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Specifications Model 650A

SPECIFICATIONS

Frequency Range: 10 cps to 10 mc. Six decade bands.

Calibration Accuracy: +2%, 10 cps to 100 kc; ±3%, 100 kc to 10 mc including warm-up
and ±10% line voltage variation.

output : 15 milliwatts or 3 volts rms into 600 ohm resistive load 6 volts
rms open circuit.

Output Attenuator: 0 to 50 db in 10 db steps. Accuracy ±1 db, into resistive load
of 600 ohms.

Output Monitor: Vacuum tube voltmeter monitors level at input to attenuator, in
volts or dbm. (Zero dbm = 1 mw in 600 ohms. ) Accuracy ±5%
of full scale reading.

Frequency Response: Within ±1 db, 10 cps to 10 mc into 600 ohm resistive load.

Distortion: Less than 1% from 20 cps to 100 kc, less than 2% from 100 kc
to 1 mc, approximately 5% at 10 mc.

Output Impedance: 600 ohms; 300 ohms or 6 ohms when using 65A-16D Output Di-
vider Cable.

Hum Voltage: Less than 0.5% of output signal with meter at full scale.

Power Supply: 115/230 volts ±10%, 50-1000 cps, 165 watts.

Accessory Furnished:   11047A Output Divider Cable (voltage divider).

Accessories Available: ll000A Cable, two dual banana plugs.
11001A Cable, dual banana plug to BNC.

Dimensions: Cabinet Mount: 20-3/4 in. wide, 12-3/4 in. high, 15 in. deep.

Rack Mount:

Weight: Cabinet Mount: Net 46 lbs, shipping 55 lbs.
Rack Mount: Net 37 lbs, shipping 52 lbs.

Change 1 iii
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SECTION II

GENERAL DESCRIPTION

1-1.  General

NOTE
Throughout this technical manual, all
references to Hewlett-Packard Model
650A Test Oscillator apply to Genera-
tor, Signal AN/USM–205.

The purpose of this technical manual is to pro-
vide complete instructions for the operation,
maintenance, and repair of Generator, Signal
AN/USM–205. The Hewlett-Packard Model
650A Test Oscillator is a wide range precision
resistance tuned oscillator covering from 10 cps
to 10 mc. It has a highly stable output signal
level that is adjustable from 30 microvolt to
3 volts into 600 ohms. Frequency response is
essentially flat (±1 db) throughout the com-
plete extended range. The output impedance is
normally 600 ohms. Where a low source im-
pedance is desired, 6 ohms is provided by the
Voltage Divider Cable supplied with the instru-
ment. The Model 650A Test Oscillator output
voltage is constantly monitored by a vacuum
tube voltmeter at the input to the output at-
tenuator system. This VTVM has two voltmeter
scales plus a dbm scale (0 dbm = 1 milliwatt
in 600 ohms). The attenuator control, in con-
junction with the AMPLITUDE control, will
produce a monitored signal of any desired level
when the instrument is resistive loaded with
600 ohms. The flexibility and simplicity of the
650A Test Oscillator find a wide variety of uses
in audio, video, rf, and alignment applications
as well as laboratory wide band measurements.
This instrument was designed for such applica-
tions as fast and accurate testing of filter trans-
mission characteristics, tuned circuit response,
complete receiver alignment, telephone or tele-
graph carrier equipment, plus video and audio
amplifiers. The Model 650A Test Oscillator is

well suited as a signal source for af and rf
bridge measurements. The wide range of test
frequencies necessary for repair and testing of
electronic frequency counters is also available
from the 650A Test Oscillator.

1-2. Indexes of Publication

a. DA Pam 310–4. Refer to the latest issue
of DA Pam 310-4 to determine whether there
are new editions, changes, or additional publi-
cations pertaining to the equipment.

b. DA Pam 310–7. Refer to DA Pam 310-7
to determine whether there are modification
work orders ( MWO’s ) pertaining to the equip-
ment.

1-3. Forms and Records

a. Reports of Maintenance and Unsatisfac-
tory Equipment. Maintenance forms, records,
and reports which are to be used by mainten-
ance personnel at all maintenance levels are
listed in and prescribed by TM 38–750.

b. Report of Packaging and Handling De-
ficiencies. Fill out and forward DD Form 6
(Report of Packaging and Handling Deficien-
cies) as prescribed in AR 700-58/NAVSUP
PUB 378/AFR 71–4/MCO P4030.29, and
DSAR 4145.8.

c. Discrepancy in Shipment Report (DIS-
REP) (SF 361). Fill out and forward discrep-
ancy in Shipment Report (DISREP) (SF 361)
as prescribed in AR 55-38/NAVSUPINST
4610.33/AFM 75–18/MCO P4610.19A, and
DSAR 4500.15.

1-4. Reporting of Errors

The reporting of errors, omissions, and recom-
mendations for improving this publication by

Change 1 1-1
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the individual user is encouraged. Reports Forms) and forwarded direct to Commander,
should be submitted on DA Form 2028 (Recom- US Army Electronics Command, ATTN:
mended Changes to Publications and Blank AMSEL-MA-C, Fort Monmouth, NJ 07703.

1-5. Items Comprising an Operable Equipment
F S N Qty Nomenclature, part No., and mfr code Fig. No.

6625-788-9672 Generator, Signal AN/USM-205: Frequency range 10CPS to
10 MC, 6 decade bands: calibration accuracy ±2% 10 COS to
100 KC; ±3% 100 DC to 10 MC: 3 volts RMS maximum output
into 600 ohms resistive load ±1 db maximum variation through-
out frequency range: output impedance 600 ohms; 300 ohms or
60 ohms when using divider, voltage MX-6122/U: Power re-
quirements; 115/230 vac ±10%; 50 to 1,000 cps; 165 watts:
overall dimensions. 20¾ in. lg x 15 in. w x 12¾ in. h which
includes:

5995-985-8214 1 Cable Assembly, Radio Frequency CG-2733/U (4 ft 0 in.) 2-1
6625-759–7436 1 Divider, Voltage MX-6122/U

1-2 Change 1
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2-1 CONTROLS AND TERMINALS

ON -
This toggle switch controls the power transformer
primary circuit. When switch is ON, the calibrated
FREQUENCY dial is also illuminated.

FREQUENCY RANGE SWITCH -
This six-position rotary switch has markings of
X10   , X100   , XlKC, X10KC, X100KC, and X1M.
The position of this switch indicates the multipli-
cation factor which must be applied to the reading of
the FREQUENCY dial to determine output frequency.

FREQUENCY -
Oscillator frequency on any band is determined by
rotating the two control knobs under the tuning dial.
The upper knob provides coarse tuning while the
lower knob provides a 6 to 1 mechanical vernier
for fine tuning.

TUNING DIAL -
The tuning dial is accurately calibrated from .9
through 10. The dial reading multiplied by the Fre-
quency Range Switch setting is the instrument output
frequency.

R. M. S. VOLTS/DB -
This rotary switch is the output attenuator control
which provides signal levels from -40 dbm to +10 dbm
in 10 db steps. This switch also indicates voltage
across a 600 ohm load connected to output terminals
when instrument output is adjusted for a full scale
voltmeter indication.

When rotated full clockwise the attenuator is effec-
tively switched out of the circuit.

AMPLITUDE -
This control permits adjustment of input level to the
output amplifier and thereby controls instrument
output level. Any desired output signal level between
the 10 db steps of the R. M. S. VOLTS/DB selector
switch can be obtained.

SECTION II
OPERATING INSTRUCTIONS

OUTPUT METER -
This meter continuously monitors the signal level
when operating into a 600 ohm resistive load. It in-
dicates as a full scale deflection the value of the
R. M. S. VOLTS/DB selector switch setting. The
meter is indicated as M1 on the schematic diagram
and together with V16 and associated components,
constitutes the VTVM monitor section.

600   -
The output terminals are universal binding posts on
3/4 inch centers. The output signal is developed
between these two terminals with the one marked
"G" grounded to the instrument chassis.

FUSE -
The fuseholder, located on rear of chassis, contains
a 2 ampere slow-blow fuse for 115 volt operation.
If instrument power transformer primary connections
have been changed for 230 volt operation, a 1 ampere
slow-blow fuse must be used.

POWER CABLE -
The three conductor power cable supplied with this
instrument is terminated in a polarized three prong
male connector recommended by the National Elec-
trical Manufacturers Association. The third contact
is an offset round pin added to a standard two-blade
ac plug which grounds the instrument chassis when
used with the appropriate receptacle. To use this
NEMA plug in a standard two contact outlet an adapter
will be required. The ground connection emerges
from the adapter as a short lead which should be
connected to ground for the protection of operating
personnel.

NOTE

This Model 650A Test Oscillator is shipped from
the factory with the power transformer dual primary
windings connected in parallel for 115 volt operation.
If operation from a 230 volt source is desired, pri-
mary windings must be reconnected in series as
shown in the detail on the schematic diagram.
A simultaneous fuse change will also be required.

- - - - - - - - - -

00184-2
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2-2 OPERATION When using the voltage scale, the attenuator setting
determines the scale to use and also indicates voltage

The operation procedure for the   Model 650A Test at output terminals when a full scale voltmeter indi-
Oscillator is as follows: cation is obtained with a 600 ohm load. If VTVM

indication is less than full scale, terminal voltage
a. Connect instrument to power source of 115 volt, can be determined from the meter indication with

50-1000 cps unless modified for 230 volt operation. the decimal point relocated to agree with the full
scale value. This voltage, as indicated by the VTVM

b. Turn instrument on and, for best results, allow reading and the attenuator setting, will be referred
a minimum warm-up time of 15 minutes. to as the “indicated” voltage in the discussion

that follows.
c. Select desired output frequency by adjusting the

Range Switch and FREQUENCY controls,

d. Connect load to output terminals and adjust for SPECIAL CONSIDERATION WITH +10/3.0
desired output level by setting attenuator switch ATTENUATOR SETTING

and AMPLITUDE controls.
When the "R. M. S. VOLTS/DB" switch is rotated

Refer to the following paragraphs for specific in- full clockwise (+10/3.0 position), a “straight-
structions on setting to a frequency, loading, and through” connection is made in the attenuator to
use of the output monitor. effectively disconnect it from the output system.

The actual output voltage will be the same as the
indicated voltage as read on the 0 to 3 volt scale.
Any value load can be connected to the output termi-

SETTING TO FREQUENCY nals and the VTVM will indicate actual output voltage.

The frequency of a test signal from the 650A is con-
trolled by the FREQUENCY dial setting and the setting
of the Frequency Range Switch. CONNECTING A 600 OHM LOAD

The FREQUENCY dial is calibrated from .9 through A resistive load of 600 ohms may be connected
10. This dial reading multiplied by the setting of directly to the instrument output terminals. Under
the Frequency Range Switch will give the frequency these conditions, the indicated voltage will be the
of the output signal. voltage at the output terminals.

At higher frequencies, test leads must be short and
LOADING AND USE OF INTERNAL VOLTMETER

The internal vacuum tube voltmeter (VTVM) measures
the input voltage to an output attenuator system.
This output attenuator is the “R. M. S. VOLTS/DB”
switch next to the "600 Ω " output terminals in the
lower right corner of the front panel. The VTVM
has two voltage scales calibrated 0 to 1.0 and
0 to 3 plus a db scale calibrated -12 to +2 dbm
(0 dbm = 1 milliwatt into 600 ohms). When using
the db scales, the relative output signal level is
determined in db by algebraically adding the db
setting of the attenuator switch to the db reading
of the VTVM.

NOTE

Calibration of the VTVM section is based upon a
600 ohm resistive load being connected to the in-
strument output terminals. The output divider cable
supplied with instrument contains a load of this value.
Loads of other values are then connected to either
set of terminals on the output divider cable.

- - - - - - - - -

the shunting capacitance low. At frequencies above
approximately 2 mc, if the external shunt capacitance
is high, use of the "6 Ω VOLTAGE X.01" terminals
of the Output Divider Cable is recommended.

OUTPUT DIVIDER CABLE

The Output Divider Cable contains two resistors
connected in series to provide a load of 600 ohms
as shown in Figure 2-1. The first resistor (594
ohms) is mounted in the connector for the instru-
ment output terminals. The second resistor (6 ohms)
is mounted at the output end of the cable. These two
resistor values provide a 100 to 1 (-40 db division
ratio and a source impedance of 6 ohms at the out-
put end of the cable.

a. “600 Ω LOAD” Terminals -
The terminals marked "600 Ω LOAD" at the

input end of the output cable are in parallel with
the instrument "600 Ω " output terminals. With
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attenuator in +10/3.0 position, output voltage at
"600 Ω LOAD" terminals will be the same as the
indicated voltage.

Internal impedance is 300 ohms with output divider
cable connected. The voltage available at the "600 Ω
LOAD" terminals will depend upon the value of the
applied resistive load.

The actual voltage (Ea) available at the "600 Ω
LOAD" terminals with a resistive load (R in ohms)
can be calculated from the indicated voltage (Ei)
as follows:

b. "6 Ω VOLTAGE X.01"
These output terminals

.

Terminals -
are recommended

Sect. II Page 3

whenever the load has high distributed capacity or
a low value. Loads from 6 ohms and up may be
connected here.

The actual voltage available from these terminals
is 1/100 of the indicated voltage provided the load
resistance is very high with respect to 6 ohms.

The actual voltage (Ea) available at the "6 Ω VOLT-
AGE X.01" terminals with a resistive load (R in
ohms) can be calculated from the indicated voltage
(E i) as follows:

If the load resistance is 6 ohms, the actual voltage
will be 1/200 of the indicated voltage.

Figure 2-1. Schematic Diagram of Output Divider Cable
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Figure 3-1. Block Diagram of   Model 650A Test Oscillator
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3-1 INTRODUCTION

The   Model 650A Test Oscillator circuitry can be
divided into several basic circuits as shown in Figure
3-1. A discussion of these basic circuits will be
found in the following paragraphs:

3-2 Oscillators
3-3 Buffer Amplifier
3-4 AVC Amplifier
3-5 Output Amplifier
3-6    Output Monitor
3-7 Output Attenuator
3-8 Power Supply

3-2 OSCILLATORS

Two oscillators are used to cover the frequency range
from 10 cps to 10 mc. The low frequency oscillator
covers from 10 cps to 100 kc in four ranges while
the high frequency oscillator covers from 100 kc
to 10 mc in two ranges.

Each oscillator section is separate and complete.
The Frequency Range Switch allows only one oscil-
lator to function at a time by automatically switching
B+ to the desired oscillator section. It is recom-
mended that if the instrument is to be on for long
periods of time when not in actual use, that the Fre-
quency Range Switch be left in one of the four lower
ranges so that the high frequency oscillator will
not be operating.

LOW FREQUENCY OSCILLATOR

The low frequency oscillator is used to cover fre-
quencies from 10 cps to 100 kc and consists of tubes
V11 and V12. These two tubes are connected as
a two-stage amplifier in which a positive feedback
loop in conjunction with an r-c network controls the
frequency of oscillation.

The tubes must be operated over the linear portion
of their characteristics in order to provide a sine
wave output. A negative feedback loop is necessary

SECTION Ill
CIRCUIT DESCRIPTION

for this purpose. The 10 watt incandescent lamp
(R80) has a positive temperature coefficient and
is part of the negative feedback loop. This lamp
regulates the amount of negative feedback in ac-
cordance with the amplitude of oscillation to main-
tain a constant output level with minimum distortion
over the low frequency oscillator range.

The oscillator is adjusted for optimum performance
by adjustment of resistor R46 in the negative feed-
back loop. Resistor R53 is used to set the low fre-
quency oscillator input signal level to the AMPLITUDE
control equal to the signal level from the high fre-
quency oscillator. The procedure for adjustment
of these controls will be found in the MAINTENANCE
section of this manual.

REFERENCES

Bauer, B. “Design Notes on the Resistance Capacity
Oscillator Circuit”, Hewlett-Packard Journal.
November - December, 1949.

Terman, F. E. Radio Engineers Handbook, McGraw
Hill Book Co. , New York, 1943. Pages 504-506.

Edson, W. A. Vacuum Tube Oscillators, John Wiley
& Sons, Inc. , New York, 1953. Pages 138-142.

HIGH FREQUENCY OSCILLATOR

The high frequency oscillator consists of V1, V2, and
V3 in an r-c phase shift oscillator. A simplified sche-
matic diagram of this circuit is given in Figure 3-2.

The phase shift network on the 1 to 10 mc range
consists basically of plate load resistors R3, R4,
and R6 plus C1A, C1B and C1C sections of the tuning
capacitor that shunt the grid circuits. The resistor
and capacitor values produce a phase shift of 60
degrees at the frequency of oscillation. This shift
is in addition to the 180 degree shift taking place
from the grid to the plate of each tube which produces
a total shift of 240 degrees for each tube. Three
networks of this nature provide a 720 degree phase
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Figure 3-2. Simplified Diagram of High Frequency Oscillator Section

shift between the output of the third oscillator tube
and the grid of the first oscillator tube. This con-
dition makes the feedback signal in phase with the
grid signal on V1 and oscillation occurs. Locating
the phase shift networks between the oscillator tubes
rather than in cascade permits the tube capacitance
to be employed as part of the phase shift network.

On the 100 kc to 1 mc range an additional series
resistance, not shown in the simplified diagram, is
switched into the coupling circuits between the tubes
which causes the phase shift to take place at one-
tenth the frequency of the highest range.

These additional resistors, as well as the plate load
resistors, are precision composition type which
are factory matched and selected. Occasionally,
small low value resistors are placed in the circuit
to compensate for slight tolerances of the precision
resis tors .

Calibration adjustments are provided for the high
frequency end of both ranges of the high frequency
oscillator. The trimmer capacitors on the three
sections of tuning capacitor C1 are adjusted at 10 mc.
Ceramic capacitor C3 in the grid circuit of V1 is
adjusted at 1 mc with the Frequency Range Switch
in the " X100KC" position.

3-3 BUFFER AMPLIFIER

The signal from the high frequency oscillator tubes
is fed into the buffer amplifier stage V4 which isolates
the high frequency oscillator from the amplitude
control circuit and the AVC Amplifier stage V5.

3-4 AVC AMPLIFIER

The AVC Amplifier shown in the simplified schematic
of Figure 3-3 is driven by buffer stage V4.

Figure 3-3. Simplified Diagram of High Frequency Oscillator AVC System

00184-2



Model 650A Sect. III Page 3

The output signal from V5 is rectified by germanium
diode CR3 and is then used as grid bias for V1, V2,
and V3. This maintains a constant output from the
oscillator as well as the buffer stage V4 which is
inside the AVC loop.

3-5 OUTPUT AMPLIFIER

The signal voltage from the AMPLITUDE control
(R55) is amplified by a three stage feedback ampli-
fier (V13, V14, and V15).

The output amplifier is stabilized with a negative
feedback loop in the form of common cathode cir-
cuit for V13 and V15. In addition, the transcon-
ductance (Gm) of V13 and V14 is stabilized by local
dc degenerative feedback. Thus, the amplifier has
uniform gain and low distortion over the frequency
range from 10 cps to 10 mc.

An adjustment (C38) is provided for adjusting the
frequency response at 10 mc.

3-6 OUTPUT MONITOR

The Output Monitor section consists of a single stage
voltage amplifier followed by a full wave average
reading type voltmeter using germanium crystal
diodes as rectifiers. The indicating meter has a
basic zero to one milliampere movement.

The voltage amplifier V16 obtains an input signal
from the last stage of the Output Amplifier before
the signal enters the output attenuator system.
Hence, instrument loading is important when using
the readings obtained on the output monitor meter
to determine actual output voltage. The use of the
output voltmeter is fully explained in paragraph 2-2

under the heading of LOADING AND USE OF IN-
TERNAL VOLTMETER.

Variable capacitor C42 can be set to adjust the volt-
meter frequency response at 10 mc. Resistor R77
is an additional calibration adjustment which is set
at 1000 cps before adjusting capacitor C42 at 10 mc.

3-7 OUTPUT ATTENUATOR

The Output Attenuator is a five section "T" structure
designed to have 50 db of attenuation in five steps of
10 db each when operated into a resistive load of
600 ohms. The attenuator is frequency compensated
for maximum accuracy over the instrument fre-
quency range.

Use of the output attenuator is fully explained in
paragraph 2-2 under the heading of LOADING AND
USE OF INTERNAL VOLTMETER.

3-8 POWER SUPPLY

All stages of the Model 650A Test Oscillator are
supplied with regulated B+ from the internal power
supply. In addition, heater voltage for tubes V1,
V2, V3, V4, and V16 is regulated by an Amperite
type 12-4 ballast tube.

The power transformer has a dual primary winding
that may be connected for operation from 115 or 230
volts. The power line frequency may be from 50 to
1000 cps. Power requirements are approximately
165 watts.

A 5U4GA/B full wave rectifier (V10) is followed by
a capacitor input L-C filter network. The output of
this pi filter goes to the regulator which is shown
in simplified form in Figure 3-4.

Figure 3-4. Simplified Diagram for Power Supply Regulator

00184-2
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The cathode of the regulator ccntrol tube V8 is main-
tained at a constant potential by resistor R33 and
regulator tube V9. Series regulator tubes V6 and
V7 act as variable resistors whose resistances
controlled by the grid bias applied to them by con-
trol tube V8.

If the regulated B+ voltage at the cathode of V6 were
to increase, the grid voltage of V8 would be increased
a proportional amount. Tube V8 would then draw
more plate current and the voltage drop across R32
would increase. This would result in a more negative
grid voltage for V6 whose plate resistance would
then increase. The increase resistance of V6 would
cause a greater drop across V6 and the output voltage
would drop to compensate for the original increase.

If the regulated B+ voltage tends to decrease, the
reverse of the above action occurs. In either case,
the voltage at the cathodes of the series regulator
tubes is maintained at a constant level.

Ripple in the output voltage is coupled to the grid
of V8 by capacitor C18. Variations in the dc voltage
are coupled to the grid of V8 through the voltage
divider consisting of R34, R35, and R36. The bias
for V8, and consequently the regulated dc output
voltage, is determined by the setting of R35.

The heater supply for High Frequency Oscillator
tubes V1, V2, V3, Buffer Amplifier V4, and Volt-
meter Amplifier tube V16 is regulated by means of
a ballast tube.

The ballast tube has a high positive temperature
coefficient. If the voltage applied to the heater
circuit were to increase, current through the cir-
cuit and ballast tube V17 would also increase. This
increased current would cause V17 resistance to
increase which would cause the regulated voltage
applied to the tubes to decrease and compensate for
the initial increase. The reverse action would take
place if the voltage applied to the heater circuit
were to decrease.

The current through the ballast tube, and thereby
the voltage applied to the tubes, can be set by ad-
justing control R42.

DO NOT remove any of tubes V1, V2, V3, V5, or
V16 while the instrument is turned on. The current
regulating properties of the ballast tube will apply
a higher than normal voltage to the heaters of the
remaining tubes operating from this regulated supply.
A burned out tube may result.

00184-2
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SECTION IV
MAINTENANCE

4-1 CABINET REMOVAL

The two piece cabinet can be easily and quickly
removed as follows:

a. Remove rear cabinet cover after unscrewing
four sheet metal screws holding cover.

b. Place instrument with front control panel up.

c. Loosen two 3-16 inch Allen screws located on
bottom of cabinet adjacent to front feet.

d. Lift cabinet from instrument.

CAUTION

Do not change settings of trimmer capacitors mounted
on or near tuning capacitor gangs. These trimmers
affect both calibration and frequency response.
Adjust these capacitors only when proper test
equipment is available and according to instructions
contained in this manual.

- - - - - - - - - -

4-2 LUBRICATION OF TUNING CAPACITOR DRIVE
MECHANISM

The tuning capacitor drive mechanism requires
monthly lubrication if instrument is in constant use.
Remove dirt or dust with a moderate air stream and
place one drop of lubricant at two points as shown
in Figure 4-1. Recommended lubricant is "Lubriplate
#3" (Fiske Bros. Refining Co., Newark, N.J.) or
equivalent.

4-3 DRIVE SYSTEM FOR OSCILLATOR TUNING
CAPACITOR

The two oscillator tuning capacitors effectively have
a common shaft since their shafts are mechanically
connected by a short supported shaft and two flexible
couplings. SETSCREWS IN COUPLINGS MUST NOT
BE LOOSENED. If shafts of tuning capacitors are

allowed to rotate with respect to each other, fre-
quency dial calibration will be lost. It may be
necessary to return instrument for factory re-
calibration.

The front panel FREQUENCY controls are coupled
to the oscillator tuning capacitor shafts by means
of a wire cable arrangement. This cable drive
system has a designed life expectancy greater than
the electrical portion of instrument and will normally
require no maintenance.

If cable drive system damage does occur, cable
replacement can be accomplished by following
directions in paragraph 4-8.

4-4 TUBE REPLACEMENT

Tubes in an   Model 650A Test Oscillator can be
replaced without special considerations with certain
exceptions. Table 4-1 gives recommended tube
replacements and tube functions. Instructions for
selecting tubes, when required, along with any
adjustments or test necessary after replacing a
certain tube are given in the following paragraph.

CAUTION

Power to instrument must be turned off prior to
removing any of tubes V1, V2, V3, V4, or V16.
This precaution will prevent ballast tube current
regulator action from burning out heaters of re-
maining tubes.

- - - - - - - - - -

a. REPLACEMENT OF Vl, V2, V3, V4 OR V5
Only type 5654 tubes are recommended for re-

placement of these five tubes. Although not critical,
improved performance will be obtained from low
microphonics tubes.

After replacement of all or any one of these five
tubes, frequency response and calibration of the
high frequency oscillator should be checked. It will
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also be necessary to check output level, distortion,
and frequency modulation of this oscillator and balance
oscillator output levels by adjusting R53.

b. REPLACEMENT OF V6, V7, V8, V9 OR V10
Any tube with standard EIA characteristics

may be- used. It will be necessary to check and set
power supply regulated output voltage to 180 volts.
It is also advisable to check for hum in output of
instrument and test line voltage response.

c. REPLACEMENT OF V11 OR V12
Any tube with standard EIA characteristics

may be used. Tubes selected for low microphonics

and low heater to cathode leakage are preferred. Re-
placement tubes may introduce minor distortion or
slightly change frequency dial calibration near 100 kc.

After tube replacement, set low frequency oscillator
amplitude at 1000 cps by adjusting R46. Adjust con-
trol R46 to set voltage at junction of R47, R54, and
C28. Check distortion at this same point when tuned
to 100 cps. Check hum level in instrument output and
adjust R53 to balance output levels of both oscillators.

d. REPLACEMENT OF V13 OR V14
Check instrument frequency response, hum.

distortion, and output level following tube replacement.

00184-2
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e . REPLACEMENT OF V15
A tube with standard RETMA characteristics

can be used. Check instrument frequency response.
Adjust capacitor C38 to set the 1 to 10 mc response.

Instrument hum, distortion, and output level should
also be checked.

f. REPLACEMENT OF V16
Adjustment of meter calibrating shunt R77 will

probably be necessary. Capacitor C42 is adjusted
to flatten voltmeter frequency response in the
1 to 10 mc range.

CAUTION

Do not operate instrument with this tube removed.
Turn instrument off before removing tube V16 to
prevent possible meter damage.

- - - - - - - - - -

TABLE 4-1. TUBE COMPLEMENT AND
FUNCTION CHART

Circuit Tube
Ref. Type Tube Function

V1,2,3 5654 High Frequency Oscillator

V4 5654 Buffer Amplifier

V5 5654 AVC Amplifier

V6,7 6L6GB Power Supply Series
Regulator

V8 6SQ7 Power Supply Regulator
Control

V9 OA3 Power Supply Voltage
Reference

V10 5U4GB Power Supply Full Wave
Rectifier

V11 6SJ7 Low Frequency Oscillator

V12 6AG7 Low Frequency Oscillator

V13 6EW6 Output Ampl. First Stage

V14 6EW6 Output Ampl. Second Stage

V15 6AG7 Output Ampl. Final Stage

V16 5654 Output Voltmeter Ampl.

V17 12-4 Heater Current Regulator
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g. REPLACEMENT OF V17
After replacing ballast tube, adjust control R42

to set heater voltage for V1, V2, V3, V4, and V16.

h. REPLACEMENT OF LAMP R80
Lamp R80 in the low frequency oscillator oper-

ates at a low power level resulting in long life with
replacement seldom necessary.

After replacing a lamp, measure ac voltage at junc-
tion of R47, C28, and R54 with instrument tuned to
1000 cps. This oscillator voltage should be between
18 and 22 volts with approximately 19 volts being
optimum in most instruments.

Large deviations from this voltage should be cor-
rected by successive trials of new lamps. Small
deviations can be corrected by adjusting control R46.

After adjusting oscillator level, balance output
levels of two oscillators and check distortion of
low frequency oscillator. If instrument seems to
be unstable when switching between low frequency
oscillator ranges, adjust R46 for a slightly higher
oscillator level and repeat test.

Some lamps are highly microphonic and are not
usable even though they perform satisfactorily in
every other way.

4-5 MISCELLANEOUS TESTS AND ADJUSTMENTS

The following independent tests and adjustments can
be made at any time. If an instrument is undergoing
a complete test procedure, these tests and adjust-
ments are performed in the sequence given in the
complete test procedure. Use output cable supplied
with instrument for a 600 ohm resistive load.

a. SETTING V1, V2, V3, V4 AND V16 HEATER
VOLTAGE

Set line voltage to 115 volts. Adjust control R42
to obtain 6.3 volts ac at pin 2 of V17 ballast tube.
This voltage should not change by more than ±0.3
volts when line voltage varies ±10%.

b. SETTING REGULATED POWER SUPPLY
Connect a dc voltmeter between ground and

cathode pin 8 of series regulator tube V6 or V7.
Set dc output voltage to 180 volts by adjusting control
R35 with line voltage set to 115 volts.
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Check regulator line voltage response by varying
line voltage ±10% from 115 volts. The regulated
dc output should not vary more than 2 volts.

c. BALANCING OSCILLATOR OUTPUT LEVELS
Load instrument with 600 ohms and adjust for

a 100 kc output signal on the "X100KC" position.
Adjust AMPLITUDE control R55 for a convenient
reference point on the output meter.

Switch to 100 kc on the "X10KC" range and adjust
R53 for the same output meter reference reading.
Control R53 is mounted on the tuner drive casting
on the underside of the chassis. See Figure 4-6.

d. CHECK OUTPUT HUM LEVEL
Place a resistive load of 600 ohms and an

external ac voltmeter across output terminals.
Switch to the "X10KC" range, unscrew lamp R80,
and rotate AMPLITUDE control full counterclockwise.
Hum voltage should not exceed 0.015 volts (0.5%
of 3.0 volt rated output).

e . OUTPUT METER SENSITIVITY ADJUSTMENT
Turn panel AMPLITUDE control full counter-

clockwise. Set the 650A output meter mechanical
adjustment to zero. Connect an external ac volt-
meter of known accuracy at 1000 cps and a resistor
of 600 ohms across instrument output terminals.

Set AMPLITUDE control for a 3 volt reference read-
ing on external voltmeter with output attenuator set
to 3.0 volts and instrument tuned to 1000 cps.
Adjust control R77 for a 3 volt reading on internal
voltmeter. Check at 2 volts and at 1 volt.

h. INSTRUMENT RESPONSE TO LINE VOLTAGE

Set output voltage at 10 cps to a reference level on
650A output meter. Vary line voltage from 105 to
125 volts. The output meter indication should not
change more than 2% of full scale. If out of speci-
fications, repeat check using an external voltmeter
to determine if poor response is caused by the
amplifier or the output meter circuit.

i. OUTPUT IMPEDANCE
Set output attenuator to the 3 volt or +10 db

range and tune instrument to approximately 1000 cps.
Adjust AMPLITUDE control to obtain a full scale
(3 volts) output meter indication with no load con-
nected to output terminals. The meter indication
should drop to half scale (1.5 volts) when a 600 ohm
resistive load is connected to the output terminals.

j. MAXIMUM OUTPUT VOLTAGE
Maximum output voltage to a 600 ohm resistive

load should be at least 3 volts at all frequencies.

If output is low, increase high frequency oscillator
output and balance oscillator output levels. See high
frequency oscillator adjustment procedure given in
test procedure section.

4-6 COMPLETE TEST PROCEDURE

The following test equipment will be required:

a. An ac vacuum tube voltmeter with known fre-
quency response from 10 cps to 10 mc.   Models

3400A and 410C are suitable for this purpose.

b. A distortion analyzer such as              Model 330B/C/D.
f. ATTENUATOR CHECK

The output attenuator can be checked against
a standard 600 ohm attenuator and reference ac
voltmeter or with only a vacuum tube ac voltmeter
such as     Model 400D/H/L.

When using only a vacuum tube voltmeter, connect
a resistive load of 600 ohms across output terminals.
Check at 1 kc and at 2 mc if a 400C is used and also
at 4 mc if a 400D or 400H voltmeter is used.

g. CHECK FOR 60 CPS BEAT
Tune to approximately 55 cps and adjust AMPLI-

TUDE control for an approximate indication of 0.9
full scale on output meter. Slowly tune up through
60 cps and note amount of greatest meter swing.
The total maximum swing should not exceed 4% of
the full scale value. See paragraph 4-7.

c. A means of constant line voltage control from
100 to 130 volts.

d. A dc voltmeter for setting 180 volt output from
regulated supply.

e. Frequency determining equipment covering
10 cps to 10 mc range. An oscilloscope and

frequency standard such as   Model 100 Series
would be suitable for frequencies up to 100 kc. A
crystal calibrator could then be used over the 100 kc
to 10 mc range. A single electronic frequency
counter such as   Model 524 Series could also be
used to determine frequency over the 10 cps to 10 mc
range in place of the above equipment.

f. An oscilloscope such as    Model 160E or 175A.
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g. Elimination filter for 100 kc as shown in Figure
4-2. Any coil and capacitor combination can

be used that will resonate at 100 kc. If a different
inductor is used, the value of the balance control
and series resistor will have to be changed. The
inductor shown in Figure 4-2 can be obtained under
    stock No. 9140-0002.

Refer to Figures 4-10 and 4-11 for circuit references
unless otherwise designated. All ac or dc volt-
ages are measured between the indicated point and
chassis ground.

NOTE

The "R. M. S. VOLTS/DB" output attenuator switch
must always be in the "+10/3.0" position unless
otherwise instructed.

- - - - - - - - - -

A complete test requires completion of all of the
following tests in the order given. In some cases
where only partial testing is required, some steps
can be eliminated. A complete test is not always
required after repair of an individual section in the
650A. If, for example, only the output amplifier
has been repaired, those steps pertaining to ad-
justment and calibration of the two oscillators should
be omitted.

Figure 4-2. 100 kc Filter

1) HEATER AND REGULATED POWER
SUPPLY VOLTAGES

Adjust heater voltage and output of regulated power
supply as instructed in paragraph 4-5.

2) PRELIMINARY LOW FREQUENCY
RESPONSE ADJUSTMENT

A. Place a 600 ohm resistive load across output
terminals, set FREQUENCY dial to "1", switch

to the "X1KC" range, and adjust AMPLITUDE con-
trol to any convenient reference level on an external
vacuum tube voltmeter connected across output
terminals. This external ac VTVM must have known
frequency response characteristics and must be
accurately calibrated.

B. Turn FREQUENCY dial to "10" without disturb-
ing any other control settings. The reading ob-

tained on the external meter should be the same as
the reference reading established in step A. The
output frequency should be 10 kc as indicated by
range switch and FREQUENCY dial positions.
Adjust trimmer capacitors C23 and C24 simul-
taneously to obtain a 10 kc output signal having an
amplitude equal to the reference level of step A.

If both frequency and amplitude requirements cannot
be obtained, adjust to secure the correct amplitude
at a frequency as near to 10 kc as possible. Final
frequency calibration will be completed in a later step.

c . Repeat steps A and B.

3) LOW FREQUENCY OSCILLATOR OUTPUT
VOLTAGE

Measure ac voltage at junction of R47, R54, and C28
with 650A tuned to 1000 cps. This oscillator voltage
should be between 18 and 22 volts with approximately
19 volts being optimum in most instruments.

Large deviations from this voltage can be corrected
by installing a new lamp for R80. Small deviations
can be corrected by adjusting control R46.

If recovery time (indicated by low frequency flutter
in output signal amplitude) is excessively long when
switching ranges, slightly increase low frequency
oscillator output by adjusting R46. If trouble per-
sists, replace oscillator tubes V11 and/or V12.

4) LOW FREQUENCY OSCILLATOR DISTORTION

Low frequency oscillator distortion measured at
junction of R47, R54, and C28 with instrument tuned
to 1000 cps will normally be from 0.3% to 0.5%.

00184-3
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This exact figure is not critical as long as the dis-
tortion measured at the instrument output terminals
does not exceed 1.0%.

Correct for excessive low frequency oscillator
distortion by lowering the oscillator voltage or by
replacing tubes V11 and/or V12.

5) LOW FREQUENCY OUTPUT DISTORTION

Measure distortion at 30, 1000, and 15,000 cps with
distortion analyzer and a 600 ohm resistive load
connected to output terminals. Distortion can be
measured at 100 kc by means of an elimination filter
as instructed under High Frequency Distortion.

Distortion in instrument output signal when tuned
at any point between 10 cps and 100 kc should not
exceed 1.0%.

6) CALIBRATION OF LOW FREQUENCY
OSCILLATOR

Suggested setups for low frequency oscillator cali-
bration and response checks are given in Figure 4-3,
Any high impedance ac voltmeter capable of accurate
voltage measurement from 10 cps to 100 kc can be used.

Model 650A

A. Connect a 600 ohm resistive load and frequency
measuring equipment to 650A output terminals.

See Figure 4-3.

B. Switch to the "X1KC" range and set FRE-
QUENCY dial to “10” which provides an out-

put signal of 10 kc.

C. Adjust frequency calibration at this dial point
by adjusting trimmer capacitors C23 and C24.

The output amplitude may be disregarded at this time.

D. Set FREQUENCY dial to "5" and measure output
frequency which should be 5 kc. If frequency is

off, remove knob directly under dial window and
loosen, but do not remove four exposed Allen screws
that secure dial to hub.

E. Set 650A for a 5 kc output signal. Slip frequency
dial on hub to obtain a dial reading of "5" and

retighten Allen screws.

F. Repeat steps B, C, D, and E.

G. Check dial calibration with dial set to "1" and
other points between "1" and "10". If output

frequency is not 1 kc with dial setting of "1", it
may be necessary to change value of 1/2 watt pad-
ding resistors in series with R9 and/or R12. (See

Figure 4-3. Calibration and Response Check for Low Frequency Oscillator
(Figure B is suitable over entire 650A frequency range. )
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CAUTION that follows.) If calibration error is not
more than 2%, change either resistor value. If
error is more than 2%, change both values an equal
amount as an unbalanced condition will cause the
oscillator to operate at a different level than the
other ranges. Increasing resistor values will de-
crease oscillator frequency with any given tuning
capacitor setting.

CAUTION

Before changing any 1/2 watt padding resistors,
check the other low frequency oscillator ranges
(X10  , X100  , and X10KC) for a possible constant
error on all ranges. If error is constant, changing
padding resistors for the X1K range would not be
advisable.

- - - - - - - - - -

H. Repeat step B then turn frequency dial to "8"
and measure output frequency.

I. If output frequency is lower than 8 kc, bend end
rotor plates outward on all sections of low fre-

quency oscillator tuning capacitor. Bend only those
segments of the rotor plates that are just meshing.
If output frequency is high, bend rotor plates inward.
Rotor and stator plates must not touch. Try to bend
plates equally on all sections of the tuning gang.

J. Repeat step I at frequency dial setting of "5",
"3", "2", "1.3", and "l". Adjust plate segments

without changing those that have already been adjusted.
Bring calibration to within approximately 1%.

K. Check frequency calibration of remaining low
frequency oscillator ranges. These ranges

should be within l% calibration specifications. If
they are not, change padding resistors for range
that is off frequency as described in step G.

L. Calibration at 100 kc with range switch on
"X10KC1" and FREQUENCY dial at "10" can

be set by adjusting capacitor C25 in the cathode
circuit of V11, the low frequency oscillator tube.

7) LOW FREQUENCY OSCILLATOR RESPONSE

A. Connect voltmeter and frequency measuring
equipment as shown in Figure 4-3.

B. Repeat Preliminary Low Frequency Response
Adjustment.

C. Check frequency response on three remaining
low frequency oscillator ranges. Specifications

require a response that is flat within ±1 db from
10 cps to 100 kc with a 1 kc zero db reference. Ad-
jacent ranges should be within 1/2 db of each other.

D.

8)

A.

B.

C.

D.

E.

9)

A.

B.

C.

D.

E.

F.

G.

Repeat Low Frequency Output Distortion mea-
surement.

OUTPUT METER FREQUENCY RESPONSE
ADJUSTMENT

Connect a resistive load of 600 ohms across
output terminals along with a high impedance
ac meter of known accuracy up to 10 mc.

Adjust for a 1 mc output signal by switching to
“X1M” range and setting FREQUENCY dial
to “l”.

Adjust AMPLITUDE control for a reference
reading on both internal and external voltmeters
and then turn FREQUENCY dial to “10”.

Adjust AMPLITUDE control to obtain same
reference reading on external voltmeter estab-
lished in step C.

Adjust capacitor C42 in V16 cathode circuit to
obtain same reference reading on internal volt-
meter established in step C.

HIGH FREQUENCY RESPONSE ADJUSTMENT

Connect a resistive load of 600 ohms across
the output terminals.

Turn H.F. Amplitude Adjust control (R25)
maximum counterclockwise. Adjust C38 for
minimum capacitance.

Set frequency range switch (S1) to “X1M” and
frequency dial on “10” to provide a 10 mc out-
put signal.

Adjust AMPLITUDE control (R55) to obtain
0 dbm indication on the internal voltmeter.

Set frequency dial on ". 9" and adjust R25 to ob-
tain 0 dbm indication on the internal voltmeter.

Set frequency dial on “10” and adjust C38 to ob-
tain 0 dbm indication on the internal voltmeter:

Check overall frequency response of instrument
from 10 cps to 10 mc. If necessary, repeat

steps A through F (above). If the response is greater
than ±1 db (zero db reference point is at 1000 cps
on the “XlKC” range) after completion of above ad-
justment, change the value of R90 in the plate cir-
cuit of V5 and repeat the procedure described above.

00184-2
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10)

A.

B.

HIGH FREQUENCY DISTORTION
MEASUREMENT—

Connect a resistive load of 600 ohms across
output terminals.

Adjust for a 100 kc output signal by switching
to the "X100KC" range and setting FREQUENCY

dial to "1".

C. Adjust AMPLITUDE control to set output level
to 3 volts as read by 650A output meter.

D. Connect 100 kc filter shown in Figure 4-2 across
output terminals end an external ac meter across

filter output terminals. The meter used must be
capable of accurately measuring frequencies that
are harmonics of 100 kc. See block diagram given
in Figure 4-4.

E. Adjust balance control in filter and tune 650A to
produce a minimum reading on external VTVM

The external meter reading should be 0.15 volt or
less if instrument is within specifications of not
more than 5% distortion at 100 kc.

F. Distortion can be checked at higher frequencies
if the necessary elimination filters are available.

G. If distortion is excessive, interchange oscil-
lator tubes V1, V2, and V3 or change buffer

amplifier tube V4.

H. If an    Model 3400A or 410C was used as the
external meter during High Frequency Oscil-

lator Response Adjustment, it will be necessary
to go back and repeat this adjustment if the distortion
was found to be excessively high in steps E and/
or F above.

11) CHECK FM AT 10 MC

A. Tune instrument to approximately 10 mc and
connect a 10 mc crystal calibrator to output

terminals. Set 650A output attenuator to “0.3 R.M.S.
VOLTS” position.

B. Monitor resultant beat note with a set of head-
phones. Zero beat should be indicated by a

distinct null. A warbling beat note or lack of a
distinct null would indicate fm in the output signal.

C.

12)

A.

B.

C.

RETURN OUTPUT ATTENUATOR TO “3.0
R. M. S. VOLTS” POSITION.

CALIBRATION OF HIGH FREQUENCY
OSCILLATOR

Connect frequency measuring equipment to
650A output terminals. See Figure 4-3A.

Turn FREQUENCY dial to “10” and switch to
the “X1M” range.

Set output frequency to 10 mc by adjusting the
three trimmer- capacitors on top of left-hand

tuning capacitor when viewing instrument from
front. Any one or all three capacitors may be ad-
justed. However, adjustment of all three an equal
amount is recommended.

D. Check calibration at 5 mc. Correct by loosen-
ing Allen setscrews holding left-hand tuning

capacitor shaft coupling and rotating capacitor shaft
with respect to drive mechanism to obtain an output
frequency of 5 mc with a dial reading of “5”. Re-
tighten setscrews.

NOTE: Do not disturb relationship of right-hand,
four section, turning gang and main frequency dial.

E. Repeat step C.

Figure 4-4. Equipment for High Frequency Distortion Measurement



Model 650A

F.

G.

for
for

Recheck 10 mc calibrations in step C.

Slight tracking errors can be corrected by bend-
ing plates of the three section tuning capacitor
the high frequency oscillator. The technique
bending capacitor plates has already been dis-

cussed under Calibration of Low Frequency Oscil-
lator (see step 6).

13) CALIBRATION OF X100KC RANGE

A. Turn range switch to "X100KC" and set FRE-
QUENCY dial to “10” which should provide an
output frequency of 1 mc.

B. Connect frequency determining equipment to
output terminals. See Figure 4-3B.

C. If measured output frequency is not 1 mc, ad-
just capacitor C3 (20-50 pf, ceramic) to obtain

this frequency. This capacitor is mounted on the
bottom side of mounting board for V1, V2, and V3.

D. Adjust calibration at bottom (100 kc) of same
range, if necessary, by changing padding re-

sisters which are in series with R1, R2, and R5.
These resistors are located on the range switch
mounted below mounting board for tubes V1, V2,
and V3. Any one or all three resistor values can
be changed. However, and equal change for all
three is recommended.

E.

14)

A.

B.

If it was necessary to change padding resistors
in step D, repeat adjustment of capacitor C3
as in step C.

OTHER ADJUSTMENTS

Balance oscillator output levels. See para-
graph 4-5.

Check overall frequency response of 650A out-
put meter. Response should be within ±1 db

over instrument frequency range of 10 cps to 10 mc.
Zero db reference at 1000 cps on “XlKC” range.
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H.
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Check output hum level. Refer to paragraph
4-5 for procedure.

Adjust output meter sensitivity and check out-
put attenuator as instructed in paragraph 4-5.

Check for a 60 pcs beat. See paragraph 4-5.

Make a final recheck of frequency calibration
on all six ranges. Make any adjustments found
to be necessary.

Check instrument response to line voltage
change. See paragraph 4-5.

Check output impedance and maximum output
voltage. See paragraph 4-5.

4-7 TROUBLE SHOOTING
Notes given in Table 4-2 are based on Hewlett-
Packard experience. The more common troubles,
their symptoms, and remedy are given.

It is beyond the scope of this manual to include all
possible or obscure and rare troubles. If an instru-
ment develops trouble symptoms not covered by
this table, repair analysis will be simplified if the
Circuit Description given in this manual is used to
obtain a complete understanding of the instrument
circuitry. In case of persistent trouble, contact
your Hewlett-Packard sales and service office.

All circuit references refer to Figures 4-10 and 4-11
unless otherwise noted. Signal, ac, or dc voltages
when mentioned here, are measured between the
indicated points and the chassis unless specified
otherwise.

Tubes with standard EIA characteristics can be used
for tube replacements as explained in paragraph
4-4. In a great number of cases, instrument trouble
can be traced to a defective tube. Avoid transposing
tubes of the same type in their respective sockets
as this may disturb instrument adjustment.
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TABLE 4-2. TROUBLE SHOOTING (Sheet 1 of 2)

Symptom Cause and/or Remedy Symptom Cause and/or Remedy

Dead on all ranges. Blown line fuse. Beat frequency at 60%  . Instrument bottom plate
Tube V13, V14, or V15 or top cover missing.

defective. Line frequency coupling
Rectifier V10 defective. to low frequency oscil-
No B+ voltage. later. Check dress of

heater and dial light
leads. Move leads away

No B+ voltage or Low Rectifier V10 defective. from tuning gangs and
B + voltage. Tubes V6 and/or V7 range switches.

defective. Heater-cathode leakage
Tube V8 shorted. in V11, V12, V13, V14,
Choke L7 open. and/or V 15.
Resistor R37 open.
Defective filter capacitor. Motorboating or Regulator tube V9 de-
R34 open. parasitic oscillation. fective.

Tubes V12 or V15 de-
High B+ voltage. Tubes V6 or V7 shorted. fective.
Cannot be adjusted Tubes V8 or V9 defective. Regulated power supply

by R35 control. Resistor R36 open. not regulating.
Control R55 is wirewound.

Intermittent or noisy
Instrument blows Shorted rectifier V10. output particularly Tuning gangs are dirty

line fuses. Shorted filter capacitor. during frequency or intermittently
Choke L7 shorted to adjustment. shorting.

chassis.
Defective power trans- Fuzzy output pattern. Heater - cathode leakage

former. in V1, V2, V3, V11,
Shorted heater wiring. or V12 will cause fm

in output.
Heater lead too close to

Power supply will not Defective tube in regu- range switch.
regulate with varying lated power supply.
line voltage. Excessive power supply Distortion and/or low B+ voltage not correct.

load due to failure else- output on all ranges. Coil L5 open.
where in instrument. Tubes V13, V14, and/or

Regulated output voltage V15 defective.
set too high. Defective coupling capa-

Low dc input to regulator citor in output ampli-
circuit. fier stages.

120   hum in instru- Voltage regulator in Dead on two high No regulated heater volt-
ment output. power supply not ranges with no out- age for V1, V2, V3,

regulating. put meter indication V5, and V16 tubes.
Defective filter capacitors. on any range. Ballast tube V17 de-
Capacitor C18 defective. fective or open power

transformer winding.

60  hum in instru- Heater-cathode leakage Output meter reads Tube V16 defective.
ment output. in any oscillator or low and cannot be Diodes CR1 or CR2

amplifier tube. corrected by R77 defective
Capacitor C18 defective. adjustment. Defective meter move-
Heater-cathode leakage Output meter has poor ment.

in V6, V7, or V8. frequency response. Capacitor C40 defective.

00184-2



Model 650A Sect. IV Page 13

TABLE 4-2. TROUBLE SHOOTING (Sheet 2 of 2)

Symptom Cause and/or Remedy Symptom Cause and/or Remedy

Residual output C43 or C44 capacitor Poor frequency re- Capacitors C28, C30,
meter indication. defective. sponse at 10 cps. and/or C39 defective.

Tube V16 defective. Coupling capacitors C33
Control R55 defective. and/or C37 defective.
Hum in output ampli- Tubes V13, V14, V15,

fier stages. and/or V16 defective.

No high frequency Shorted tuning gang or
Microphonics. Power supply series oscillator output. trimmers.

regulator tubes V6 Tubes V1, V2, V3,
and V7 defective. and/or V4 defective.

Dirt in tuning capa- Defective range switch.
citor(s). Capacitors C10, C48,

Microphonics oscillator and/or C50 defective.
tube . Ballast tube V17 de-

Poor ground connection fective.
somewhere in instru-
ment. Low high frequency Tube V5 defective.

Lamp R80 defective. oscillator output. Low heater voltage.
Resistor R25 defective.
Tubes V1, V2, V3,

Low frequency oscil- Lamp R80 defective. and/or V4 weak.
later level cannot be Tube V11 or V12 de-
set by R46 control. fective. High frequency oscil- Tube V5 defective.

It may be necessary to later output too high. Diode CR3 defective.
correct frequency re- Capacitor C14 defective.
sponse by adjusting Capacitors C12, C13,
C23 and C24 capacitors. or C16 shorted.

Add potentiometer for Coil L1 or resistor
R46. R25 open.

Distortion and fm in
high frequency oscil- V1, V2, V3 and/or V4

Lamp R80 flashing. Capacitors C2A, C23, later. defective.
and/or C52 shorted.

Poor high frequency V1, V2, V3, V4, and/or
response. V5 defective.

Low frequency oscil- Tube V11 and/or V12
Diode CR3 defective.

later distortion defective.
Tubes V13, V14, and/or

Low frequency oscil-
V15 defective.

later output voltage
Coil L5, and/or L8 de-

fective.
set too high.

Defective coupling ca-
High frequency oscil-

lator will not cali- V1, V2, and/or V3 - C4,
pacitor.

Tube V5 gassy. brats properly. C6, and/or C9 defective

No output on “X100KC” V1, V2, and/or V3 weak
range only. Defective range switch.

Output level on four High frequency oscillator Capacitor C3 shorted.
lower ranges cannot output level too high or R89 or R91 defective.
be set to match two too low .
high frequency ranges Control R46 out of ad- Output frequency changes I
by control R53. justment. on two high ranges T u b e  V 4  d e f e c t i v e .

Tube V5 defective. when R55 is adjusted.
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4-8 DRIVE CABLE REPLACEMENT PROCEDURE

Two drive cables, one 11 inches and the other
15 inches (length before end loops are formed)
will be required to replace the drive cables. These
two cables are available from Hewlett-Packard,
under stock number 816-3-650A.

a. Remove old dial cable and screws at A, B, C,
and D (see Figure 4-8). Loosen setscrew in

spring loading collar on rear of drive shaft.

b. Insert free end of 11-inch cable through hole A
of drive pulley and form loop in end of cable

as directed in Figure 4-7.

c. Set instrument tuning dial to high frequency
limit and rotate tuning capacitors so plates

are open full. Fasten cable at A and thread as
shown in Figure 4-8 with other end fastened by
screw at B on large drum.

d. Repeat steps b and c using the 15-inch cable.
Start at C and finish at D on the small drum

as shown in Figure 4-7.

e. Revolve spring loading collar counterclock-
wise (viewed as shown in Figure 4-8) until

slack is removed from drive cables. Rotate an
additional half turn counterclockwise to tighten
spring and tighten setscrew.

f. Position cable on large drum so that first turn
from drive pulley goes around large drum

in a plane perpendicular to the axis of the drum
and tangent to the outside of the drive pulley. Cable
between idler pulley and small drum should be po-
sitioned so that it does not rub in notch in the ver-
tical center post.

g. Rotate tuning dial from one stop to the other
for approximately 100 complete cycles to work

out any stretch and allow cables to position them-
selves on the drums. Rotors of tuning capacitor
sections should not be at the limit of their travel
at either end of tuning range.

h. Check dial calibration. If a constant error
appears, loosen setscrew in drive pulley and

rotate pulley slightly as required to correct this Figure 4-7. Installation of Eyelets on
e r r o r . Plastic Coated Cable
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INSTALLATION OF CLAMPING EYELETS ON
ENDS OF PLASTIC COATED CABLE 

The replacement cables are supplied from the factory
with a loop formed in one end. The other end is not
looped since it is necessary to thread this end through
a hole in the pulley before the loop is formed. (See
A of Figure 4-7. )

After passing open end of cable through hole in
pulley, form a loop on the end of the cable the
same size as the factory made loop on the oppo-
site end of the cable. Slide eyelet over loop and
tap with a plastic headed hammer until eyelet is
flat. Size of loop and length of end protruding
from eyelet should be the same as the other end
of the cable.

Crimp center of eyelet as shown in C of Figure 4-7
with a screwdriver and a hammer.

Cable is now ready to be attached to the pulley using
the small screw previously removed. (Refer to D
of Figure 4-7. )

Sect. IV Page 15

Figure 4-8. Exploded Rear View of Drive Cabling
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SERVICING ETCHED CIRCUIT BOARDS

Excessive heat or pressure can lift the copper strip from the board. Avoid damage by using a
low power soldering iron (50 watts maximum) and following these instructions. Copper that lifts
off the board should be cemented in place with a quick drying acetate base cement having good
electrical insulating properties.

A break in the copper should be repaired by soldering a short length of tinned copper wire
across the break.

Use only high quality rosin core solder when repairing etched circuit boards. NEVER USE
PASTE FLUX. After soldering, clean off any excess flux and coat the repaired area with a
high quality electrical varnish or lacquer.

When replacing components with multiple mounting pins such as tube sockets, electrolytic capa-
citors, and potentiometers, it will be necessary to lift each pin slightly, working around the
components several times until it is free.

WARNING: If the specific instructions outlined in the steps below regarding etched circuit boards
without eyelets are not followed, extensive damage to the etched circuit board will result.

1. Apply heat sparingly to lead of component
to be replaced. If lead of component passes

through an eyelet
in the circuit
board, apply
heat on com-
ponent side
of board. If

ponent does
not pass through an
eyelet, apply heat to conductor side of board.

3. Bend clean tinned lead on new part and
carefully insert

through eyelets or
holes in board.

2. Reheat solder in vacant eyelet and quickly
insert a small awl to clean inside of hole.

If hole does
not have an
eyelet, in-
sert awl or
a #57 drill
f r o m  c o n -
ductor side
of board.

4. Hold part against board (avoid overheating)
and solder leads.

Apply heat to compo-
nent leads on correct
side of board
as explained

In the event that either the circuit board has been damaged or the conventional method is imprac-
tical, use method shown below. This is especially applicable for circuit boards without eyelets.

1. Clip lead as shown below. 2. Bend protruding leads upward. Bend lead
of new

component
around pro-
truding lead.
Apply solder
using a pair
of long nose pliers as a heat sink.

This procedure is used in the field only as an alternate means of repair. It is not used within
the factory.

Figure 4-9. Servicing Etched Circuit Boards
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Section V. PREVENTIVE

5-1. Scope of Maintenance

The maintenance duties assigned to the
listed below together with a reference to

MAINTENANCE SERVICES

operator of the AN/USM-205 are
the paragraphs covering the

specific maintenance function. The duties assigned do not require tools
or test equipment other than those issued with the signal generator.

a.—

b.—

c.

d.

e.—

Daily preventive maintenance checks and services (para 5-4).

Weekly preventive maintenance checks and services (para 5-5).

Cleaning (para 5-6).

Monthly preventive maintenance checks and services (para 5-8).

Touchup painting (para 5-9).

5-2. Preventive Maintenance

Preventive maintenance is the systematic care, servicing, and
inspection of equipment to prevent the occurrence of trouble, to reduce
downtime, and to assure that the equipment is serviceable.

a. Systematic Care. The procedures given in paragraphs 5-4 through 5-8
cover routine systematic care and cleaning essential to proper upkeep
and operation of the equipment.

b. Preventive Maintenance Checks and Services. The preventive
maintenance checks and services charts outline functions to be performed
at specific intervals. These checks and services are to maintain Army
electronic equipment in a combat serviceable condition; that is, in good
general (physical) condition and in good operating condition. To assist
operators in maintaining combat serviceability, the charts indicate what
to check, how to check, and what the normal conditions are. The
References column lists the illustrations , paragraphs, or manuals that
contain detailed repair or replacement procedures. If the defect cannot
be remedied by the operator, higher echelon maintenance or repair is
required. Records and reports of these checks and services must be made
in accordance with the requirements set forth in TM 38-750.

5-3. Preventive Maintenance Checks and Services Periods

Preventive maintenance checks and services are required daily, weekly,
and monthly. Paragraphs 5-3, 5-4, and 5-8 specify the items to be checked
and serviced. In addition to the routine daily, weekly, and monthly
checks and services, the equipment should be rechecked and serviced
immediately before going on a mission and as soon after completion of the
mission as possible.
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5-6. Cleaning

Inspect the exterior of the signal generator. The exterior surfaces
should be free of dust, dirt, grease, and funguS.

a. Remove dust and loose dirt with a clean soft cloth.

Warning : Cleaning Compound is flammable and its fumes are toxic.
Provide adequate ventilation. Do not use near a flame.

b. Remove grease, fungus, and ground-in dirt from the cases; use a cloth
dampened (not wet) with Cleaning Compound (Federal stock No. 7930-395-9542).

c. Remove

Caution:
meter may be

dust or dirt from plugs and jacks with a brush.

Do not press on the meter face (glass) when cleaning; the
damaged.

d. Clean the front panels, meters, and control knobs; use a soft clean
cloth. If dirt is difficult to remove) dampen the cloth with water; mild
soap may be used for more effective cleaning.

5-7. Monthly Maintenance

Perform the maintenance functions indicated in the
maintenance checks and services chart (para 5-8) once

monthly preventive
each month. A month

is defined as approximately 30 calendar days of 8-hour-per-day operation.
If the equipment is operated 16 hours a day, the monthly preventive
maintenance checks and services should be performed at 15-day intervals.
Adjustment of the maintenance interval must be made to compensate for any
unusual operating conditions. Equipment maintained in a standby (ready
for immediate operation) condition must have monthly preventive maintenance
checks and services. Equipment in limited storage (requires service
before operation) does not require monthly preventive maintenance.
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5-9. Touchup Painting Instructions

Remove rust and corrosion from metal surfaces by lightly sanding them
with fine sandpaper. Brush two thin coats of paint on the bare metal to
protect it from further corrosion. Refer to the applicable cleaning and
refinishing practices specified in TM 9-213.
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Manual Changes Model 650A Page 2

Instrument Serial Prefix Make Manual Changes Instrument Serial Prefix Make Manual Changes

203- 1

150- 1, 2

025- 1, 2, 3

L9: delete
R83: change description to

Change Schematic Figure 4-11

read "Same as R43"

as shown below:

Supplement B for
650A-902

Model 650A
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APPENDIX III

MAINTENANCE ALLOCATION

Section I. INTRODUCTION

A3-1. General

a. This appendix assigns
components, assemblies, and
maintenance category.

maintenance functions to be
subassemblies by the lowest

performed on
appropriate

b. Columns in the maintenance allocation chart are as follows:

(1)

(2)

Part or component. This column shows only the nomenclature or
standard item name. Additional descriptive data are included
only where clarification is necessary to identify the component.
Components, assemblies, and subassemblies are listed in top-down
order. That is, the assemblies which are part of a component
are listed immediately below that component, and subassemblies
which are part of an assembly are listed immediately below that
assembly. Each generation breakdown (components, assemblies, or
subassemblies) are listed in disassembly order or alphabetical
order.

Maintenance function. This column indicates the various
maintenance functions allocated to the categories.

(a)

(b)

(c)

(d)

(e)

Service. To clean, to preserve, and to replenish lubricants.

Adjust. To regulate periodically to prevent malfunction.

Inspect. To verify serviceability and detect incipient
electrical or mechanical failure by scrutiny.

Test. To verify serviceability and to detect incipient
electrical or mechanical failure by use of special equipment
such as gages, meters, etc.

Replace. To substitute serviceable components, assemblies, or
subassemblies, for unserviceable components, assemblies, or
subassemblies.
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(f)

(g)

(h)

(i)

(j)

(3)

(4)

(5)

Repair. To restore an item to serviceable condition through
correction of a specific failure or unserviceable condition.
This function includes but is not limited to welding, grinding,
riveting, straightening, and replacement of parts other than
the trial and error replacement of running spare type items
such as fuses, lamps, or electron tubes.

Align. To adjust two or more components of an electrical system
so that their functions are properly synchronized.

Calibrate. To determine, check, or rectify the graduation of
an instrument, weapon, or weapons system, or components of a
weapons system.

Overhaul. To restore an item to completely serviceable condition
as prescribed by serviceability standards developed and
published by heads of technical services. This is accomplished
through employment of the technique of “Inspect and Repair Only
as Necessary” (IROAN). Maximum utilization of diagnostic and
test equipment is combined with minimum disassembly of the item
during the overhaul process.

Rebuild. To restore an item to a standard as near as possible
to original or new condition in appearance, performance, and
life expectancy. This is accomplished through the maintenance
technique of complete disassembly of the item, inspection of all
parts or components, repair or replacement of worn or unserviceable
elements using original manufacturing tolerances and/or
specifications and subsequent reassembly of the item.

Operator, organization, direct support, general support, and depot.
The symbol X indicates the categories responsible for performing
that particular maintenance operation, but does not necessarily
indicate that repair parts will be stocked at that level.
Categories higher than those marked by X are authorized to perform
the indicated operation.

Tools required. This column indicates codes assigned to each
individual tool equipment, test equipment, and maintenance
equipment referenced. The grouping of codes in this column of
the maintenance allocation chart indicates the tool, test, and
maintenance equipment required to perform the maintenance function.

Remarks. Entries in this column will be utilized when necessary to
clarify any of the data cited in the preceding columns.

c. Columns in the allocation of tools for maintenance functions are as
follows:

(1) Tools required for maintenance functions. This column lists tools,
test, and maintenance equipment required to perform the
maintenance functions.
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(2) Operator, organization, direct support, general support, and depot.
The dagger symbol indicates the categories normally
allocated the facility.

(3) Tool code. This column lists the tool code assigned.

A3-2. Maintenance by Using Organizations

When this equipment is used by signal services organizations organic to
theater headquarters or communication zones to provide theater communications,
those maintenance functions allocated up to and including general support
are authorized to the organization operating this equipment.
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APPENDIX IV

ORGANIZATIONAL, DIRECT AND GENERAL SUPPORT, AND DEPOT REPAIR PARTS LIST

Section I. INTRODUCTION

A4-1. General

a. This appendix includes an organizational, direct and general support
and depot maintenance special tools list.

(1)

(2)

The organizational Maintenance repair parts and special tools
list lists the repair parts authorized for organizational
maintenance and is a basis for requisitioning by organizations
which are authorized the major item of equipment. End items of
equipments are issued on the basis of allowances prescribed in
equipment authorization tables and other documents that are a
basis for requisitioning.

Direct and general support and depot maintenance repair parts
and special tools list shows the quantities of repair parts
authorized for general support maintenance and is a basis for
requisitioning authorized parts. It is also a guide for depot
maintenance in establishing initial levels of spare parts.

b. Columns are as follows:

(1) Source, maintenance, and recoverability code. Source, maintenance,
and recoverability codes indicate the technical service
responsible for supply, the maintenance category at which an item
is stocked, categories at which an item is installed or repaired,
and whether an item is repairable or salvageable. The source code
column is divided into four parts.

(a) Column A. This column indicates the materiel code and
designates the area of responsibility for supply. AR 310-1
defines the basic numbers used to identify the materiel code.
If the part is Signal materiel responsibility, the column is
left blank.
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(b)

(c)

(d)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

AIV-2

Column B. This column indicates the point within the maintenance
system where the part is available. “P” indicates that the
repair part is a high mortality part; procured by technical
services, stocked in and supplied from the technical service
depot system, and authorized for use at indicated maintenance
categories. “P1” indicates that the repair part is a low
mortality part; procured by technical services, stocked only
in and supplied from technical service key depots, and authorized
for installation at indicated maintenance categories.

Column C. This column indicates the lowest maintenance
categories authorized to install the part.

"O"- Organizational maintenance (operator and organizational).

“H” - General support maintenance.

Column D. Not used.

Federal stock number. This column lists the 11-digit Federal
stock number.

Designation by model. Not used.

Description. Nomenclature or the standard item name and brief
identifying data for each item are listed in this column. When
requisitioning, enter the nomenclature and description.

Unit of issue. The unit of issue is each unless otherwise
indicated and is the supply term by which the individual item
is counted for procurement, storage, requisitioning, allowances,
and issue purposes.

Expendability. Nonexpendable items are indicated by NX. Expendable
items are not annotated.

Quantity incorporated in unit. This column lists the quantity
of each part found in a given assembly, component, or equipment.

Organizational. An asterisk (*) indicates that an item is not
authorized for stockage but if required, may be requisitioned
for immediate use only.

Direct support. No parts authorized for stockage.

General support. The numbers in this column indicate quantities
of repair parts authorized for initial stockage for use in general
support maintenance. The quantities are based on 100 equipments
to be maintained for a 15-day period.



(11)

(12)

Depot. The numbers in this column indicate quantities of repair
parts authorized for depot maintenance and for initial stockage
for maintenance, and for supply support to lower categories. The
entries are based on the quantity required for rebuild of 100
equipments.

Illustration. The “Item No.” column lists the reference designations
that appear on the part in the equipment. These same designations
are also used on any illustrations of the equipment. The numbers
in the “Figure No.” column refer to the illustrations where the
part is shown.

A4-2. Parts for Maintenance

When this equipment is used by signal service organizations organic to
theater headquarters or communication zones to provide theater communications,
those repair parts authorized up to and including general support are
authorized for stockage by the organization operating this equipment.

A4-3. Electron Tubes

The consumption rates given for tubes are conservative theoretical
estimates and are provided for use only when more complete information, such
as data based on operating experience, is not available. These figures
are based on levels and requirements for equipment actually in use, not on
authorizations or equipment stored in depots.

A4-4. Requisitioning Information

a. The allowance factors are based on 100 equipments. In order to
determine the number of parts authorized for initial stockage for the
specific number of equipments supported, the following formula will be
used and carried out to two decimal places.

Specific number of equipments supported     allowance factor =
100

Number of parts authorized for initial stockage.

b. Fractional values obtained from above computation will be rounded
to whole numbers as follows:

(l) When the total number of parts authorized is less than 0.5, the
quantity authorized will be zero.

(2) When the total number of parts authorized is between 0.5 and 1.0,
the quantity authorized will be one.
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(3) For all values above one, fractional values below 0.5 will revert
to the next lower whole number and fractional value 0.5 and above
will advance to the next higher whole number.

c. The quantities determined in accordance with the above computation
represent the Initial stockage for a 15-day period.

AIV-4



A
I
V
-
5



AIV-6



A
I
V
-
7



A
I
V
-
8



A
I
V
-
9



A
I
V
-
1
0



A
I
V
-
1
1



AIV-12



A
I
V
-
1
3



A
I
V
-
1
4



A
I
V
-
1
5



A
I
V
-
1
6



A
I
V
-
1
7



A
I
V
-
1
8



A
I
V
-
1
9



A
I
V
-
2
0



TM 11-6625-665-15

HEADQUARTERS
DEPARTMENT OF THE ARMY
WASHINGTON , D. C., 1 March 1966

TM 11–6625-665-15 is published for the use of all concerned.

By Order of the Secretary of the Army:

HAROLD K. JOHNSON,
General, United States Army,

Official: Chief of Staff.
J. C. LAMBERT,
Major General, United States Army,
The Adjutant General.

DISTRIBUTION:

To redistributed in accordance with DA Form 12-32, Sec III (Unclas) requirements for
Organizational maintenance, applicable to AN/FPA-15and AN/FPA–16 systems.

U.S. Government Printing Office: 1966-200-653/6630A







020998


	TABLE OF CONTENTS
	LAST CHANGE
	SECTIONS
	SECTION I
	SECTION II
	SECTION III
	SECTION IV
	SECTION V

	PARA 

	PARA 1-1
	PARA 1-2
	PARA 1-3
	PARA 1-4
	PARA 1-5
	PARA 2-1
	PARA 2-2
	PARA 3-1
	PARA 3-2
	PARA 3-3
	PARA 3-4
	PARA 3-5
	PARA 3-6
	PARA 3-7
	PARA 3-8
	PARA 4-1
	PARA 4-2
	PARA 4-3
	PARA 4-4
	PARA 4-5
	PARA 4-6
	PARA 4-7
	PARA 4-8
	PARA 5-3
	PARA 5-4
	PARA 5-5
	PARA 5-6
	PARA 5-7
	PARA 5-8
	PARA 5-9

	FIGURES

	FIGURE 2-1
	FIGURE 3-1
	FIGURE 3-2
	FIGURE 3-3
	FIGURE 3-4
	FIGURE 4-1
	FIGURE 4-2
	FIGURE 4-3
	FIGURE 4-4
	FIGURE 4-5
	FIGURE 4-6
	FIGURE 4-7
	FIGURE 4-8
	FIGURE 4-9
	FIGURE 4-10
	FIGURE 4-11

	TABLES

	TABLE 4-1
	TABLE 4-2

	APPX III
	PAGES

	PAGE I
	PAGE III
	PAGE 1-1
	PAGE 1-2
	PAGE II-1
	PAGE II-2
	PAGE II-3
	PAGE III-0
	PAGE III-2
	PAGE III-3
	PAGE IV-1
	PAGE IV-2
	PAGE IV-3
	PAGE IV-4
	PAGE IV-5
	PAGE IV-6
	PAGE IV-7
	PAGE IV-8
	PAGE IV-9
	PAGE IV-10
	PAGE IV-11
	PAGE IV-12
	PAGE IV-14
	PAGE IV-15
	PAGE IV-16
	PAGE IV-17
	PAGE IV-18
	PAGE V-1
	PAGE III-1


