns of s olid No. 22 wire 
spaced 1/8 in. between turns. 
(Approx. 1/4 in. spacing between 
coils A and B.) 

Tuning capacitor: 7 to 45 mmf. 

Figure 6-9. Special R-F Transformer Used for Measuring Percentage Modulation 
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P aragraphs 6-32 to 6-34 

circuit is rising. If the OUTPUT VOLTS meter read
ing must be made lower to obtain the same power out
put at the higher frequencies, the power monitor re
sponse is falling off. 

� 
When adjusting the frequency response of the 
power monitor detector, adjust the position of 
only one component very slightly at one time 
or the desired effects of the adjustment will be 
masked. 

k. To adjust the power monitor frequency response 
at frequencies above approximately 350 megacycles, 
adjust the distance between R60 and ground to increase 
or decrease the capacity to ground. (Se e  graph in 
Figure 6-8 for the effects of this adjustment.) 

l. To adjust the power monitor frequency response 
at frequencies b etween approximately 250 and 350 
megacycles, adjust the inductance of L17 by shorten
ing to increase "L" and lengthening to decrease "L". 
(See graph in Figure 6-8 for the effects of this ad
justment.) 

6-32. CALIBRATING THE PERCENT MODULATION 
METER. 

6-33. Following a repair of the modulation measur
ing circuits or after replacement of the meter itself, 
it is necessary to recalibrate the PERCENT MOD
ULATION meter. The method of calibration outlined 
below requires the use of a peak-reading electronic 
voltmeter capable of measuring a-c voltages to over 
400 megacycles, such as the ME-26A/U, and the tuned 
step-up transformer shown in Figure 6-9 to obtain 
adequate voltage. Basically, the peak value of the r-f 
output signal is measured without modulation and then 
with modulation. A doubling of the peak output voltage 
indicated on the multimeter represents 100% modu
lation of the output signal, while lesser percentages of 
modulation are indicated by proportionally smaller 
voltage increments. 

©�© 
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0 

© 
SIGNAL GENERATOR 

TS- 510/U 

SPECIAL TRANSFORMER 

(SEE FIGURE 6-9) 

6-34. The tuned transformer is easily fabricated with 
conventional tools and parts. Figure 6-9 illustrates 
such a transformer with all details needed for fabri
cation. T he voltage from the tuned circuit s hould 
reach at least two volts with the signal generator OUT
P UT VOLTS meter set exactly on S E T  LEVEL with 
no modulation present and the attenuator set to 0 dbm, 
For this procedure, all measurements are made by 
reading the 0 to 3 volt scale betWeen the 1 and 2 volt 
calibrations. The 1-volt calibration mark represents 
O% modulation; the 2-volt calibration represents 100% 
modulation; the intermediate graduations indicate each 
10% increment of modulation percentage. The accur
acy of this method of measurement is expecied to be 
within 5%. To calibrate the PERCENT MODULATION 
meter, refer to Figure 6-10 and proceed as follows: 

a. Remove the signal generator from its cabinet, 
connect to a power source and allow to warm up for 
15 minutes with the front panel operating controls set 
as follows: 

FREQUENCY RANGEl 
MEGACYCLES DIAL 

MOD. SELECTOR 
AMP. TRIMMER 

OUTPUT VOLTS meter 
PERCENT MODULATION 

Attenuator 

C band 
80 megacycles 
1000 '\. 

Adjust for max output 
Adjust to SET L EVEL 
Adjust for O% 
0 dbm 

b. Connect the signal generator to the test appara
tus as shown in Figure 6-10. 

c. Set the ME-26A/U voltage range switch to the 
10-volt a-c range. 

d. Adjust the capacitor on the r-f transformer to 
obtain highest voltage as read on the 10-volt range on 
the multimeter. 

e. Adjust the output attenuator on the signal gener
ator to obtain a reading of "1" on the 0 to 3-volt scale 
of the multi meter. 

1®1 

MULTI METER 

(VHF) 

ME-26A/U 

Figure 6-10. Test Set-Up for Measuring Percent Modulation of R-F Carrier 
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L A dvance the MOD. LEVEL control to obtain a 
reading of 1.8 on the 0 to 3-volt scale on the multi
meter. If necessary, readjust the OUTPUT LEVEL 
control to hold the OUTPUT VOLTS meter reading at 
SET LEVEL. Application of high percentages of mod
u lation may result in a slight rise (1/4 db) in the OUT
PUT VOLTS meter indication. The OUTPUT LEVEL 
control must be set at all times to p rovide a reading 
at SET LEVEL on the OUTPUT VOLTS meter. 

g. If necessary, adjust R104 to obtain a reading of 
80% on the PERCENT MODULATION meter. 

h. Check the meter calibration for other modulation 
p ercentages, e.g., 1.1 on the voltmeter corresponds to 
10% modulation, 1.2 to 20%, etc. The setting of R104 
may be refined to obtain best overall calibration ac
curacy of the PERCENT MODULATION meter. 

6-35. CA LIBRATING THE FREQUENCY-CA LIBRA
TOR OSCILLATOR. 

6-36. Recalibration of the 5 megacycle crystal-con
trolled frequency-calibrator oscillator will be neces
sary following replacement of any of the components 

MIXING DIODE CR I 

MIXER PICKUP LOOP � 

AND OUT PUT C ONNE C T ION 

@ LIS (ADJUST V9 SCREEN) 

® C 23 (ADJUST FREQUENCY) 

L 7 (ADJUST V9 PLATE) 

� @ TEST LEAD 

�@1, GREEN l L6 ' " " " "  " ' 
I ® 

(SHIELD REMOVED) 
(CAPACITIVELY COUPLED 

TO FREQUENCY COUNTER) 

CRYSTAL Yl 

@ FILT ER FL 7 

52 

(MEASURE DC VOLTAGE 

FROM CALlBRATOR MIXER) 

SIGNAL GENERATOR 

TS- 510/U 

RF GENERATOR ASSEMBLY 

(REMOVE SIDE PLATE) 

11111100 

D 

FREQUENC Y METER 

AN /USM- 26 

Figure 6 -11. Test Set- Up for Calibrating Frequency Calibrator Oscillator 
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OSCILLOSCOPE 

SiGNAL GENERATOR 

TS- 510/U 

� PULSE GENERATOR (Q)[]ru(Q) 
SG-69/FCC 

0 © 0 

0 0 0 0 
00 0 0 

" 

00 
00 

00 

00 

00 

oo 
0 

0 

© @ ©4f-- (CONNECT TO 

� RF OUTPUT JACK) 

..1 

00 
® � 

�I p .J 

CONNECTOR ADAPTER\ \_ -hp- MODEL 420A 

UG- 349A/U WIDE BAND 

CRYSTAL DETECTOR 

Figure 6-12. Test Set-Up for Measuring R-F O utput Pulse 

in the oscillator circuit. Calibration consists of mak
ing th e very lim ited frequency adjustment to bring 
the crystal frequency to exactly 5 megacycles, peak
ing the tunable oscillator plate tank and minimizing 
the tunable screen grid tank circuit. To calibrate the 
calibrator -oscillator , refer to Figure 6-11 and pro
ceed as follows: 

a. Remove signal generator from its cabinet, con
nect to power source and allow to warm up for 15 
minutes. 

b. Remove side plate from the r-f generator hous
ing to gain access to the calibrator oscillator. 

c. Connect a d-e voltmeter to the outside terminal 
of filter FL7. 

d. Adjust L7 to peak the d-e voltmeter indication. 
This voltage should be between 1-1/2 and 4 volts. 

e. Adjust L6 (screen adjustment) to dip the d-e volt
meter indication. More than one dip is some times 
obtained, any one of which may be used. 

f. Rechec k setting of L7. Capacitively couple a 
lead from V9 to any suitable frequency measuring 
instrument. 

g. Adjust C23 to obtain exact 5 me signal as read 
on the frequency m eter. No further adjustment is 
necessary if the required frequency and output level 
are obtained. 

Revised 15 January 1960 

6-36A. CAIJBRATING THE FREQUENCY-CALIBRA
TOR OSCILLATOR OF SIGNAL GENERA TOR, 
TS-510A/U. 

6-36B. For recalibration of the 5 megacycle crystal
controlled frequency-calibrator oscillator refer to 
paragraph 6-36. To calibrate the 1 megacycle oscil
lator, refer to figure 6-11 and proceed as follows: 

a. Repeat steps a. through c. of paragraph 6-36. 

b. Adjust L18topeak the d-e voltmeter. This voltage 
should be between 1-1/2 and 5 volts. 

6-37. MEASURING THE QUALITY 0 F THE PULSE 
MODULATED R-F OUTPUT SIGNAL. 

6-38. To measure the quality of the r-f output pulse 
from the TS-510A/U Signal Generator requires an r-f I 
detector such as the Hewlett-Packard Co. Model 420A, 
a pulse generator supplying high-speed pulses (AN/ 
PPM-1 ) and a hig h-speed oscilloscope such as the 
Tektronix 511 or 514 series, connected as shown in 
Figure 6-12. The input modulating pulse must have a 
rise and decay time as fast as a few-tenths micro
second and the oscilloscope must be capable of dis
playing such a pulse without overshoot or decreased 
sharpness. Due to the bandwidth limitation in the tuned 
r-f circuit amplifier the maximum speed of the output 
pulse from the signal generator improves with in
creasing frequency (bandwidth being equal to f0/Q). 
To measure the quality of the r-f output pulse from 
the TS-510/U, refer to Figure 6-12 and proceed as 
follows: 
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I a. Connect the TS-510A/U to a power source and set 
controls for external pulse modulation. 

I b. Connect the main output pulse from the pulse gen
erator to the EXT. PU LS E jack on the TS-510A/U. 

c. Connect the syn output pulse from the pulse gen
erator t o  the horizontal sweep on the oscilloscope. 

I d. Connect the RF OUTPUT jack on the TS-510A/U 
to the r-f detector and to the vertical amplifier on the 
oscilloscope. 

e. Set the pulse generator to obtain a 10-volt output 
pulse of the desired length. 

f. Set the oscil l o sc ope for a 1 microsecond/em 
sweep or faster to obtain a convenient pulse picture. 

g. Measure pulse rise and decay time at r-f output 
frequencies specified under PULSE MODULATION in 
the table of specifications for the signal generator. 

6-39. MEASURIN G THE QUALITY OF THE SIN E 
MODULATED R- F OUTPUT SIGNAL. 

6-40. To measure distortion in the modulated r-f out-
1 put signal from the TS-510A/U Signal Generator re

quires an r-f detector such as the Hewlett-P ackard 
Co. Model 420A and a distortion analyzer such as the 
TS-723/U connected as shown in Figure 6-13. This 
measurement will be sufficiently accurate to deter
mine if the quality of the modulated output signal is 
within specifications; however, due to distortion in
troduced by the detector, the quality of the output sig
nal will always be better than the measurement indi
cates. If the measurement indicates excessive dis
tortion at more than one r-f output frequency, the r-f 
amplifier tube may be suspected of being weak and is 
usually accompanied by lessening of the maximum r-f 
power available from the signal generator. To measure 
the quality of the 400 or 10 00 cycle sine modulation 
r-f output signal, refer to Figure 6-13 and proceed 
as follows: 

I a. Connect the TS-510A/U to a power source and 
set the controls for 400 cycle modulation. 

(©)�(©) 
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b. Connect the RF OUTPUT jack on the TS-510A/U I 
to the detector and to the input of the TS-723/U Dis
tortion Analyzer. 

c. Adjust the TS-510A/U for 30% modulation of 400 I 
megacycles with output power level set to S ET LEVEL 
and the attenuator set to 0 dbm. 

d. Adjust the TS-723/U to obtain a full scale read
ing when set to .3 volt range and for SET LEVEL op
eration. 

e. Set the TS-723/U for DISTORTION operation and 
tune out the fundamental frequency. The distortion 
component that remains is now read directly in per
centage from the 0 to 1 scale multiplied by 10 with the 
range selector on the .03 volt range. Distortion com
ponent should be less than 5% of the total signal level 
at 30% modulation and less than 10% at 50% modulation. 

f. Repeat measurements using 1000 cycle modula
tion if desired. 

6-41. MAINTENANCE, OVERHAUL AND IN SPECTION 
SCHEDULE. 

6-4 2. The TS-510A/U Signal Generator requires no I 
periodic overhaul schedule, or maintenance other than 
that resulting from a part failure. The only prevent
ive maintenance recommended is the lubrication de
scribed in paragraph 5-19 and the inspection described 
in paragraph 5-21. 

6-43. MODERNIZATION. 

6-44. The schematic and practical wiring diagrams 
in this manual are for signal generators with serial 
numbers 303 and above. In instruments with serial 
numbers below 303, four component values in the 5 
megacycle crystal oscillator for the frequency cali
brator differed in value (see paragraph 1- 8). The new 
components are directly interchangeable with the orig
inal parts; however, if a signal generator is operating 
satisfactorily, there is no reason to make this modi
fication. 

[Q] IEBI 
0 

©<r}-- (CONNECT TO RF OUTPUT JACK) 

0 0 0 
0 80@ 

5 4  

SIGNAL GENERATOR 

TS- 510/U 

I 
I ,.._"'f-= '--�==-u 1 • ' 

CONNECTOR ADAPTER� 

UG- 349A/U WIDE BAND 

CRYSTAL DE TECTOR 

DISTORTION ANALYZER 

TS -723/U 

Figure 6-13. Test Set-Up for Measuring the Quality of CW Output Signal 
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7-1. INTRODUCTION. 

NAVAER 16-30USM44-502 

SECTION Vll 

DIAGRAMS 

Section Vll 

Paragraphs 7-1 to 7-2 

7-6. Tube Socket Voltage-Resistance Diagram, 
Power Supply Section 

7-2. This section contains the following illustrations 

I 
and diagrams for Signal Generator TS-510A/u : 

7-1. Signal Generator TS-510A/u Left Side View, 

7-7. Tube Socket Voltage-Resistance Diagram, 
R-F Generator Section 

7-8. Tube Socket Voltage-Resistance Diagram, 
Modulator Section 

7-9. Schematic Diagram for Signal Generator 

I 

I 

7-2. 

7-3. 

7-4. 

7-5. 

Cabinet Removed 
R-F Generator Assembly, Inside View of 

Tuner Compartments 
R-F Generator Assembly, Inside View of 

Tube Compartment 
Signal Generator TS-510A/u Right Side View, 

Cabinet Removed 
Complete Block Diagram for Signal Generator 

TS-510A/u 

TS-510A/u 

I 
7-10. Practical Wiring Diagram for Signal Gen-

erator TS-510A/u 
7-11. Signal Generator TS-510A/u Cabinet 

Dimensions 
7-12. Transit Case CY-1605/uSM-44 Dimensions 
7-13. Resistor and Capacitor Color Code 

Figure 7-1. Signal Generator TS-510A/u Left Side View, Cover Removed 
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Figure 7-2. R-F Generator Assembly, Inside View of Tuner Compartments 
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JAN COLOR CODE FOR 
FIXED COMPOSITION RESISTORS 

SIGNIFICANT ___ _/2nd 
FIGURES� Ist ,-----MULTIPLI ER 

TOLERANCE 

Sig. 
Color Fig. Multiplier Tolerance 

Black 0 1 
Brown 1 10 
Red 2 100 
Orange 3 1000 
Yellow 4 10000 
Green 5 100000 
Blue 6 1000000 
Viole t 7 10000000 
Gray 8 100000000 
White 9 1000000000 
Gold 
Silver 
No color 

JAN COLOR CODE FOR 
CERAMIC DIELECTRIC CAPACITORS 

(TEMPERATURE COMPENSATING) 

) 
SIGNIFICANT 
FIGURES 

TOLERANCE 

CAPACITANCE TOLERANCE 
In% In )l}lf 
(Cap. (Cap. 
More Less 

Sig. Multi- than than 
Color Fig. plier 10 p)lf) 10 )l}lf) 

Black 0 1 ±20 ±2 
Brown 1 10 ±1 
Red 2 100 ±2 
Orange 3 1000 
Yellow 4 
Green 5 ±5 ±0.5 
Blue 6 
Viole t 7 
Gray 8 ±0.25 
White 9 ±10 ±1 
Gold 

-
±1% 
±2% 
±3% 
±4% 
±5% 
±6 % 
±7% 
±8% 
±9% 
±5% 
±10% 
±20% 

Char. 
Desig. 

c 
H 
L 
p 
R 
s 
T 
u 
B 

SL 
A 

JAN 6-DOT COLOR CODE FOR 
MICA-DIELECTRI C CAPACITORS 

SIGNIFICANT 
THIS DOT IS FIGURES 
ALWAYS BLACi<l � 

CHARACTERISTIC 

TOLERANCE 

CAPACITANCE 
Sig. 

Color Fig. Multiplier 

Black 0 1 
Brown 1 10 
Red 2 100 
Orange 3 1000 
Yellow 4 10000 
Green 5 
Blue 6 
Viole t 7 
Gray 8 
White 9 
Gold 
Silver 
No color 

MULTIPLYING VALUE 

Char. 
Tolerance Desig, 

±20% A 
B 

±2 % c 
D 
E 
F 
G 

±5% 
±10% 

COLOR CODE FOR MINIATURE CAPACITORS 

V ALUE � TOLERANCE SILVER-IO% 
NO COLOR-20% 

Color Code Valu e 

Green & White 0.5 )l)lf 
Viole t & White 0.68 )l}lf 
Brown (one band only) 1.0 }l}Jf 
Brown & Green 1.5 )l}Jf 
Re d (one band only) 2.2 }J�.If 
Orange (one band only) 3.3 )l}.lf 
Green (one band only 4. 7 }.l,Uf 

Figure 7-13. Resis tor and Capacitor Color Code 
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Adjustment and repair, minor 28 Heater supply multivibrator 24 
Amplifier tuning coils and radio freq. 

oscillator, replacing 45 I 
Attenuator 

drive cable, replacing and repairing 43 Identification . 1 
drive system 24 Inspection 
output, and radio freq. power monitor maintenance and overhaul schedule . 54 

operation 17 schedule and preventive maintenance 33 
output, calibrating the 48 Internal frequency calibrator, repairing 45 

Introduction, maintenance 25 
� 

B 
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Buffer operation, radio freq. 15 

Leading particulars 1 r 

c Lubrication 30 
Lubrication chart 30 
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output attenuator . 48 radio freq. output signal 53 
output volts meter 49 Measuring the quality of the sine modulated 
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percent modulation meter 51 radio freq. output signal 54 
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Check chart, minimum performance standards 27 Minimum performance 
Circuits, modulation-measuring 21 check chart 35 
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circuits, replacing 39 standards check chart 27 
Controls, operating 4 Minor repair and adjustment 28 

Modernization 54 
D Modulation-measuring circuits 21 

Modulation oscillator, replacing components 45 
.Dial, frequency, calibrating the 47 Modulator section operation 20 
Dials, terminals and operating controls . 4 Multi vibrator, heater supply 24 
Differences in equipment 3 .. Drive mechanism operation, frequency 24 0 

Drive system operation, attenuator 24 

Operating controls, dials and terminals 4 
E Oscillator, radio freq. operation 13 

• Output attenuator 
Electron tubes, replacing 28 and radio freq. power monitor operation 17 
Equipment calibrating the 48 

differences 3 probe, replacing and repairing 43 
required, test 9 Output signal, sine modulated radio freq., 
supplied 3 measuring the quality of 54 

Output volts meter, calibrating the 49 
F Overhaul, maintenance and inspection schedule 54 

( , 
Fabrication, cable . 9 p 

Field and fasron maintenance 35 
Frequency calibrator operation 18 Percent modulation meter, calibrating the 51 
Frequency-calibrator oscillator, calibrating 52 Performance standards, minimum 35 
Frequency dial, calibrating . 47 Power amplifier, radio freq., operation . 15 

(, 
Frequency drive mechanism 24 Power monitor circuits, replacing components 

in the 39 
G Power supply 23 

Power supply trouble shooting and adjustment 27 
Generator, radio freq. assembly operation . 13 Power transformer T1, replacing 47 
Generator, replacing tubes 36 Preparation for reshipment 12 

Revised 1 May 1958 73 



Index NAVAER 16-30USM44-502 

INDEX (Cont.) 

Page s 

Pr-€paration for use 11 Page 

/') Preventive Maintenance and inspection schedule 33 
Pulse modulated radio freq. output signal, Sine modulated radio freq. output signal, / ,'<-' 

mea suring the quality of 53 measuring the quality of 54 
Special tools 9 

R System analysis check chart 36 

Radio frequency 
System operation, general 13 

buffer operation . 15 T 
generator assembly operation 13 
oscillator 13 Terminals, dials and operating controls 4 
oscillator and amplifier tuning coils, Test equipment required 9 

replacing 45 Tools, special 9 -
power amplifier, operation 15 Transformer Tl, power, replacing 47 

Repair and adjustment, minor 28 Trouble shooting 
Repairing and replacing power supply 25 

attenuator drive cable 43 check chart 25 
internal frequency calibrator 45 minor repair and adjustment 28 
radio freq. output attenuator 43 replacing electron tubes 28 
radio freq. output attenuator probe 43 the TS-510/U 25 

Replacing Tubes 
components in the modulation oscillator 45 complement 4 
components in the radio freq. power monitor electron, replacing 28 

circuits . 39 in the radio frequency generator, replacing 36 
power transformer T1 47 replacement chart 29 
radio freq. oscillator and amplifier tuning 

) 
coils 45 u 

tubes in the radio frequency generator 36 
Reshipment, preparation for 12 Use, preparation for 11 

.. 

• 

74 Revised 1 May 1958 



,f 

('' '· 

( 

(. 

( 

-G'. THESE ARE SUPERSEDING OR SUPPLEMEN-
-.......1 G p 

TARY PAGES TO SAME PUBLICATION OF 

}';. }..� PREVIOUS DATE 

C 1:\ "'' \ ( £ 
Insert these pages into basic publication 

------ l--\ Q \ 
Destroy superseded pages 

NAVWEPS 16-30USM44-502 

Handbook 

Service Instructions 

SIGNAL GENERATORS 
AN/USM-44 AND AN/USM-44A 

PUBLISHED BY DIRECTION OF 
THE CHIEF OF THE BUREAU OF NAVAL WEAPONS 

ljuly 1955 
Changed 15 January 1966 



NAVWEPS 16-30USM44-502 

Reproduction for non-military use of the information or illustrations contained in this 
publication is not permitted without specific approval of the issuing service (Bu Weps 
or AM C). The policy for use of Classified Publications is established for the Air Force 
in AFR 205-1 and for the Navy in Navy Regulations, Article 1509. 

r------------ LIST OF CHANGED PAGES ISSUED ----------� 
INSERT LATEST CHANGED PAGES. DESTROY SUPERSEDED PAGES. 

A 

NOTE: The portion of the text affected by the current change is indicated by a vertical line in the outer margin� 
of the page. 

Page 

No. 

Date of Latest 

Change 

i • • • • • • • • •  15 January 1960 
*ii . . • • • . • • • •  15 January 1966 

*iii . • • • • • • • • •  15 January 1966 

iv . • • • • • • • • •  15 January 1960 
* 1 . • • • • • • • •  15 January 1966 

2 o • • • • • • • •  15 January 1960 
*2A Added • . • •  15 January 1966 

3 • • . • • • • • •  15 January 1960 

4 . • • • • • • • •  15 January 1960 
*5 • . . • • • • . • 15 January 1966 

*6 • • • • . • • • •  15 January 1966 

*6A Added . • • • 15 January 1966 

*7 • • • • . • • • •  15 January 1966 

8 • • • • • • • • •  15 January 1960 

SA • • . • • . • .  o 15 January 1960 

*8B . . . . • • • • •  15 January 1966 

*SC . . • . • • . • .  15 January 1966 

8D . . o • •  0 • • •  15 January 1960 

*8E . • .  o • •  o • •  15 January 1966 

SF • • • • • . • • .  15 January 1960 

9 • • • • • • • . •  15 January 1960 
* 11 • • • . • • • • .  15 January 1966 

12 . . • • • • . • •  15 January 1960 
13 • • • • •  0 • • •  15 January 1960 
18 • . • . . • . • • 1 May 1958 
19 . • • • . • • • .  1 May 1958 
20 . • • . . • • • •  1 May 1958 

20A • o o o 0 • • •  15 January 1960 
21 . • . • . • . • •  15 January 1960 
23 . . • . • • • • .  1 May 1958 
24 . . . • • • • •  0 1 June 1956 

Page 

No. 

Date of Latest 

Change 

25 • • • o • • • • • •  15 January 1960 

28 • • • • • • . • • •  15 January 1960 

*29 • • • • • • • • . •  15 January 1966 

30 • • • • . • . . . •  15 January 1960 

*31 • • . • . • . • • •  15 January 1966 

32 • • • • . • . . • •  15 January 1960 

33 . • . . • • • . • •  15 January 1960 

37 . . • • . • . • . •  15 January 1960 

38 • • • • . . • . . •  15 January 1960 

39 . • • . • • • . • •  15 January 1960 

45 • • • • . • . . . .  15 January 1960 

49 . • • • • . • • • •  15 January 1960 
52 • • • • . . • • • •  1 May 1958 

53 . • . • • • • • . .  15 January 1960 

54 • • • • . . . • • .  15 January 1960 

*55 . • . . • . • • . •  15 January 1966 

58 • . . • . • • • . •  15 January 1960 
59 . . . • . • . . • .  15 January 1960 

61 • • • • • . . • . •  15 January 1960 
63 . • . . • . • • . •  15 January 1960 
64 . • • . • • . • . .  15 January 1960 

65-66 . . • . . . •  15 January 1960 

66A • • . • . • • .  15 January 1960 

*66C-66D Added • 15 January 1966 

67-68 • . • • . .  o 15 January 1960 
69-70 . . • . • . .  15 January 1960 

70A • . •  o • • • • •  15 January 1960 

*70C-70D • • . . . •  15 January 1966 

71 • • . • • . • • . •  15 January 1960 

72 . •  o • • • • • • •  15 January 1960 

73 . • . • • •  o • • •  1 May 1958 
7 4 0 • 0 • • • • • • •  1 May 195 8 

*The asterisk indicates pages changed, added or deleted by the current change• 

ADDITIONAL COPIES OF THIS PUBLICATION MAY BE OBTAINED AS FOLLOWS: BuWeps 
USAF ACTIVITIES.-In accordance with Technical Order No. 00-5-2. 

NAVY ACTIVITIES.-Use Publication' and Forms Order Blank (NavWeps 140) and submit in accordance with 
instructions listed thereon. 

For listing of available material and details of distribution see Bureau of Naval Weapons Publications Index NavWeps 

00-500. 

Changed 15 January 1966 

'''. ,, 

) 

.. � 



(" 

(" 

( 

(_ 

( 

Section 

I 

II 

III 

IV 

v 

VI 

NAVAER 16-30USM44-502 

TABLE OF CONTENTS 

DESCRIPTION AND LEADING PARTICULARS 

1-1. Identification 
1-3. Leading Particulars 
1-8. Differences in Equipments 
1-10. Operating Controls, Dials, and Terminals 

SPECIAL TEST EQUIPMENT AND SPECIAL TOOLS 

2-1. 
2-3. 
2-5. 

Test Equipment Required 
Special Tools 
Cable Fabrication 

PREPARATION FOR USE AND RESHIPMENT 

3-1. 
3-8. 

Preparation for Use 
Preparation for Reshipment 

THEORY OF OPERATION 

4-1. 
4-3. 
4-6. 
4-13. 
4-16. 
4-21. 
4-26. 
4-30. 
4-36. 
4-40. 
4-44. 
4-46. 

General System Operation 
R-F Generator Assembly Operation 
Radio Frequency Oscillator 
Radio Frequency Buffer Operation 
Radio Frequency Power Amplifier Operation 
Output Attenuator and R-F Power Monitor Operation 
Frequency Calibrator Operation 
Modulator Section Operation 
Modulation-Measuring Circuits Operation 
Power Supply 
Heater Supply Multivibrator 
Operation of Mechanical Components 

ORGANIZATIONAL AND SQUADRON MAINTENANCE 

5-l. 
5-3. 
5-5. 
5-11. 
5-14. 
5-16. 
5-19. 
5-21. 

Introduction 
Cabinet Removal . . . 
Troubleshooting the TS-510A/u 
Power Supply Troubleshooting and Adjustment 
Replacing Electron Tubes 
Minor Repair and Adjustment 
Lubrication 
Inspection Schedule and Preventive Maintenance 

FIELD AND F ASRON MAINTENANCE 

6-1. 
6-3. 
6-5. 
6-7. 
6-11. 
6-13. 
6-15. 
6-17. 
6-19. 
6-22. 
6-24. 
6-26. 
6-28. 
6-30. 

Introduction 
Minimum Performance Standards 
System Analysis Check Chart 
Replacing Tubes in the R-F Generator 
Replacing Components in the R-F Power Monitor Circuits 
Replacing/Repairing the R-F Output Attenuator Probe . 
Replacing and Repairing the Attenuator Drive Cable 
Repairing the Internal Frequeney Calibrator 
Replacing Components in the Modulation Oscillator 
Replacing the R-F Oscillator and Amplifier Tuning Coils 
Replacing Power Transformer T1 
Calibrating the Frequency Dial 
Calibrating the Output Attenuator 
Calibrating the Output Volts Meter 

Revised 15 January 1960 

Table of Contents 

Page 

1 

1 
2 
2 
4 

9 

9 
9 
9 

11 

11 
12 

13 

13 
13 
13 
15 
15, 
17 
18 
20 
21 
23 
24 
24 

25 

25 
25 
25 
27 
28 
28 
30 
33 

35 

35 
35 
36 
36 
39 
43 
43 
45 
45 
45 
47 
47 
48 
49 



List of Illustrations NAVWEPS 16-30USM44-502 

Section 

VII 

Figure 

1-1. 
1-1A. 
1-1B. 
1-1C. 
1-2. 
1-2A. 
1-2B. 
1-2C. 
1-3. 
1-3A. 
1-3B. 
1-4. 
2-1. 
3-1. 
3-2. 
4-1. 
4-2. 
4-3. 
4-4. 
4-5. 
4-6. 
4-7. 
4-7A. 
4-8. 
4-9. 
4-10. 

4-11. 
4-12. 
4-13. 
4-14. 
5-1. 
5-2. 
5-3. 
5-4. 
5-5. 
5-6. 
6-1. 
6-2. 
6-3. 
6-4. 

6-32. 
6-35. 
6-37. 
6-39. 
6-41. 
6-43. 

TABLE OF CONTENTS (Cont.) 

Calibrating the Percent Modulation Meter .................. . 

Calibrating the Frequency-Calibrator Oscillator ............. . 

Measuring the Quality of the Pulse Modulated R-F Output Signal .. . 

Measuring the Quality of the Sine Modulated R-F Output Signal ... . 

Maintenance, Overhaul and Inspection Schedule ............. . 

Modernization ........... . 

DIAGRAMS 

7-1. Introduction . . . . . . . . 

INDEX ................ . 

LIST OF ILLUSTRATIONS 

Title 

Signal Generator AN/USM-44 (Hewlett-Packard), Equipment Supplied . . . . . . . . . • . • . . .  

Signal Generator AN/USM-44A (Hewlett-Packard), Equipment Supplied .............. . 

Signal Generator AN/USM-44A (Nuclear Electronics), Equipment Supplied . . • • . . . . . • . . .  

Signal Generator AN/USM-44A (Jetronic Industries), Equipment Supplied . • . . . . . . . . . . .  

Signal Generator TS-510/U . . . . . . • . . . . . . . . . . . . . • . . . • . . . . . . . . . . . . . . . . . .  

Signal Generator TS-510A/U(**) . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . • . . • . .  

Signal Generator TS-510A/U(*) . . . . • . . . . . . . . . . . . . . . . . . . . . . . • . . . • . . . • . . . .  

Signal Generator TS- 510A/U(***) . . . • • . • . . . . . . . . . . . . . . . . . . . . • . • . . . . . . . . .  

Signal Generator TS-510/U, Front Panel Controls . . . • . • . . • . . . . . . • • . . • . • . . • . . . .  

Signal Generator TS-510A/U(*), Front Panel Controls . . . . . . . . . . . . . . • . • • . . . . . . . .  

Signal Generator TS-510A/U(**), Front Panel Controls . . . . . . . . . . . . . • . • • • . . . . . . .  

Diagram Showing Relationship of Front Panel Controls to Major Circuits . . . • • . • . . . . . .  

Fabrication of Video Cord CG-409/U . . . . . . . . . . . • . . • . . . . . . . . . . . . . . . . . • . . . .  

Transit Case CY-1605/USM-44 . • . . • . . . . . • . • . . . . . • . . . . . . . . . . . . . • . • • . • • • .  

Accessory Cover . . • . . . . • . • . . . . • . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . • . .  

Signal Circuit Block Diagram of Signal Generator TS-510A/U .................... . 

R- F Generator Assembly . • . . . .  ; . . . . . . . . . . • . . . • . • . . . . . . . . • . . . . • . . . • . . .  

Schematic Diagram of Radio Frequency Oscillator . . • . . . • . . . . . • . . . • • . . • . . • • . . . .  

Schematic Diagram of Buffer Amplifier . . • • . . . . • . • . . . . . . . . . . .  o • •  o • o • • • • • • • •  

Schematic Diagram of Radio Frequency Power Amplifier . . . • . . . . • . . . . . . . • . . . • . . .  

R-F Pickup Probe for Output Attenuator . • . . • • . . . • . . . . . . . . . . . . • . . . • . • • • . . . . 
Schematic Diagram of Crystal' Controlled Frequency Calibrator . o • • • • • • • • • • • • • • • • • •  

Schematic Diagram of Crystal Controlled Frequency Calibrator TS-510A/U . . . • . • . . . . .  

Schematic Diagram of Modulation Oscillator . . . . . . . . • . . . . .  o • • • • • • • • • • • • • • • •  

Schematic Diagram of Modulation Limiter and Amplifier . . . . • • . . . . . . . • . • . . • . . . . .  

Schematic Diagram of Modulation Cathode Follower and Output Level 
Control Tube . . . . • . . • • . . . • . . . • • . . . . • • . . . . . . . . . . • . . . . . . . . . . • . • . . . . . 

Schematic Diagram of Modulation Indicator Amplifier . • . . • . . • . . . . . . . . • • . . . • • . . .  

Schematic Diagram of Modulation Meter Bridge and Rectifier . . . . . . . . • • . . • • • • . . . .  

Schematic Diagram of Regulated Power Supplies . • . . . • • . . . . . . . . • • • . . . . . • . • . . .  

Schematic Diagram of Heater Supply Multivibrator . . . . • . • . • • • • . . • • • • . • . . • • . . . .  

Cabinet Removal . • • • . . • • • • • • • • •  o • • • • • • • • • • •  o • • • • • • • • • • • • •  0 • • • • • • • • •  

Power Supply Block Diagram . • • • . . • . . . . • • . • • • . . •  o • • • • • • • • • • • • •  0 • • • • • • • •  

Power Supply Section Showing Points of Voltage Measurement and Adjustment . . • . . . • . . .  

Tube Location Diagram . • . . . . .  o • • •  o • • • • • • • • • • • • • •  o • • • • • • • • • • • • • • • • • • • •  

Frequency Drive Mechanism Showing Points of Lubrication . . . . . . . . . . •  0 • • • • • • • • • 

R- F Generator Assembly, Rear View, Showing Output Attenuator Drive System ....... . 

Diagram Showing Access to R- F Oscillator, Buffer and Amplifier Tubes . . • . . . . . • .  

Exploded View for Replacement of R-F Oscillator and Amplifier Tubes . . . . . . . . . . • .  

Diagram Showing Breakdown of Components in R-F Power Monitor Assembly . • . . • . .  

R- F Output Attenuator Probe . . . . . . . . 0 • • • • • • • • • 0 • 0 • • • • • • • • • • • • • • 0 • • • 

Page 

51 
52 
53 
54 
54 
54 

55 

55 

73 

Page 

iv 
1 
2 
2A 
3 
4 
5 
6 
6A 
7 
8 
8A 
8E 

10 
11 
12 
14 
15 
16 
16 
17 
18 
19 
20 
20A 

20A 
22 
22 
23 
24 
26 
30 
31 
32 
32 
33 
39 
40 
41 
42 

ii Changed 15 January 1966 

"'·· " , 

. ....... 
q" 



( 

(� 

(, 

(, 

NAVWEPS 16-30USM44-502 List of Tables 

Figure 

6-5. 

6-6. 

6-7. 
6-8. 
6-9. 
6-10. 
6-11. 
6-12. 
6-13. 
7-1. 
7-2. 
7-3. 
7-4. 
7-5. 
7-6. 
7-7. 
7-8. 
7-9. 
7-9A. 
7-9B. 
7-9C. 
7-10. 
7-10A. 
7-lOB. 
7-10C. 
7-11. 
7-12. 
7-13. 

Table 

1-1. 
1-2. 
1-3. 
1-4. 
2-1. 
5-1. 
5-2. 
5-3. 
6-1. 
6-2. 

LIST OF ILLUSTRATIONS (Cont.) 

Title 

Diagram Showing Adjustment of Cable Tension for Output Attenuator Drive 
System ....................................................... . 
Diagram Showing Removal of Frequency Drive Assembly from R-F 
Generator Housing . . . . • . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . •  

Test Set-Up for Calibrating the R-F Output Attenuator Dial . . . . . . . • . . . . . . . . • . • . . .  

Graph Showing Effects of Adjustments on R- F Power Monitor Circuits . . . . • . . . . . . . . .  

Special R-F Transformer Used for Measuring Percentage Modulation . . . . . . . • . . . • . . .  

Test Set-Up for Measuring Percent Modulation of R- F Carrier . . • . . . . . . • . . • . • . . . .  

Test Set-Up for Calibrating Frequency Calibrator Oscillator . • . • . . . . . . . . . . . • . . . . .  

Test Set-Up for Measuring R-F Output Pulse . . . . . . • . . . . . . • . . . . . . . . . . . . . . . . .  

Test Set-Up for Measuring the Quality of CW Output Signal . . . . . . . . . • . . . . . . . • . . .  

Signal Generator TS-510A/U Left Side View, Cover Removed . . . . . . . . . • . . . . . . . . . •  

R-F Generator Assembly, Inside View of Tuner Compartments .................. . 

R-F Generator Assembly, Inside View of Tube Compartment ................... . 

Signal Generator TS-510A/U Right Side View, Cabinet Removed . . . . . . . . . . . • . . . . . .  

Complete Block Diagram for Signal Generator TS-510A/U . . . . . . . . . . • • . . . . . • . . . .  

Tube Socket Voltage-Resistance Diagram, Power Supply Section . . . . . . . • . . . . . . . . . .  

Tube Socket Voltage-Resistance Diagram, R-F Generator Section . . . . . . . . . . . . . . . . •  

Tube Socket Voltage-Resistance Diagram, Modulator Section . . . . . . • . . . . . . • • . . • . .  

Schematic Diagram for Signal Generator TS-510/U . • . . . • . . . . • . . . . . . • . • . . . . . . .  

Schematic Diagram for Signal Generator TS-510A/U(*) . • . . . . • . . . . . . . . • . . . • . . . .  

Schematic Diagram for Signal Generator TS-510A/U(**) . . . . . . . . . . . . • . . . . . . . . • •  

Schematic Diagram for Signal Generator TS-510A/U(***) . . . . . • . . . . . . • . . . • . . . • . .  

Practical Wiring Diagram for Signal Generator TS-510/U . . . . . . . . . . . . . . . • . . • . . •  

Practical Wiring Diagram for Signal Generator TS-510A/U(*) . . . . . . . • • . . • . • . . • • . .  

Practical Wiring Diagram for Signal Generator TS- 510A/U(**) . . . . • • • • . • • . . • • • • • .  

Practical Wiring Diagram for Signal Generator TS-510A/U(***) . . . . . . . . . . • • • • • • . .  

Signal Generator TS-51 OA/U Cabinet Dimensions . . . • . . . • • . . . . . . • . • • . . . . • • . • • 

Transit Case CY-1605/USM-44 Dimensions . . . . • . . . . . . • • . . . . . • . . . • • • . • . . . .  

Resistor and Capacitor Color Code . . . . . . • . . . . • . • . • • . • . • . . . . . • . . . . • . • • • .  

LIST OF TABLES 

Title 

Equipment Supplied . . . . • . . . • . . . . • . . • . • . . . . . . . . • . . • . . . . . . . . . . . . . . • . .  

Electron Tube and Diode Complement . . . . . . . . . . . . . . . . • • . . . . . • • . . . . . . . . • . . 

Controls and Terminals . . . . . . . . • . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . • . . . .  

Specifications for Signal Generator TS-51 OA/U . . . . . . • . . . . • . . . . . . . . . • . . • . • . . . 
Test Equipment Required for Maintenance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . .  

Minimum Performance Standards Check Chart . • . . . . . . . . . . • . . . . . . . . . . . • . . . . 
Power Supply Troubleshooting Chart . . . . . . . . . . . • . . . • . • . . . . . • . . . . . • • . • . . .  

Tube and Diode Replacement Chart . • . . . • . . . . . . . • . . • . • . • . . . . . . . . . . . . . . . .  

Minimum Performance Check Chart . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . • • . . . . .  

System Analysis Check Chart . . . . . . • . . . . . . . . . • . . . . • . . . . . . . . . . . . . . • . . . .  

Changed 15 January 1966 

Page 

44 

46 
48 
50 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 

63-64 
65-66 

65A-66A 
66C-66D 

67-68 
69-70 

69A-70A 
70C-70D 

71 
71 
72 

Page 

8B 
8C 
8D 
8F 
9 

27 
28 
29 
35 
37 

iii 



Section I 

iv 

POWER CORD 
ex - 31351 u (6 'o"J 

NAVAER 16-30USM44-502 

CORD CG-409/U 
(2 SUPPLIED) 

,��-�' SIGNAL GENERATOR TS-510/U 

·J �� 

Figure 1-1. Signal Generator AN/uSM-44 (Hewlett-Packard), Equipment Supplied 
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NAVWEPS 16-30USM44-502 Section I 
Paragraphs 1-1 to 1-2A 

SECTION I 

DESCRIPTION AND LEADING PARTICULARS 

1-1. IDENTIFICATION. 

1-2. This publication contains service and mainte
nance instructions for Signal Generator Test Set AN/ 
USM-44 (figure 1-1) and Signal Generator Test Set 
AN/USM-44A (figure 1-1A) manufactured by Hewlett
Packard Company, Palo Alto, California, and for Sig
nal Generator Test Set AN/USM-44A (figures 1-1B and 
1-1C) manufactured by Nuclear Electronics Corpora
tion, Philadelphia, Pennsylvania, and Jetronic Indus
tries, Incorporated, Philadelphia, Pennsylvania. The 
main component of Signal Generator Test Set AN/USM-
44 is Signal Generator TS-510/U (figure 1-2). The 
main component of Signal Generator Test Set AN/ 
USM-44A is Signal Generator TS-510A/U manufac
tured under the following contracts: Hewlett-Packard 
Company under Orders No. NOasN383-33733A, N383-
36708A, and N383-46471A (figure 1-2A); Nuclear Elec
tronics Corporation under Order No. N383-46472 (fig
ure 1-2B); andJetronic Industries, Incorporated under 

Order No. N383-76596A and N383-83177A (figure 

I 1-2 C). This equipment is manufactured in accordance 
with Specification MIL-G-7702 (AER), dated 15 Novem
ber 1953. 

1-2A. Throughout this handbook, references to Sig
nal Generator TS-510A/U will be construed to mean 
all models; references to Signal Generator TS-510A/ 
U(*) refer specifically to Signal Generator TS-510A/U 
manufactured by Nuclear Electronics Corporation and 

J etronic Industries, Incorporated; references to Signal 
Generator TS-510A/U(**) refer specifically to Signal 
Generator TS-510A/U manufactured by Hewlett
Packard Company; and references to Signal Generator 
TS- 510A/U(***) refer specifically to Signal Generator 
TS-510A/U manufactured by Jetronic Industries, In
corporated. The information contained in this hand
book is applicable to Signal Generator TS-510/U and 
all models Signal Generator TS-510A/U unless other
wise indicated. 

Figure 1-1A. Signal Generator AN/USM-44A (Hewlett-Packard), Equipment Supplied 

Changed 15 January 1966 1 



Section I NAVAER 16-30USM44-502 
Paragraphs 1-3 to 1-9 

SIGNAL GENERATOR 

TS 

TRANSIT CASE 
CY-2t05A/USM-44A 

C:: , 2 � ·j .... CABLE ASSEMBLY 
CG-409/U 

CABLE ASSEMBLY 
CABLE ASSEMBLY 

CX-�r35/U (6ft.) CG-409/U FUSE HOLDER 

Figure 1-1B. Signal Generator AN/uSM-44A (Nuclear Electronics), Equipment Supplied 

1-3. LEADING PARTIC ULARS. 

1 1-4. Signal Generator TS-510A/U is designed to meet 
the exacting requirements of precision laboratory 
work and general service work requiring small 
amounts of r-f power, such as testing and calibrating 
high frequency radio equipment, measuring standing 
wave ratios, antenna and transmission line char
acteristics, receiver sensitivity and similar uses. 
To be especially useful for accurate calibration of 
communications equipment such as the AN/ ARC-27, 
the physical construction and circuitry of the r-f 

I generating circuits in the TS-510A/U are designed to 
produce an output signal that is especially free of 
spurious amplitude modulation and incidental fre
quency modulation. 

1-5. The frequency range of the signal generator, 10 
to 420 megacycles, is covered in five ranges, the 
range in use being automatically indicated on the five 
scale frequency dial and each scale providing approx
imately a 2:1 frequency range. The dial is hand 
calibrated to an accuracy of 0.5% for each unit and, 
if necessary, may be removed for equipment service 
and replaced without loss of accuracy. The output 
attenuator dial is a pre-calibrated dial which can be 
removed and replaced with little loss in calibration 
accuracy. 

1 1-6. The TS-510A/U is, 13-3/4 inches wide by 16 
inches high by 20 inches long and weighs 62 pounds. 
The instrument is constructed of aluminum alloy 

2 

throughout and is designed to have good circuit ac
cessibility. Guardrail handles are provided for pro
tection to the front panel controls and to assist in 
removing the instrument from the cabinet. Ventila
tion for the signal generator is provided by the 
louvers in the sides and rear of the cabinet. All fuses 
are replaceable from the front panel by spare fuses 
located on the front panel. Table 1-4 lists the spec-

I ifications for the TS-510A/U Signal Generator. 

1-7. TUBE COMPLEMENT. Table 1-2 gives the 
quantity required, type, circuit designation and func
tion of the electron tubes and crystal diodes used in 
the AN/USM-44 equipment. 

1-8. DIFFERENCES IN EQUIPMENTS. 

1-9. FINE FREQ. ADJUST CONTROL. Beginning I 
with serial number 510, the TS-510/U Signal Gener
ators are equipped with a short range incremental 
tuning device for making extremely small changes in 
the output signal frequency. The FINE FREQ. ADJ. 
control is operated by an additional knob on the front 
panel and provides from 0.01 to 0.2% adjustment in 
the output frequency after selection by the main fre
quency control dial. The addition of the FINE FREQ. 
ADJ. control does not alter the circuit, operation, 
or specifications for the signal generator. The FINE 
FREQ. ADJ. control is illustrated in figure 2-1, 
item 28. Several minor changes in the values of 
electronic parts have been made. These changes do 
not materially affect the performance of the signal 

Revised 15 January 1960 
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NAVWEPS 16-30USM44-502 Section I 

TRANSIT CAS.E . •. 
CY..,.2105A/USM-44A 

SIGNAL GENERAT6R 
TS-510 A/U . .. .  

. . . .. 'V. ... "· .. 
' :cAS(E A·SSEMSLY• 

CG..,.409/u· ... · 

Figure 1-1C. Signal Generator AN/USM-44A (Jetronic Industries), Equipment Supplied 
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NAVWEPS 16-30USM44-502 Sect ion I 

Figure 1-2B. Signal Generator TS-510A/U(*) 

1 in figures 1-3 through 1-3B. A simplified block dia
gram showing which circuits are affected by various 
front panel controls is shown in figure 1-4. 

[ ���TI?� I u 

Do not connect any source of r-f or d-e power 
to the RF OUTPUT jack on the TS-510A/U Sig
nal Generator. To do so will burn out the im
pedance-matching network in the output atten
uator and no output will be obtained. Special 
care must be taken when working with "trans
ceiver" type apparatus, such as the AN/ ARC-

Changed 15 January 1966 

27 equipment, to insure that the transmitter 
remains inoperative while the signal gener
ator is connected to the equipment antenna. 

NOTE 

For protection to the output attenuator on the 
TS-510A/U Signal Generator, a special fuse
holder is supplied for connection to the RF 
OUTPUT cable. When using the. signal gener
ator for any application where there is the pos
sibility of voltage being applied to the RF OUT
PUT, this fuse must be used between the signal 
generator and the external equipment. 

5 
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Figure 1-2C. Signal Generator TS-510A/U(***) 
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NAVWEPS 16-30USM44-502 

FREQUENCY 
RANGE 
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Figure 1-3. Signal Generator TS-510/U, Front Panel Controls 
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*uSED ONLY ON TS-510A/U(JETRONIC INDUSTRIES! 
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Figure 1-3A. Signal Generator TS-510A/U(*), Front Panel Controls 
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Section I NAVWEPS 16-30USM44-502 

Table 1-1. Equipment Supplied 

OVERALL DIMENSIONS (in. ) 

QUANTITY 
ITEM AN TYPE DESIG. 

HEIGHT or 
WIDTH DEPTH 

WEIGHT 
PER EQUIP. LENGTH (lb) 

Signal Generator AN/USM-44 (Hewlett-Packard) (See figure 1-1.) 

1 Signal Generator TS-510/U 16 13-3/4 20 62 

1 Transit Case CY-1605/USM-44 24 20 17-5/8 32 

1 Cord CX-3135/U (6 ft, 0 in.) 72 - - 0. 6 

2 Cord CG-409/U (4 ft, 0 in.) 48 - - 0.2 

1 Connector Adapter UG-201A/U - - - -

1 Connector Adapter UG-349A/U - - - -

1 R-f Output Fuse Mount MX-1730/U 4-5/8 3/4 dia - 0. 4 

1 R-f Amplifier Tube Wrench --- 2-7/8 3/4 dia - 0. 2 
(located in chassis clips) 

Signal Generator AN/USM-44A (Hewlett-Packard) (See figure 1-1A.) 

1 Signal Generator TS-510A/U 16 13-3/4 20 62 

1 Transit Case CY-2105/USM-44A 24 20 17-5/8 32 

1 Cord CX-3135/U (8 ft, 0 in.) 96 - - 0.8 

2 Cord CG-409/U (4 ft, 0 in.) 48 - - 0.2 

1 Connector Adapter UG-201A/U - - - -

1 Connector Adapter UG-349A/U - - - -

1 R-f Output Fuse Mount MX-1730/U 4-5/8 3/4 dia - 0.4 

1 R-f Amplifier Tube Wrench --- 2-7/8 3/4 dia - 0.2 
(located in chassis clips) 

I Signal Generator AN/USM-44A (Nuclear Electronics and Jetronic Industries) (See figures 1-1B and 1-1C.) 

1 Signal Generator TS-510A/U 

1 Transit Case CY-2105A/USM-44A 

1 *Cord CX-3135/U (6 ft, 0 in.) 

1 **Cord CX-3135/U (8 ft, 0 in.) 

2 Cord CG-409/U (4 ft, 0 in.) 

1 Connector Adapter UG-201A/U 

1 Connector Adapter UG-349A/U 

1 R-f Output Fuse Mount MX-1730/U 

1 R-f Amplifier Tube Wrench ---
(located in chassis clips) 

I *Supplied with TS-510A/U (Nuclear Electronics). 
**Supplied with TS-510A/U (Jetronic Industries). 

8B 

16 13-3/4 20 62 

24 20 17-5/8 32 

72 - - 0.6 

96 - - 0.8 

48 - - 0.2 

- - - -

- - - -

4-5/8 3/4 dia - 0. 4 

2-7/8 3/4 dia - 0.2 
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NAVWEPS 16-30USM44-502 

Table 1-20 Electron Tube and Diode Complement 

TYPE NAME AND FUNCTION 

5651 V15 Gaseous voltage regulator o 
5670 V1 Modulator limiter. 

5675 V6 Radio frequency oscillator o 

5687 V17 Heater supply multivibrator. 

5814/12AU7 V2 Modulator oscillator. 
V21 Modulator meter bridge tubeo 

5876 V8 Radio frequency amplifier. 

6080 V13 Series voltage regulator. 
V16 Series voltage regulator. 

6AH6 V18 Modulation indicator amplifier o 
V19 Modulation indicator amplifier o 

6AU6WA *V9 Xtal calibrator oscillator. 
V12 Voltage control amplifier. 
V14 Voltage control amplifier. 

6BC4 V7 Radio frequency buffer. 

6CL6 V3 Modulator amplifier. 
V4 Modulator cathode follower 0 
V5 Output level control tubeo 

6U8 **V9 Xtal calibrator oscillator o 
12AT7WA V10 X tal calibrator amplifier. 

Vll Xtal calibrator amplifier. 

GllA CRl Calibrator mixer diodeo 
***CR12 R-f amplifier cathode clampo 

1N34 CR7 R-f amplifier cathode clampo 

1N82 CR2 Power monitor detector o 
CR3 Power monitor compensator. 

1N540 CR8 
thru Power supply rectifier. 

CRll 

1N547 CR4 
thru Power supply rectifier o 
CR7 

*Used only on Signal Generator TS-510/U 0 
**Used only on Signal Generator TS-510A/U(*) and TS-510A/U(**). 

***Used only on Signal Generator TS-510A/U(***). 
t Not used on Signal Generator TS-510A/U(***). 

-------
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Section I NAVAER 16-30USM44-502 

Table 1-3. Controls and Terminals 

REF. NO. DESIGNATION FUNCTION 

1 Power Receptacle Receives power from power cord supplied. 

2 AC 3 AMP (fuse) Protects power source and instrument against short circuits. 

3 SPARES (fuses) Replacement 3 amp fuses. 

4 DC 0.25 AMP (fuse) Protects the internal power supply against short circuits. 

5 SPARE (fuse) Replacement 0.25 amp fuse. 

6 HEATER (pilot lamp) Pilot lamp indicates power is applied to generator and space heaters 
are in operation. 

7 Power Switch In the ON position all circuits of the signal generator are energized. 
In the off position space heaters are energized 

8 POWER (pilot lamp) Pilot lamp indicates when main circuits are energized. 

9 MOD. SELECTOR Adjusts signal generator circuits for desired type of operation. 

10 FREQUENCY RANGE Selects frequency range and positions the range pointer on 
(selector) MEGACYCLES dial. 

*11 FREQUENCY (control) Controls the output frequency in combination with the FREQUENCY 
(see figure 1-3A) or RANGE switch. 
Frequency Control 
(see figures 1-3 and 
1-3B) 

12 MEGACYCLES (indicator) Indicates frequency of the r-f output signal directly in megacycles. 

13 AMP. TRIMMER (control) Tunes r-f power amplifier for maximum output. 

14 OUTPUT LEVEL (control) Adjusts the r-f power level existing at input to output attenuator. 

15 OUTPUT VOLTS-DBM Indicates r-f power level existing at input to output attenuator. 
(indicator) 

16 Output Attenuator Selects and indicates the r-f output signal level in microvolts, 
(control) millivolts, and decibels. 

17 RF OUTPUT (jack) Output connector for r-f output signal (see CAUTION). 

18 XTAL CAL. OUTPUT Connects headset to crystal calibrator. 
(connector) 

19 XTAL CAL. GAIN Adjusts loudness of beat frequency signal from frequency 
I (control) calibrator. 
I 

20 EXT. MOD. (jack) Receives sine wave from external source for modulation of r-f 
output signal. 

21 MOD. LEVEL (control) Adjusts modulation percentage to desired value. 

22 PERCENT MODULATION Indicates the percentage modulation of the r-f output signal. 
(indicator) 

23 ZERO (screwdriver Electrically sets the modulation meter to zero with instrument in 
adjustment) operation with no modulation applied. 

24 EXT. PULSE (jack) Receives pulses from external source for modulation of the r-f 
output signal. 

25 Frequency Dial Index Adjusts frequency dial index over short range. 
Adjustment 

26 Frequency Dial Lock Locks frequency dial. 

*Used only on Signal Generator TS-510A/u(**). 
-------

8D 

- -------
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NA VWEPS 16-30USM44-502 

Table 1-3. Controls and Terminals ( Cont) 

DESIGNATION FUNCTION 

Attenuator Dial Lock Locks attenuator dial. 

Section I 

28 FINE FREQ. ADJUST Adjusts RF OUTPUT frequency in very small increments. 

*29 1 MC OFF 5 MC Selects 1 megacycle and 5 megacycle outputs or no output (OFF 
position) 

**30 Amp. Trimmer Lock Locks AMP. TRIMMER Control 

*Used only on Signal Generator TS-510A/U(**). 
**Used only on Signal Generator TS-510A/U(***). 

�·· -·��. ·-·---

CABLE LENGTH 48 INCHES 

��� r---[f=l 
STRIPPING DETAIL: 

NUT RUBBER 
WASHER 

Figure 2-1. Fabrication of Video Cord CG-409/U 

Changed 15 January 1966 
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NAVAER 16-30USM44-502 Section I 

Table 1-4. Specifications for Signal Generators TS-510;U and TS-510A/U 

TYPES OF OUTPUT: 

FREQUENCY RANGE: 

ACCURACY OF FREQUENCY 
CALIBRATION: 

CRYSTAL CALIBRATOR: 

OUTPUT VOLTAGE: 

OUTPUT LEVEL METER: 

OUTPUT LEVEL CALIBRATION 
ACCURACY: 

OUTPUT LEVEL AND RATED LOAD: 

INTERNAL MODULATION: 

EXTERNAL MODULATION: 

PERCENT MODULATION: 

�NVELOPE DISTORTION FOR SINE WAVE 
MODULATION: 

INPUT IMPEDANCE FOR EXT SINE 
MODULATION: 

EXTERNAL PULSE MODULATION: 

INPUT IMPEDANCE FOR EXT PULSE 
MODULATION: 

FREQUENCY STABILITY: 

INPUT POWER REQUIREMENTS: 

*Pertains only to TS-510/U 
**Pertains only to TS-510A;b(*) 

***Pertains only to TS-510A;b(**) 

8F 

CW; Internal sine-wave amplitude modulation; External ampli
tude modulation; External pulse modulation. 

10 to 420 megacycles covered in five bands. 

With crystal calibrator, ±0.05% at checkpoints. Without cali
brator, ±0.5% overall. 

*5 megacycle oscillator accurate to ±0.01% providing check
points at each 5 megacycles over full frequency range. Pro
vides 0.1 milliwatt or better to a 600-ohm headset. 

**5 megacycle oscillator accurate to ±0.01% providing check
points at each 1 megacycle and 5 megacycles over the full 
frequency range. 

***1 megacycle oscillator accurate to ±0.01% providing check
points at each 1 megacycle over the full frequency range. 

Continuously adjustable attenuator provides from 0.1 micro
volt minimum to 0.5 volt maximum when operated into rated 
load of 50 ohms. 

Monitors r-f power level fed to output attenuator; calibrated 
0 to 7 dbm and 0.1 to 0.5 volt. 

For all conditions of operation the accuracy of the attenuator 
dial is within ±2 decibels when operated into a rated load. 

***The accuracy of the attenuator dial is ± 1 db over entire fre
quency range into a 50-ohm resistive load. 

The VSWR measured at the output connector is less than 1.2 
(SWR 1.6 db) when connected to nominal 50-ohm resistive load 

Sine waves at frequencies of 400 and 1000 cps ±5%, (± 10%**). 
Percent modulation continuously adjustable from zero to 95% 
at output levels up to 0 dbm. 

100 to above 20,000 cps. Percent modulation continuously 
adjustable from zero to 95% at r-f output levels up to 0 dbm 
with modulating voltages from 4 to 25 volts rms. 

Indicated by direct-reading panel meter accurate to ± 10%. 

Less than 5% at 30% modulation for frequencies from 100 to 
5000 cps. Less than 10% at 50% modulation. 

20,000 ohms shunted by 50 microfarads. 

Positive 10-volt (5-volt***) peak pulse required. Combined 
rise and decay time of r-f output pulse less than 4 micro
seconds from 40 to 220 megacycles; less than 1 microsecond 
from 220 to 420 megacycles. Residual level at least 20 db 
below 0.5 peak pulse output. 

50,000 ohms shunted by 40 micromicrofarads. 

Frequency drift less than 0.005% per 15-minute period. 

115/230 volts ac, single phase. (**115 volts ac, single phase.) 

Revised 15 January 1960 
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NA VWEPS 16-30USM44-502 Section III 
Paragraphs 3-1 to 3-6 

SECTION III 

PREPARATION FOR USE AND RESHIPMENT 

3-1. PREPARATION FOR USE. 

3-2. Signal Generator Test Set AN/USM-44 and AN/ 
USM-44A are portable, single component, test in
struments designed for test bench use. The main 
component of the Signal Generator Test Set AN/USM-
44, Signal Generator TS-510/U, is shipped with its 
accessories in Transit Case CY-1605/USM-44. The 
main component of the Signal Generator Test Set 
AN/USM-44A, Signal Generator TS-510A/U(*), is 
shipped with its accessories in Transit Case CY-
2105A/USM-44A; Signal Generator TS-510A/U(**) is 
shipped .with its accessories in Transit Case CY -2105/ 

I 
USM-44A. The complete equipment is shown in figures 
1-1 through 1-1C. The transit case and accessory 
stowage is shown in figures 3-1 and 3-2. The con-
struction of Transit Case CY-2105A/USM-44A and 
CY-2105/USM-44A is similar to that of Transit Case 
CY-1605/USM-44. The instruction books and 
accessory cables are stowed in the bottom of the 
transit case; the r-f connector adapters and an r-f 
output fuse mount are contained in a snap-on tray, 
shown in figure 3-2, which fastens to the transit 

I 
case cover. When unpacking, check the contents of 
the transit case against the complete equipment shown 
in figures 1-1 through 1-1C. 

3-3. To remove the instrument from the transit case, 
loosen the eight trunk latches on the cover of the case 
and remove the transit case cover. Pull signal gen-

erator from the transit case by the guardrail handles. 
Locate the instrument close to a source of 115 volt 
a-c power and close to the equipment to be tested. 
The equipment under test and the signal generatJr 
should both be within arms' reach of the operator. 

3-4. The power cord for the equipment, CX-3135/U, 
is a 3-conductor cable terminated by a dual purpose 
male plug which will connect either to a standard 
2-conductor a-c outlet or to a special 3-conductor 
grounded type. The plug is equipped with a remov
able third contact blade which screws to the body of 
the plug and is for grounding the chassis of the instru
ment when used with the appropriate a-c power re
ceptacle. The third blade must be removed if the plug 
is to be used with the standard 2-conductor a-c outlet. 

3-5. Two identical, 4-foot, coaxial connecting cables 
are provided with the signal generator; one intended 
for connecting the r-f output signal to external 
equipment under test, the other for connecting an 
external source of modulating voltage to the signal 
generator. These cables are fitted with BNC type 
terminations at both ends and are used with the sig
nal generator without the need for connecting adapters. 

3-6. Two connector adapters are provided so that 
type N coaxial fittings may be used with the type BNC 
fittings on the front panel of the signal generator. One 
is a male BNC to female type N to be used at the front 
panel r-f output jack; the other, a male type N to female 

Figure 3-2. Accessory Cover 

Changed 15 January 1966 11 



Sections ill-IV NAVAER 16-30USM44-502 

BNC to connect the type N output of the r-f fuse mount 
to a BNC termination. These adapters are required 
when the r-f output fuseholder, which is designed for 
use with type N fittings, is to be used with cables 
equipped with BNC fittings. 

3-7. To prevent damage to the precision attenuator 
resistors, a special r-f fuseholder (with fuse) is sup
plied for connection between the signal generator and 
external equipment under test when there is the 
possibility of an external voltage being applied to r-f 

I output jack on the TS-510A/U. The fuse mount is 
d .signed for use with type N fittings but, with the two 
connector adapters supplied, may also be used with 
BNC type fittings. It is recommended that the fuse 
mount be located between the end of a connecting 
cable and the equipment under test. 

3-8. PREPARATION FOR RESHIPMENT. 

3-9. No shipping container other than the transit 

RF OSCILLATOR RF B UFFER 

v 6 v 7 

INTERNAL MODULATION 
MODULATOR 

OSCILLATOR 

V2 VI, V3, V4, V5 

lm. woo.l I EXT. PULSE I 

case for the equipment is required for shipment or 
transporting Signal Generator AN/USM-44 or AN/ 

I USM-44A. The signal generator and all accessories 
are stowed in the transit case (see figure 3-1). To 
repack the equipment in the transit case, the instruc
tion books are first placed in the bottom of the case 
with the three accessory cables. The signal gener
ator is then inserted panel up into the case, seating 
on the rubber bumpers in the bottom of the case. 
The two connector adapters and the r-f fuse mount 
are pressed into clamps in the accessory tray which, 
in turn, fastens to the cover of the transit case by 
two snap-on fasteners. The cover of the transit 
case contains rubber bumpers which, when the cover 
is installed, seat against the front panel of the signal 
generator and hold it securely in place. No special 
precautions are required other than to check the 
completeness of the equipment and to see that the 
trunk latches holding the cover to the body of the 
transit case are securely fastened. 

MOD ULATION 0) I PERCENT MoouWWil] INDICATOR 

V 18, Vl9, V20, V21 

l 
R F POWER _/Q I our Pur vous I 

MONITOR 

R F POWER O UTPUT � JRr oumr J 
AMPLIFIER ATTEN UATOR 

va 

FREQUENCY 

CALl BRA TOR ;,., 

V9, VIO, VII 

Figure 4-1. Signal Circuit Block Diagram of Signal Generator TS-510A/U 

12 Revised 15 January 1960 
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NAVWEPS 16-30USM44-502 Section V 

Table 5-3. Tube and Diode Replacement Chart 

f CHECK AND/OR 
TUBE FUNCTION ADJUSTMENT REQUIRED 

V1 Modulation limiter None. 

( ' 

V2 Modulation oscillator See para 6-19 in Section VI, Fasron Maintenance. 

V3 Modulation amplifier None. 

V4 Cathode follower None. 

V5 Output level control tube None. 

V6 Radio frequency oscillator See para 6-9 in Section VI, Fasron Maintenance. 

V7 Radio frequency buffer See para 6-10 in Section VI, Fasron Maintenance. 

V8 Radio frequency amplifier See para 6-10 in Section VI, Fasron Maintenance. 

V9 XTAL calibrator oscillator See para 6-35 in Section VI, Fasron Maintenance. 

*V9 XTAL calibrator oscillator See para 6-36A in Section VI, Fasron Maintenance. 

V10 and Vll Calibrator amplifier None. 

V12 Voltage control amplifier See Step 3 in Table 5-2. 

V13 Series voltage regulator See Step 2 in Table 5-2. 

V14 Voltage control amplifier See Step 2 in Table 5-2. 

V15 Gaseous voltage regulator See Step 2 in Table 5-2. 

V16 Series voltage regulator See Step 2 in Table 5-2. 

V17 Heater supply multivibrator See Step 4 in Table 5-2. 

V18 Modulation indicator amplifier None. 

V19 Modulation indicator amplifier None. 

V20 Modulation meter rectifier None. 

V21 Modulation meter bridge tube Set PERCENT MODULATION meter zero set 
(see para 5-17). 

CR1 Calibrator mixer diode None. 

CR2 Power monitor detector See para 6-11 in Section VI, Fasron Maintenance. 

CR3 Power monitor compensator See para 6-11 in Section VI, Fasron Maintenance. 

***CR4 Power supply rectifier See Step 3 in Table 5-2. 
thru CR7 

( **CR7 R-f amplifier cathode clamp See Table 6-2, Item 8. 

***CR8 Power supply rectifier See Step 2 in Table 5-2. 
thru CRll 

1.' 
,h. 

***CR12 R-f amplifier cathode clamp See Table 6-2, Item 8. 

*Used only on Signal Generator AN/USM-44A. 
**Not used on Signal Generator TS-510A/U (***). 

I ***Used only on Signal Generator TS-510A/U (***). 

Changed 15 January 1966 29 



Section V NAVAER 16-30USM44-50 2 
Paragraphs 5-19 to 5-20 

+ + 

VOLTAGE REGULATOR RECTIFIER +360V DC 

INPUT 
CR4 - CR5 

V12, Vl3, V168 -

+ + 

RECTIF IER +260V DC VOLTAGE REGULATOR 
INPUT 

C R 6 
Vl4, VI6A -

REFERENCE TUBE 

v 15 

....:!:. + 

HEATER SUPPLY 

MULTI VI BRA TOR -
v 17 

-

+225V DC R EGULATED 

ED BY R71 OUTPUT ADJUST! .... 

7.6V RMS OF 1000 CPS 
WAVE SQUARE � 

OUTPUT ADJUSTE ED BY RB7 -

-165 V DC R EGULATED 

ED BY RBO OUTPUT ADJUST! 

Figure 5-2. Power Supply Block Diagram 

5-19. LUBRICATION. 

5-20. There are two mechanical operating systems in 
I the TS- 510A/U Signal Generator; the frequency drive 

m echanism s hown in Figure 5-5 and the attenuator 
drive system shown in Figure 5-6. The two systems 
are thoroughly lubricated at the factory, and it is not 
expected that subsequent lubrication will be necessary 
d ur ing the first year of use. The gears in the fre
quency drive system operate at slow speeds and trans
mit negligible power. Fully shielded ball bearings are 
used in many applications and require no subsequent 
attention. B all bearings that are not fully shielded re
quire only ball bearing lubricant. If cleaning and re
lubrication are needed after prolonged use of the in
strument, excessiv e dust accumulation, or drying of 
lubricant, reference to the following chart and Figures 
5-5 and 5-6 will assist with renewing the lubricants 
at various points on the r-f generator assembly. The 
two worm gears used in the tuning capacitor drive are 
lubricated with a light-bodied lubricating grease. All 
remaining sleeve bearings and rubbing surfaces, in
cluding the small pulleys used in the attenuator drive 
system, are lubricated with a low viscosity lubricating 
oil. The bakelite RANGE SE LECTOR drive shaft and 
the attenuator drive shaft (not shown in the illustration) 
r equire light-bodied lubricating grease where they 
enter the r-f generator housing. In all cases, avoid 
over-lubrication. 

30 

Lubrication Chart 
(See Figures 5-5 and 5-6) 

Location Specification 

Oscillator and amplifier worm MIL-G-3278 
gears 

Amp trimmer stop mechanism MIL-L-6085 

Amp trimmer toggle nut Same as above 

Amp trimmer drive link Same as above 

Amp worm drive shaft Same as above 

Amp sliding coupler Same as above 

Attenuator drive shaft panel Same as above 
bearing 

Attenuator pulleys (unshielded NAVY 14L3 
ball bearings) 

Attenuator probe guide slot MIL-G-3278 
---···-

Revised 15 January 19 60 
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NA VWEPS 16-30USM44-502 Section V 

ADJUST -165 VDC HERE 

A 

MEASURE +260 VOLTS HERE 

TB9 

0 
0 

MEASURE +360 VOLTS HERE 

B. POWER SUPPLY MODIFICATION 

Figure 5-3. Power Supply Section Showing Points of Voltage Measurement and Adjustment 

Changed 15 January 1966 31 
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NAVAER 16-30USM44-502 

V21 V20 
5814/12AU7 5726/6AL5W 

Vl6 
6080 

Vl3 

sus /// 
V6 _____/// 

6 8C4 

V9 
*6AU6 WA 

5675 

V l 9  
6AH6 

VIS 
6AH6 

Figure 5-4. Tube Location D�agram 

FREQ. 
DRIVE 

AMP 
TRIMMER 

STOP 

MEC HANISM 

RF OSC 

CA PACITOR 

AMP 
TRIMMER 

TOGGLE NUT 

AMP 

WORM 
DRIVE 

AMP 

WORM 

DRIVE 
SHAFT 

V5 
6CL6 

V4 
6CL6 

VII 
12AT7WA 

5814/12AU7 

*USED ON TS510/U ONLY 

;';·;;L£ • 
�� 

Figure 5-5. Frequency Drive Mechanism Showing Points of Lubrication 
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NAVWEPS 16-30USM44-502 

SECTION VII 

DIAGRAMS 

Section VII 
ParagTaphs 7-1 to 7-2 

7-1. INTRODUCTION. 7-9. Schematic Diagram for Signal Generator 
TS-510A1U 

7-2. This section contains the following illustra
tions and diagrams for Signal Generator TS-510A/U: 

7-1. 

7-2. 

7-3. 

7-4. 

7-5. 

7-6. 

7-7. 

7-8. 

Signal Generator TS-510A/U Left Side 
View, Cabinet Removed 

R-F Generator Assembly, Inside View of 
Tuner Compartments 

R-F Generator Assembly, Inside View of 
Tube Compartments 

Signal Generator TS-510A/U Right Side 
View, Cabinet Removed 

Complete Block Diagram for Signal Gen
erator TS-510A/U 

Tube Socket Voltage-Resistance Diagram, 
Power Supply Section 

Tube Socket Voltage-Resistance Diagram, 
R-F Generator Section 

Tube Socket Voltage-Resistance Diagram, 
Modulator Section 

AT TEN. 
CABLE 

ADJ. 

R62 
METER 
CAUB. 

ADJ. 

7-9A. Schematic Diagram for Signal Generator 
TS-510A/U(*) 

7-9B. 

7-9C. 

7-10. 

Schematic Diagram for Signal Generator 
TS-510A'U(**) 

Schematic Diagram for Signal Generator 
I TS-510A/U(***) 

Practical Wiring Diagram for Signal Gen
erator TS-510A U 

7-1 OA. Practical Wiring Diagram for Signal Gen
erator TS-510A U(*) 

7-lOB. Practical Wiring Diagram for Signal Gen
erator TS-510A;U(**) 

7 -10C. Practical Wiring Diagram for Signal Gen-
I erator TS-510A/U(***) 

7-11. Signal Generator TS-510A/U Cabinet Di
mensions 

7-12. Transit Case CY-1605/USM-44 Dimen
sions 

7-13. Resistor and Capacitor Color Code 

RF GENERATOR 
ASSEMBLY 

(TUNING COMPARTMENTS. 
BEHIND THIS SIDE PlJITE) 

Figure 7-1. Signal Generato:· TS-510A/U Left Side Viev;, Cover Removed 
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Section VII NAVAER 16-30USM44-502 

RF 

AMPLIFIER COIL TURRET OSCILLATOR COIL TURRET 

Figure 7-2. R-F Generator Assembly, Inside View of Tuner Compartments 

56 

, 

;• 
4 






