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CERTIFICATlON 

Hewlett-Packard Company certifies that this product met its published specifications at the time ofshipment from the 
factory. Hewlett-Packard further certifies that its calibration measurements are traceable to the United States Na­
tional Bureau of Standards, to the extent allowed by the Bureau's calibration facility, and to the calibration facilities 
of other International Standards Organization members. 

WARRANTY 

This Hewlett-Packard product is warranted against defects in material and workmanship for a period of one year 
from date of shipment [,except that in the case of certain components listed in Section I of this manual, the warranty 
shall be for the specified period) . During the warranty period, Hewlett-Packard Company will, at its option, either 
repair or replace products which prove to be defective. 

For warranty service or repair, this product must be returned to a service facility designated by -hp-. Buyer shall 
prepay shipping charges to -hp- and -hp- shall pay shipping charges to return the product to Buyer. However, Buyer 
shall pay all shipping charges, duties, and taxes for products returned to -hp- from another country. 

Hewlett-Packard warrants that its software and firmware designated by -hp- for use with an instrument will execute its 
programming instructions when properly installed on that instrument. Hewlett-Packard does not warrant that the 
operation of the instrument, or software, or firmware will be uninterrupted or error free. 

LIMITATION OF WARRANTY 

The foregoing warranty shaH not apply to defects resulting from improper or inadequate maintenance by Buyer, 
Buyer-supplied software or interfacing, unauthorized modification or misuse, operation outside of the environmental 
specifications for the product, or improper site preparation or maintenance. 

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HEWLETT-PACKARD SPECIFICALLY 
DISCLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR 
PURPOSE. 

EXCLUSIVE REMEDIES 

THE REMEDIES PROVIDED HEREIN ARE BUYER'S SOLE AND EXCLUSIVE REMEDIES. HEWLETT­
PACKARD SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSE­
QUENTIAL DAMAGES, WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL THEORY . 

ASSISTANCE 

Product maintenance agreements and other customer assistance agreements are available 
for Hewlett-Packard products. 

For any assistance, contact your nearest Hewlett-Packard Sales and Service Office. 
Addresses are provided at the back of this manual. 
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SAFETY SUMMARY 

Thl following glnlrlillfity prlclutionl mUlt bl obHrvld during III phllel of operltion, IlrvicI, Ind rlplir of thil 
inltrumlnt. Flilure to comply with thell preclutionl or with Ipecific wlrningl ellewhere in thil mlnull viollt .. 
Ilflty Itlndlrdl of delign, mlnuflcturl, Ind intended ule of the inltrument. Hewlett'Plcklrd Complny Illumel no 
Iilbility for the cUltomlr'1 flilure to comply with theSl requirementl. Thil il I Sifety CII.. 1 inltrument. 

GROUND THE INSTRUMENT 

To minimize shock hazard, the instrument chassis and cabinet must be connected to an elec­
trical ground. The instrument is equipped with a three-conductor ac power cable. The power 
cable must either be plugged into an approved three-contact electrical outlet or used with a 
three-contact to two-contact adapter with the grounding wire (green) firmly connected to an 
electrical ground (safety ground) at the power outlet. The power jack and mating plug of the 
power cable meet International Electrotechnical Commission (IEC) safety standards. 

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE 

Do not operate the instrument in the presence of flammable gases or fumes. Operation of any 
electrical instrument in such an environment constitutes a definite safety hazard. 

KEEP AWAY FROM LIVE CIRCUITS 

Operating personnel must not remove instrument covers. Component replacement and internal 
adjustments must be made by qualified maintenance personnel. Do not replace components 
with power cable connected. Under certain conditions, dangerous voltages may exist even with 
the power cable removed. To avoid injuries, always disconnect power and discharge circuits 
before touching them. 

DO NOT SERVICE OR ADJUST ALONE 

Do not attempt internal service or adjustment unless another person, capable of rendering first 
aid and resuscitation, is present. 

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT 

Because of the danger of introducing additional hazards, do not install substitute parts or per­
form any unauthorized modification to the instrument. Return the instrument to a Hewlett­
Packard Sales and Service Office for service and repair to ensure that safety features are main­
tained. 

DANGEROUS PROCEDURE WARNINGS 

Warnings, such as the example below, precede potentially dangerous procedures throughout 
this manual. Instructions contained in the warnings must be followed. 

I WARNING I 
Dingeroul voltagll, clplble of cluling delth, Irl prelent in thil inltrument. Ule ex· 
treml clution whl" hlndling, tilting, Ind Idjulting. 

A 



SAFETY SYMBOLS 


General Definitions of Safety Symbols Used On Equipment or In Manuals. 


Instruction manual symbol: the product will be marked with this 
symbol when it is necessary for the user to refer to the instruction 
manual in order to protect against damage to the instrument. 

Indicates dangerou s voltage (terminals fed from the interior by 
voltage exceeding 1000 volt s must be so marked). 

Protective conductor terminal. For protection against electrical 
OR ~ shock in case of a fault. Used with field wiring terminals to in­
'0 dicate the terminal which must be connected to ground before 

operating equipment. 

Low-noise or noiseless , clean ground (earth) terminal. Used for a 
signal common, as well as providing protection again st electrical 
shock in case of a fault. A terminal marked with this symbol must 
be connected to ground in the manner described in the installation 
(operating) manual , and before operating the equipment. 

Frame or chassis terminal. A connection to the frame (chassis) of
rh OR ..L the equipment which normally includes all exposed metal struc ­

tures. 

Alternating current (power line). 

Direct current (power line) . 

Alternating or direct current (power line). 

I 
The WARNING sign denotes a hazard. It calls attention to a pro­


WARNING cedure, practice, condition or the like, which, if not correctly per­

"'------•• formed or adhered to, could result in injury or death to personnel. 


The CAUTION sign denotes a hazard . It call s attention to an 
operating procedure, practice, condition or the like , which,if not 
correctly performed or adhered to, could result in damage to or 
destruction of part or all of the product. 

The NOTE sign denotes important information . It calls attention NOT E : 
to procedure, practice, condition or the like, which is essential to 
highlight. 

. ­ ~ ­ .1 ­ _ 

. -~.:.. 



Model 654A Section I 

SECTION 

GENERAL INFORMATION 

1-1_ DESCRIPTlON_ 

1-2 . The Hewlett-Packard Model 654A Test Oscillator is an 
ideal general purpose signal source whenever a flat balanced 
or unbalanced test signal is required . Balanced outputs of 
135 ohms, 150 ohms and 600 ohms have many uses in the 
communications industry. Automatic leveling, together 
with the expanded meter, make the 654A ideally suited to 
voltmeter calibration or to test frequency response of 
components during manufacture. The instrument is shown 
in Figure I-I and the specifications are listed in Table I-I. 

General information relating to the instrument is listed in 
Table 1-2. The information in Table 1-2 should not be 
considered specifications. 

1-3. The Model 654A is a stable, low distortion sine-wave 
signal source with a flat frequency response of +/-0.5% over 
the frequency range of 10Hz to 10 MHz. The attenuators 
allow the signal to be adjusted in I dB and 10 dB steps 
from +10 dBm to -89 dBm, and the front panel 
AMPLITUDE control allows a continuous adjustment in 
level of +/-1 dB from the settings shown on the OUfPUT 
LEVEL attenuators. The flat frequency response is 
achieved by automatic leveling circuits within the 654A. 

1-4. Five output impedances are available, selected by a 
front panel push-button control: these are 50 and 75 ohms 
unbalanced and 135, 150 and 600 ohms balanced. Balance 
is greater than 50 dB up to I MHz and greater than 40 dB 
up to 5 MHz. 

1-5. The meter scale is expanded to indicate 0 dBm at 
center scale, with a total range of +/-1 dBm. The metering 
circuit monitors the signal level before the attenuators so 
that the meter indication is independent of the attenuator 

settings; the meter indicates the signal level set by the front 
panel AMPLITUDE control. The output signal level into 
the load is the algebraic sum of the meter indication and 
the OUTPUT LEVEL attenuator settings. 

1-6. An additional feature is the COUNTER OUTPUT rear 
panel BNC connector. This allows the Model 654A 
frequency to be continuously monitored by an electronic 
counter without interrupting measurements or affecting 
terminal balance . 

1-7. SUPPLIED ACCESSORIES. 

Rack mount kit: -hp- Part No. 5060-0775. 

1-8. RECOMMENDED ACCESSORIES. 

-hp- II 048C 50 ohm Feedthrough Termination 
-hp- II 094A 75 ohm Feedthrough Termination 
-hp- 11095A 600 ohm Feedthrough Tennination 
-hp-11l43A Balanced BNC to Alligator clip cable 

1-9. INSTRUMENT AND MANUAL IDENTIFICATION. 

1-10. Hewlett-Packard uses a two-section serial number. 
The first section (prefix) identifies a series of instruments. 
The last section (suffix) identifies a particular instrument 
within the series. If a letter is included with the serial 
number, it identifies the country in which the instrument 
was manufactured. If the serial prefix of your instrument 
differs from the one on the title page of this manual, a 
change sheet will be supplied to make this manual 
compatible with newer instruments or the backdating 
information in Appendix C will adapt this manual to earlier 
instruments. All correspondence with Hewlett-Packard 
should include the complete serial number. 

1-1 



Section 1 Model 654A 

I 

-

B lfloOS } 

r 

Figure 1-1. Model 654 A Test Oscillator 

Table I-I. Specifications 

frequency range: 10 Hz to 10 MHz in 6 bands. 

Frequency accuracy: 
100 Hz (on Xl 00 RANGE) to 5 MHz: +/-2% 
10 Hz to 100 Hz: +/-3% 
5 MHz to 10 MHz: +/-4% 

Level flatness(+IO dBm and 0 dBm): +/-0 .5% referenced 
to level at I kHz from 10Hz to 10 MHz for un­
balanced outputs, 10 Hz to 5 MHz for 135 ohm and 
150 ohm outputs, and 10 Hz to I MHz for 600 ohm 
output. 

Attenuator 

Range: 99 dB in 10 dB and I dB steps. 

Accuracy: +/-1.5% (0.15 dB) except +/-10% (I dB) at 
output levels below 60 dBm at frequencies greater 
than 300 kHz . 

Amplitude control: greater than 2 dB. 

Amplitude accuracy: +/-1 % for 90 days (at I kHz, 
+ I 0 dBm level with meter centered). 

Meter tracking: +/-0.05 dB. 

Balance (on balanced impedances) when measured by the 
procedure given in Paragraph 5-28 : greater than 50 dB 
for frequencies from 10Hz to I MHz, greater than 
40 dB to 5 MHz. 

Distortion (THD) 
10Hz to I MHz : greater than 40 dB below fu nda­

mental . 
I MHz to 10 MHz: greater than 34 dB below funda­

mental. 

Hum and noise: greater than 70 dB down at full output. 

Table 1-2. General Information 

Output impedance: 50 ohm unbalanced, 75 ohm un­
balanced, 135 ohm balanced, 150 ohm balanced and 
600 ohm balanced. 

Output level: +11 dBm to -90 dBm, 10 dB and I dB steps 
with adjustable +/-1 dB meter range; calibrated for 
each impedance. 

Meter resolution: 0.02 dB. 

1·2 

Output connectors: BNC. Maximum voltage which can be 
applied to the output: less than +/-3 V peak. 

Counter output: greater than 0 .1 V rms into 50 ohm, 
BNC connector. 

Operating temperature: OOC to +550 C (32°F to 130°F). 

Power: 115 V or 230 V +/ . 10%, 48 Hz to 66 Hz, 30 W . 1/
1nominal, 35 W max. ~ 
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SECTION II 

INSTALLATION 

2-1. INTRODUCTION. 

2-2. This section contains information and instructions 
necessary for installing and shipping the Model 654A Test 
Oscillator. Included are initial inspection procedures, power 
and grounding requirements, environmental information, 
installation instructions and instructions for repackaging for 
shipment. 

2·3. INITIAL INSPECTION. 

2-4. This instrument was carefully inspected both 
mechanically and electrically before shipment. It should be 
physically free of mars or scratches and in perfect electrical 
order upon receipt. To confirm this, the instrument should 
be inspected for physical damage in transi t. Also. check for 
supplied accessories, and test the electrical performance of 
the instrument using the proced ure outlined in Section Vof 
this manual. If there is damage or deficiency, see the 
warranty on Page ii of this manual. 

2·5. POWER REQUIREMENTS. 

kHz, 2·6. This instrument will operate from either 115 or 
230 V ac, 48 Hz to 66 Hz. The instrument can easily be 
the position of the slide switch located on the rear panel, so 
that the designation appearing on the switch matches the 
nominal voltage of the power source. 

the 
odB 
than 

Be/ore applying primary power to the 654A 
be slire it is set for the proper fine voltage as 
olltlined in Paragraph 3-8.Inda­

2-7. Power Cords.Inda­

2-8. Figure 2-J illustrates the standard power plug config­
urations that are used throughout the United States and in 

tput. other countries. The -hp- part number directly below each 
drawing is the part number for a 654A power cord 
equipped with a power plug of 1hat configuration. If the 
appropriate power cord is not included with the instru­
ment , notify the nearest -hp- Sales and Service Office and a 
replacement cord will be provided. 

2-9. GROUNDING REQUIREMENTS. 

2-10. To protect operating personnel, the National Electri­
cal Manufacturer 's Association (NEMA) recommends that 
the instrument panel and cabinet be grounded. The Model 
654A is equipped with a three-conductor power cord 
which , when plugged into an appropriate receptacle, 
grounds the instrument. The offset pin on the power plug is 
the ground connection. 

8120-1351 8120-1369 8120- 1689 

STO·8-419~ 

'UL LISTED FOR USE IN THE UNITED STATES OF AMERICA 

Figure 2-1. Power Cords. 

2-11. INSTALLATION. 

2-12. This instrument is fully transistorized: therefore no 
special cooling is required. However, the instrument should 
not be operated where the ambient temperature is outside 
the limits specifed in Table 1·2. 

2-13. RACK/BENCH INSTALLATION. 

2-14. This instrument is initially shipped as a bench-type 
instrument (unless ordered specifically as a rack-type) with 
plastic feet and tilt stand in place. Conversion to a rack­
mounted inst rument can be accomplished by using the 
rack-mounting kit and instruction furnished with YOUl 

inst rumen t. 

2-15_ REPACKAGING FOR SHIPMENT. 

2-16. The following is a general guide for repackaging for 
shipment. If you have any question, contact your local -hp­
Sales and Service Office_(See Appendix at the back of this 
manual for office location.) 

NOTE 

If the instrument is to be shipped to Hewlett­
Packard for service or repair, attach a tag to 
the instrument identifying the owner and 
indicating the service or repair to be accom­
plished; include the model number and full 
serial number of the instrument. In any corre­
spondence, identify the instrument by model 
number and serial number. 

a. 	 Place instrument in original container if avail­
able. If original container is not available, a suit­
able one can be purchased from your nearest -hp­
Sales and Service Office. 

2-1 



Section II Model 654A 

If original conlainer is nol used. 

b. Wrap insirllineni in heavy paper or plaslic before 
placing in In inner conlainer. 

c. Use plenly of packing malerial aroLind all sides of 
insirLimenl and proieci panel faces wilh cardboard 
sl rips. 

d. 

e. 

Place inslrumenl and inner container in a heavy 
carlon or wooden box a'nd seal will] slrong lape or 
i1lel~1 bands. .H I 

Mark shipping conlainer wilh "DELICATE 
INSTRUMENT," "FRAGILE" ele. 

2-2 

-
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SECTION III 
CATE OPERATING INSTRUCTIONS 

3-1. INTRODUCTION. 	 e. Adjust the OUTPUT LEVEL attenuators and the 
AMPLITUDE control for the desired signal output 

3-2. This section contains instructions and information level. The algebraic sum of the meter indication 
necessary for the operation of the 654A Test Oscillator. and the attenuator setting gives the power level, in 
[ncluded in this section are identification of controls, dBm, into a load equal to the impedance selected 
indicators and connectors, turn-on procedure , meter by the [MPEDANCE pushbutton. [n Table 3-1, the 
mechanical zero adjustment and operating instructions. o dBm and +10 dBm levels are converted to 

voltage for each impedance. 
3-3. CONTROlS,lNDICATORS, AND CONNECTORS. 

3-4 . All operating controls, indicators and connectors of 
the 654A are identified and described in Figure 3-1 . SWITCH THE 10 DBM STEP 

ATTENUATOR DOWN BEFORE 
3-5. TURN-ON PROCEDURE. CONNECT[NG TO SENS[T[VE 

EQUIPMENT, SUCH AS THERMAL 
3-6. OUTPUT METER MECHANICAL ZERO CONVERTERS, SO AS TO PREVENT 
ADJUSTMENT. DAMAGE FROM OVERLOAD[NG. 

3 -7. The Model 654A output meter is properly 
Table 3-1. dBm/Voltage Conversion Chart mechanically zero-set when the meter pointer rests over the 


-I dBm mark. Zero-set the output meter to obtain 

maximum accuracy and mechanical stability in the 

following manner. With LIN E switch turned off, insert 

pOinted object (such as tip of bal.1 point pen) into recess on 

adjustment wheel, and rotate wheel until meter pointer 

rests exactly over -I dBm mark. 


3-8. PRIMARY POWER APPLICATION . 

a. 	Before applying primary power to instrument, set 
I 15 or 230 volt slide switch (S3) to position which 
indica tes primary voltage to be used. f. Connect the load to the output connectors. Use 

odBm = I m watt into rated load. 

Impedance odBm +10 dBm 

50 ohm 
75 ohm 
135 ohm 
150 ohm 
600 ohm 

0.224 V rms 
0 .274 V rms 
0.367 V rms 
0.387Vrms 
0.775 V rms 

0.707 V rms 
0.866 V rms 
1.162Vrms 
1.225 V rms 
2.449 V rms 

the UNBAL connector for 50 ohm and 75 ohm 
b. 	Connect primary power to connector JI. Switch loads and both connectors (BAL) for 135 ohm, 

LINE switch (S I) to ON position : pilot lamp 150 ohm and 600 ohm loads . 
(DSI) will glow . 

3-10. OPERATING CHECK. 

3-9. OPERATING INSTRUCTIONS. 


3-11. Before making measurements using the 654A, 
a. 	 Zero -set meter (Paragraph 3-7) and turn perform the following front panel checks to ensure that 

instrument on (Paragraph 3-8). your instrument is operating correctly. 

b. 	 Set the FREQUENCY RANGE switch and a. Turn AMPLITUDE control until white arrow on 
FREQUENCY dial (with VERN[ER) to the knob is pointing up; meter should indicate 
desired frequency. (Dial reading multiplied by approximately 0 dBm. 
range setting gives the frequency in Hz_) 

b. Turn AMPLITUDE control extreme 
c. 	 Connect a frequency counter to the rear panel counterclockwise; meter should indicate -I dBm or 

COUNTER OUTPUT, if desired . less . 

d. Select the required output impedance by pressing 	 c. Turn AMPLITUDE control extreme clockwise; 
the appropriate [MPEDANCE pushbutton. meter should indicate +I dBm or greater . 

3-\ 
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FREQUENCY dial (Cl A/B/C): Varies test 
frequency continuously within each frequency 
range. Dial reading multiplied by range setting 
gives the out put frequency in Hz of the 654A. 

FREQUENCY RANGE switch (52): Selects one of 
six frequency multipliers from Xl 0 to X 1M. 

Output Meter (M I): Monitors amplitude of 654A 
output prior to OUTPUT LEVEL attenuators. 
Algebraic sum of meter indication and OUTPUT 
LEVEL attenuator setting gives output power into 
rated load. 

Mechanical Zero Adjust: Allows meter to be 
mechanically zeroed, when instrument is off. 

CD OUTPUT LEVEL (54): Attenuates 654A output 
signal in nine steps of I dBm each . 

o OUTPUT LEVEL (54): Attenuates 654A output 
signal in nine steps of 10 dBm each. 

CD UNBAL out put (14): BNC connector provides an 
unbalanced output signal. at impedances of 50 
ohms and 75 ohms. 

BAL output (J3 and 14): BNC connectors provide 
a balanced output signal at impedances of 135 
ohms, 150 ohms and 600 ohms. 

IMPEDANCE switch (A4S J): Selects required 
output impedance of instrument; pushbuttons are 
interlocked so that when one is pressed the others 
spring out. 

@ 	 AMPLITUDE control (R3): Allows adjustment of 
+/-1 dBm of output signal amplitude. 

® FREQUENCY VERNIER: Provides a fine 
frequency adjustment for FREQUENCY dial. 

@ 	 LINE ON switch (51) and Pilot Lamp (DSI): 
Switch applies primary power to instrument; pilot 
lamp glows to indicate application of primary 
power. 

115 Vor 230 V Slide Switch (53): Sets instrument ® to operate from a primary power source of either 
I 15 V ac or 230 V ac, 48 Hz to 66 Hz. 

FUSE 	 (FI): 0.4 amp slow blow fuse protects® 
instrument from overloads. 

COUNTER OUTPUT (12): BNC connector® 
provides signal output of greater than 0.1 V rms 
into a 50 ohm load , at same frequency as front 
panel out puts. 

® Primary Power Connector (1 I): Connects primary 
power to instrument. 

Figure 3·1. Location of Controls, Indicators and Connectors 

3·2 
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THEORY OF 

4-1. 	 GENERAL DESCRIPTION. 

4-2. The Model 654A Test Oscillator (see Block Diagram, 
Figure 7-1) contains a Wien Bridge Frequency Adjustable 
Oscillator (10Hz to 10 MHz) followed by a Buffer 
Amplifier and a Balanced Amplifier with a single ended 
input and balanced output. The output of the Balanced 
Amplifier is a leveled, sinusoidal signal; this signal passes 
through Balanced Attenuators and a Balance and Unbalance 
Impedance Switch (output impedance switching network) 
to the front panel output connectors. 

4-3 . An Average Responding Detector monitors the output 
from the Balanced Amplifier to provide two dc currents 
(proportional to the signal level); one current flows to the 
meter circuits and the other to the Amplitude Control 
Integrator. Au tomatic leveling of the 654A signal is 
achieved by means of the Amplitude Control Integrator 
which compares the current from the Average Detector 
with the current from an Amplitude Current Reference to 
regulate the current through the lamp of a photosensitive 
control device (A2DSVI). The lamp controls the imped­
ance of a resistive divider at the inpu t of the Buffer 
Amplifier so as to maintain a constant output level from 
the Balanced Amplifier. The output level attenuators 
provide attenuation in 10 dB and I dB steps at the output 
connectors and a front panel AMPLITUDE control gives 
2 dB of continuous output level adjustment by varying the 
current from the Amplitude Current Reference. 

4-4. The current from the Average Detector which flows to 
the meter circuits is divided into two parts : a fixed amount 
of current (approximately 1.25 rna) flows into the Meter 
Offset Current Reference and the remainder flows to the 
meter. In this way the meter is offset so that it indicates 
only over the range of -I dBm to +I dBm. The current 
flowing into the Meter Offset Current Reference is held 
con~tan't by the Meter Differential Amplifier which clamps 
the Input of the current reference to a virtual ground. 

4-5. A Counter Emitter Follower provides isolation 
between the oscillator circuit and the rear panel COUNTER 
OUTPUT. Regulated Power Supplies provide the + 31 V 
and - 26 V reqUired to operate the 654A. 

4-6. 	 CIRCUIT DESCRIPTION_ 

4-7. 	 OSCILLATOR CIRCUIT (Schematic No . 1, Figure 
7-2) 

4-8. 	 The frequency adjustable Oscillator drives the Buffer 

Model 654A 	 Section IV 
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Amplifier with a stable sine wave at a frequency determined 
by the setting of the FREQUENCY RANGE switch and the 
FREQUENCY dial. The circuit is a Wien Bridge Oscillator 
which has a standard, frequency selective, RC leg and a 
resistance leg modified by the addition of a variable 
impedance (A2CR I and A2CR2). A2Q26 and A2Q I 
through A2Q6 comprises the amplifier section and A2Q7 is 
a peak detector which provides negative feedback to the 
bridge for leveling. Two types of feedback are used; positive 
feedback from the frequency selective network drives the 
base of A2Q3 through the source follower A2QI, and 
negative feedback from the resistive side of the bridge 
drives the base of A2Q2. A2Q2 and A2Q3 form a 
differential amplifier. Only at the selected frequency does 
the positive feedback overcome the negative feedback to 
sustain oscillations. 

4-9. The six frequency ranges are selected by means of the 
RC networks mounted on the FREQUENCY RANGE 
switch (S2); continuous adjustment of the frequency on 
each range is accomplished by rotating the FREQUENCY 
dial, which controls the setting of the tuner capacitors CI A, 
CI Band CI C. The signal from the amplifier out put (from 
A2Q5 and A2Q6) is developed across the RC network of 
the bridge; at the selected frequency, where Xc = R (Figure 
4-1), the positive feedback to the base of A2Q3 has the 
correct phase and sufficient amplitude to sustain 
oscillations. The high input impedance of the field effect 
transistor (A2QI) prevents the amplifier from loading the 
frequency determining leg of the bridge; the feedback 
prOVided by A2Q26 prevents any changes in the parameters 
of A2QI from affecting the frequency response of the 
amplifier. The difference between the positive and negative 

FREQUENCY
0.5 

/ '\ / 

/ \ //// 
/ //// \ 
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0.1 
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Fp; POSITIVE FEEDBACK 
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RATIO-­
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F ; FEEDBACK TO RC NETWORK 6!54A-A-187 9 

Figure 4-1 . RC Network Characteristics 
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feedback signals is amplified by the differential amplifier 
(A2Q2 and A2Q3) and applied, through emitter follower 
A2Q4, to the complementary symmetry pair A2QS and 
A2 Q6. The very low output impedance of the 
complementary pair acts as a constant voltage source for 
the Buffer Amplifier and also allows feedback to be applied 
to the bridge without loading the output of the oscillator. 
A2QS and A2Q6 are forward biased through A2CR7 and 
A2CRS so as to conduct slightly when no signal is applied; 
this eliminates crossover distortion of the output signal. 

4-10 . A2Q7 acts as a peak detector. Part of the oscillator 
signal is superimposed on a negative bias at the base of 
A2Q7; A2Q7 conducts only when the positive peaks of the 
signal overcome the negative bias. The negative dc output 
of A2Q7 is filtered by A2C2, A2C3 and A2C4 and used to 
bias the diodes A2CRI and A2CR2 so as to vary the 
impedance of the negative feedback side of the bridge to 
control the amplitude of oscillations. A2RS is switched into 
the circuit on the XI 00 through XI M ranges and A2CS on 
the XIO through XI K ranges for extra filtering. A2CR3 
limits any reverse voltage transients across the polarized 
capacitors A2C3 , A2C4 and A2CS. A2R9* is selected to 
draw current from the bridge so as to balance the current 
through A2CR I and A2CR2 and improve distortion in the 
output signal. 

4·11. BUFFER AMPLIFIER. (Schematic 1) 

4·12 . The BtJffer Amplifier (A2QS through A2Q I0) 
provides isolation between the oscillator and the Balanced 
Amplifier and is also used as the point at which the 6S4A 
signal is leveled. A2QS and A2Q9 form a differential 
amplifier whose output, from the collector of A2Q9, is 
amplified by A2QlO and fed to the Balanced Amplifier. 
Part of the signal output from A2Q lOis applied as negative 
feedback through A2R39 to the base of A2QS to stabilize 
the amplifier gain over its 10Hz to 10 MHz frequency 
range. The signal from the oscillator is divided down at the 
input to the Buffer Amplifier by a resistive divider 
consisting of A2R33 and the resistive element of the 
photosensitive resistor (A2DSV I). The resistance of the 
resistive element is determined by the current through the 
lamp, which is controlled by the Automatic Leveling 
Circuits (Paragraph 4-19 and following) . The signal level at 
the input of the Buffer Amplifier varies with changes in the 
resistance of the photosensitive resistor to control the level 
of the 6S4A output signal. 

4·13. COUNTER EMITTER FOLLOWER. (Schematic 1) 

4-14. The Counter Emitter Follower (A3Ql) serves as 
isolation between the Oscillator circuit, and the rear panel 
COUNTER OUTPUT (12). The output frequency is the 
same as the Variable Test Oscillator frequency . Signal 
amplitude at the COUNTER OUTPUT is approximately 
0.1 V rms into a 50 ohm load . 

4-15. BALANCEO AMPLIFIER. (Schematic 2, Figure 7-3) 

Model6S4A 

4-16. The single-ended sinusoidal output from the Buffer 
Amplifier is amplified and converted into a balanced signal\\ 
in the Balanced Amplifier. The Amplifier consists of three'll 
cascaded differen tial amplifiers (A2Q II through A2Q 16) 
and two complementary symmetry pairs (A2Q IS, A2QI9 
and A2Q20, A2Q21). The balanced output signal from the 
complementary symmetry pairs is developed across 
summing resistors A2R74 and A2R7S and then applied 
through A2R76 and C9, and through A2R77 and CIO to 
the attenuators (S4). The input sinusoidal signal at the base 
of A2QII is converted into two signals of equal amplitude, 
but ISOo out of phase, taken from the collectors of A2QII 
and A2Q 12. The two signals then follow parallel paths, 
while maintaining the ISOo phase relationship, through the 
Balanced Amplifier. One signal path is through A2QII, 
A2Q 13 and A2Q 15 to the complementary symmetry pair 
A2QIS and A2Q19 ; the other signal path is through 
A2Q12, A2QI4 and A2QI6 to complementary symmetry 
pair A2Q20 and A2Q21. The complementary pairs are 
biased through diodes A2CRIS, A2CRI6 and A2CRI7 , 
A2CRIS so that the transistors conduct slightly when no 
signal is applied; this eliminates crossover distortion of the 
signal at the output of the Balanced Amplifier. 

4-17. The gain of the Balanced Amplifier is stabilized by 
means of negative feedback. A2RSI couples the output 
signal from the top of A2 R74 back to the base of A2Q II 
and A2RS3 couples the opposite signal from the bottom 
end of A2R7S back to the base of A2Q12. Note that the ~r 
application of feedback together with the high gain of th e ~ . 
Amplifier and the very low signal source impedance (from ' 
the Buffer Amplifier) causes the Balanced Amplifier to 
function as an operational amplifier with differential input 
and output; as a result , the overall gain of the Balanced 
Amplifier is determined by the ratio of A2RSI to A2R44 
and A2RS3 to A2RS4. Capacitors A2C1S and A2C1S 
improve the high frequency response of the feedback paths. 

4-IS. To maintain proper balance of the output signal, the 
junction of summing resistors A2R74 and A2 R7S is held at 
virtual ground by means of negative feedback to the third 
differential amplifier (A2QIS, A2QI6). The differential 
pair A2Q22 and A2Q23 compares the voltage at the 
junction of A2R74 and A2R7S with ground (the base of 
A2Q23 is connected directly to ground). Any signal 
unbalance or common mode signal across the two resistors 
moves their junction away from ground; this voltage at the 
junction is amplified by A2Q22 and A2Q23 and applied to 
the base of A2Q 17 to change its collec tor current. A2Q 17 
is the source of current for A2Q 15 and A2Q 16 so that the 
change in current through them will be such as to restore 
the balance between the two sinusoidal signals and return 
the junction of A2R74 and A2R7S back to ground. A2C32 
is adjusted for equal signal voltage across A2R74 and 
A2R7S. A2R47, A2C16, A2C23, A2C26 , A2C27, A2C2S 
and A2C29 all serve as frequency shaping elements to 
improve the frequency response and to insure stability of 
the Balanced Amplifier over its frequency range of 10Hz to 
10 MHz. 
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4-19. AMPLITUDE CONTROL AND AUTOIVlATIC 
LEVELING CONTROL. 

4-20. The amplitude of the balanced sine wave Signal from 
the Balanced Amplifter is independent of the Attenuator 
settings but can be varied over a 2 dB range by the front 
panel AMPLITUDE control (Schematic 2). The Automatic 
Leveling Circuit (ALC) consists of the Average Detector, 
the Amplitude Control Integrator, and the Amplitude 
Current Reference (varied by the AMPLITUDE control). 
The Average Detector monitors the output of the Balanced 
Amplifier and produces a dc current proportional to the 
amplitude of the Balanced Amplifier signal. The Amplitude 
Control Integrator compares this dc current with a current 
of opposite polarity from the Amplitude Current 
Reference; any difference in magnitude between the 
current from the Average Detector and the reference 
current is used to apply negative feedback to the 
photosensitive resistor at the input of the Buffer Amplifier 
until the output of the Balanced Amplifier is at the level 
where the two currents are equal. The output of the 
Balanced Amplifier is at the required level when the current 
from the Average Detector is equal to the reference current. 

4-21. AVERAGE DETECTOR. (Schematic 2) 

4-22. The detector monitors the output of the Balanced 
Amplifier. A2Q24 and A2Q25 form a high gain amplifier 
which is a current source for the detector (A2CR21 and 
A2CR22). A2CR21 supplies the metering circuits with a 
positive dc current and A2CR22 supplies the ALC circuits 
with a negative dc current. These currents are equal in 
ampl.itude to each other and proportional to the amplitude 
of the Balanced Amplifier output signal. A2Q24 and 
A2Q25 (together with the components connected to the 
base of A2Q25) form essentially one transistor with high 
gain, high output impedance and very low output 
capacitance; these factors together with the 'bootstrap' 
capacitor A2C42 account for the amplifier's effectiveness as 
a current source over a wide frequency and temperature 
range. A2C43 (Freq. Response) is adjusted for flat 
frequency response of the detector circuit. 

4-23 . AMPLITUDE CURRENT REFERENCE. 

(Schematic 2) 
4-24. Zener Diode A I CR8 maintains a constant voltage 
across R3 (front-panel AMPLITUDE control) and A2R91 
in series, the Amplitude Control Integrator ma.intains 
essentially 0 Vdc at the output of the current reference (at 
the base of A3Q6): thus, for any given setting of R3, there 
IS a fixed voltage drop across A3Rl9 and A3 R20 and a 
fixed amount of current flows from the Amplitude Current 
Reference. When the setting of the AMPLITUDE control 
~R3) is changed , the voltage drop across A3 R19 and A3R20 
IS changed ; this sets a new fixed value of current flOWing 
towards the base of A3Q6. 

4-25. AMPLITUDE CONTROL INTEGRA TOR. 

(Schematic 2) 
4-26. The ci rcuit consists of A3Q6 through A3Q9 and 
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associated circuitry, including the lamp of the photo­
sensitive resistor A2DSV I (Schematic I). A3Q6 and A3Q7 
form a differential amplifier; any change in output from the 
collector of A3Q7 is amplified by A3Q8 and applied to the 
base of A3Q9 to change the current through the lamp of 
the photosensitive resistor (A2DSVI). Changes in lamp 
current change the impedance of the voltage divider at the 
input of the Buffer Amplifier (paragraph 4-12), thus 
changing the sine wave signal level through the Buffer 
Amplifier and the Balanced Amplifier. The dc current from 
the Average Detector is compared, at the base of A3Q6, 
with the current from the Amplitude Current Reference. In 
the differential pair (A3Q6, A3Q7) the base of A3Q7 is 
connected directly to ground; therefore, as long as the base 
of A3Q6 is held at 0 Vdc, there will be no change in output 
from the collector of A3Q7. The amplitude of the positive 
current flowing from the Amplitude Current Reference is 
ftxed; the amplitude of the negative current flowing from 
the Average Detector depends on the level of signal at the 
output of the Balanced Amplifier. These currents are 
summed at the base of A3Q6 . The difference current flows 
into the base of A3Q6. The amplitude of the base current is 
set by the AMPLITUDE CAL. adjustment and the AMPLI­
TUDE control. As long as this current level is not changed 
by a variation in the Average Detector output, there will be 
no change in current through the lamp of the photo­
sensitive resistor; thus the ac signal level at the ou tput of 
the Balanced Amplifier will be constant. In this condition, 
the ALC loop is in the "quiescent" state and the output of 
the 654A is at the required level. 

4-27. Suppose that the output level of the Balanced 
Amplifier now changes for some reason (e. g. the frequency 
of the Wien Bridge Oscillator is changed); then the 
Amplitude Control Integrator will act to return the signal 
back to its original level in the follOWing manner: 

a. 	 The negative current from the Average Detector 
(A2CR22) will change proportionally with the 
change in ac signal level. This current flowing into 
the summing node at the base of A3Q6 diminishes 
the positive current amplitude thus decreasing the 
base current to A3Q6. TIlls, in turn, begins to shut 
off the transistor. 

b. 	The output of the Amplitude Control Integrator 
changes in response to the new input so as to 
change the ac signal level into the Buffer Ampli­
fier. TIlls will be in such a direction as to return 
the Balanced Amplifier ac ou tput back to the level 
where the nega live dc current from the Average 
Detector is again equal to its quiescent value. In 
this way the 654A ou tput signal is maintained at a 
constant level. 

4-28. To manually control the 654A output level over the 
2 dBm range, the AMPLITUDE control setting is changed; 
this changes the current from the Amplitude Current 
Reference thus changing the base current to A3Q6. The 
Amplitude Control Integrator now acts as before to change 
the Balanced Amplfier ac output level until the current 

4-3 
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differential at the base of A3Q6 is equal to its quiscent 
value. The ALC circuit contains an integrator for fast 
response without overshoot and without sacrificing the 
ability to reject ripple superimposed on the curr.ent from 
the Average Detector. S2C14 is switched in parallel with 
A3Cl0 on the XIO RANGE for required response of the 
Amplitude Control Integrator at low frequencies. 

4·29 . METER CIRCUITS. (Schematic 2) 

4·30. The meter circuits consist of the Meter Differential 
Amplifier, the Meter Offset Current Reference and the 
Meter. As explained in Paragraph 4·22, the Average 
Detector (A2CR2] and A2CR22) monitors the Balanced 
Amplifier output and produces two dc currents, equal in 
amplitude but opposite in polarity, proportional to the 
Balanced Amplifier output. The positive output of the 
Average Detector (from A2CR2l) flows to the meter 
circuits. A fixed part of this curren t flows into the Meter 
Offset Current Reference and the remainder flows through 
the Meter and its shunt resistors A3Rl7 and A3RIS. The 
Meter (M]) is calibrated to indicate center scale when the 
654A output into rated load (the attenuators set at 0 dBm) 
is 0 dBm. The total range of the meter scale is +/·1 dBm so 
that when the Meter indicates·] dBm, no current is flowing 
through the Meter and all of the current from the Average 
Detector is flowing through the Meter Offset Current 
Reference circuit. 

4·3 I. The action of the Meter Offset Current Reference 
and the Meter Differential Amplifier is very similar to the 
action of the Amplitude Current Reference and the 
Amplitude Control Integrator (described in Paragraphs 4·22 
through 4-25) . Apart from a few minor differences the 
circuits are identical. 

4-32. The Meter Offset Current Reference consists of 
A3R6, A3R7, A3RS, A3R9 and A3CR2. A3CR2 is a 
special temperature compensated Zener diode which 
maintains a constant voltage across A3R7 and A3RS in 
series. Thus. the current flowing into the circuit is 
determined essentially by the voltage across A3R9 . This 
current must always be a fixed amount so as to offset the 
Meter scale correctly ; therefore, the voltage across A3 R9 
must always be fixed; this is achieved by means of the 
Meter Differential Amplifier. The Meter Differential 
Amplifier consists of A3Q2 through A3Q5. A3Q2 and 
A3Q3 form a differential pair; since the base of A3Q3 is 
connected directly to ground, the base of A3Q2 will be 
held at a virtual ground. Any difference between the two 
bases causes an output change from the collector of A3Q3 
which is amplified by A3Q4 and applied to A3Q5 so as to 
return the base of A3Q2 back to virtual ground. One side of 
A3R9 is connected to the base of A3Q2, which is clamped 
to a virtual ground; the other side of A3R9 is connected to 
a constant voltage point (set by A3R7); thus the voltage 
across A3R9 is held constant as required, and the Meter 
Offset Current Reference always takes a fixed amount of 
the current from the Average Detector to offset the Meter. 
A3C5 serves to improve the frequency stability of the 
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Meter Differential Amplifier. A3C6 is connected across the 
Meter to damp the meter movement, and A3C7 is switched 
in paraUel with A3C6 on the XIO RANGE so as to further 
improve damping of the Meter at very low frequencies. 1\ 

4·33. ATTENUATO RS. (Schematic 3) 

4·34. The balanced sine wave signal, developed across 
A2R74 and A2R75 in the Balanced Amplifier, is fed 
through A2R76 and C9, and through A2R77 and CIO to 
the Attenuators (S4). The attenuator assembly (S4) consists 
of four attenuators; a ] dB step and a 10 dB step attenuator 
connected in series for each of the two halves of the 
balanced signal. Each attenuator consists of four resistive 
networks which are switched in various combinations to 
give the required attenuation. The front panel controls 
consist of two concentric rotary knobs labelled OUTPUT 
LEVEL dBm; the outer control, marked in 10 dB steps, 
controls both of the 10 dB step attenuators simultaneously; 
the inner control, marked in ] dB steps, controls both of 
the 1 dB step attenuators simultaneously. 

4·35 . IMPEDANCE SELECTOR. (Schematic 3) 

4-36. The front panel IMPEDANCE switch (A4S]) selects 
the reqUired output impedance of the 654A. The 
impedance networks and the switching connect ions are 
shown on schematic 3; the switch connections are shown 
with the 50 ohm UNBAL button pushed. In the BAL 
mode, both front panel output connectors, 13 and 14,are 
used; in the UNBAL mode, only 14 is used. ,r 

4·37. REGULATED POWER SUPPLY. 

4-38 . The regulated power supply provides all dc voltaged 
required by the 654A Test Oscillator circuits. The power 
supply consists of a +31 V and· 26 V series regulated 
supply. Each power supply is protected by current limiting 
and foldback current limiting . 

4·39 . Tile +3] V and - 26 V power supplies are functially 
identical. Both use operational amplifiers for output voltage 
error amplification . A I R40 adjusts the +3 I V supply 
voltage and A I R41 adjusts the . 26 V supply voltage . 

4-40. Conventional current limiting is used in both supplies 
to limit the output curren I to approximately 300 mA o 
Foldback current limiting further limits the output current 
if the output voltage is pulled below approximately 16 V 
by a malfunction in the 654A circuitry. A direct short to 
ground of either supply will result in an output current of 
approximately 10 mA as shown in Figure 4-2. 

441. Figure 4·3 is a simplified schematic of the current 
limiting circuitry used in the 654A power supplies. The 
Current Limiting Transistor A I Q4( +) or A I Q7( - ) is a 
variable shunt to the series regulator drive current. It is first 
switched on by the voltage drop across tile Currellt LimIt 
Sensing Resistor when the power supply output current 
reaches approximately 300 mAo The power supply will 
remain in this Conventional Current Limit condition until 
the output current decreases allowing the supply to return " 
to normal operation, Of until the power supply output ~J 
voltage drops below the Foldback Reference (]6.2V). 
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WARNING I 
Maintenance described herein is performed 
with power supplied to the instrument, and pro­
tective covers removed. Such maintenance 
should be performed only by service-trained 
personnel who are aware of the hazards in­
volved (for example, fire and electrical shock). 
Where maintenance can be performed without 
power applied, the power should be removed. 



Model 654A 	 Section V 

SECTION V 


MAINTENANCE 


5-1. INTRODUCTION. 

5-2. This section contains maintenance and service 
information for the -hp- Model 654A Test Oscillator. 
Included are performance checks and adjustment and 
calibration procedures. 

5-3. Table 5-1 lists the equipment required to properly 
maintain the Model 654A. If the recommended model is 
not available. any instrument that has specifications equal 
to, or better than . the required specifications may be used. 

5-4. PERFORMANCE CHECKS. 

5-5 The performance checks are in-cabinet tests (except 
where noted) to cOlllpare the performance of the Model 
654A with the specifications given in Table I-I. These 
checks Illay be used for incoming inspection. periodic 
maintenance and for performance checks after a repair. The 
Performance Check Test card at the end of Section V may 
be cut out, and used as a permanent record of the 
instrument's performance during incoming inspection. It is 
recommended t hat performance checks and, if necessary. 
calibration be performed every 90 days. 

5·6. FREOUE'NCY CHECKS. 

5-7. FREQUENCY RANGE CHECK. 

a. 	 Connect all electronic counter to the 654A rear 
panel COUNTER OUTPUT. 

b. Set the 654A controls as follows : 

FREQUENCY RANGE ...... . . ... XIO 
FREQUENCY dial. . . . ... Extreme clockwise 

c. 	The counter should indicate a period average of 
lOOms or greater. verifying a frequency of 10Hz, 
or less, at the lower end of the frequency range. 

d. 	 Set the FREQUENCY RANGE switch to XIM and 
FREQUENCY dial to its extreme 
counter-clockwise postiton. The counter should 
indicate a frequency of 10MHz, or greater, 
verifying a frequency of at least 10MHz at the 
upper end of the frequency range. 

e. 	Perform the Frequency Adjustments (Paragraphs 
5-47 through 5-57) if the tolerances are not met. 

5-8. FREQUENCY ACCURACY CHECK. 

a. 	 Connect an electronic counter to the 654A rear 
panel COUNTER OUTPUT. 

b. 	Set the 654A controls as follows: 

FREQUENCY RANGE .. ... . . .......... XIO 

FREQUENCY dial ........................ 1 


c. 	 Verify frequency accuracy using the settings and 
tolerances given in Table 5-2. Use the period 
average setting on the counter for frequencies 
below I k Hz and use the frequency setting for 
frequencies above I kHz. 

d . 	Perform the frequency adjustments (Paragraphs 
547 through 5-57) if the tolerances are not met. 

5·9. AMPLITUDE ACCURACY CHECKS. 
(See also Table 3-1, Page 3-1). 

5-10 . SO UNBAL AMPLITUDE ACCURACY. 

a. 	 Connect the equipment as shown in Figure 5-1. 
Use the 50 ohm Feedthrough termination which 
should be connected directly to the 654A output 
connector. 

b. 	 Set the 654A controls as follows: 

FREQUENCY dial.. .. .... .. I 
FREQUENCY RANGE . , . , . XI K 
OUTPUT LEVEL dBm ........ . . ". . + I 0,0 
IMPEDANCE ..... .... .. .. ....... 50 UNBAL 
AMPLITUDE .. . . ... .. .. .. .. Adjust for OdBm 

on 654A meter. 

c. 	 The ilC voltmcter iIHJication should be betwecn 
.7000 V rms allLl 7 1.:11 V rnlS verifying an abso­
lute level of+ 10 dBnl. +/-1'," 

d. 	 If the tolerances are not met perform th e Meter 
Tracking and Amplitude Control Adjustments of 
Pmagraphs 5-58 through 5-60. 

5-11. 75 UNBAL AMPLITUDE ACCURACY. 

a. 	 Perform the procedure of Paragraph 5-10 except: 
instep 	 a. Use the 75 ohm feedthrough 

termination; 

5-1 
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Section V Model 654A 

Table 5-1. Required Test Equipment 


INSTRUMENT 
TYPE REQUIRED CHARACTERISTICS RECOMMENDED MODEL 

Frequency 10.00Hz to 1000MHz El ec tronic -hp- Mude l 524 5L 

Countcr 
 Per iod : 1.000 ms tu 100 .Oms . 
 Elec t ron ic Counter. 

Range: .9999V rills and 9.999V rms full sca le . -lIp- ,"Iudel J --lSOB 
Vllllillcicr 

AC Digil al 
Mulli/\lI1cli l) n Mel cr 

wil li OPT 00 I 
Acc ur acy: al least . I 'If of reading at I kHz . 

Wave Freq uency Range IMHz III 22MHz. -hr · Model H05-31 2A 
Analy zc r Must be cu mpatib le wit h Track in g Oscillat or. Wa ve Analyzer. 

(N ute: the H05-3 I 2A is required only for distorti on checks, 
otherwise a standard -hp- 3 I 2A can be used .) 

Must be capabl e of ex pandi ng wave analyzer Trac kin g -hp- Model 3 13A 

Oscillator 
 metcr indica tion to resolve 0.05dB. 
 T racki ng Osc illat or. 

Distortion Sensi tivit y: greater than 46dB. -hp- Modcl 333A 

Analyzer 


Di sturti un 
Freq uency range · 10Hz to 600kHz. Distortion Analyzer. 

-hp- Model 46 I A Gene ral 
F requcncy range : I kHz to 10MHz. 

Amplifier Gain: 40dB . 
Purpose Amplifier. 

-hp- Model 400E 
Voltage range I .00mV rms to I .OOV rms 
Frequency ra nge: 10Hz to 10MHz. AC Voll nlcter 

AC Voltmcler. 
(dB sca les referenced to I mW int o 600 ohms). 

Ran ge: IOuV to 10mV . -hp- Mod el 4 I 9A 

Vul t meter 


DC Null 
DC Null Voltmetcr. Acc uracy : +/-2'7< of full scal e. 

-hp- Model 427 A 
Input Impedan ce 10 mego hms. 
Range 0. 1 V to 100V . DC Voltmete r 

Multi-F unc tion Mete r. 

Oscilloscope Sen si ti vity : 5mV!cm. -hp- Model 180 A 
Bandwidt h : dc to 50MH z. Oscilloscope with 180 I A 

and I 820A plug-ins. 

Feed thruugh Feed-Thru 

Termina ti ng 


Resi stance: 
(a) -hp- Model 1I04SC (3 ) 50 uhms +/-25'i[ 

Res i s t ~lnc e (b) 75 ohms +/ -.25 (;~ (b) -hr- Mod el 1I094A 

All cn uators Frequency rangl' : 10H z to 10Mf-Iz (with known 
accurac y at 10kHz_ 300kJlz and 10MHz) 

Al te nuation rall gc: VHF Altenu ators 
(a) -hp- Mod el 35 5C(a) 9dB in IdB steps . 
(b) -hp- Model 35 5D(b) 90dB in IOdB steps 

Thef1l1al Frequency range : 10H z to 10MHz. 

Cunvert e rs 
 Input at least +IOdBm into rat ed input impedance. 

Input impedance : 
(a) 50 o hms_ unbalanced. 
(b) 75 o hms, unbalanced . 
( c) 13 5 ohms, bal ance d. 
(d) 150 ohms, balanced . 
(e) 600 ohms, balance d. 

Thermal Convert ers 
(a) -hp Model 1I050A 
(b) -hp - Model HOI -I 1050A 
(c) -hp- Model HI I -I 1050A 
(d) -hp- Model H 12-1 1050A 
(e) -hp- Model HIO-11050A 

Bl"C to Bin ding 
Pos t Adap(er 

-hp- Mod el 10110A 
(2 required) 

Res istors . l iS W, metal film . 
(a) 75 o hms_ .25 % (t wo requ ire d) . 
(b) 13 5 ohms , . I 'It (fo ur required). 
(d 300 oh ms, . I ric (two required) . 

-hp- Part No: 
0698-6262 
0698-7364 
0698 -6295 

Not e. Th e fu ll ow in g items are not com merC ially ava ilable 
bUI ca n be easily co nsl ruclcu . Icfe r to the figures 
hsted fo r schemalics and part, lists . 
DC Refere nc e Su ppl y Figu re 54 

No te: The foll ow in g are useful optional items. 

1) .Jumper ca ble, 8 in, -hp - Part No. 10502-600 1 
(2 required, see Paragra ph 5-30a) 

75 uhm [() 50 oh m Illlpcu ancc Co nvcnCf 

Bala nce Box 

Figure 5-7 

Figure 5-9 

2 )Sin e-Wa ve Signal Generator : may be req uired for 
troubtes hoo tln g 

(Refer to Par ag raph s 5-7 9 and 5-8 3.) 

10MHz Low-Pass Filtcr ligureS-12 



Model 654A 

Table 5-2. Frequency Accuracy Check 

odel654A 

COUNTERFREQUENCY) 
DIAL RANGE ACCURACY INDICATION 

:!: 3% 
:!: 3'* 
:!:3 '70 
:!:3 % 
:!: 3% 

:!: 2% 
:!: 2% 
:!: 2% 
:!: 2% 
:!: 2% 

:!: 2% 
:!: 2% 
:!: 2% 
:!: 2% 
:!: 2% 

:!: 2% 
:!: 2% 
:!: 2% 
:!: 2% 
:!: 2% 

:!: 2% 
:!: 2% 
:!: 2% 
:!: 2% 
:!: 2% 

:!: 2% 
:!: 2% 
:!: 2% 
:!: 4% 
:!:4% 

Counter set to 
Period Average 

lOOms :!:3ms 
40ms :!: 1.2ms 
20.0ms :!: 0.6111s 
12.51115 :!:.375111S 
10.Oms :!: 0.3111s 5-12 . 

10_Oms :!: O. 2ms 
4.00ms :!: .08ms 
2.00111s :!: 0.04ms 
1.25ms :!:.025ms 
I .00ms :!: 0.02ms 

Counter set to 
Frequency 

1,000Hz :!: 20Hz 
2500Hz:!: 50Hz 
5,0001-lz :!: 100l-lz 
8,000Hz :!: 160Hz 
10,000Hz :!: 200l-lz 

10.OkHz :to.2kHz 
25kHz:!: .5kHz 
50.0kHz :!: 1.0kHz 
80kHz:!: 1.6kHz 
100kHz:!: 2kHz 

100kHz:!: 2kHz 
250kHz:!: 5kHz 
500kHz:!: 10kHz 
800kHz:!: 16kHz 
I ,000kHz :!: 20kHz 

I ,000kl-lz :!: 20kHz 
2,500kHz :!: 50kHz 
5,000kHz :!: 100kHz 
8,000kHz :!: 320kHz 
10,000kHz :!:400kHz 

Section V 

in step b. Set IMPEDANCE to 75 UNBAL; 
in 	 step c. The ac differential voltmeter indication 

should be between .8573V rms and .8747V 
rms. 

b. 	 If the tolerances are not met, first assure that the 
50 ohm output is correct (Paragraph 5-10) then 
troubleshoot the instrument. The trouble will 
most probably be in either the 50 ohm or 75 ohm 
impedance networks on the A4 board. 

135 BAL AMPLITUDE ACCURACY. 

a. 	 Connect the equipment (shown in Figure 5-2), in 
the following manner: 
1) Connect a 67.5 ohm resistor (use two 135 ohm 

resistors in parallel , R I and R2) across two BNC 
to Binding Post Adapters as shown in Figure 5-2. 

2) Connect the adapters to the two output 
terminals of the 654A. 

3) 	Connect the ae voltmet er across the resistor 
which is connected to the 654A UNBAL 
terminal. 

b. Set 	 the 654A controls as in Paragraph 5-IOb 
except set IMPEDANCE to 135 BAL. 

c. 	Record the ac differential voltmeter indication . 

d. 	 Disconnect the voltmeter from the one resistor 
and record the voltage across the other resistor 
(connect the ground lead as before). 

e. 	 Add the two voltages recorded in steps c and d. 
The total vol tage should fall between I .150V rms 
and 1.174V rms, verifying an absolute level of 
+lOdBm, +/-1 %. 

f. 	 If the tolerances are not met troubleshoot the 
instrument; the most likely problem would be the 
135 ohm impedance network on the A4 board. 
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XIO 
XIO 

XIOO 
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XIOOK 
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TEST OSCILLATOR 
hp654A 
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4) 8 @ o:::r:rn Of 
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500 FEED-THRU 
TERMtNATION 

hp II 048C 
,--------~--~I 

: 750 FEED-THRU : 
: TERMINATION I 

: L np II094C 
I 
I 

MULTI- FUNCTION METER 
hp 3450B 

III 	 I~ ~I~ 

WITH OPT. 001 ~ 
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Figure 5-1. Amplitude Accuracy Checks - UNBAL 

or 
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MSection V Model 654A 

TEST OSCILLATOR 
hp654A MULTI-FUNCTION METER 

hp 3450B 

SE E TE x T FOR 
OJAl UES OF RI ANO R2 

ADAPTER ADAPTER 

hp 10110A hp 101i0A 


Figure 5-2. Amplitude Accuracy Checks - BAL 

5-13_ 150 BA L AMPLITUDE ACCURACY. d. Add the two voltages: the total voltage should fall 
between 2424V rms and 2.474V fins verifying an 

a. Connect the equipment as in Paragraph 5-12a absolute accuracy of+IOdBm +/-1%. 
except use 75 ohm resistors in place of the 67.5 e. If the tolerances are not met troubleshoot the 
ohms. instrument: the most likely problem would be the 

600 ohm impedance network on the A4 Board. 
b. Set the 654A controls as in Paragraph 5-IOb 

exccpt set IMPEDANCE to ISO BAL. 5-15. LEVEL FLATNESS CHECKS. 
c. Perform steps c and d of Paragraph 5-12. 

5-16. 50 UNBAL FLATNESS CHECK. 

d. Add the two voltages; the total voltage should faIJ 
between 1.213V rms and J .237V rms verifying an 
absolute level of + I OdBm , +/-1 %. 3. Set the 654A controls as follows : 

e. If the tolerances are not met troubleshoot the FREQUENCY dial .1 

instrument : the most likely problem would be the FREQUENCY RANGE .. XIK 
150 ohm impedance network on the A4 Board. OUTPUT LEVEL dBm .. . ... .. . +10 ,0 

5-14. 600 BAL AMPLITUDE ACCURACY. 
IMPEDANCE . 

AMPLITUDE. 
. .. .. 50 UNBAL 

Adjust for OdBm 
a. Connect the equ.ipment as in Paragraph 5-12a on 654A meter. 

except use 300 ohm resistors in place of the 67.5 
oh ms. b. Connect the equipment shown in Figure 5-3 : use 

the 50 ohm thermal converter (Table 5-3) which 
b. Set the 654A controls as in Paragraph 5-IOb should be connected directly to the 654A UNBAL 

except set IMPEDANCE to 600 BAL output connector. (The parts required to build the 
c. Perform steps c and d of Paragraph 5-]2. Reference Supply are shown in Figure 54). 

DC NULL 

VOLTMETER 


TEST OSCILLATOR np 419A 


np654A ~ 


...... ,~ ~ ~~l,___~li~il r-------' 

. : REFERENCE : 
--------:-<,0 SUPPLY I° SEE I 

THERMAL CONVERTER : FIGURE 5 - 4 : 
SEE TABLE 5-3 L _________ -.l 

Figure 5-3. Level Flatness Checks 
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Model 654A 
:Jde1654A 

C INPUT 
IMPEDANCE 

50 UNBAL 

75 UNBAL 

135 BAL 

150 BAL 
should fall 
~rifying an 

600 BAL 

shoot the 
uld be the 

-hp- Part No. 

11050A 

HOI-11050A 

HII-11050A 

H12-11050A 

H10-11050A 

SectIOn V 

Tabl e 53ThermaI Converters or Leve I FIatness Checks. 
(See Paragraph 5-16 for explanation) 

Board. c. 	 Sct the reference supply for minimum output 
voltage and record, in Table 5-3, the thermal 
converter output voltage indicated on the dc null 
volt meter. 

d. 	 Using the formula given below, calculate the 
voltage deviation which represents a change of 
+/-D.5%; record this in the last column of Table 
5-3. 

... . 1 2E (% change) 

+/- t.E = 100 
.. XIK 

. +10,0 t.E =maximum allowable deviation from E 
o UNBAL E = thermal converter output voltage 
for OdBm % change = (+/-) 0.5 % 

4A meter. 
Example: If E =7mV 

-e 5-3 : use 	 2 x 7 x 10-3 x (+/-)0.5 
Then +/- t.E = 2 +/- 70uV. ;-3) which 	 [0 

A UNBAL 
) build the 
4). 	 ------ NOTE ----- ­

The factor 2 is included in the formula as 
the thermal 
device. 

converter is a square law 

e. Adjust the reference supply for null indication on 
the dc null meter. 

f. Sweep the 654A slowly over the frequency range 
of 10Hz to 10MHz; the dc null meter indication 
should not vary more than +/-t.E (calculated in 
step d of this Paragraph) from null. This verifies a 
level flatness, referenced to 1kHz, of +/-0.5 % at an 
output level of + I OdBm. 

g. 	Reset the 654A frequency to I kHz and the 
10dBm step attenuator to 0 position and repeat 

Input Level 

+10dBm 
OdBm 

+IOdBm 
OdBm 

+IOdBm 
OdBm 

+IOdBm 
OdBm 

+IOdBm 
OdBm 

Output Voltage 
(dc) +/-0.5 % deviation 

mV 
mV 

+/­
+/­

uV 
uV 

mV 
mV 

+/­
+/­

uV 
uV 

mV 
mV 

+/­
+/­

uV 
uV 

mV 
mV 

+/­
+/­

uV 
uV 

mV 
mV 

+/­
+/­

uV 
uV 

steps c through f of this paragraph to verify a 
flatness of +/-0.5 % at an output level of OdBm. 

h. 	If the tolerances are not met, first check the 75 
UNBAL flatness (Paragraph 5-17) before 
performing the calibration of Paragraph 5-67. 

5-17. 75 UNBAL FLATNESS CHECK. 

a. 	 Perform the procedure of Paragraph 5-16 steps a 
through g with the following changes: 
in step a. Set IMPEDANCE to 75 UNBAL; 
in step b. Use the 75 ohm thermal converter 

(Table 5-3). 

b. 	 If the tolerances are not met, perform the 
calibration of Paragraph 5-66. 

REFERENCE SUPPLYr-----------------, 
I RI 
I 6500 

I 

I r.:I R2 
I L 500 JI 

I 

I 
 ~~~v 
>--~~6 
>---4----~
L ____________________ J 

65."-tl - 18'l1 

Parts list: 

RI: R fxd met flm 6500 ohms +/-1 % 
-hp- 0811-0392 

R2: R var 500 ohms +/-5% 
-hp- 2100-D324 

R3: R var 50 ohms +/-5% 
-hp- 2100-1481 

BTl: 1.34 V Mallory RM42R 

Figure 54. Reference Supply 
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Section V Model 654A 

5-18. 135 SAL FLATNESS CHECK. 5-21 . METER TRACKING ACCURACY CHECK, 

a. 	 Perform the procedure of Paragraph 5-16 steps a 
through g with the following changes: 
In step a. Set [MPEDANCE to 135 BAL; 
In step b. Use the 135 ohm thermal converter 

(Table 5-3) which should be connected directly 
to both output connectors of the 654A; 

In step r Sweep the 654A over the frequency 
range of 10Hz to 5MHz. 

b. 	If the tolerances are not met, first assure that the 
75 UNBAL flatness is within tolerance before 
troubleshooting the 654A. 

5-19. 150 SAL FLATNESS CHECK. 

a. 	 Perform the procedure of Paragraph 5-16 steps a 
through g with the following changes: 
In step a. Set IMPEDANCE to 150 BAL; 
In step b. Use the 150 ohm thermal converter 

Crable 5-3) which should be connected directly 
to both output connectors of the 654A; 

In step f. Sweep the 654A over the frequency 
range of 10Hz to 5 MHz. 

b. 	If the tolerances are not met, first assure that the 
75 UNBAL natness is within tolerance before 
troubleshooting the 654A. 

5-20. 600 BAL FLATNESS CHECK. 

a. 	 Perform the procedure of Paragraph 5-16 steps a 
through g with the following changes: 
In step a. Set IMPEDANCE to 600 BAL; 
In step b. Use the 600 ohm thermal converter 

(Table 5-3) which should be connected directly 
to both output connectors of the 654A . 

In step f. Sweep the 654A over the frequency 
rangeoflOHzto IMHz. 

b. 	 If the tolerances are not met, first assure that the 
75 UNBAL flatness is within tolerance before 
troubleshooting the 654A. 

a. 	 Connect the equipment as shown in Figure 5-5. 
Use an attenuator with known accuracy at 10kHz, ; 
and JOMHz. 

b. 	 Set the 654A controls as follows: 

FREQUENCY RANGE ... . ... ..... . . ... Xl K 

FREQUENCY dial .............. . . . ...... 10 

OUTPUT LEVEL dBm .. .......... ... +10,0 

IMPEDANCE ................... . 50 UNBAL 

AMPLITUDE . . . . . . . ...Adjust for 


OdSm on 654A meter 


c. 	 On the rear panels of the instruments, connect the 
312A Wave Analyzer RECORDER OUTPUT to 
the 313A Tracking Oscillator RECORDER 
INPUT. Set the tracking oscillator METER MODE 
switch to EXPAND 312A . 

d. Set the external attenuator to -ldB position . 

e. 	 Adjust the wave analyzer to the same frequency as 
the 654A and for a meter indication of between 
-7dB and +3dB. 

f. 	 Adjust the tracking oscillator SCALE OFFSET 
control for a OdB reference indication on the 
oscillator meter. 

g. 	 Set the external attenuator for OdB attenuation. 

h. 	 Adjust the 654A AMPLITUDE control to return 
the tracking oscillator meter indication to OdB 
reference; 654A meter should indicate ·JdBm, 
+/-0.05dSm. 

I 	 Set the external attenuator to ·2dB position. 

j. 	 Adjust the 654A AMPLITUDE control to return 
the tracking oscillator meter indication to OdB 
reference; 654A meter should indicate + I dBm, 
+/-0.05dBm. 

TRACKING OSCILLATOR 
hp313A 

TEST OSCILLATOR WAvE ANALYZER 
hp654A hp312A 

lOB /S TEP 
ATTENUATOR 

hp355C".:.~~ ~i-	 fl~------------~ 

! 	 @ ! @ o 

© © © ~) 0P 
@ © ©er-;; 

~r 0 (2) 00 

Figure 5-5. Meter Tracking Accuracy Check 
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Model 654A 

k. 	 Adjust the 654A to 10MHz and reset the 
AMPLITUDE con trol for OdBm indication on the 
654A meter. 

I. Repeat steps d throug h j of this paragraph to 
check tracking at 10MHz. 

m. These checks verify meter tracking accuracy of 
+j.0.05dB; perform the adjustments of Paragraphs 
5-58 through 5-60 if the li mits are not met. 

5-22. ATTENUATOR ACCURACY CHECKS. 

5-23. MEASUREMENT PROBLEMS. 

5-24. The tes t set up for the atlen uator checks is critical. 
Improper grounding can give att enua tor measurement 
errors of great er tllan J d 13 Ground loops can be eliminated 
by usin g an adequate Iso lati on Transformer connected 
between tile power lin e source :lI1d tllC 654A as shown in 
Figure 5-6. 

5-25. [f the 654A att enuators do not appear to be within 
the limits given in the followin g checks , ca refully check the 
test setup before troubleshooting the attenuators, the 
placement of the shield around the 654A attenuators is 
extremely critical and , if disturbed, ca n advers ely affect the 
high frequency response of the attenualors (see Paragraph 
5-97). 

flS(lLATlOr.J T RANSrORMi R-- --- - - - ----i 

I 	 :: Ii C@'.[DJ i
: 115VAC 	 115VACI:: 	 I 
I 	 :: I
I 	 III 

I ' 	 I TRACKING OSCI LL A TOR 
,
L _ ___ _ _____ 1 

I hP313A 

I DB/STEP WAVE ANAL YZ ER 
ATTENUATOR hp312A 

, hEr __ .~ 

_ 

750 FEE 0 - T HRU 
I 

TERM I NAT IO N 
hp 1I094A 

Figure 5 -6. Attenuator Accuracy Checks 
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SEE FI GU RE 5-7 

Section V 

5-26. IOdB-STEP ATTENUATOR CHECK. 

------ NOTE ---- ­
See Paragraphs 5-24 and 5·25 before 
making th.is check. 

a. 	 Connect the equipment shown in Figu re 5-6 . 
(Figure 5-7 shows the parts required to build the 
75 ohm to 50 ohm impedance converter). Use the 
10dB/s tep external attenuator (with known 
accuracy at 300kHz and 10MHz) , do not connect 
the IdB/s tep attenuator at this time . 

b. 	On the rear panels of the instruments connect the 
3 I 2A Wave Analyzer RECORDER OUTPUT to 
the 3J3A Tracking Oscillator RECORDER 
INPUT . Set the tracking oscillator METER MODE 
switch to EXPAND 312A. 

c. 	 Set th e 654A controls as follows: 

FREQUENCY dial. . . . . . . . . . . . . ...3 
FREQUENCY RANGE ....... . ....... XIOOK 
OUTPUTLEVELdBm ..... . .......... +10,0 
IMPEDANCE. . . . . . . . . . . . .. . .... 150 BAL 
AMPLITUDE . . . . . . . . . . . . . . Adjust for OdBm 

on 654A met er. 

d. 	Set lhe external atlenuator to -90 dB position and 
the external amplifier gain 10 +40dB. 

1 

: 

AMPLIFIER I 

hp 461A i 

II g II i0 

0 (3---­
II II 

I£] 

=---'----'=----~;-;;-=""' 

I~ I ©l_	 __~ @l 

! @ ! ., 
o 

© 

© 
$ 00 

mailto:C@'.[DJi
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75Il TO SOil CO NVERTER 

rHREADED SLEEVE 

hp PARTND. 

11 04 8-27604 


r-- ­
l 750' 

43_20 ±1"Io I / BW 
RI /,{, PART NO. 

757- 0 392 

86.611 ± 1"10 I/BW 
R2 hp PART NO. 

069B-439B 
500 

Figure 5-7. Impedance Converter 
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e. Adjust the wave analyzer to the same frequency as 
the 654A and for a meter indication of between 
-7dB and +3dB. 

f. Adjust 
control 
level. 

the 
for 

tracking 
a meter 

oscillator SCALE OFFSET 
indication of OdB reference 

g. Check the 654A 10dB attenuator at each position 
by decreasing attenuation on the external 
attenuator as attenuation is increased on the 654A 
attenuator. at each position the tracking oscillator 
meter indication should be OdB, +1-0 .15dB. 

h. Check the 654A 10dB attenuator at 
the following procedure. 
I) Set the 654A to 10MHz. 

10MHz using 

2) Repeat steps d, e and f of this paragraph. 

3) Repeat step g of this paragraph for the +10 
through -60dB position of the 654A attenuator. 

4) Repeat step g for the -70 and -80 positions of 
the 654A attenuators except that the tracking 
oscillator meter indication for these two 
positions should be OdB, +1- ldB . 

---- ­ NOTE ---- ­
This procedure, so far, has checked only 
one side of the attenuator, the following 
step describes how to check the other 
side . 

1. Check the other side of the 654A 10dB attenuator 
at 300kHz and 10MHz by interchanging the two 
cables connected to the 654A output connectors 
(i.e. as viewed in Figure 5-6, the cable terminated 
in 75 ohms is moved with the termination to the 
right-hand connec tor and the cable connected to 
the 75 ohm to 50 ohm impedanc e converter is 
moved with the converter to the left-hand con­
nector) ; then repeat steps c through h of this 
paragraph_ 

5-27. IdB-STEP ATIENUATOR CHECK. 

-----NOTE-----­
See Paragraphs 5-24 and 5-25 before 
making this check. 

a. 	 Conned the equipment as in Figure 5-6 with the 
1d B/step external allelluJtor connected directly 
between the 75 ohm to 50 ohm impedance COIl­

verter and 31 2A Wave Analyzer. 

b. 	Perform steps band c of Paragraph 5-26. 

c. 	 Set the external attenuator to the -9dB pOSi tion . 

d. 	 Perfonn steps e and f of Paragraph 5-26. 

e. 	 Check the 654A IdB step attenuator at each 
position by decreasing attenuation on the external 
attenuator as attenuation is increased on the 654A 
attenuator; at each position the tracking oscillator 
meter indication should be OdB, +1-0.15dB. 

f. 	 Repeat the check with the 654A and wave 
analyzer set to 10MHz to verify the attenuator 
accuracy at high frequency. 

------NOTE ----- ­

This procedure, so far. has checked only 
one side of the attenuator. the following 
s tep describes 
remaining half. 

how to check the 

g. Check the 
attenuator 

other 
at 

side of the 654A 
300kHz and 

IdB 
10MHz 

step 
by 

interchanging the cables (as described in Paragraph 
5-26 , step i) and repeating steps b through f of this 
paragraph (5-27). 

5-28. BALANCE CHECKS. 

5-29. If the tolerances given in the following procedures 



Figure 5-9. Balance Box 
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Figure 5-8. Balance Checks 
r at each 

(Paragraphs 5-30 through 5-34) are not met , perform the in step d. ac voltmeter indication should be belowe external 
Balance Adjustments (Paragraph 5-62 through 5-64). 	 12.25 mV rms.the 654A 

. oscillator 
5-30. 135 BAL CHECK. 	 5-33. 600 BAL CHECK. lB . 

a. 	 Connect the equipment , as shown in Figure 5-8, 5·34. Repeat the procedure of Paragraph 5-30 with the}Od wave 
using the 135 ohm Balance Box: (the parts followi ng changes:lltenuator 
required to build the Balance Box are shown in in step a. Use the 600 ohm Balance Box (See 

Figure 5-9) the cables from the 654A should be as Figure 5-9); 

short as possible and of equal length Uumper in step b. Set IMPEDANCE to 600 BAL; 

cables, -hp- 10502-6001, which are made from 8 in step c. ac voltmeter indication should be below 

in. lengths of coaxial cable, are suitable for this 7.75mV rms; 
y 	
application) . in step d. ac voltmeter indication should be belowg 

24.5mV rms. e b. 	Set the 654A controls as follows: 

FREQUENCY dial .... .. . . ..... . . . . . ...... 1 
5·35. DISTORTION CHECK. 

a. 	Connect a distortion analyzer to the 654A 50 ohm 
output as shown in Figure 5-10. 

e (; 

, with the 
I directly 
ance COIl-

I position. 

AC VOLTMETER 
TEST OSCILLATOR hp400E 

EQUAL --" I BALANCE ' 
CABLE ~ 	 • >- BOX -< . 
LENGTHS ,t SEE FIGURE 5-9 ~i 

~ _____________ _ JI
~ 

I dB step FREQUENCY RANGE . . . . . ... . ... . . ... XIO 
IMHz by OUTPUT LEVEL dBm .. . ....... .... . . +10,0 
Paragraph IMPEDANCE ............... ..... . 135 BAL 
~ fofthis AMPLITUDE . . ... ....... . .. Adjust for OdBm 

on 654A meter. 

c. 	 Sweep the 654A slowly over the frequency range 
of 10Hz to I MHz; the ac voltmeter indication 

lrocedures 	 should remain below 3.68mV rms, verifying 
balance of greater than 50dB from 10Hz to IMHz. 

d. Sweep the 654A slowly over the frequency range 
of I MHz to 5MHz ; the 
should remain below 
balance of greater than 
5MHz. 

ac voltmeter 
11.6mV rms, 

40dB from 

indication 
verifying 
IMHz to 

5-31. ISO BAL CHECK. 

5·32 . Repeat the procedure of Paragraph 5-30 with the 
fOllowing changes: 

in step a. use the 150 ohm Balance Box (See 
Figure 5-9) ; 

in step b. se t IMPEDANCE to 150 BAL; 
in step c. ac voltmeter indication should be below 

3.87mV rms; 

BALANCE BOXr--------------------,
I I 
I IRI 

II 300 I 
I 
I 

150 C 
300 	 I 

I 
ItJ 

R2 J" 
, 

L - -- - - -- -;;-----".,:o;::;-.~ 

Parts List: (All resistors I /8 watt metal film .) 

RI,R2 300 ohms +/- .1 % -hp- 0698-6295 
R3 150 ohms +/-1% -hp- 0757·0284 
Rp : Input Impedance Rp, +/-1 % 

135 ohms 174 ohms, -hp- 06984417 
150 ohms 200 ohms, -hp- 0757·0407 
600 ohms open 

I 

tJ Rp 

I 

, 
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DISTORTION ANALYZER
TEST OSCI LLATOR np 333Ahp654A 

I\..@OEJ @ ~ 	I~I' Q ·t~)"@ 	 0 
500 FEED-THRU ~" 	g @ 0 0 @@	 =II	 ~" o I 	 ®

TERMINATION1­ ~:6~"A· 8 - 1899 hp 1I048C I 

-----------I 

Figure 5-10. 

b. 	 Set the 654A controls as follows: 

FREQUENCY dial. . . . . . . . . . . . . .... 1 
FREQUENCY RANGE .... .. ........... XIO 
OUTPUT LEVEL dBm . . ..... . ........ +10 ,0 
IMPEDANCE ........... .. ....... 50 UNBAL 

AMPLITUDE .......... . Adjust for + I dBm 
on 654A meter. 

c. 	 Verify distortion of greater than 40dB below the 
fundamental frequency by checking the d:,lOrtion 
at the following frequency settings of the 654A: 
I) FREQUENCY dial at 1,2 , 5,8 and 10 for each 

FREQUENCY RANGE switch setting, X 10, 
XIOO, XIK, and XIOK. 

2) 	FREQUENCY dial at I, 2 and 5 for XIOOK 
setting of FREQUENCY RANGE switch. 

d. 	 Disconnect the 654A from the distortion analyzer 
and connect the 654A to the wave analyzer 
(remove 50 ohm fecdthru termination). 

e. 	 Set the 654A FREQUENCY RANGE switch to 
X IM and the FREQUENCY dial to I. 

f 	 Tune the wave analyzer to I MHz and note the 
level (in dB) of the 654A fundamental frequency 
as indicated on the wave analyzer meter. 

g. 	 Tune the wave analyzer to the second and third 
harmonics of the 654A frequency and record the 
difference (in dB) between the level of each 
harmonic and the level of the fundamental. 
Calculate the total harmonic di stortion 
(calculation below) which should be at least 40dB 
below the fund amental frequency level. 

----------NOTE---------­
If both harmonics are more than 43dB 
below the fundamental, the total 
harmonic distortion will be more than 
40dB down and it will not be necessary 
to make the following calculation. 

I) Ascertain the difference between the 
two harmonic levels (in dB). 

5·10 

Distortion Check 

2) Using the chart below (Figure 5-12), 
determine the dB to be added to the 
largest harmonic level. 

3) 	Add this amou nt to the largest har­
mo nic level. Th is total should be 
~ 40 dB below the level in step f. 

Example: 
If two harmonics with levels of 

-42dB and ·48dB are measured, the 
difference is A8 ·(-42) =·6 . Observing 
the chart this corresponds to an added 
level of 1.0dB. Adding this to the 
largest harmonic level (-42d B) gives 
A2 +1 .0 = AldB. 

h. Set the 654A frequency to 5MHz; tune the wave 
analyzer to 5MHz and repeat steps f and g to 
measure the total harmonic distortion at 5MHz, 
which should be greater than 34dB below the 
fundamental. 

I. 	 Set the 654A frequency to 10MHz; tune the wave 
analyzer to I OMHz and record the level indicated 
(in dB) on the wave analyzer meter . 

J. 	 Tune the wave analyzer to 20MHz and measure 
the distortion which should be at least 34dB below 
the level recorded in step i. 

k. 	Perform the adjustment of Paragraph 5·51 if the 
tolerances are not met. 

5-36. HUM AND NOISE CHECK. 

a. 	 Connect the equipment shown in Figure 5·11. 
Figure 5·13 shows the parts required to build the 
10MHz Low-Pass Filter. 

b. 	 Set the 654A controls as follows: 

FREQUENCY dial . ... . .Extreme Clockwise 

FREQUENCY RANGE. .X1K 

OUTPUT LEVELdBm . . .. . +10,0 

IMPEDANCE. ... 50 UNBAL 
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Ir­
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e the wave 
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at 5MHz, 

below the 

e the wave 
I indicated 
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4dB below 

l-5 I if the 
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) build the 
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.... +10,0 
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AC VOL TMETER 
TEST OSCILLATOR hp400E 
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Figure 5-11. Hum and Noise Check 

c. Adjust the 654A AMPLITUDE control for an ac 
voltmeter indication of OdS on the OdB range. 

IN THE FOLLOWING STEP THE 654A 
TUNER CAPACITOR IS SHORTED TO 
GROUND. CARE SHOULD BE TAKEN 
NOT TO TOUCH OR DAMAGE THE 
PLATES OF THE TUNER CAPACITOR 
OTHERWISE THE INSTRUMENT WILL 
HAVE TO BE RECALIBRATED. 

DO NOT MOVE THE TWO WIRES BE­
TWEEN TUNER AND RANGE SWITCH 
(95 AND 8): THEIR POSmON WILL 
EFFECT FREQUENCY. ALL WIRES 
ON OR AROUND THE FREQUENCY 
RANGE SWITCH CAN EFFECT FRE­
QUENCY RESPONSE. 

a 
W 

§-l +3.0 
<[w 

>Ww 
CD -l t2.5 

ou
1-­
UJ~ + 2 .0 

-l~ 
Wa: 
~<[ +1.5 
UI 
W 

atn tl.O 
lLw
o(!) 
Ei~ +0,5 
CD-l 
::Eo 
~I-

\ 

o 

\ 
'\ 

\ 
1,\ 

l"­
I'-. 

'" r-..... 
t-- t-­

l-t­
o -2 -4 -6 -8 -10 - 12 -14 16 

DECI BEL 01 FFERENCE BETWEEN TWO VALUES 

Ie 5-12. Logarittunic Addition of Hannonic Components 

d. 	Remove the 654A top cover: insert a screwdriver 
between the tuner capacitor (point X on Figure 
5-14) and chassis ground. The residual hum and 
noise indicated on the ac voltmeter should be 
greater than 70d B below the Od B reference. 

10MHz LOW PASS FILTER,---- - ------------------ - - -- - , 
I I 
I LI L2 L3 L4 I 
I .82jJH .68jJH .68jJH .82jJH 

b I 1 C2 C3 J C4CI 
I ~'20PF ~470PF 470PF~ 1 20PF~ 

I 
I I 

L - - -- -- - -- -- --; ---------.;;;.~._.i 

J ct 
~ 

CI,C4, Capfxd: 120pF+/ -5 % -hp- 0160-2205 
C2,C3. Cap fxd: 470pF +/-5% -hp- 0140-0149 
Ll.L4, Ind fxd: 0.82uH +/-10% -h p- 91 00-1 6 14 
L2,L3, Ind fxd: 0 .68uH +/-15% -hp- 9140-0024 

Figure 5-13. JOMHz Low Pass Filter 

e. 	If the tolerance is not met ensure thai a good 
ground connection was made in step d before 
troubleshooting the instrument. 

5-37. COUNTER OUTPUT CHECK. 

a. 	Set the 654A controls as follows: 

FREQUENCY dial . . ... 1 
FREQUENCY RANGE XIO 

b. 	Connect an ac voltmeter to the 654A rear panel 
COUNTER OUTPUT; terminate the the cable to 
the ac voltmeter with a SO ohm feed through 
termination. 

c. 	Sweep the FREQUENCY dial slowly from I to 10 
for all positions of the FREQUENCY RANGE 
switch. 

5-1 I 
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d. 	 The ac voltmeter indication shoul d be 0 .1 V rms or 
greater. verifyin g an output of at least 0 .1 V rms 
into 50 ohms . 

e. 	 If the limits are not met troub leshoot the 
instrument. 

5-38. ADJUSTMENT PROCEDURE. 

5-39. The foll owing is a complete calibration proc edure for 
the Model 654A Test Oscillator. These adjustme nts s.hould 

be perform ed only if it has been determined by the 
Performance Checks that the 654 A is not meeting its 
specifications. Figure 5- 14 shows the loca tion of all internal 
adjustments. 

5-40. CALIBRATION PROCEDURE. 

5-41. To remove the top or bottolll cover,reillove the two 
reta ining scre ws, slide the cove r about 1/2 inch to the rear 
and lift off. To remove the side covers, remove the two 
retaining screws and lift off. To repla ce the covers , reverse 
the procedure. 

THE 654A CONTAINS HIGH IMPEDANCE , HIGH FREQUENCY CIRCUITS. CONTAMINATION OF 
THE SWITCHES , CIRCUIT BOARDS OR TUNING CAPACITOR WILL CAUSE HIGH IMPEDANCE 
LEAKAGE PATHS AND SUBSEQUENT DETERIORATION OF THE PERFORMANCE OF THE 
INSTRUMENT. AVOID TOUCHING ANY OF THESE CIRCUITS WITH THE BARE FINGERS, AS SKIN 
OILS ARE EXTREMELY CONTAMINATING. IF HANDLING IS NECESSARY, WEAR CLEAN 
COTTON OR RUBBER GLOVES . DO NOT USE A PENCIL TO TRACE CIRCUITS IN THE 
INSTRUTvlENT. GRAPHITE PENCIL LEAD IS AN EXTREMELY GOOD CONDUCTOR AND AN 
ACCIDENTALLY INTRODUCED PATH OF THIS TYPE IS SOMETIMES DI FFICULT TO LOCATE. TO 
AVOID SURFACE CONTAMINATION OF A PRINTED CIRCUIT OR SWITCH , CLEAN WITH A WEAK 
SOLUTION OF WARM WATER AND MILD DETERGENT AFTER REPAIR RINSE THOROUGHLY 
WITH CLEAN WATER AND ALLOW IT TO DRY COMPLETELY BEFORE OPERATING. DO NOT 
APPLY ANY COMMERCIAL MOISTURE SEALING SPRAY TO THE BOARDS: APPLICATION OF 
THESE AGENTS MAY CAUSE LEAKAGE PATHS . 

TOP VIEW 

J 

BOTTOM VIEW 

A2 

A2 R4 
.' ,' AZRJ 

/ : • A 2TP2 
A2C I • A2TPI 

o 

Fjgure 5-14. Locatjon of Internal Adjustm en ts 
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led by the 5·42 . TURN·ON . 	 d. Connect an oscilloscope to the power supply
meeting its positive output (AI Pin 12) and short out the 
. all internal 5A3. Connect the 654A to a variable power line supply tuner capacitor (CI) by clipping a lead from the 

(set for 115V or nOVas appropriate). solder lug (green/white lead) on the tuner frame to 
the chassis. The oscilloscope ripple indication 
should be less than 15mV peak·to·peak. 

544. Zero set the meter (Paragraph 3·7), turn the 
ove the two instrument on (Paragraph 3·8), and allow 30 minutes 
to the rear warm·up time. 

,ve the two 
rers, reverse 	 DO NOT MOVE THE TWO WIRES BE­

5-45. POWER SUPPL Y VOLTAGE ADJUSTMENTS. TWEEN TUNER AND RANGE SWITCH; 
THEIR POSITlON WILL AFFECT 

a. Connect a dc voltmeter to the power supply FREQ. CAL. 
positive output (AI Pin 12). 

e. Connect the oscilloscope to the power supply 
b 	 Adjust AJR40 (+31 V ADJUST) for a de negative output (A I Pin 13); the ripple indication 

vol tmeter ind ic~tion of +31 V +/ . 0 .2 V. should be less than 15mV peak·to-peak. JF 
CE c. Connect the dc voltmeter to the negative power f. Disconnect the clip lead from the tuner. HE supply output (A I Pin J3). 
IN 
\N d. Adjust A I R4 I ( . 26 V Adjust) for a dc voltmeter 5·47. FREQUENCY CALIBRATION PROCEuURES. 

indication of· 26 V +/ . 0.2 V.'iE 
\N 
fO 
\K 

5-46. POWER SUPPLY REGULATION AND RIPPLE:"Y 	 DO NOT MOVE THE TWO WIRES BE­
CHECK.)T TWEEN TUNER AND RANGE SWITCH 

)F AFTER CALIBRA T/ON IS STARTED; 
a. Connect the dc voltmeter to the power supply THEIR POSITION WILL AFFECT 

negative output (AI Pin 13); switch the FREQ. CAL. 
FREQUENCY RANGE switch to XIOO and note 
the voltmeter indication. 

5A8. The frequency calibration set·up is shown in Figure 
b. Vary the power line voltage from 103.5V to 5·14 (do not make the set·up at this time); the frequency 

126.5V (207V to 253V for a 230V power line); should be continuously monitored at the rear panel 
the dc voltmeter indication should remain withi.n COUNTER OUTPUT. Table 5-2 lists the accur~Ly required 
+/·0.5V of the reading noted in step a. at e~ch check frequen cy; adjustments for each range are 

listed ill Table 54. Components locat ed on the FRE­
c. Adjust the line voltage to 103.5V (207V for a QUENCY RANGE switch (S2) are Identified on the switch 

230V power Line) and disconnect the dc voltmeter. drawing of Figure 7-2. 

Table 5-4. Frequency Adjustmen ts 

Increasing value of these components decreases frequency and changes A2TP2 voltage as shown. Adjust 
variable capacitors clockwise to increase capacitance , counter·clockwise to decrease capacitance. 

I 
FREQUENCY Dial =10FREQUENCY Dial = I 

FREQUENCY Decreases 
RANGE 

Decreases IncreasesIncreases 
A2TP2 Voltage A2TP2 Voltage A2TP2 Voltage A2TP2 Voltage 

. _ .. _.XIO S2RJO*S2R2* 
XIOO S2CI7* 
XlK .' ­ S2C2,S2C3* 

S2C13*, S2C16* 
S2C8, S2C9*, 

. - ­.. ­X10K S2CI*,S2CI8* 
...X100K S2CIO, S2C1I 'F S2C4,S2C5* 

XIM S2C6.S2C7*A2Cl, S2CJ 2.S2R8* S2R16* 
S2C15* 

5-13 



Section V Model 654A 

5-49.During calibrJtion, the instrument bottom cover is 
removed; the top cover is removed to make adjustments 
and replaced while making frequency measurements (not 
necessary to replace retaining screws), all internal shields 
mllst be in place and held firmly by retaining screws. If 
desired Figure 5-17 gives a scaled drawing of top and 
bottom alignment access covers with cut-outs that will 
allow adjustments while the covers are in place. The 
dimensions are given in inches. 

5-50. FEEDBACK LEVEL ADJUSTMENT. 

a. 	 Connect the equipment shown in Figure 5-15. 

b. 	 Set the 654A controls as follows: 

FREQUENCY dial .......... extreme clockwise 

FREQUENCY RANGE ................. XI K 


OUTPUT LEVELdBm ...... . ...... +10,0 

AMPLITUDE ........ extreme counter-clockwise 

IMPEDANCE. . . . . . . . . .. . ..... . 50 UNBA L 


------------NOTE---------- ­
Adjust A2CI, S2C2, and S2C8, if 
necessary, to start oscillations. 

c. 	 Adjust A2R3 (Feedback Level Adj.) for an 
indication on the dc voltmeter of -350mV, 
+/-IOmV. 

d. 	For oscillator troubleshooting, refer to P,lragraph 
5-81 . 

5-51. DISTORTION ADJUSTMENT. 

a. 	 Connect the 654A to the distortion analyzer as 
shown in Figure 5-10. Set the 654A controls for a 
frequency of I X 100. 

b. 	Adjust A2R4 (Distortion Adj.) for minimum 
distortion, which should be at least 46dB. If the 
tolerance cannot be met, change the value of 
A2R9* 

TEST OSCILLATOR 
hp654A 

COUNTER OUTPUT 
IREAR PANEL) 

~)~ G2J @ VOLTMETER 
hp427A:0. 
@= ~" :!l 

{.j 'H.I. -oII "~ O' TO 
A2TP2 

I ~II 


c. 	 Check distortion at other dial and range settings. 

--- --NOTE ---- ­

You can adjust AIR4 at other frequency 
to 	get them into specification providing 
that you still are in specification at I X 
100. 

d. 	 Disconnect the distortion analyzer. 

5-52. Frequency 0 iar and 1 K Range Adjustment. 

a. 	 Preliminary mechanical adjustments (perfoml only 
if necessary). 

I) To prevent gear backlash problems during 
alignment, make sure that there is no move­
ment between MPI and MP2. See Figure 6-1. 
(They must be pressed tightly together.) Also 
MP3, 4, and MP5 spring gear assembly must be 
under tension. 

2) Check to make sure that the stop MP6 prevents 
the tuning capacitor from being completely 
closed. MP6 should hold the capacitor at least 
1/16 inch open. Adjust if necessary. 

3) 	With the dial set to maximum clockwise posi­
tion, slip the dial face such that the first mark 
left of I is 1/16 inch to the righ t of the fixed 
indicator. To slip dial. remove Frequency dial 
knob and loosen 4 dial rdaining screws. After 
slipping dial, retigh ten the screws. 

b. 	 Connect equipment as shown in Figure 5-15 and 
set the 654A controls as in ParagrJph 5-50b. 
Record output frequency. 

c. 	 Record frequency at dial settings 1.2.5,8 and 10. 
If some readings are high and sOllle are low, 
proceed to step e. If all readings are high or all 

. 

ELECT RONIC COUN T ER 
hp 5245L 

!I


Figure 5-15. Frequency Calibration Test Setup 
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1ge se ttings. 	 readings are low, proceed to step d. (f all the 5-54. XIO RANGE ADJUSTMENTS. 
readings are within tolerances, proceed to step f. 

a. Connect the equipment as shown in Figure 5-15. 
d. 	 Check readings a t I, 5 and lOon the dial. If 


readings are close to proper value, proceed to step 
 b. Set the 654A FREQUENCY RANGE switch toy 
e. If they are not, perform the following: XIO and FREQUENCY dial to I, other controls as 

)( 
g 

in Paragraph 5-50b. The coun ter (set to read 
J) Place dial to clockwise position . period average) should indicate 100 ± 3msec (10 

± 0.3 Hz) and A2TP2 voltage should be - 370 
2) Remove the frequency dial knob and loosen the ± 40 mV; if ei ther frequency or A2TP2 vol tage is

four d iaI retaining screws. not within tol erallce , change the value of S2R2* 
and S2RIO* simultaneously (see Table 5-4) until 

3) Slip the dial to read I with a counter indication the tolerances are mel. t. of I kHz (Frequency Range J K). 

c. Check frequency tracking using the set tings and rfonn only 4) Tighten the retaining screws and replace the tolerances given in Table 5-2 for the Xl 0 range. 
knob. Moni tor A2TP2 vol tage which should remain at 

-370 ± 40 mV over the entire range. If necessary,ns during e. Set the FREQUENCY dial to 10. Adjust S2C2 and to make dial track, repeat step b but set theno 	move­ S2C8 alternately until the counter indicates a frequency towards the upper or lower tolerance. Figure 6-1. frequency of 10 kHz and A2TP2 voltage is - 370 
ther.) Also ± 10 mY. Then recheck at 1 on the dial. Work 5-55 . XIM RANGE ADJUSTMENTS. Jly must be back and forth betwee n I and lOon the dial until 


botharenearorwithin the allowed limits. Recheck 

a. Connect the equipmen t as shown in Figure 5-15 . 

step c. 
)6 prevents 
completely I) If S2C2 does not have sufficient range, change b. Set the 654A FREQUENCY RANGE switch to 
tor a t least the value of S2C3 * (refer to Table 5-5). If S2C8 XIM and the FREQUENCY dial to 10, other 

does not have sufficien t range, change S2C9* controls as in Paragraph 5-50b. 

kwise posi-	 2) If A2TP2 should not remain - 370 mV ------NOTE-----­
first mark ± 20 mV over the en tire dial range, change Adjust A2CI , S2C6 and S2C12. if 

f the fixed value of S2C 16 * or S2C 13 * to bring frequency necessary, to start oscillation. 
luency dial and A2TP2 voltage within limits. 
'ews. After 	 c_ Adjust S2C6 and S2CJ 2 (see Table 5-4) for a 

f. Check all frequencies on the X I K range according counter indication between 10.1 and 10.2MHz(1
to Table 5-2. The voltage at I and lOon the dial to 2% high) and A2TP2 voltage between - 0.38 V 
should read the same ± 10 mY. If voltage is note 5-15 and 	 and - OAO V. 
within limits, proceed to step e(2). Iph 5-50b. 

----NOTE---- d. Set the FREQUENCY dial to 5; counter should 
,8 and J O. indicate 5,000 +1-65kHz. If not, perform the 
~ are low, Steps d, e and f interact with each other. following. 
high or all 

I) Note whether the counter indication is higher 
or lower than 5,000kHz. 

5-53. XIOO, XIK and XIOK RANGE TRACKING. 
2) Set the FREQUENCY dial to 10; if the 

a. Connect the equipment as shown in Figure 5-15. frequency of step I) was high, adjust A2CI to 
Set the 654A controls as in Paragraph 5-50b. 	 increase the counter indication slightly: if the 

frequency of step I) was low, adjust A2CI to 
slightly lower the coun ter ind ica tion. 

b. 	Check frequency tracking of the FREQUENCY 
dial uSing the settings and tolerances given in Table 
5-2 for the XIOO, XIK and XIOK ranges. Also ------ NOTE ----- ­
moni tor A2TP2 voltage which should remain While making this adjustment to A2CI, 
Within - 0.3 to - 0.4 V over the entiry range. If the OSCillator may stop oscillating: 
necessary, pad S2C17* for XIOO RANGE and however, the adjustment to be made in 
S2C I * and S2C 18 * for X 10K RANGE for correct step 3) will start oscilla tions again . 
frequency and A2TP2 voltage when the dial is set 
to 10. 	 3) Readjust S2C6 and S2C 12 as in step 5-5 5c. 
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4) 	Repeat step 5-55d as often as necessary until 
tolerances are met at both 5 and 10 settings of 
the FREQUENCY dial. If S2C6 does not have 
sufficient range, change the value of S2C7* in 
accordance with Table 5-4 ;similarly, for S2C 12 
change S2CI5* . 

e. 	Set the 654A FREQUENCY dial to I; the coun ter 
should indicate 1000:t 20 kHz and A2TP2 voltage 
should be between - 0.3 V to - 0.4 V; if frequency 
or A2TP2 voltage is not within tolerance , pad 
range resistors S2R8* and S2R16* simultaneously 
in accordance with Table 5-4. 

------NOTE-----­
It may be necessary to set the frequency 
high at 10 on dial in order for the dial to 
track. 

f. 	 Set the dial to 10 and repeat steps c and d if 
necessary. 

g. 	 Check frequency tracking of the dial at the 
settings given in Table 5-2 for th e XIM range; if 
any of these are not within tolerance, repeat steps 
c through g of this paragraph. A2TP2 voltage 
should be within - 0.25 to - 0.42 volts over the 
entire range. 

5-56. XIOOK RANGE ADJUSTMENTS. 

a. 	 Connect the equipment as shown in Figure 5-15. 
Set the 654A controls as in Paragraph 5-50b 
except set FREQUENCY RANGE to XIOOK and 
FREQUENCY dial to I. 

b. 	 Note the A2TP2 voltage which should be between 
- 0.3 V to - 0.4 V: set the FREQUENCY dial to 10 
and adjust S2C4 and S2C I 0 for u counter indica­
tion of I MHz :t 20 kHL and an A2TP2 vol tage as 
noted above. If S2C4 does not have sufficient 
range, change the value of S2C5* in accordance 
with Table 5-4; similarly, for S2CIO, change the 
value of S2C II *. 

c. 	 Check the FREQUENCY dial tracking using the 
settings and tolerances given in Table 5-2 for the 
XIOOK range. [fnot in tolerance, repeat step b but 
set the frequency (with dial at 10) toward s the 
lower or upper limit of the tolerance given in 
Table 5-2 so that the dial will track as required. 

5-57. OUTPUT WAVEFORM CHECK. 

a. 	 Connect the 654A 50 ohm output to the 
oscilloscope: terminate the cable from the 654A 
with a 50 ohm feedthru. 
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b. 	 Set the 654A controls as follows: 

AMPLITUDE ........ extreme counter-clockwise 
OUTPUT LEVEL dBm .. ... . extreme 

clockwise 
[MPEDANCE .. _... ___ . . . . . .50 UNBAL 

c. 	 Check the 654A output waveform for spurious 
oscillations or visible distortion: check all 
frequencies by sweeping the FREQUENCY dial 
across the whole range at each FREQUENCY 
RA NGE setting. [I' distortion or spurious 
oscillations occur, eliminate by changing the value 
of A2C8*. 

------NOTE-------­
[f A2C8* is changed it may be necessary 
to recalibrate the XI M and XIOOK 
ranges . 

5-58. METER TRACKING AND AIVIPLITUDE CONTROL 
ADJUSTMENTS. 

5-59. METER RANGE ADJUSTMENT. 

a. 	 Set the 654A controls as follows : 

FREQUENCY dial _.. .... . ..... ...... 1 
FREQUENCY RANGE _.. .. XJK 
OUTPUT LEVEL dBm .... . ... _ _... +10,0 
[MPEDANCE. '. .. . . . . . . . ... 50 UNBAL 

b. 	Adjust A3RI8 (Mcter Cal) to its extreme 
clockwise position. 

c. 	 Adjust A3R7 (Meter Offset Cal) so that the 
AMPLITUDE control has sufficient range to 
exceed the maximum meter deflection at both 
ends of the meter scale . 

d. 	Adjust the 654A AMPLITUDE control for a meter 
indication of -I dBm. 

e. 	Connect the eqUipment shown in Figure 5-16 and 
set the external attenuator for OdB attenuation. 

f. 	 Adjust the reference supply for null indication on 
the de null voltmeter (which should be set to 
either the 30uV or I OOuV range). 

g. 	 Set the external attenuator to -2dB position and 
adjust the 654A AMPLITUDE con trol to return 
the de null voltmeter indication to null. 

h. 	 Adjust A3RI8 (Meter Cal) until the 654A meter 
indicates +ldBm. 
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Figure 5-16 . Meter Tracking Adjustment 

1. Check the 654A meter t racking as follows : 

I) Set the external attenuator to -ldB position 
and adjust the 654A AMPLITUDE control for 
null indication on the dc null voltmeter; the 
654A meter should indicate 0 +/-0 .05dBm. 

2) Set the ex ternal a ttenuator to 0 dB position 
an d adjust the 654A AMPLITUDE control for 
null indication on the dc null voltmeter; the 
654A meter should indicate - I ± 0.0 I dBm. 

3) I f the tolerances in steps I) and 2) are not met 
then readjust A3R7 (Meter Offset Cal) as in 
step c and repeat steps d through i of this 
paragraph . 

j . 	The meter tracking adjustment is completed by 
performing Paragraph 5-60. 

k. 	 For troubleshooting information refer to Pa ra­
graph 5-94. 

5-60. AMPLITUDE CONTROL AND METER 
CALIBRATION. 

-----------NOTE---------- ­
Perform adjustments of Paragraph 5-59 
before making the following adjustments. 

a. 	 Connect the equipment shown in Figure 5-1 using 
the 50 ohm termination . 

b. Set the 654A controls as follows: 

FREQUENCY dial ....... _ . . . . . __ _ . _ .. .... 1 

FREQUENCY RANCE .. . __ . __.. .. ..... XIK 

OUTPUT LEVELdBm . .... .. . . .. ... . . + 10.0 

IMPEDANCE ... . . .. . . . ......... . 50 UNBAL 


c. 	 Adjust the 654A AMPLITUDE control for an 
indication on the ac differential voltmeter of 
.7071 V rms (+ I OdBm); adjust A3 R7 (Meter Offset 
Cal) for a 654A meter indication of OdBm. 

d. 	Set the 654A AMPLITUDE control to the extreme 
clockwise position and adjust A3R20 (Amplitude 
Cal) for an ac differential voltmeter indication of 
O.SOV rms (approximately +11.05dBm). 

e. 	For troubleshooting information refer to Para­
graph 5-95 . 

5-61. AMPLITUDE ACCURACY CALIBRATION. 

a. 	 Perform the Amplitude Accuracy checks of 
Paragraphs 5-9 through 5-14 but do not make any 
adjustments except as outlined below. If the +/ -1 % 
limi ts are met for aU impedances do not perform 
the remaining steps of this Paragra ph . 

b. If the +/-1 % limits are not met for any impedance: 

I) Verify that the impedance networks on the 
Impedance Selector board (A4) have the 
correct impedance and if necessary replace any 
faulty resistors. The impedance can be checked 
by meas uring the open circuit vo l tage (for each 
impedance) which should be twice the 
t e r minated volta ge ; alternatively set the 
allenuator to -SOdB pOSition and measure the 
output impedance with an ohmmeter. 

2) Perform procedure of Paragraph 5-60 except, in 
step c (of 5-60) adjust the 654A AMPLITUDE 
control for an ac different ia l voltmeter 
indication slightly higher or lower than 0 .707V 
rms (see example below) so as to correct any 
error noted in step a of this Paragraph (5-61) : 
the offset from 0.707V rms should be as small 
as possible, but in any case, must remain within 
the limits of 0.700 to 0.714V rms. 
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EXAMPLE: Suppose that , in step a of this 
paragraph , the amplitude is found to be 
too high for one of the impedances; then 
set the 654A AMPLITUDE control for an 
ac voltmeter indication below 0.707V 
nns, and vice versa. 

c. 	Repeat the steps of this paragraph as necessary to 
ensure that the level is correct for all impedances. 

5-62. BALANCE ADJUSTMENTS. 

5-63. 135 BA L. 

a. 	 Perform steps a and b of the Balance Check of 
Paragraph 5-30 . 

b_ 	 Set the 654A frequency to 10MHz and adjust 
A2C32 (High Freq. Balance) for optimum balance 
(lowest indication on the ac voltmeter .) 

c. 	 Set the 654A frequency to 5MHz; the ac voltmeter 
indication should be below I I .6mV rms indicating 
a balance of greater than 40dB_ If it is not then 
select a value for A2C21'" or A2C36* (but not 
both) to give the required balance at 5MHz. 
(Typically, balance of at Icast 46dB, 5 .8 III V rillS , 
can be achieved). 

------ NOTE - - --- - ­
There is no way of predetermining which 
side of the balanced amplifier is 
unbalanced or what value of capacitance 
is required; A2C21 * or A2C36* must be 
selected by trial and error. Select the 
lowest value of capacitance possible. 

d. 	 Perform ste ps c and d of Paragraph 5-30 (135 BAL 
CHECK) to ensure that limits are met at all 
frequencies of the 654A. 

5-p4_ 150AND600BALCHECK_ 

3. 	 Perform the checks of Paragraphs 5-31 through 
5-34 to ensure that balance is within specifications 
for the 150 ohm and 600 ohm impedances 

b. 	 If it is not, repeat the procedure of Paragraph 5-63 
but slightly degrade the balance for the 135 ohm 
impedance (be careful to remain within the 
requirements of 40dB from lMHz to 5MHz and 
50dB from 10Hz to I MHz) then repeat step a of 
this paragraph (5-64) until balance specifications 
are met for all three impedances. 
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----------NOTE-- ----- ­

This situation is not likely to arise; 
however, if it does, then it is 
recommended that careful notes be made 
during the procedure as there is no way, 
other than by trial and error, of 
determining if the 135 ohm balance is 
being degraded in a direction which will 
improve the balance for the other 
impedances, or if it is being degraded in a 
direction which will worsen the balance 
for the other impedances. 

5-65. LEVEL FLATNESS ADJUSTMENTS. 

5·66. 75 UNBAL FLATNESS. 

a. 	 Perform steps a through e of Paragraph 5·16 (50 
UNBAL FLATNESS CHECK) with the following 
exceptions: 
in step a. Set IMPEDANCE to 75 UNBAL: 
in step b. Use the 75 ohm thermal converter (see 

Table 5·3). 

b. 	 Set the 654A frequency to 10MHz and adjust 
A2C43 (Frequency Response) for null indication, 
+/-t.E (calculated in step a of Paragraph 5·16) on 
the dc null voltmeter. 

c. 	 Sweep the 654A frequency slowly down to I ivlHz;4 
the null voltmeter indication should remain with.in ~ 
+/-t.E of null over the whole frequency range. 

----------- NOTE---------- ­
It may be necessary to Slightly offset the 
adjustment of A2C43 at 10MHL so that 
the flatness is within tolerance across the 
XIM range. 

d. Set 	 the 654A frequency to 10Hz; if the dc null 
voltmeter indication is not within +/-t.E of Ilull 
change the value of A2C40* (Increase the value of 
A2C40* if the 654A level is too low at 10Hz, and 
vice-versa .) 

e. 	 Sweep the 654A FReQUENCY dial slowly from I 
to 10 for all settings of the FREQUENCY RANGE 
switch to ensure that the 75 ohm output is flat 
over the entire frequency range of the instrument. 

5-67. 50 UNBAL FLATNESS. 

----------NOTE---------­
The adjustments of Paragraph 5·66 
should be completed before making these 
adjustments. 

a. 	 Perform steps a through e of Paragraph 5·16. 

b. Set 	 the 654A frequency to 10MHz; the dc null 
voltmeter indication should be within +/-t.E or 
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null. If it is not change the value of A4Cl * to 
bring the 654A level within tolerance (decrease 
A4C I* to increase the output level and vice-versa). 

c. 	 Sweep the 654A frequency slowly down to I MHz 
and observe the dc null voltmeter indication which 
should remain within +/-t1E of null. If it does not 
repeat step b of this paragraph but select a value 
for A4C I* which allows the flatness to be met 
across the IMHz to 10MHz frequency range. 

d. 	Check the 654A flatness over the 10Hz to I MH z 
ranges as before. 

5-68. 135, 150 and 600 BAL FLATNESS. 

5-69. Check the flatness for the balanced impedances by 
performing Paragraphs 5-IS, 5-19 and 5-20. There are no 
adjustments to be made for these ranges . 

5-70. TROUBLESHOOTING THE 654A. 

5-71. This section contains information and procedures 
designed to aid in the process of isolating malfunctions. 
Troubleshooting should be undertaken only after it has 
been determined that the malfunction cannot be corrected 
by performing the adjustment and calibration procedures. 

5·72. When a malfunction occurs first ensure that the 
trouble is not caused by conditions external to the 

umen!; then make the front panel checks described in 
Paragraph 5-74 be fore proceeding to the Troubleshooting 
Tree. 

5-73. The Troubleshooting Tree (Figure 5-IS) illustrates a 
systematic method of loca ting a faulty circllit. Additional 
checks (including Visual) and measuremen ts will be required 
to isolate the faulty component. 

5-74. FRONT PANEL CHECKS. 

a. 	 Check that the LINE ON lamp is lit; if it is not , 
ch eck the setting of the I 15/230V slide switch, 
check the fuse (FI) and if necessary check the 
primary circuit of the power transformer (T J on 
schematic No.4 , Figure 7-5) . 

b. 	 In this procedure the 654A will be swept across its 
frequency range while the following points are 
monitored : 

A. the COUNTER OUTPUT 
B. the 654A meter indication 
C. the front panel output connectors. 

By applying the observation made to Table 5-5 it 
should be possible to localize any problems to a 
particular area in the instrument (refer also to the 
Block Diagram, Figure 7-1). 

Section V 

I) Set the 654A controls as follows: 

AMPLITUDE ........ .... fully clockwise 
OUTPUT LEVEL dBm . . . . . . .. . .... +10,0 
IMPEDANCE ............. . ..50UNBAL 

2) Connect an oscilloscope or ac voltmeter , 
through a 50 ohm feedthrough termination , to 
the 654A rear panel COUNTER OUTPUT. 

3) Connect an oscilloscope or ac voltmeter , 
through a 50 ohm feedthrough termination, to 
the front panel UNBAL out put connection. 

4) Sweep the 654A FREQUENCY dial slowly 
from 1 to 10 (for all positions of the 
FREQUENCY RANGE switch) while observing 
the three monitoring points A, Band C. 

5) Select from the left hand column of Table 5-5 
the ABC combination which corresponds with 
the observations made in step 4). The center 
col umn of Table 5-5 gives the most likely 
trouble area for each combination and the right 
hand column indicates the next step to make in 
trou bleshooting. 

5-75. TROUBLESHOOTING TREE. 

5-76. To use the tree start at CD, read stepCDof Paragraph 
5-77 and make the required check: the next step then 
depends upon whether the first check was a PASS or FAIL. 
Several o f the FAIL branches split into sub-branches, take 
the sub-branch which best fits the observations made. At 
each step of the tree it is important to read the appropriate 
step o f Paragraph 5-77 as the tree itself does not give 
sufficiently detailed information, in most cases, for the 
check to be made. Refer also to the Block Diagram and 
Schematics of Section VlI when using the troubleshooting 
tree. If you complete the tree and still have failed to 
localize the problem area then refer to Paragraph 5-7S for 
additional information_ 

5·77. This paragraph provides information for each step of 
the tro ubleshooting tree . 

-----NOTE-----­
Make the Front panel checks, described 
in Paragraph 5-74, if you have not already 
done so. 

CD Check with an oscilloscope at A2 Pin 4: there 
should be a sine wave of between 5.5V and 7V 
POp. Sweep the FREQUENCY dial from I to 10 
for all positions of the range switch. If the signal 
appears , even momentarily, then the problem is 
probably frequency calibration. 
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CD Check the dc voltage at the output of the Buffer 
Amplifier Uunction of A2CR24 and A2R44), this 
should be 0 +/-_IV dc. 

Check the de power supply voltages on the A2 
board : 


+31 +/-.5Vdeat A2Pin I. 

-26 +/-.5V dc at A2 Pin 2. 


Check tile ac voltage at the output of the Buffer 
Amplifier (junction of A2CR24 and A2R44) with 
an oscilloscope; this should be a sine wave of 3 V 
+/-1 V peak-to-peak. Notice that for the FAIL 
situation there are three possible branches (NO 
SIGNAL, LESS SIGNAL, GREATER SIGNAL). 
Take the appropriate branch to the next check 
point. 

---- NOTE---­
If the output from the Buffer 
Amplifier is not correct then the 
problem is probably in the ALC 
loop; following the tree should 
be the fastest way of localizing 
tJle problem. If after completing 
tJle tree you still have not local­
iad the problem, then refer to 

Paragraph 5-79 which gives a 
method for opening the ALC 
loop. 

A procedure for checking the oscillator circuit is 
given in Paragraph 5-81. 

FAIL if either (or both) supply is not present. 

Check the dc voltage on the lamp (A2DSVI) at A2 
Pin 5. With a larger than normal signal level in the 
Buffer Amplifier the voltage at A2 Pin 5 should be 
low, from 0 to +5V dc. 

Check the dc voltage on the lamp (A2DSVI) at A2 
Pin 5, normally this is +4 to +6V dc. If the voltage 
is less. then the lamp voltage is trying to increase 
the Buffer Amplifier signal level and the problem 
is in the Buffer Amplifier. If the voltage is greater, 
the I<lmp is causing the low signal in the Buffer 
Amplifier. The lamp is probably open if the 
voltage is higher than + 15 V dc. 

---- NOTE---­
MUllIcntary ,I!Orting or the +31 
+31 V or - 2b V powcr supply 
may_ CJuse a Locked Curren t 
Linlit condition if the power 
su pplies are still loaded by the 
654A circuitry. III tile Locked 
Currellt Limit condition the dc 
output drops to less than 2 V 
alld docs Ilot return to normal 
wircn the short is (cmoved. 
This docs Ilot damage the power 
suppli es .. Proper power supply 
voltage can be restored by 
switclling the IIlstrulllcnt off alld 
then on again . 
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II" Ille positive puwer supply callnot be adjusted to 
+31 V, proceed as I"ollows: 

a. 	 Veril'y tlut the positive pllwer supply is 
not in a current limit cllndition by dis­
connecting. the power supply load A I Pin 
12 (+) and A I Pin 13 ( - ). 

---- NOTE --- ­
Tum AC power off while dis­
CLlnnecting the power supplies. 
1\3 circuitry may be damaged if 
only one powcr supply is eOIl­
nected to it. 

b. 	 If the +31 V power supply is restored by 
discollnecting the load circuitry, trouble­
shoot the load circuitry (Oscillator, 
Buffer Amplifin, Balanced Amplifier, 
Average Detector , Amplitudc Control 
Integrator, and I\kter Amplificr) . 

c. 	 If tile +31 V power supply is not restored 
by disconnecting tile load circuitry, 
troublesllOot tile positive supply. R.ekr to 
schenlalic 4. 

II' tilC Ilcgative ptlwcr supply callnot bc <ldjuSled to@ - 26 V. 	 use the procedure given ill step 10 to 
isolate the prohlem area . 

Check T I <llld the Iillc filter co IllPOIICIl!S: also@ chcck Alerl thru AICR-I. AICI4 :Ind AICI5 . 

® Check the dc voltagcs at the Balanced Amplifier J 
output which should be 0 +/-.1 V dc at the top of 1 
A2R74 	 and the bottom of A2R75 ('top' and 
'bottom' are as viewed 011 Schematic No.2). 

® Check for 0 pen lamp or resistor in the 
photo-resistor A2DSV I. 

Troubleshoot the Amplitude Control Integrator® 	 (A3Q6 through A3Q9) including the Amplitude 
Current Reference and the lamp of the 
photo-resistor (A2DSVI) 

Troubleshoot the Buffer AmplifIer (A2Q8 thru® 	 A2QI 0) also include the resistor of the 
photo-resistor, A2DSVI. 

Check the ac signal level at the Balanced Amplifier ® output with an oscilloscope . The signal should be a 
sine-wave of 4 + /- .5V peaK.-to-peak at the top of 
A2R74 and at the bottom of A2R75, the two 
signals should be 180% out of phase with each 
other. Note that in the FAIL condition there are 
two possible paths. 

@ 	 Check the ac signal with an oscilloscope between 
the attenuators (S4) and C9 and C10, the signal at 
both points should be 3 +/- I V peak-to-peak. [f 
signal is not present, check C9, CIO, A2R76 and 
A2R77. 
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adjusted to Table 5-5. Front Pane l Troubleshoot ing (See Paragraph 5-74) 

MONITOR t 
MOST LlKEL Y TROUBLE AREAS ACTION REQUIRED er su pply is POINT INDICATIONS ~~ lion by dis 

load AI Pin 

restored by 
ry, t rouble­
(Oscillator, 
Amplifier, 

je Control 
!r) 

10 t restored 
circuitry, 

Iy. Refer to 

adjusted to 
step 10 to 

ABC 


ABC 


ABC 


ABC 


ABC 


ABC 


ABC 


Oscillator circuit or Power Supplies 

Multiple troubles 
I) Counter Emitter Follower 
2) Meter circuits Avera ge Detector 

Multiple troubles 
I) Counter Emit ter Follower 
2) Attenuators (S4) and/or 

Impedance switch (A4) 

Counter Emitter Follower 

ALC Loop - conSisting of Buffer and 
Balanced Amplifiers. Average 
Det ecto r a nd ALC circuits 

Metering circuits (and Avera ge 
Detector) 

Attenuators (S4) and /or Impedance 
Switch (A4) 

Go toQ)on troubleshooting tree. 

1 ) Troub leshool 

2) Go to@on troubleshooting tree. 


I) Troubl es hoot 
2) Check all positions of 

attenuators and impedance switch. 

Troub leshoot. 

Go toeDon troubleshooting tree. 

Go to@on troubl eshooti ng tree. 

Check all posi tions of attenuator 
and impedance switch. 

"len ts; 	 also OTHERnd AICI5. 
TROUBLES 

1 Amplifier 
the top of In co rrect 

('top' and Oat ness or 
levelJ. 2). 

)r in 	 the No output on ly 
at certain 
freque ncies 

In tegrator 

Am pli tude 
 Incorrect 

p of the frequency 

ALC Loop - consisting of Buffer and 
Balanced Amplifiers, Average 
Detector and ALC circuits 

Oscillator calibration 

Oscillator calibration 

Go toeDon troubleshooting tree. 

Calibrate 

Calibrate 

-
A2Q8 thru 

tCOUNTER OUTPUT A'" 0.1 V rms into 50 ohms; A'" intermittent or no signal 

of the 654A meter indication B '" +1 dBm or greate r; B'" less than + I dBm 

-
j Amplifier 
should be a 

Front panel output 
connectors 

C '" approximately 0.8V rms 
into 50 ohms: 

C '" intermittent or no signal 

the top of 

5, the two 


with each 

n there are 


Je between 
he sig nal at 
to-peak. If 
\2R76 and 

® Check the input signal to the Impedance networks 
A4 Pin I and A4 Pin 2, this should be 3 +/- I V 
peak-to-peak when the attenuators are set at 
+IOdBm. If the signal is not present, try aU 
positions of the attenuators and the impedance 
switch. 

@ 	 Check the de volta ge at the collector of A2Q25 
which should be from +6 to +8 volts. 

Troubleshoot the Balanced Amplifier , A2QII 
through A2Q23 and associated components. [f in 

step ® the dc voltages were incorrect and were 
equal and opposite then the problem is probably 
in the differential amplifiers A2QII through 
A2Q16 . If the dc volt ages are incorrect but of the 
same polarity then the problem is probably in the 
feedback amplifier A2Q22. A2Q23 and A2Q17. 

If the output signal is not prese nt on A4 Pin 3 and ® (in the BAL modes of the IMPEDANCE swi tch) 
A4 Pin 4 then check the resistive networks on the 
A4 board. If it is present, check the cables to th e 
output connectors J3 and 14. 
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® Ensure that the problem is not in the cables before 
attempting to troubleshoot the attenuators. 

® Check with an oscilloscope. the ac signal from the 
detector amplifier at the collector of A2Q25. This 
should be a Oattened sine-wave (see schematic 2) 
of about .8V peak-to-peak. Note that there are 
two possible paths for the FAIL mode. 

® Check the dc voltages at the outputs of the 
24 detector (A2 Pin 6 and A2 Pin 7), these should be 

o+j-.OSV dc. 

@ Troubleshoot the Meter Differential Amplifier 
(A3Q2 through A3Q5), the Meter (M I) and the 
Meter Offset Current Reference. 

® Check the detector diodes CA2CR2 I, A2CR22) 
and capacitors A2C40*, A2C41 and A2C44. 

7ChecktheDetectorAmplifierA2Q24.A2Q25and@
associated components. 

5-78. TROUBLESHOOTING THE POWER SUPPLY. 

NOTE 

To protect the output capacitors C9 and 
CIO (rated 3 V). pull connectors olT of 
pins 15 and 16 0 f the A2 board. Ensure 
that the dc voltages on pins IS and 16 are 
near zero « 500 mY) before recoll­
necting the wires to C9 and C I O. Avail­
able test points for for power supply 
vol tage: 

+ 31 V at AI pin 12, A2 pin I, A3 pin 5; 
- 26 V at Al pin 13, A2 pin 2, A3 pin 4 

WARNING I 
TUR.!'\) OFF POWER BEFORE CON­
N ECTING OR DISCONN ECTING 
POWER SUPPLY LEADS. 

5-79. Disconnect the power supply from the A2 and A3 
boards. The pins are given in the preceding note. If the 
power supply voltages are still incorrect and cannot be 
adjusted, troubleshoot the power supply. 

a. 	 After the power supply has proper vol tages, turn 
off power and reconnect the power supply leads to 
A3, one at a time while monitoring the - 26 V. If 
the negative voltage loads down, then troubleshoot 
that specific board. 

b. 	 Last, connect the power supply to the A2 board 
while morti to ring the - 26 V. If - 26 V loads down, 
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turn off the power and lift one end of A2R20 and 
A2R25. If the - 26 V supply is satisfactory, trou­
bleshoot the Oscillator. If the negative voltage · 
still loaded. troubleshoot the Buffer Amplifier, 
Balance Amplifier and Average Detector. 

5-80. PROCEDURE. 

a. 	 Lift one side of A2R33 to isolate the Wien Bridge 
Oscillator from the circuit. 

b. 	 Lift the side of A2R38 which is connected to 
A2DSVI. 

c. 	 Connect the signal generator with a large (at least 
10 microfarad) non-polar capaci tor in series to 
A2R38. The capacitor blocks any dc present on 
the signal generator output. 

------NOTE-----­
If a large non-polar capacitor is not 
available, use two polarized capacitors in 
series. with their + ends connected 
toget her. 

d. 	 Set the signal generator frequency to I kHz and the 
output level to about .25V rms (monitor with an 
ac voltmeter). 

e. 	 Signal trace the ALe loop. Signal levels, ancl 

voltages should correspond with those shown 0 

the schematics. 

5-81. TROUBLESHOOTING THE OSCILLATOR 
CI RCUIT. 

------NOTE-----­
This procedure assumes that the front 
panel checks (Table 5-6) have been made 
and that the Troubleshooting Tree has 
been followed (together with the 
information in Paragraph 5-77) to branch 
CD 

a. 	 If the signal at thejunction of A2R22 and A2R23 
is twice the normal amplitude then the Peak 
Detector is not operating. In particular check 
A2Q7 and A2CII. 

b. 	 If A2C 12 is close to the A2Q I FET the oscillator 
coul d break in to spurious oscilla tions above 
100 kHz. 

c. 	 If there is no signal at A2 Pin 4 isolate the Peak 
Detector by lifting one side of A2CII and the 
emitter of A2Q7. If the oscillator comes on, check 
the Peak Detector components. If there is no 
apparent fault in the Peak Detector it is possible 
that A2R3 may be out of adjustment. To check 
this reconnect the peak detector, and perform the 
adjustment outlined in Paragraph 5-50. 
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d. 	 If the oscillator still cannot be made to operate 
perform the procedure of the following 
paragraphs. 

5-82. In the following procedure the oscillator circuit is 
driven by an external signal generator and the Wien Bridge 
is disabled. This allows the circuit to be checked out using 
the normal troubleshooting techniques for an amplifier. 

5.83. The recommended signal generator is a 652A or 
651 B (which has 50 ohms output impedance and a 
frequency range of 10Hz to I OMHz). If this is not available 
any oscillator with low output impedance and capable of 
driving up to 3V rms open circuit will suffice. In most cases 
it will not be essential to use the generator at frequencies 
over I kHz . 

a. 	 Turn off the power to the 654A. 

b. 	 Disconnect the Buffer Amplifier and Counter 
Emitter-Follower by lifting the negative side of 
A2C12. 

c. 	 Disconnect the Peak Detector by lifting one side 
of A2CII and the emitter lead of A2Q7. 

d. 	 Disable the RC tuning network of the Wien Bridge 
by disconnecting A2 Pins 8,10 and II. 

e. 	 Connect the Signal generator through a large 
capacitor (as described in Paragraph 5-80c and the 
note) to A2 Pin 10. Connect the ground side of 
the generator to A2 Pin 8. 

f. 	 Turn the 654A power on. Set the signal generator 
frequency to 1kHz and the output to 
approximately I V fins (monitor with an ac 
voltmeter on A2 Pin 10) . Monitor the output 
signal with an oscilloscope on A2C 12. 

I) The amplifier has a voltage gain of 
approximately 2, therefore the output should 
be a sine wave of between 5 and 6V 
peak-to-peak . 

2) 	If the signal does not appear at the output then 
troubleshoot the amplifier (A2QI through 
A2Q6 and associated circuitry) using normal 
troubleshooting techniques for an amplifier. 
A2Q5 and A2Q6 should be replaced as a pair if 
either has to be replaced. 

3) When the amplifier is operating correctly check 
the frequency response, which should remain 
essentially flat bet ween 10Hz and 10MHz, by 
sweeping the signal generator over that range 
while maintaining a constant input voltage on 
the green lead . 

4) Reconnect A2CI.1 and A2Q7 to ensure that the 
Peak Detector does not disable the amplifier (if 
it does troubleshoot the Peak Detector). If the 
signal is still present at A2 Pin 5 then the 
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probable cause of trouble in the oscillator 
circuit is the FREQUENCY RANGE switch or 
associated components . 

5-84. TROUBLESHOOTING THE BUFFER AMPLIFIER. 

NOTE 

AC output will be erroneous if the 
control voltage to DSVI is the wrong 
value. This should be approximately 5 to 
7 V dc. 

5-85. The ac gain of the Buffer Amplifier should be 0.6 or 
less than I. The dc vol tage at A2R44 should be 0 V 
± 150 mY and the ac voltage should be between 3 and 4 Y 
pop. 

5-86. 	 TROUBLESHOOTING THE BALANCED AMPLI­
FIER. 

5-87. The balanced amplifier should have an ac gain of 
approximately two. The de voltage at both sides of A2C32 
should be near zero (± 300 mY) with one side positive and 
the other negative. The ac wavefonns at each side of A2C32 
should be equal in amplitude but 1800 out of phase. The 
amplitude should be 6 to 7 V POp. 

a. 	 If the ac voltages are near equal and the dc 
voltages are of opposite polarity but not near zero 
and the amplitude control has little effect, then 
the trouble is probably in the feedback loop 
A2Q17, Q22 or Q23 . This circuit holds A2C32 
near zero . 

b. 	 If the balanced amplifier output is clipped or 
distorted, replace A2Q17 with approximately 
500 n resistor between emitter and collector, 
using pc board holes. If the balanced amplifier's 
ou tpu t becomes a good sine wave, this indica tes 
the Q17, Q22, Q23 loop is faulty. If not, the 
balanced amplifier differential pairs (Q II thru 
Q21) are at fault. 

c. 	 If A2C32 ac voltages are not approximately equal, 
the fault is probably in the differential pairs Qil 
thru Q21. 

d. 	 If the instrument will not pass its balance specifi­
cations check to see that A2R74 and R75 are the 
same value. 

5-88. 	 TROUBLE ISOLATION IN THE REMAINDER OF 
THE LEVELING LOOP. 

5-89. The following check will determine if the trouble is 
in the Average Detector. 

a. 	 The input of A2C40 should be 4 to 5.5 V dc and 
the ac signal should be 0.8 Y POp to 1.0 V pop. 
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b. 	 AC waveshape should have the same wave shape as 
shown on Schematic No.2. If you have a flatness 
problem, check the wave shape for symmetry and 
see if output capacitor C9 or C 10 are leaking. 

5-90. The following checks will determine if the trouble is 
in the Control Integrator or in the Meter Differential 
Amplifier. 

NOTE 

Disconnecting the outputs of A2CR21 
and CR22 will cause the voltage readings 
to be incorrect. 

a. 	 If A2CR21 is not zero ± 20 mY, the trouble is in 
the Meter Differen tial Amplifier. 

b. 	 If A2CR22 is not zero ± 20 mY, the trouble is in 
the Control Integrator. 

5-91. 	 TROUBLESHOOTING THE AMPLITUDE CON· 
TROl INTEGRATOR. 

5-92. The Amplitude Control Integrator consists of A3Q6 
thru A3Q9. The output is + 5 V to + 7 V dc. 1l1e output 
feeds back into the Photocell Module of the Buffer 
Amplifier. Check the resistance of the filament in the lamp. 
It should be approximately 40 n. The photocell should 
have approximately I kSG to 2 kn resistance when a + 5 V 
to + 7 V dc is applied to the filamen t. 

5·93. 	TROUBLESHOOTING THE AlC lOOP. 

5-94. I f the trouble is known to be in the ALC loop 
(Buffer and Balanced Amplifier and the Automatic Leveling 
Circuits) and cannot be isolated to a unit by the preceding 
paragraphs, then this method can be used to break open the 
loop. The Buffer Amplifier is then driven by an external 
signal generator (0.25 V rms at I kHz into 2.5 kn) and it 
can be checked as any amplifier. 

a. 	 Lift one side of A2R33 to isolate the Wien Bridge 
Oscillator from the circuit. 

b. 	Lift the side of A2R38 which is connected to 
A2DSVI. 

c. 	 Connect the signal generator with a large (at least 
10.uF) non-polar capacitor ill series to A2R38. 
1l1e capacitor blocks any dc present on the signal 
generator output. 

NOTE 

If a large non-polar capacitor is not 
available, use two polarized capacitors in 
series, with their + ends connected 
together. 

d. 	 Set the signal generator frequency to I kHz and 
the output level to about .25 V rms (monitor with 
an ac voltmeter). 
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e. 	 Signal trace the ALC loop. Signal levels, and 
voltages should correspond with those shown on 
the schematics. 

5-95. 	TROUBlESHOOTII~G THE METER DIFFEREN· 
TIAl AMPLIFIER. 

5-96. The Meter Differential Amplifier is used for the 
meter in all functions. Use voltages on the schematic for 
locating the trouble. If the base of A3Q2 is not zero, the 
trouble could be in the offset current reference circuit. 

5-97. 	 TROUBLESHOOTING THE ATTENUATORS. 

5-98. If either side of the attenuator is shorted to ground, 
remove the cover and make a physical check. The signal 
path is probably touching the metal case or cover. The 
contacts of the switches should be kept clean and lubri­
cated (refer to CAUTION on Page 5-]3 and Service Note 
M45B). For proper lubricant, use .Electrolube 2A Or 
Electrical Contact Lubricant, -hp- Part No. 6040-0300. 

NOTE 

In order for the attenuator to make 
speCifications and ensure proper ground­
ing, all mechanical connections must be 
velY tigh t. 

5-99. 	SERVICING ETCHED CIRCUIT BOARDS. 

5-100. The Model 654A con tains four pia ted-through, 
double-sided, etched circuit boards. When working on these 
boards, observe the following rules to preven t damage to 
the circuit board or components : 

a. 	Use a low-heat (25 to 50 watts) soldering iron with 
a small tip. 

b. 	 To remove a component, clip a heat sink (long 
nose pliers, commercial heat sink tweezers, etc.) 
on the componen t lead as close to the component 
as possible. Place the soldering iron directly on the 
component lead, and pull up on the lead. If a 
component is obviously damaged or faulty, clip 
the leads close to the componen t, and remove the 
leads from the board. 

EXCESSIVE OR PROLONGED HEAT 

CAN LIFT THE CIRCUIT FOIL FROM 

THE BOARD OR CAUSE DAMAGE TO 

COMPONENTS. 


c. 	Clean the component lead holes by heating the 
solder in the hole, quickly removing the soldering 
iron, and inserting a pOinted, non-metallic object 
such as a toothpick. 
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d. 	To mount a new component, shape the leads and 
insert them in the holes. Clip a heat sink on the 
component, heat with the soldering iron, and add 
solder as necessary to obtain a good electrical 
connection. 

5.101. SERVICING ROTARY SWITCHES. 

5.102. The Model 654A con tains two rotary type swi tches: 
FREQUENCY RANGE and the ATTENUATOR. When 
working on these swi tches, observe the following rules: 

a. 	 Use a low heat (25 to 50 watts) soldering iron 
with a small tip . 

b. When replacing 
them as nearly 
possible. 

components, 
to their 

attempt to 
original alignment 

dress 
as 

c. Clean excessive flux from the connection and 
adjoi ning area. 

d. 	 After cleaning the swi tch, apply a ligh t coat of 
lubriplate to tile switch detent balls. DO NOT 
apply lubricant to switch contacts or allow lubri· 
cant to contaminate components. 
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e. 	 To eliminate excessive contact wear and oxidation, 
the contacts may be lubricated with Electrolube 
2G, -hp- Part No. 5060-6086. Only a very small 
amount of lubricant is necessary. Note: Electro· 
lube 2G will change to a reddish brown color with 
time; however, the lubricating properties are not 
affected. A more detailed description on how to 
apply Electrolube 2G is available at no cost from 
your local Sales and Service Office. Ask for Service 
Note M45B. 

5-103. SERVICING TUNER ASSEMBLY. 

5-104. When replacing the tuning capacitor, C J, make 
certain that the tuner coupler and the frequency dial shaft 
are aligned to prevent binding of the FREQUENCY Dial or 
VERNIER control. If necessary, remove the frequency dial 
knob, frequency dial, and loosen the tuner drive assembly 
(casting and spur gears) retaining screws; then align tuner 
coupler and frequency dial shaft. Tighten retaining screws 
after tuner coupler and dial shaft are aligned. 

NOTE 

For correct alignment, refer to Frequency 
Dial Calibration, Paragraph 5-52. 
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Figure 5-17. Alignement Access Covers for Models 651 B, 2A, 3A, 4A 
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PERFORMANCE CHECK TEST CARD 

Hewlett-Packard Model 654A 
Test Oscillator 
Serial No. 

Tests Performed By 
Date 

DESCRIPTION CHECK 

10 Hz or less lO MHz or grea ter 
(Paragra ph 5-7) 

I. FREQUENCY RANGE 

10Hz to 100 Hz (Xl 0 RANGE) +/-3% 

(Paragraph 5-8) 


2. 	 FREQUENCY ACCURACY 
100 Hz to 5 MHz +/ -2% 
5 MHz to 10 MHz +/4 % 

3. AMPLITUDE ACCURACY +IOdBrn,+/ -I %a t I KHz 

(Paragraphs 5-9 
 50 UNBAL - ­

through 5-14) 75 	UNBAL 
135 BAL 
150 BAL 
600 BAL 

+/-0 .5% (referenced to I KHz level) 

(Paragraphs 5-15 


4. 	 LEVEL FLATNESS 
10 Hz to 10 MHz 


through 5-20) 

50 UNBAL 

+10 dBm 
o dBm 

75 	UNBAL 
+10 dBm 

o dBm 

+/-0 .5% (referenced to I KHz level) 
10 Hz to 5 MHz 

135 BAL 

+IOdBrn 
o dBm 

150 BAL 

+10 dBIll - ­
odBm 

+;'0.5"" (referenced to I KHz level) 
!O Hz to 1 MH z 

600 BAL 

+10 dBrn - ­
o dBm - ­-

5. 	METER TRACKING 

ACCURACY 
 +/ -0.05 dB 

(Paragraph 5-21) 


'-­



6 

PERFORMANCE CHECK TEST CARD (CONTD) 

6. ATTENUATOR ACCURACY 
(Pa ragraphs 5-22 

through 5-27) 

10 dB/STEP 1st HALF 
300 KHz 

+/-0. 15 dB , all positions -­

10 MHz 
+/-0.15 dB, +10 through -60 dB -­
+/-1 dB, -70 and -80 dB -­

I dB/STEP 
300 KHz 

+/-0.15 clB, all positions -­
10 MHz 

+/-0.15 clB all positions -­

2 nd HALF 

-­

-­
-­

-­

-­

7. BALANCE 
(Paragraphs 5-28 

through 5-34) 

Greater than 50 dB 
10 Hz to 1 MHz 

135 BA L 
ISO BAL 
600 BAL 

Greater than 40 dB 
1 MHz to 5 MHz 

135 BAL 
ISO BAL 
600 BAL 

-­
-­
-­

-­
-­
-­

R. DISTORTION 
(Paragraph 5-35) 

Greater than 40 dB below 
fundamental 

10Hz to I MHz 

Greater than 34 dB below 
fund a me nta I 
1 MHz to 10 MH z 

-­

-­
9. HUM AND NOISE 

(Paragraph 5-36) 
Greater than 70 dB below 

full output (+11 clBm) -­

10. COUNTER OUTPUT 
(Paragraph 5-37) 

Grea ter than 0.1 V rms 
into 50 ohms, 
10 Hz to 10 MHz -­
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SECTION VI 

REPLACEABLE PARTS 


6-1. INTRODUCTlON_ 

6-2 This section contains information for ordering 
replacement parts. Table 6-1 lists parts in alphameric order 
of their reference designators and indicates the descliption, 
-hp- part number of each part, together with any applicable 
notes . and provides the following: 

a. 	 Total quantity used in the instrument (TQ 
column). The total quantity of a part is given the 
first time the part number appears. 

b. 	 Description of the part. (See list of abbreviations 
below.) 

c. 	 Typical manufacturer of the part in a five -digit 
code. (See Appendix A for list of manufacturers.) 

d. Manufacturer 's part number. 
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6-3. Figures 6-1 and 6-2 illustrate the replaceable 
mechanical parts used in the 654A. Miscellaneous parts are 
listed at the end of Table 6 -1. 

6-4. ORDERING INFORMATION. 
6-5 . To obtain replacement parts , address order or inquiry 
to your local Hewlett-Packard Field Office. (See Appendix 
B for list of office locations.) Identify parts by their 
Hewlett-Packard part numbers. 

6-6. NON-LISTED PARTS. 
6-7. To obtain a part that is not listed, include: 

a. 	 Instrument model number. 

b. Instrument serial number. 

c. 	Description of the part. 

d. 	 Function and location of the part. 
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Seclion VI Model 65.+A 

Table 6-1. Replaceable Parts (Conl'd) 

REFERENCE 
DESIGNATOR 

-hp-
PART NO. 

TQ DESCRIPTION MFR. MFR. PART NO. 

Al 00653-66507 PC BOARD : POWER SUPPLY 28480 00653-66507 
A1C3 0140-0177 C: fxd 400 pF ± 1 % 300 vdcw 72136 DM15F401 F0300WVl CR 
A1C6 0180-0230 C: fxd 1 f.lF ± 20% 50 vdcw 56289 150Dl05X0050A2 
A1C14 , 15 0150-0052 C: f xd A 1 elect ,05 f.lF +75% - 10% 400 vdcw 28480 0150-0052 
A1C17 0180-0230 C: fxd 1 f.lF ± 20% 50 vdcw 56289 150Dl05X0050A2 
A1C18 0140-0149 C: fxd 470 pF ± 5% 300 vdcw 72136 DM 15F471 J0300WV 1 CR 

A1C19 0180-0161 C: fxd 3,3 f.lF ± 20% 35 '/dew 56289 150D335X003582 
A1C20 0180-1746 C: fxd 15 f.lF ± 10% 20 vdcw 56289 150D156X902082 
A1C21 0180-0161 C: fxd 3.3 f.lF ± 20% 35 vdcw 56289 150D335X003582 
A1C23,A1C24 0150-0084 C: f xd .1 f.lF +80%, - 20% 100 vdcw 28480 0150-0084 

A1CRl thru 
A1CR4 1901-0158 Diode : Si 04713 SR1258-3 obd 

Al CR5, CR6 1901-0040 Diode : Si 50 mA 30 V 28480 1901-0040 
AllCRll 1902-0777 Diode: TC REF 04713 lN825 
A1CR12, CR13 1901-0040 Diode : Si 50 mA 30 V 28480 1901-0040 
A1CR14 1902-0184 Diode: bkdn 16.2 V 28480 1902­0184 

A1CR15 1901-0040 Diode: Si 50 mA 30 V 28480 1901-0040 
A1CR16 1902-0777 Diode: TC REF 04713 lN825 

A1CR17-A1CR19 1901-0040 Diode: Si 50 mA 30 V 28480 1901-0040 
A1CR20 1902-0777 Diode : TC REF 04713 lN825 
Al CR22 1902-0184 Diode: 8kdn 16.2 V 28480 1902-0184 

A1CR23 1901-0040 Diode: Si 50 mA 30 V 28480 1901-0050 
A1CR24 1902-0184 Diode: 8kdn 16.2 V 28480 19020184 
A1CR25 1901-0040 Diode: Si 50 mA 30 V 28480 1901-0040 
A1CR26 1902-3190 Diode: 8kdn 13 V 04713 SZ10939-215 

A1Ql No! assigned 
Al02 1853-0037 3 Tstr: NPN 28480 1853-0037 
A1Q3 thru 05 1854-0474 3 Ts!r: Si PNP 28480 1854-0474 
Al06, Q7 1853-0037 Ts!r: Si PNP 28480 1853-0037 

A1Rl 0757-0403 2 R : fxd camp 121 n ± 1 % 1/8W 24546 C4 -1/8-To-121 -R-F 
A1R3 0683-3035 2 R: f xd comp 30K ± 5% 1/4W 01121 C83035 
A1R4 0757-0440 2 R: fxd camp 7.5K ± 1% 1/8W 24546 C4-1/8-To-7501 -F 
A1R5 0698-4450 2 R: f xd camp 324 n ± 1 % 1/8 W 24546 C4-1/8 -To-324R -F 
A1R6 0683-0395 4 R : fxd camp 3.9 n ± 5% 1/4W 01121 C80395 

A1R7 0683-4715 2 R : fxd comp 470 n ± 5 % 1/4W 01121 C84715 
A1R8 0683-1835 1 R: fxd camp 18K ± 5% 1/4W 01121 C81835 
A1R9 0757-0436 2 R : fxd camp 4.32K ± 1 % 1/8W 24546 C4·1/8-To-4321-F 
A1Rl0 0757-0279 1 R: fxd camp 3.16K ± 1% 1/8W 24546 C4-1/8-To-3161 -F 
A1Rl1 0757·0451 2 R: fxd comp 24.3 kn ± 1% 1/8W 24546 C4-1 /8-To-2432-F 

A1R12 0698-4445 2 R: fxd 5.76K ± 1% 1/8W 16299 C4 -1/8·To-5761-F 

A1R13 0757-0403 R : fxd camp 121 n ± 1% 1/8W 24546 C4-1/8-To-121 R-F 

A1R18 0698-4888 R: f xd 1180 n ± 1 % 1 /8W 24546 NA6 

A1R19 0698-4405 R : 107 n 1% 1/8W 16299 C4-1 /8-To-107R·F 
A1R20 0757-0280 R : 1 K P o 1/8W 24546 C4-1/8-To-1001-F 
A1R29 0698-4484 1 R : fxd camp 19.1K ± 1% 1/8W 24546 C4-1/8-To-1912-F 
A1R30 0698-4445 R: fxd 5.76K ± 1% 1/8W 16299 C4-1/8-To-5761-F 
Al R31 0698-4435 1 R: fxd camp 2.49K ± 1% 1/8W 16299 C4-1 /8-To -2491·F 
A1R32 0757-0436 R : fxd camp 4.32 K ± 1% 1/8W 24546 C4-1/8-To-4321 -F 
A1R33 0683-0395 R : fxd camp 3.9 n ± 5 % 1/4W 01121 C80395 

A1R34 0683-4715 R: fxd camp 470 n ± 5% 1/4W 01121 C84715 
A1R35 0698-4450 R: fxd camp 324 n ± 1% 1/8W 24546 C4-1/8-To-324R-F 
A1 R36 0757-0440 R: fxd ca mp 7.5K ± l%l/8W 24546 C4-1/8-To-7501-F 
Al R37 0683-1535 R: fxd camp 15 kn ± 5% 1/4W 01121 C81535 
A1R38 0683-3035 R: fxd camp 30K ± 5% 1/4W 01121 C83035 
Al R39 0761 -0024 R: fxd camp 2.4K ± 5% 1 W 24546 FP32·1-Too-2401 -J 
A1R40,R41 2100-3211 2 R: var 1 K ± 10% 28480 2100-3211 
A1R42,R43 0683-0395 R : fxd camp 3.9 n ± 5 % 1/4W 01121 C80395 
A1Ul, U2 1826-0043 2 IC : OPAMP 27014 LM307H 

1200-0437 2 Socket: IC 17117 7009-265­5 
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el654A 

NO. 

NV1CR 

NV1CR 

I-F 

F 
-F 

-F 
· F 
-F 

-F 
l-F 

l-F 
-F 

!-F 
-F 

I-F 
I-F 

~-F 

I-F 

01-J 

Table 6-1 . RepLtc eallle P:1I'l s 

REFERENCE 

DESIGNA TOR 


A2 

C I 

C2 

C3 

C4 


C5 
C6,C7 
C8 • 
C9,Cl0 

Cll .C 12 
C1 3 
C14 
C1 5 

C16 

C17 

C18 

C19 


C20 
C21' 
C22 
C23 

C24 
C25 
C26 Ihru C29 
C30,C31 

C32 
C33 Ihru C35 
C36' 
C37 

C38 
C39 
C40' 
C41 

C42 
C43 
C44 
C45.C46 

-hp­
PART NO 

00654 ·66502 

0121 421 
0150 0084 
01BO 1792 
OIBO 02 28 

0180 {) 06 3 

0' 40·0202 
0150-0084 

01 80 0039 
0180 0101 

o 150·U1I 22 

0160·2206 
01 500093 
0150 002 2 
0150 0093 

01500084 
0150 ·004 6 
0160-219 7 
01400145 

01602204 
0150 0064 
01 60 2605 
0150·0093 

01210 162 
0150 ·009 3 
0150 0046 

01 603431 

01802176 
01 80·013 7 

0180 ·0669 
01 21-0421 
0180 ·0137 
01 50·0084 

MFR 

·hp ­

UOOLC 
729 B2 
56289 
5628G 

56289 

72136 
72982 

~6 289 
5628 9 

78488 

72136 
9141 8 
78488 
9141 8 

72982 
78488 
72136 
72136 

721 36 
72 962 
72 982 
9141 8 

74970 
91418 
78488 

729 82 

56289 
37942 

-h p· 
OOOLC 
37942 
729 82 

S ~' cli u l l \ ' 1 

iVlFR PART NO 

5640, 10 PC 
BI31·100·6511 04 2 
39D298G0 03G J4 DSB 
1500 226 X9 0 1582 0 vs 

30D507G0030 F2 -0SM 

RO 15cl 50J5C 
8 131 · I O O ~5 1 1042 

300 107 GO 12C C20SM 
1500 185X90358 2·0 YS 

Type GA ohel 

ROMI5FI6 1J3C 
TA ",,,I 
Type GA Qbd 
TA Oh d 

8131 lo a 651 104Z 
Type GA ull n 
ROMI 5CI00J3C 
ROM 15C 220J5 C 

RDM I5 F II11 J3C 
81311 00·6 51 ·104Z 
56 35Y5U 203Z 
TA clJ{1 

169 3515 
TA obO 
Type GA ohd 

301000S3806890 

1090187 XOO IOF2 -0YP 
TAS107MOIOPI F 

1090277 XOO15T2 
5640 / 10 /PC 
TASI07M010PIF 
81 31·100 ·65 1·104Z 

(".' 

TQ 

I 
12 

DESCRIPTION 

PC board : main, oscillator and output 

C var 2 10 pF 
C: Ixd eer O. I u F 'BO"' -20 \, 100 vde • 

C· Ix d AI 2900 uF ' 70 10 ! 3 vde '! 

C: Ixd Ta 22 uF t I IO' . 15 vdew 

Ixd AI 500 uF '75 -\ -10 3 vdc w 
NOI assigne d 
C: Ixd mi ca 15 pF r 5" 
C: Ixd cer 0 I uF t80 ·2 0 100 v<l"'j 

C: Ixd AI 100 lI F '75 " ·1 0 .12 "Jew 
C: Ixd T~ 1.8 uF • 1U , 35 vueI' 
NOI assigned 
C Ixd Ti 02 3.3 pF • 10 500 vdew 

C: Ixd mlC. 160 pF Ii 5' 
C: Ixd cer O.Ol ll F .80',, 20'0 100 vllew 
C: Ixd Ti02 3.3 pF .' 10 , 500 vdew 
C: Ixd Gel 0 01 !IF ' 80'. -2U IOU vde,", 

C Ixd ce r 0. 1 uF +60' , -20 100 vd ew 
C. Ixd Ti02 0.68 pF ' /-5 5110 ,dew 
C: Ixd mICa 10 pF '.'5 '_ 
C Ixrl mica 22 pF +/-5 " 

C Ixd mica 100 pF • '-5 
C Ix d cer 0 I uF ' 80 , ·20 · I OiJ ' UI I 
C: Ixd eer 0 02 uF , 80 'v 20 25 ",kw 
C: Ixd w 0.0 1 uF ~60' _ ·20 . lOa vd ew 

C. var 1.2 ·3.5 pF 
C: Ixd eer 0.01 uF +80", 20 100 vdew 
C· Ixd Ti02 0 68 pF . 1.5 . 500 vdew 
No t ass igned 

C. Ixd eer 6.8 pF </·5 . 500 vdew 
No! as.si~l1ctJ 
C' Ixd Ta 180 uF . 1-20-, ' 0 vdew 
C: Ixd Ta 100 uF , .1-20 '. 10 vdew 

C. Ixd Ta 270 uF +/-20'0, 30 vdew 
C. var2 -IOpF 
C. Ixd Ta 100 uF ' /-2 0,~ 10 vdew 
C Ixd eer 0.1 uF 180 , -201\; 100 vdew 



Tallie 6-1. f( p I. 1C('~IIlI (' Pan " (Cllnl ' ct) 

H EFERE:-:C E 
DES1GNA T Oil 

-hp-
PART NO. TQ f) ESC R1 PTION MFR. MFR PA RT NO 

A2 (Cont'd) 

CRI,CA 2 1910 ·0016 2 Di ode . Ge 60 wiv I ms 93332 02 361 
CA3 1901·0025 Diode. Si 100 mA 01 +IV 100 plV 12 pF 079 33 AOl526 
CR4 19 023182 2 Diod e: brea ktlown 12 .1V +( 5 , 400 mW 0471 3 SZ10939·206 
CR5 19020045 2 Diorl r . breakdown 7.32 V. (2 W,, 400 O1W 04713 SZ 10939 ,144 

CR6 19023237 2 Diode : breakdown 20V +1 5'». 400 mW 04713 SZ I0939·269 
CR7 Ihru CA II 1901·0025 Di ud e Si 100 mA 31 >IV 100 pi v 12 pF 07933 AD 1526 
CR 12 19020057 3 Di od e: bre,kdowil 6,49V • ·5', 400 mW 04713 SZI0939·1 28 
CR13 1902 ·32 59 I Oiodo . hreakd own 24 .3V " ·5 '100 mW 04713 SZI0939293 

CRI4 1902'()025 I Diode : br eak do\\ n 1OV t ' ·5J,u40 0 m 04713 SZ109 30·182 
CRI5 Ihru CAIB 19010025 Diode. Si 100 1ll Aal +IV 100piv 12 pF 07933 ADI526 
CA19 
CA20 

1902·0766 
1902 ·0045 

I Diode' break doVII IB .2V , /y , 400 mW 
Di ode : breakdo wn 7 32 V,n'. 400 mW 

04713 
04713 

SZI 0939 ·2 57 
SZ10939 ·144 

CA 21,CAn 19010347 3 Diode : Si hOI carr ier 20 mA 1.5 pF 8 vdcw hp 
CR2 3 1902 004 I I Diod e: breakrl owll 5 II V .j I 5 ~ 40 0 m ! 04713 SZI093998 
CA24 190 2 3182 Di od e' breakduwn 12 .1V +,1 5., 40 0 n, 04713 SZI0 939 206 
CA2~ 1902·022 2 DI ode . Zel1l.!1 14V !J I~ 04713 SZI 52198 
CA26 1902·0554 Diode Zene. 10V 5 hp 
DSV I 1990 0082 I Lillllll " phoHl ceU mudult> 03911 CL",150 12 
L1 Ihru L3 9170 ·0016 4 Bead lerrite 02114 56·590 65A Ii38 

01 IB55·008 1 1 TSTA . FET N·chafln ell ype A 2N524 5 01295 obd 
02 1854 ·0215 10 TSTA : Si NPN 2111 3904 047 I3 SPS3611 
03 1853·0036 TSTA. Si P1'4 P 21'4 3906 04713 SPS3612 
04 18540233 2 TSTR Si NPN 2N3866 02735 Dbd 

05 1854 ·005 3 3 TSTR ' Si NPN 2N 2218 04713 2111 22 18 
06 1853·0012 3 TSTA : Si PNP 2N2904A 04713 2N2904 A 
07 Ihru 09 18540215 TSTA Si NPN 2N3904 04713 SPS361 I 
010 1853 0036 TSTA : Si PNP 2N 3906 04713 SPS3612 

Q1 1.0 12 1854·0092 2 TSTA : S, 1'4 PN 2N356 3 04713 MPS356 3 
013 ,014 1853·0034 2 TSTR : SI PNP 0471 3 S J3 I97 
015.016 185 40215 TSTR: Si NP N 2N3904 04713 SPS3611 
017 1854 02 33 TSTR Si NPN 2N3866 02735 obd 

01 8 18540053 TSTA . Si NPN 2N221 8 0471 3 2N2 218 
019 18530012 TSTA . Si PNP 2N2904A 0471 3 2N2904A 
020 18540053 TSTR Si NP N 2N2218 0471 3 2Nn18 
021 1853·0012 TSTR Si PNP 2N2904A 04713 2N2904A 

022,023 1853·0015 TSTA . Si PNP 2N3640 04713 MPS34GO 5 
024 1854·0215 TSTR S, NPN2N 3904 04713 SPS361 I 
025 18540296 I TSTA S, NPN 04713 MPS654 3 
026 1853 ·0036 TSTA Si PNP 2N3 906 0471 3 SPS36 I2 

RI 07570430 I A: Ixd met 11m 2210 ohm' I , I 1,8 W 91637 MF 1110 32 obd 
A2 • 069 8-4430 I R Ixd mel 11m 1910 oh m. 'I I I' 1.8 W 91637 Nl F 1,'i0 ·32 obd 
A3 2100·1984 2 A: var 100 ohm , /.10 , 1/2 W 731 38 62PAIOO 
A4 21002604 I R var 50 ohlT5 H 10 , 1/2 W 0112 1 Type SV 5001 

A5 0757040 I 6 A Ixd lII ell1m 100 oh ms' I 1/8 IN 91637 MFI !1032 obd 
A6,A7 068 3 0275 4 R: Ixd com p 2.7 ohms +,1. 5 114 V 01121 C827C5 
R8 068 3 KJ35 I R Ixd COrn p 10 kilo hnls +1·5'" 114 W 01121 CB 1035 
A9 ' 0698 3158 I A: IXl I mel 11m 23 7 kil ohm" . 1· 1 . 118 W 9163 7 MF·I!l032 obd 

RIO 0757 ·0280 7 A. I x ~ ",el 11 m 1000 oh ms.: P . 118 W 91637 MFI 1032 obd 
RII 069 8·327 9 3 A. Ixd met 11 m 4.99 kiloh ms; , I u 1,8 W 91637 MF 1/ 10 ·32 obd 
A12 0698·3558 3 R: Ix ~ "" 111m 40 20 oh ms + ·1 ': 118 W 91637 MFl l0·32 obd 
RI 3 07570449 I A Ix d met 1111120 kilohms ' , ·1 ", 1/8 1 91637 MF·I / 10 32 obd 

R14 0698-4453 I A: Ixd mel 11m 402 oh mH ' I 118 W 35009 CEA obd 
AI5 07570283 6 A: Ixd mel 11m 2000 oh m" ·1. , 118 W 14674 C4 obd 
R16 NOI a"i~ned 
R17 07 57·0384 3 A: Ixd mel 11m 20 ohms +/ . 1% 118 IN 91637 MF·I II0 32 obd 

RI8 06839105 I R Ixd comp 91 ohms ,i-S' , 114 W 011 21 CB9105 
R19 069B36 39 I A: Ixd mel oxide 1200 oh ms . / ·5 , 2 W 14674 C42S 
R20 0683 ·1005 2 R Ixd comp 10 uhms ' 15'; 114 W 01 121 CBI005 
A21 06 833005 I R Ixd comp 30 ohn ~'I 1 · 5 \ 1'4 W 011 21 CB3005 

R22 ,R23 0757 ·0346 6 R' Ixd mel 11m 10 oh ms , 1· 1"" 1/8 W 91 637 MF 11 10·32 obd 
R2 4 0683·0 27 5 R: Ixd co mp 2.7 ohms +1-5'. 114 W 01121 CB 27G5 
A25 0683 1005 R. Ixd comp 10 oh ms +/ 5" 111 W 01 121 CB I005 
R26 0757·02BO R I,d met 11m 100 0 ohms ./ · I ~, l iBW 91637 MF·II10·32 obd ~ 
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Table 6 -1. Replacl'abiL' Parts (C ont'd) 

NO 

obd 

obd 

obd 

obd 

obd 


obd 

obd 

obd 

obd 

obd 

obd 


obd 

obd 


obd 

obd 

~ 
obd 

I1EFEHENCE 
DESI GNATOR 

-hp-
PART NO . TQ D ESC RIPTION MFR. MFR. PART NO. 

A2 (Cont'd)
R21 0683A705 1 R: Ixd camp 47 ohms +1-5 % 1/4 W 01121 C84705 
R28 0757 -044 4 1 R: Ixd met 11m 12.1 kilohms +I-l i 118 W 9 1637 MF-l / 10-32 obd 
R29 Not assigned 
R30 0757 -0 401 R. Ixd mel 11m 100 ohms +/ h 118 W 91637 MF-1110-32 obd 

R31 06835115 I R: Ixd camp 510 ohms +1-5"01/4 W 01121 CB5115 
R32 NOI assigned 
R33 0698A428 2 R' Ixd me t 11m 1690 ohms +/- 1% 118 W 91637 MF-I/IO-32 obd 

R34 0698-3558 R. Ixd met 11m 4020 ohms +1· 1'. 118 'N 91637 MF-I/lO-32 obd 
R35,R36 07570401 R: Ixd met 11m 100 ohms 11- 1'10 118 W 91637 MF-I / l0 -32 obd 
R37 0757-0290 2 R: Ixd met 11016190 ohms -' I I ~~ 118W 91637 r~ F-l/10-32 obd 

R38 0698-4123 4 R: Ixd met 11m 499 ohms +/· 1% 118 'IV 91637 MF-l0 -32 obd 
R39 0757-0283 R: Ixd me. 11m 2000 ohms +1-1 % If8 W 14674 C4 obd 
R40 07570277 2 R Ixd met 11m 49 _9 ohms +1-19,118 W 91637 MF -l/10-32 obd 
R41 ,R42 Not assigned 

R43 0757 ·0826 I R. Ixd met 11m 2430 ohms +f.! • 1/2 IN 75042 CEC TO obd 
R44 0698A 123 R: Ixd met 11m 499 ohm' +1 -1 1" 118 IV 91637 MF-l/l0-32 obd 
R45 0757 ·0280 R Ixd met 11m 1000 ohms 1/-1':' 118 W 91637 MF-I/IO -32 obd 
R46 .R47 07570407 4 R Ixd me. 11m 200 ohms +1-1·, 1/8 VI 91637 MF ·1110-32 obd 

R48 0698-3558 1 R: Ixd mel 11m 4020 ohms >1-1 % 1/8 IN 28480 0698-3558 obd 
R49 07570280 R Ixd met 11m 1000 ohms 1/- 1% 1/8 W 91637 MFI/lO-32 obd 
A50 0757-0407 R: Ixd met 11m 200 ohms 'I l':' If8 W 91637 MF 1110-32 obd 
R51 0757 -0283 R. I xd met 11m 2000 ohms +'· 1 1/8 W 14674 C4 obd 

R52 Not assigned 
R53 0757-0283 R: Ixd met 11m 2000 ohms +/-1". 1/8 W 14674 C4 obd 
R54 06984123 R: Ixd met 11111499 ohms ' /- i', 1/8 '0 91637 MF-I/lO-32 obd 
R55 0757-0403 2 R.lxd met 11m 121 ohms +/. 1'> 1/8 W 91637 MF -I/lO -32 obd 

R56 0757-0283 A: Ixd met 11m 2000 ohms +/ 1% 118 W 14674 C4 obd 
R57 075 ],0434 1 R. Ixd met 11m 3650 oh il is +/ 1\, 1/8 W 35009 CtA obd 
R58 0757-0403 R Ixd met 11m 121 oh ms +/ 1' , 118 N 91637 MF-I/I0-32 obd 
R59 0757-0283 A Ixd met fin; 2000 ohms +/ Hi 1/8 W 14614 C4 obd 

R60 0757-082R 2 A: Ixd met 11m 3010 ohms +/ 1% 112 W 91637 MFF 1/2 T-I obd 
A61,A62" 0698-3262 R: Ixd met 11m 40 2 ohms 1 16299 C4- 1/8- Tn-4022 F 
A63 0757·0410 3 R: Ixd met 11m 30 I ohms +1-I '. 118 W 9 I 637 MF -I/lO-32 ood 

R64 06984864 I A: Ixd met 11m 499 ohms ,; I ', 1/2 W 9 I 637 MFFII2T-I obd 
A65 07570407 A: Ixd me t 11m 200 ohms frt , 118 W 91637 MF-I II032 obd 
R66 0757-082B A: Ixd met 11m 30 I 0 ohms ' /-1., 112 IN 9 I 637 MFF 112 T-I obd 
A67 0757 -0410 R: Ixd met IIm301 ohms +1-1 , ', I/B W 91637 MF-I/10-32 obd 

R68 ,R69 0757 -0346 A: Ixd mel flln 10 ohms +1-1% 1/8 W S1637 MFI/lO-32 obd 

R71 .R72 0757 ·0346 R. Ixd met 11m 10 ohms +I-IY. 118 'IV 91637 MF-l I10-32 obd 

R74.R75 06986362 2 R Ixd met 11m 1000 ohms +/-0.1 :, 118 'IV 91637 MF -l/l0-32 obd 
R76 .R77 0698 -6800 2 R: Ixd met 11m 62 ohms ' /-0 1% liB 'IV 91637 MF-1 /10-32 obd 
R78 0698-3208 I R: Ixd mel 11m 4990 ohms ' /- 1% 114 W 91637 MF ·l /8-44 obd 
R79 0698-3558 R: Ixd met 11m 4020 ohms ' 1.]". 1/8 W 91637 MF-l11032 obd 

RBO Not assigned 
R81 0698-4123 R.lxd met 1101499 ohms. j 1 ' ~ 118'1'1 91637 MF-lI10 ·32 obd 
R82 0698-4428 R: Ixd met 11m 1690 ohmd 'I l ~ 118 W 91637 MF-l I10-32 obd 
R83 0757-0401 R: Ixd met 11m 100 ohms , /- 1". 1/8 W 91637 MF-1110 -32 obd 

RB4 07570290 R: Ixd me t 11 m 6190 ohms +1-1% 1/8 IN 91637 MF-I / l0-32 obd 
RB5 0757 -0401 R: Ixd met 11m 100 ohms +1 1% 1/8 W 91637 MFlll032 obd 
R86 0698-4423 1 R. Ixd mel 11m 1370 ohms +11 " 118 W 35009 CEA obd 
R87 0757-0420 1 A: Ixd met 11m 750 ohms +1· 1"01 18 W 91637 MF-1I10-32 obd 

R88 07570084 I R Ixd mer 11m 2100 ohms +I- I " ~ 1/2 W 91637 MFF 112 T·J obd 
RB9 0757-0427 2 A: Ixd met 11m 1500 ohms ' 1-1'0 1/8 W 91637 MF-I IIO -32 obd 
R90 0683-0275 R: Ixd camp 2 7 ohms +1-5% 114 'IV 01121 CB27G5 
R91 0757-0280 A: Ixd met 11m 1000 oh ms +/- 1% 1/8 W 91637 MF-I l l0 -32 obd 

0340-0060 2 Insulator . leed thru 98291 FT-E -15 

AJ 00654-66503 1 PC board : meier leveling -hp-

CI 
C2 
C3 
C4 

0150-0093 
0180 -1942 
0150 -0084 
01500093 

I 
C Ixd cer 0.01 uF +80% -20% 100 vdew 
C Ixd AI 150 u F +75 % -10% 15 vdew 
C Ixd cer 0_1 uF +8 0% -2 0% 100 vdew 
C Ixd cer 0.01 uF +80% ·20% 100 vdcw 

91418 
56289 
72982 
91418 

TA obd 
30015 7GO 150 02-0SM 
8131 -100 -651·104Z 
TA obd 

'- ­



b-( ) 

R18 0698 7164 A' lxd met 11m 17.273 ohms +' ·0.25' . 118 W 01295 MC550 

11EFEIU:: ::-: CI:: 
DESIG0IATOI{ 

A3 (Cont'd) 

C5 
C6 
C7 
C8 

C9 
C10 
CII ,C 12 

CR I 
CR2 
CR3 

CR4 
CR5 
CR6 

01 Ihru 03 
04 
05 thru 07 

08 
09 

RI 
R2 
A3 
R4 

R5 
A6 
A7 
A8 

A9 
AIO 
All 
A12,A 13 

A14 
A15 
AI6 
RI7 

R18 
R19 
R20 
A21 

A22 
A23 
A24 
A25 

A4 

CI' 

Al 
A2 
A3 
A4 

A5 
A6 
A7 
A8 

A9 
AIO,R II 
AI2 
AI3 

A14 
A15 
A16,R17 

-h p­
lJ E:.sUH PTI001 ~l FitPAIn ,\'0 . 

01400200 C'lxd mie.390 pF +,·5 72136 
01800033 C·I xdAI50 uF+ 100·, · 10 6 dew 56289 
0180·006 3 C Ixd AI 500 uF " 7S · IO ~. 3 dcv, 56289 
01500093 C I, d tee 0 01 (I F +80 ·20 : 100 vdew 9141 8 

01602204 C: Ixu mica 100 pF 1/- 5 , 300 vuew 72136 
01801719 C. I,d Ta 22 uF 1/- 10 ,25 vde w 56 289 
01500093 C·Ixd cerOU l uF f 80-· 20" 100vdew 91418 

19023237 D,ode br"nk uo"" 20V +1·5 40 0 I1IW 04713 
19020777 Dio de' 7e"er 6 2V ' 1, 5'L IN825400 mW 12954 
1902 ·005 7 Diode: break"""u 6 49 V ' J. 5 'Ir 400 1111>' 04713 

19010347 Diode ' Si hot c~rri e r 8 vdew 20 n'IA 1.5 pF ·hp· 
19G10025 Di ode . Si 100 mA at +IV 100 pi v 12 pF 07933 

Oio;l ~ "nWkJO\\11 6.49 ,, ·5 400 mW19020057 04713 

TST R S, NPN 2N 39041854·0215 0471 3 
TSTR: Si P P 2N390618530036 04713 
T 'TR Si PN 2N39041854 ·0215 04713 

1853 0036 TSTR: Si PNP 2N3906 04713 
1854·0039 TST R' Si PNm3053 04713 

R Ixd met 1101 4990 ohms 1' ·1 1/8 W06983279 91637 
07570427 A. Ix d met 11 m I 5 kilo hms , /- I US IV 91637 
07570743 A: Ixd met 11m 3320 oh ms' I 114 W 91637 

A. Ixd l1'el II In 301 ohm, I I 1'8W07570410 91637 

R. IxII mel 11 111 49 9 ohlll ' , I I I 8 W07570277 91637 
R. I,d 11181 11 111 1.33 kilohms ' / 1 1 2 W0698 ·3406 91 G3 7 

21001984 R var 100 uhms ' ./ · IU' I" W 73138 
R. Ixd met 11111 lOUD ohm, ' ·1 II» W07570280 91637 

A' Ixd mel 11 m 4530 oh,m I}. I 1-'8 'IV06986799 91637 
R: Ixd l1Iel 11m 124 kilohms ' r l 1'8 W0757 ·0271 35009 
A. Ixd met 11 m 69.8 kilohnlS +1· 1 I BIN0698 -4504 35009 
NOI assirJ nod 

07570442 R Ixd met f lin 10.Okilohms ' 1 1 . 1/8 \\1 9163 7 
0698-4486 R: Ixd me t 1111124.9 ktl "hms , I I " JIBW 91637 

A Ixd met 11111 100 kiloh ,", ./ 1 , 1.'8 W 916370757 ·0442 
R' Ixt) mel 11m 4 99 kil ohm' , 1· 1 ,, 1/8 W06983279 91637 

A' var 20 kiluh llls I, 20' 1'2 W 7313821002030 
R: I,d mel 11111 34HO ohms " ·1' . I 8 W 916370698·680 I 
R: var 500 ohms r l· IO 1/2 W21001772 75042 
R'lx d met 11m 124 kilnhl1 lS 'l 1'. J,8 W07570271 35009 

R' Ixd met 11m 69.8 kiloh m' " I ;" 8 W 350090698-4504 
R Ixd co mp I .B killlhms 115 114 IN 011210683 1825 
R: Ixd lIlet 11m 24 .9 kilohms , ' ·1 ", 1'8 W 916370698-4486 

91637081 20 049 R Ixd C'. W 500 oh m' , ' 5' . 2W 

PC board : impedance0065466504 

C: Ixd mica 24 pF ' / 5 ' 721360160·0196 

19701A'l xd met 11m 61.9 ohm' ' /· 1 , 118 if!0757·0276 
A: Ixd mel 11m 113 .65 ohm, ' 10. h 1/8 V 9163706987160 

91637R' Ixd met 11m 27.276 ohms TI·O.I ';, 118 W06987166 
19701A: Ixdillot IIm61.90h01s , ·1" 1/8 W0757·0276 

R'lxd me t 11m 139.19 ohllls ' ;'0.1':: 1,8 W 9163706987161 
R Ixd me t 11m l.73ohlns 1/. 1'\ 1/4 W 750420698·7171 
A: Ixd met IIm31 283 0hl1" +/·0 1", 1/81'1 916370698·7168 
A·I xd metllm2 11 05 0hl11s ··/ ·0.1 Ila w 9163706987165 

91637A.l xdmelllm292610hm" ·O .I ", I IBW0698·7167 
A: Ixd met 11m 70 .832 ohms +/-0 1", 118 W 916370698·7170 
R: Ixd met 11m 21 .105 0hms 1/·0.1 '., 1/8 Vol 916370698 ·7165 

0698·7167 R, Ixd Olel 11m 29.261 OhOlS • ·0.1 '" 1/8 W 91637 

R: Ixd met 11m 17.273 ohm, +1·0.25' , 1/8 W 0129506987164 
R' Ixd mel 11m 36.55U ohms 1/-0.1 ,. 118 W 916370698·7169 
R: Ixd met 11m 74 .663 ohms +/-O.h 1/8 W 916370698 ·7159 

\IFIt . I't\IIT ~O 

AO M I5F3~I J3 C 
300506G006CB2 OSM 
30D 50 7G0030 F2 OS M 
TA ob d 

ROI.115FI01J3C 
1090226 X9025C2 
TA uttd 

SZ 10 39 269 
obd 

SZI0939 128 

AD1526 
SZI 0939 128 

SPS3611 
SPS3612 
SPS3 611 

SPS3612 
ms053 

MF·I ' 10 32 
MI- · I 1032 
~I F I 8 44 
IF I JO n 

MF IIOJ7 I/bll 
m r l l· I I obel 
6ZP R1011 
M I I032 o ~rl 

W II 0 32 bll 
CEA nhu 
CEA nbd 

MF· I ' 1032 " bd 
M 1,10 32 " bd 
MF 1/1032 ab d 
MF illO 32 obd 

62PR20K 
MF Ino 32 obo 
Type 500 oll d 
CEA ub" 

CEA obd 
C81H2 5 
~I F I 1032 
CI, 28·3 

ROM 15C240J3S 

MF4C Dhd 
MF 1'10·32 oM 
MFI , IO 32 obd 
MF4C obd 

MF 1/10·32 Dbd 
TF07 obd 
MH ' IU 32 obel 
MFF 1IRT2 Dbd 

MF li1 0·3 2 obd 
MF·I 10·32 Dbd 
~ FF 1,8·T2 obd 
MF·I 1032 ut.d 

MC55 0 
F 1' 1032 obd 

m 110 ·32 obel 
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Tal l ie 6-1 I1l'pl;]('('abl C' P~lrlS (Conl'd) 
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d 
d 
d 
,d 

,d 
Id 
,d 

,d 

ld 

bd 
bd 
.bd 
,b el 

,bd 
Ibd 
Ibd 
Ibd 

Ibd 
,bd 
lbd 
,bd 

(} 

~ 


-hp ­I1EFERENCE TQ DESCHlPTlON MFR MFR PART ~O .PART NO _DESIGNATOI1 

A4 (Cont'd) 


R19 
 0698 -7169 R Ixd met 11m 36 _550 ohms ' / 0.1, 1/8 W 91637 MF-1110 -32 obd 
R20 0698-7162 2 R: Ixd met 11m 239.860hms <101 ;O 1/8W 91637 MF-I/l0-32 obd 
R21 ,R22 06987163 2 R Ixd mel 11m 2008 1 ohms '-/ 0. 1. 1/8 W 91637 MF-l/10-32 obd 
R23 0698-7162 R: Ixd mel ilm 239 86 ohms +1-0.1 _ 1/8 W 91637 MF ·1110-32 obd 

SI 31010837 I Swilch : pllshbullon 71590 Series PBI5 


CHASSIS MOUNTED COMPONENTS 

AND ASSEMBLIES 


CIA,B,C 
 350GI -0735 Tuner i1 ss urn blv -hp­
C2 Ihru C5 
 0160 -3333 4 C· Ixd eer 5000 pF +/-20'. 3000 vdew -ho ­
C6,C7 
 0180-0047 2 C: ixcl AI 500 uF 75 vdew 56289 0324430FP 


C8 
 NOI assigned 

C9,C 10 
 01802117 C- Ixd AI 4000 uF +75%-10 : 3 vdew2 56289 (3901046446 -0S8 


OSI 
 2140 -0015 I Neon. NE-2H 24455 Bulb T·2 
5040-0234 I Pilot lighl ' jewel -hp ­
5040-0235 Pilollighl. baseI -hp-


F I 
 2 I 10 -0340 1 Fuse_ 0.4 amp S.B. 250V 71400 MOL4liO 


J I 
 1251 -2357 I Receplaele : power 3 pin 82389 EAC ·30 I 

J2 Ih ru J4 
 1250 -0083 Ja ck - BNC3 OOOLB 28JR -I:J0-I 


L1 , L3 
 NOI assigned 

L2, L4 
 9140 -0029 2 Coil ' 100 uH 2.6 oh.-"s 99848 3100-15-101 


MI 
 m. mete,1120-0945 I 55026 07760 
1460-0256 4 Spring : compression 83909 obd 

NlPI6 Ins ul Xstr wil y_ ·hp­0340 -0580 2 
TS (l: Si rWN, 2N 3G5 'J -hl' ­

02 

1854-00530 1 

0471 3TS II . SI PN P, 2N58/o 2N5875 

RI 


18530305 
R' Ixd eomp 33 kilohms . ,-10' , 1/4 W0684 -3331 I 0112 I CB333 I 


R2 
 07660029 1 R: Ixd met oxide 10 ohms "-2Si. 3 \Ii 14674 FP-3 obd 
R3 2100-0079 I R: var 250 ohms +1-10% 2.25 W 011 2 I Type J obd 

Switch: power3101 -0036 I 88140 892806 I SI 

Switch assembly: rangeS2 00653 -61901 I - h~-

Cl ' Type GA obd 
C2 

0150-001 I C ixd Ti02 1.5 pF +/-20% 500 vdew 784883 
C: va r 2-10 pF Tellon di eleelrie OOOLC 5640 / 100121-0420 6 
C Ixd mica 82 pF + /-5'~ 72136 ROM150820J3S 

C4 

C3' 0140 -0146 2 

C: var 2-10 pF OOOL C 5640/1 0 

C5' 


0120-0420 
C: Ixd mica 82 pF +/- 5% 72136 ROM15E820J3S 

C6 
01400146 

C_ var 210pF OOOLC 564011 0 

C7 • 


0121 -0420 
C: Ixd mica 18 pF +/-5% 72 I36 ROMI5CI80JIS0160-2322 2 

OOOLC 564011 0 

C9' 


C. var 2-10 pF0121 -0420C8 
ROMI5C050K5S 

CIO 
C: Ixd mica 5 pF +/- 10% 721360160-0763 2 

OOOLC 5640/1 0 

CII' 


C var 2-10 pF01210420 
C Ixd mica 5 pF +1-I 0,_ 72136 ROMI5C050K5S0160 -0763 

5640/10OOOLCC: var 2-10 pFCI2 01210420 
Type GA obd 

C14 
78488C: Ixd Ti02 1.5 pF +/-20% 500 vdcwC13' 0150-001 I 

1090397 XOO 1OT20 YP 
C I 5' 

C: Ixd Ta 390 uF +1-20,; 10 vdew 56289I0180 -0294 
ROMI5CI80J1S72136C: Ixd mica 18 of +/-5'\0160- 23 22 

Type GA obd 
CI7 • 

78488C Ixd Ti02 I pF , / 10% 500 vdew2CI6' 0150 -0029 
Type GA obd 

C18' 
78488C. Ixd Ti02 1.5 of +!- 20% 500 vdew0150-0011 

Type GA obd78488C: Ixd Ti02 loF +1-10% 500 vdew0150-0029 

MI2 obd 
R2' 
RI A' Ixd mel 11m 12 megohms +/-1% 112 W 00327I0698-6711 

01121 EB 1545 

R3 


R Ixd eomp 150 kilohms +/-5% 1/2 W0686-1545 I 
MF F 1/2 T-O obd 

R4 

R: Ixd mel 11m 1.24 megoh ms +/-0.25% 1/2 W 91637I0698-6702 

MF -l/10-32 obd 
R5 

R: ixd met 11m 124 kilohms +1-0. 1% 1/8 W 91637I0698-6722 
MF-1 110-32 obd 

R6 
91637R_ Ixd mel flm 12.4 kilohms +/-0_251". 1/8 W106986707 
91637 MFl/l0 -32 obd 

R7 

R Ixd met 11m 1.24 kilohms +1-0.2 5% 1/8 WI0698-6706 

M F-I 110-32 obd 
R8 

91637R ixd mel 11m 124 ohms +1 -1% 1/8 WI0698-4408 
No I assigned 


R9 
 MI2 obd 
RIO' 

R: I,d met flm 24_3 megohms +/- 1% 1/2 W 00327I0698-6713 
01121 EB IB55R. Ixd eomp 1.8 megohms +/-5% 1/2 WI0686-1855 

' ­



-hp -
DESI Gl\ATOR 
HEf En ENCE 

PART 1'<0. 

S2 (Cont'd) 


RII 
 06986857 
R12 06986821 
R13 0698 ·6822 
R14 0698·6823 

A15 0757 ·0409 
A16 
A17 0575·0280 

00653·01202 

S3 3101 1234 

S4 00654·63401 

A I 0698·6812 
R2 0698·6813 
A3,A4 0698·6812 

A5 0698·6813 
R6 0698 ·6812 
R7 0698·6804 
A8 0698 ·6803 

R9 0698·6804 
AIO 0698 ·6805 
RII 06986827 

A12 0698 ·6805 
AI3 0698·6810 
R14 OG98·6811 
A15,A16 0698·6810 

A17 0698·6811 
A18 0698·6810 
R19 0698 ·6808 
R20 0698·6809 

A21 0698 ·6808 
A22 06986806 
R23 06986807 
A24 0698·6806 

A25 0698·6812 
R26 0698 ·6813 
A27 ,A28 0698·6812 

06986813 
A30 
R29 

0698 ·6812 
R31 06986804 

A32 0698 ·6803 
R33 0698·6804 
A34 06986805 
A35 06986827 

0698·6805 
A37 
A36 

06986810 
A38 0698 ·6811 
A39,A40 0698·6810 

06986811 
R42 
A41 

06986810 
A43 0698·6808 
A44 0698 ·6809 

06986808 
A46 
A45 

06986806 
A47 0698·68 07 
A48 0698·6806 

TI 91003239 

Wl 8120 , 1348 

h-X 

T;liJic> 6-1. Repla cc;liJie P;lrt s (Conl'd) 

TQ 

I 
1 
1 
I 

1 

1 

1 

I 

8 
4 

4 
2 

4 
2 

8 
4 

4 
2 

4 
2 

I 

I 

DESC[{ ]PTION 

R: Ixd met 11m 2.61 meyo h,ns +/-0.2 5-; 1/2 W 
R Ixd met 11 m 261 kilohms +/-0.25", l iB W 
A. Ixd mel li m 26 .1 kiloh ms 1 / 025 ~. 1/8 W 
R. Ixd mel 11m 2.61 kil ohm! t , 0.25};' 1/8 W 

A: Ixd Ineilim 274 ohms +1- 1'" 1i8 W 
NOI '>signed 
R' Ixd mel lim 1000 ohms +1 ·1' \ 1/8 W 

Bracket" switch 

Switch ' slide 115!230V 

Assemblv : al1enualO, 

R: Ixd mel 11m 362 .6 ohms +1·0 .25% 1/8 W 
A Ixd mel lim 21 .84 ohms +1·025;', 118 W 
A: Ixd mel 11m 3626 ohms +1 0 25% 1/8 W 

R Ixd mel 11m 21.84 ohms , /.0 25% 1/8 W 
A. Ixd mel 11m 362.G ohms +1·0 25 }Q 1/8 W 
R' Ixd mel tim 540 .9 ohms +1·0.25% 1/8 W 
A Ixd mel 11m 14.40 ohll1s·' (.O25' (' 1/8 W 

R: Ixd mel tim 540.9 ohms ·'/ 0.25~ . 1 /8 W 
A Ixd met 11m 1078 ohms ' 1·0 .25Y l iB W 
A Ixd mel 11m 7.154 ohms +/-0.5'?', 1/8 'II 

R. Ixd mel 11m 1078 oh ms ./025% li8 IV 
A: Ixd mel f1m 66 .05 oh ms +(.0. 25 ', 1/8 W 
R. Ixd mel lirn 979 .3 ohms ' I 0.25';" 118 W 
R. Ixd met 11m 66.05 ohms +1·0.25": 1/8 \ 

A: Ixd met 11m 979.3 ohms +J.0.25'~ 1/8 ~ 
R Ixd mel ti m 66.05 ohms +/. 0.25% 1/8 W 
A: Ixd mel 11m 75 78 ohms . 1·0.25% 1/8 IV 
R Ixd mel 11 m 306 .9 ohms '1·0 .25'1, 1/8 IN 

R. Ixd met 11 m 75 78 ohms . 1·0.25"(. 1/8 W 
A: Ixd mel f1m 119.3 ohms ~/·0.25 '" 1/8 W 
A: Ixd met 11m 88.23 oh ms 1/ 0.25 , 1/8 W 
A Ixd met 11m 119.3 oh ills +/ 0.25 '; 1/8 W 

R. Ixd met 11m 362.6 ohms ' /-0.25% 1/8 IV 
R: Ixd met 11m 21.84 oh ms +/-0.25 \\, 1/8 W 
A Ixd mel 11111 362 .6 oh ms !-1·0.2 57, 118 IN 

A' Ixd mel 11111 21.84 ol1 rns " 0.20 ·\ 1/8 W 
R: Ixd mel 11m 362 .6 oh ms ~/ ·0 25 ;' 118 \IV 
A: Ixd met 11m 540 .9 ohllls , ·0 .25~" 118 VI 

R: Ixd mel 11m 14.40 ohms !-/-0.25\,· 1/8 W 
A Ixd mel 11m 5409 oh ms . ;·0. 25% 1/8 W 
A: Ixd mel tim 1078 ohms +10.25'" 1/8 W 
A: Ixd met tl1ll7 .154 oh ms 'f.0 . 5~ ' 1/8 W 

A: Ixd met 11m 1078 ohms +/·0.2 5% 1/8 W 
R Ixd met 11m 66.05 ohms +/·0 25'" 1/8 'II 
A: Ixd Illet 11m 979.3 ohms +/·0.25% 1/8 W 
A: Ixd met 11m 66.05 ohills +/·0.25% 1/8 W 

A' Ixd Illel 11m 979.3 ohms +/-0.25% 1/8 W 
A: Ixd met 11m 6605 ohms +/-0.25% 1/8 IN 
A Ixd mel 11m 75.78 ohms +/-0.25'> 1/8 W 
R Ixd met 11m 306 9 ohms +/·0.25% 1/8 W 

A: Ixd mel 11m 75.78 ohms ' /·0.25% 1/8 W 
A' Ixd me l 11111 119.3 ohms +/·0 .25% 1/8 W 
A: Ixd mel lim 88 .23 ohms +/-0.25% 118 W 
A: Ixd met 11m 119.3 o hills +/·0.25% 1/8 W 

Transformer 

Cord. power 

MfR 

00327 
91637 
91637 
91637 

91637 

91637 

·hp · 

82389 

·hp 

91637 
35009 
91637 

35009 
91637 
91637 
91637 

91637 
91637 
00327 

91637 
91637 
91637 
91637 

91637 
91637 
91637 
91637 

91637 
91637 
91637 
91637 

91637 
35009 
91637 

35009 
91637 
91637 

91637 
91637 
91637 
00327 

91637 
91637 
91637 
91637 

91637 
91637 
91637 
91637 

91637 
91637 
91637 
91637 

·hp· 

70903 

MfR PART NO ( 

MI2D obd 
MF 111032 obd 
MF·I! 10·32 obd 
MF-l1l0 ·32 ubd 

MF·lIl0·32 obd 

MF-I /10·32 obd 

IIA·1242A 

~IF·lilO·32 obd 
CEA obd 
MF· l ilO·32 obd 

CEA obd 
MF·1 11 0·32 obd 
MF·1 / 10·32 obd 
MF-I /I 0·32 obd 

MF·1/10 ·32 obd 
M F-I/lO·32 obd 
MilD obd 

~IF · lilO·32 obd 
MF·111 0·32 obd 
MF·l/10·32 obd 
MF ·1/1032 obd 

MFl ll 0·32 obd 
MF ·l ilO·32 obd 
MF·111032 obd 
~IFIIl0·32 obd 

MF·I/l0·32 obd 
MF 1/10·32 obd 
MF 1/1032 obd 
MF·111032 obd 

MF·lliO·32 obd 
CEA obd 
MF·I/10 ·3 2 obd 

CEA obd 
MF·lI10·32 obd 
MF · I/10 ·32 obd 

MF 1/10·32 obd 
MF· 1110·32 obd 
MF I/l0 ·32 obd 
MilD obd 

MF·I/ IO·32 obd 
MF ·I/ IO ·32 obd 
MF·l I10·32 obd 
M F 1/10·32 obd 

M F ·1/1032 obd 
MF·l /10·32 obd 
MF ·I!10 ·32 obd 
MF ·I/ 10·32 obd 

MF·I/10 ·32 obd 
M F·l /1 032 obd 
MF 1/1 0·32 obd 
MF·lI10 ·32 obd 

KH·4 147 
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6 ATTACHING HARDWARE 
I 

-hp- PART NO. DESCRIPTION 

3030-0022 

3030-0001 

3030-0004 

3050-01 80 

0510-0054 

Figure 6-1. Frequency Tuning Mechanism 

Screw Set, 6-32 x 1/8 in. long 

Screw: Set. 8-32 x 3/ 16 in . long 

Screw: Set , 8-32 x I in . long 

Washer : .270 ID x .375 00 
Vl 
<b 
n

Ring Retaining: .25 00 SHAFT o 
:0 

< 
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Section VI 

TOP VIEW BOTTOM VIEW 

:::::-: . ... 

" 11. 1f 

49 

"" 48 

NUMBERS COORD INATE WITH 
MP NUMBERS ON PAGE 6-10 

Model 654A 

~ ~ 45 

43 ~'\ 
44 

Figure 6-2. Chassis Mechanical Parts 
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lS4A S~ , \,:t i \l JJ VI 

Tallie 6-1. RC'pl 'l c ealll e Part s (Cont'd) 

@} 
REFERENC E 
DESIGNATOR 

-Ilp-
PART NO. TQ DESCRIPTION MFR . MFR. PART NO 

MPI 
MP2 
MP3 
MP4 

MP5 
MP6 
MP7 
MP8 

MP9 
MP10 
MPII 
MP12 

MPI3 

MP15 
MPI6 

MPI7 
MPI8 
MPI9 
MP20 

MP21 
MP22 
MP23 
MP24 

MP25 
MP26 
MP27 
MP28 

MP29 
MP30 
MP31 
MP32 

MP33 
MP34 
MP35 
MP36 

MP37 
MP38 

MP39 
MP40 
MP41 
MP4 2 

MP43 
MP44 
MP45 
MP46 

MP47 

MP48 

MP49 

MP50 

1500-0253 
15000004 
5060 ·0021 
14600114 

5060·0020 
50200233 
5020-0348 
5020 -0641 

5020-0639 
5000 -0637 
5020·0630 
50400607 

00653 ·00102 

00653-00101 
0340·0580 

00653-01205 
00653-05502 
0360 -1507 
14000084 

00651 ­05503 
00653-04101 
00651-05501 
00651 ­04001 

0370-0160 
6IB-40o-4 
5040 -5158 
0370 -0025 

03700112 
0370 ·0026 
4040 ·0297 
0370-0440 

0065347401 
00653-67401 
1250·0901 
00654-0550 I 

00653 ­0 5 50 1 
5060 8587 
2370·0013 
01500075 

00653-00204 
50600731 
50608737 
00654-00202 

5060-0767 
1490 ·0030 
5000-0051 
5060-0222 

5060 -8711 
2370-0013 
01500075 

5000 -8599 
23700016 

5000 ·8597 
2370·0016 

00653-01206 

2 
I 
I 
I 

I 
1 
1 
1 

1 
1 
1 
1 

1 

I 
2 

1 
1 
2 
1 

1 
1 
1 
1 

I 
1 
1 
1 

1 
1 
1 
5 

I 
I 
2 
1 

1 
1 
8 
8 

1 
2 
2 
1 

5 
1 
2 
2 

1 

2 
4 

2 

1 

MECHANICAL PARTS 

Yoke-Fl ex: coupler 
Yoke 
Gear : a&S 'y 
Wireform 

Gear as.;'y 
Collar 
Shaft 
Gear' spur ass'y shail 

Casting : Cap dr ive ass'y 
Spring ' thrust 
Dial : hub 
Disc. vernier drive 

Dec k. capacitor 

Deck' main 
Insulator: TSTA 

Bracket: attenuator mount 
Shield attenuator 
Insulator. feedthrough 
Holder'luse 

Shield filter 
Co ver . plate 
Shield : power 
Dial 

Knob: dial 
Ptate: IreQ . dial 
Indicator' dial 
Knob ·FreQ ' vern ier 

Knob ·Bar· black 
Knob ' amp 
Bezel. meter 
Knob : pushbullo n 

Knob . att en ualar outer 
Knob ' anenuatol inner 
Connector : RF 
Shietd . output 

Shield S. W 
Co ver ass'y : top 
Allaching hardware : screw, machine 
Attaching hardware : nut. sheet metal 

Panel: rear 
Frame a&S 'y 
Retainer 5H handle .ss·y 
Panel. Iront 

Foot ass 'y: FM 
Stand ' tilt 
Trim . Iluted AI plate 
Handle a&S·y. 5H side 

Cover ass'y : boltom 
Attaching h.rd".re · screw, machine 
Attachi ng hardware : nut , sheet metal 

Cover : side Iron t 
Attaching hardware : sc re w, machine 

Cover : side rear 
Attaching hardware : screw, machine 

Bracket. altenuator 

76489 
·hp­
-hp -

91260 

hp 
-hp · 
-hp­
·hp 

·hp · 
·hp­
-hp 
-hp -

-hp 

-hp · 
76530 

-hp­
·hp 

12284 
75915 

·hp 
-hp­
·hp ­
-hp· 

-hp 
hp -
-hp· 
·hp ­

·hp ­
-hp­
-hp · 
·hp ­

-hp 
·hp ­

74 t63 
·hp -

·hp 
·hp ­

83385 
-hp · 

·hp 
-hp -
-hp 
hp· 

-hp ­
91260 

·hp · 
hp · 

-hp 
83385 

·hp· 

-hp· 
80120 

·hp · 
80120 

-hp­

39006 

obd 

2930 II 

4242 -1-0119 
342014 

1104/0 

obd 

obd 

obd 

obd 

obd 

6 - 1 I 



Section VI \looeI654 A 

Table 6-1. Rc place~ble Parts (Cont'd) 

REFERENCE 
DESIGNATOR 

-hp­
PART NO. TQ DESCRIPTION MFR MFR PART NO 

MISCELLANEOUS 

00653·61602 
00653·61601 
00651 ·6 1604 

Cable: a!lenuator input 
Cable : altenuator output 
Cable: power 

·hp· 
·hp · 
·hp· 

5060 ·8740 Kit : rack mount, 5H ·hp· 

5000·7133 
50007126 
5000 ·7134 
5000·7135 
5000· 7136 

Label : pushbulton 50 ohms 
Label: pushbutton 75 ohms 
Label : pushbulton 135 ohms 
Label : pushbulton 150 ohms 
Label. pushbulton 600 ohms 

·hp· 
·hp 
hp· 
·hp· 
·hp · 

00654 ·90003 Manual: operating and service ·hp · 

1205·0033 Heat sink semiconductor for A2Q4·Q6, A2018 ·Q21 and A3Q9 05820 207 ·CB 

5040·0234 
5040·0235 

Holder . lamp 
Base : lampholder 

h-12 



Model 654A el 65~ \ Section VII 

NO 

7·1. 

7-2. 

CIRCUIT 

INTRODUCTION. 

This section contains circuit diagrams to aid in the 
operation and maintenance of the Model 654A . Figure 7-1 
is a functional circuit diagram which shows the overall 
relationship between the basic circuits of the instrument. 
Figures 7-2 through 7-5 contain the detailed schematic 
diagrams as well as component location drawings of each 

JACK XA2 IS 
CHASSIS OR 

REFERENCE DESIGNATIONS 

ASSEMBL Y 	 ASSEMBLY 

REFERENCE ASSEMBLY PART NUMBER 
DESIGNATiON NAME (INC LuDES A2AI SuBASSEMBLY) 
,---J'----, ~~ 

A2 POWER SUPPLY (OOXX X - 66501)
MOUNTED ON 

ANOTHER ASSEMBL Y~ 
PLuG PI'S M OUNTED ON ASSEMBLY DR IS PART 

,JI'?/OF THE A$SE.·.4BLY BOARO (COMPL E TE DESIG NA TOR 
PI~ ~2 . 	I R3 TEST VOLTAG E ~ 

PI IS NO T MOuNTED 
ON A2 ASSEMBLY +2.92V 
(COM P L E TE D ESIG NATOR 1$ Pf) 

~COMPLErE DESIGNATOR IS A2 R4 
R4~ · 1 

~E-(:"-~'-_-'-<.( 4 

--<~ 
~ 

WIRE COLOR: COLOR COOE?sTHE SAME 
AS THE RESISTOR COLOR CODf. F IRS T 
NUM BER INDICATES BA S E COLOR, SECONO 

I~NUMBER INDICATES 
PIN OF XA2 AND PI 

r 
18 

I ~ 
EYELET OR STAND­

I OFF TERM INA L, MA Y OR 

~~~8~~lk~D5w'6~~~lils Wi~iR NS:~~dw:%O I MAY NjOT ~UMB;;;O 
STRIP. (~DENOTES WH T/ REO/YEL WI RE) I ~ e 

SECTION VII 


DIAGRAMS 

printed circuit board and th e rotary switches. 

7-3. General schematic notes, which apply to all the 
schematic diagrams, are listed on Page 7-2 . 

7-4 . An explanation of terms and symbols used on the 
schematic diagrams is given below. 

IS A2PI) 

SUBASSEMBLY OF A2 
~(COMPLE T£ DESIG NA TOR IS A2 AI) 

AI 
[PH OTO-:CHOPPER osc-i 

I I 
I IR2 M ALE STANDO;; PIN 

PIN CON NECTOR CONNECTOR ON 
MAY OR MAY A WHT/ RED WIREI 	 I 

Nor BE NUMBERED f.'f1JIl-~
COMPLETE II DESIGNATOR ~fI.--' 
IS A2AIRI 

I 	 I CL 

DENO TE 5 SIGNAL 
CO NNE C TlON 

)r--_P----7' LXA2 e2 

I	DENOTES stEMATIC 
ON WHI C H CONN£CTl ON 
1$ MADE 

)1 ~ 
~FEMALE 

PARTIAL REFERENCE DESIGNATIONS ARE SH OWN: PREFIX WITH ASSEMBLY OR SUBASSEMBLY 
DESIGNATION(S) OR BOTH FOR COMPLETE DESIGNATION 

s ro -8 -219 2 

7-1 



Section VII Model 654A 

,------- SCHEMATIC NOTES 

I. 	PARTIAL REFERENCE:; DESIGNATIO:-;S ARE SHOWN. PR EFIX WITH ASSEMBLY 
OR SUBASSEMOLY DESIGNATION(S) OR BOTH FOR COMPLETE DESIGNATION . 

" COMPONENT VALUES ARE SHOWN AS FOLLOIVS UNLESS OTHERWISE NOHD. 

RESISTA NC E IN OHMS 

CAPACITANCE IN MICROFARADS 


IND LI(TANC't IN MICROHENRYS 


3. -- - - ----- - - -- DENOTES ASSE~IBLY. 

-------------- DENOTl:S MAIN SIGN AL PAT" 

5. ------------~ DENOTES DC FEEDIlACK PATH. 

6. -4 -- ..........--~t--~ DENOTES AC PATtI.
......... ••--- .. ..... FEEDBACK 


7. C===:J DENOTES FRO NT PANI:L MARKING 


DENOTES REAR PA'lEL MARKING . 


DENOTES SCREWDR IVU( ADJUST. 9.~ 

ro O "DENOTES FRONT PA"EL CONTROl. 

II. ~ DENOTES POWER LINe GROUND 


I ~. 1- DENOTES FRA~ll GI(OL:NI). 


13 . W I)ENOnS ASSE~IIJLY CROLlNI). 

14. * AVERAGE VALLIE SHOWN. OPTI~IUM V \LUE SELEnED AT h\(TORY. 
COi\ IPONIcl\ J MA Y OR MAY NOT IlE PRESENT 

15. 	 ,..---0-r D£NOTlS GROUND CONN ECTION "'ADE WITH ASSLMBLY i\IOUNT· 
\j7 ..L.. ING SCl(EIVS IN PLACl 

16 . DENOTES SIGNAL CONNECTION 

17. 2 DENOTeS SCHl:>IATIC ON WHICH SIG"AL CONN ECTION IS MADE . 

I H --- - -I DENOTES CO,\lPO, [:--JTS NOT i\IOUNTED ON ASSEMOLY. 
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Section VII Model 654A 

2 3 4 5 6 7 8 9 

A 

B 

c 

D 

A2SHADED AREA SHOWN ON hp Pori No . 006 54-66502SCHEMATIC NO . 2 
Rev. A 

A2 ASSEMBL Y 
COMPONENT LOCATIONS 

-

Q C CR C R C A A A 

I I A7 26 C7 4 1 (5 56 R7 71 (8 86 D5 
12 AH 27 D7 4} 85 57 AH 72 D8 87 D5 
13 87 A8 J.\ (8 43 (6 58 88 73 OS 88 DS 

14 88 B7 29 D8 44 A6 ( 5 59 fl 8 74 D7 89 D5 
15 87 IIf> 06 30 D9 45 A7 (4 60 C7 7) OS 90 D5 
16 B8 M 86 31 D9 46 A7 D4 6 1 86 7(, D7 9 1 AI 

17 88 A7 89 3} DR 47 A7 62 89 77 D8 
18 (7 A9 89 33 D9 48 A7 63 87 n ('9 

19 D7 88 D9 34 AX 49 A8 64 (' 7 79 ('7 

20 ('8 ('6 C8 35 A7 50 A8 65 8 7 SO ,., 

21 D8 B6 C5 36 89 5 I A6 66 C8 8 1 D6 
22 (9 ('8 C5 37 52 ' " 67 B8 82 D6 

23 (9 B7 (6 38 D6 53 A9 68 C7 83 D5 
24 D5 87 39 54 A9 69 D7 84 D6 
25 D5 B9 40 ('5 55 87 70 C8 85 D6 

PIO Figur e 7-2. Osci llator and Buffe r Amplifi er 

7-4 
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Section VII Model 654A 

2 3 4 5 6 7 8 9 

A 

B 

c 

8
-CRI9 ­
-C",t ­

- 03­o -C30­

SHADED AREA SHOWN ON 

SCHEMATIC NO.1 


A2 
hp Port No. 00654-66502 

Rev A 

A2 ASSEMBl V 
COMPONENT lOCA liONS 

R Q C CR l DSV R Q CR R 

I 
2 
3 

("2 
B2 
C 

BI 
("I 
("I 

B2 
0 3 
('~ 

A.l 
A3 
Cl 

DI 
1) 1 
A2 

B~ 16 
17 
Ix 

('I 
SI 

J I 
32 
.1.1 

f) J 
. . 

-\ 5 

~ 

5 
(, 

11 2 
/\ 2 
n 

DI 
1) 1 
A2 

CJ 
BJ 

BI 
C2 
CI 

19 
20 
21 

A .1 
1)3 
1)2 

34 
35 
36 

A,) 

,I < 
;1 , 

.-. 
7 l"3 D.l . .. ( ~ "-­ C~ 37· A< 

8 04 AS (I B2 23 A2 .1~ ,I h 
9 A3 ,1 5 A~ C3 ~4 AJ A5 .~ ( ) 1\ 6 

10 BI S5 (' 2 (".1 25 A4 ('8 40 B5 
II CI D2 C 26 1)2 BI 0 8 ~ I 
12 01 A2 B5 27 C2 42 . . 

13 B3 03 2X B3 4.1 B5 
l-l 81 . . 29 . .. 
15 1)1 30 AI 

) 
PIO Figure 7·3 . Balanced Amplifier , Meter and Leveling 

7·6 
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.11 12 . G - CR I--R4- -C3­
-R I - QI -CI­
-R2 - - R3 - -cs ­

.10 Q - R25- -{ C2 iJ­

. 9 V - CR5- -CR6- -R5­

-R23­ -R 2 4 ­
- R21­

-ClO ­
- R22­

G e 8-C9-

G.s - RI 9­
-RI6- - CR4 ­

8 -C5­
-CR3­

-	 RI4­ 8.7 -R IO ­ e 
-RI5- @ 
- RI I­

.6 1~..---C_7~~0--8-
-1 ~0- 8 ~~~~ 

-R9­
- C12­ - CR2 ­5 4 3 2 -CII­

-R6- ­...
C6 

. I. 

NOTES 

DC LEVELS WE RE OBSERVED UN DE R THE FOLLOWING CONOI ­
TION S: 

A.654A. 
RANGE - XI0K 
DIAL - 1 

IMPEDANC E - 75 UNBAL 

OUTPUT LEVEL -+ 10 dBm 

AMPLlTUOE - SET FOR 0 ON METE R. 


B. ALL VOLTAG ES +/- 10%. 

C. VOLTAGES 	WERE TA KEN WITH AN ·HP- MOOEL 3440A 
01 GilAL VOL TMETE R HAVING A 344 3A PLUG ·IN . HOWEVER, 
ANY DC VOLTMETER WITH APPRO XIMATELY 10 MEGOHM S 
INPUT IMPEDANCE WILL YI ELD AB OUT THE SAM E RESULTS. 

65 ) A- 8 - 1196 

A3 
hp Port No . 006 54- 6650 3 

A2 SCHEMATIC 
COMPONENT LOCATIONS 

Q C CR C R C R R R 

II F3 26 DIO 41 BI7 56 H5 71 DI I 86 AI 5 
12 F4 27 EJO 42 BI6 57 F6 72 FII 87 BI5 
13 F5 E4 28 0 12 43 CI4 58 F6 73 HI I 88 CIS 

14 F6 H5 29 FI 2 44 F2 CI7 59 H6 74 EI 3 89 CI 6 
IS F7 C6 07 30 FI 2 45 E3 A I 5 60 0 7 75 EI 3 90 AI 5 
16 F9 E4 E7 31 CI 2 46 H3 CI S 61 E7 76 01 4 91 U 4 

17 K8 E4 09 32 EI2 47 E3 62 E9 77 EI 4 
18 0 10 L6 E9 33 11 1 48 H3 63 H7 78 HI O 
19 FlO H6 J 10 34 11 49 E4 64 K8 79 K9 

20 CII E8 J9 35 K I 50 H4 65 K9 80 - ­ -
21 FI I F8 BI7 36 Fl O 51 C6 66 C9 81 CI 3 
22 J 10 K8 CI 7 37 - - ­ 52 - -­ 67 H9 82 CI4 

23 J9 H8 BI4 38 CI6 53 L6 68 01 0 83 CI5 
24 CI 5 K9 39 - -­ 54 J4 69 EIO 84 BI4 
25 BI5 E9 40 [J 16 55 F5 70 CII 85 BI 5 

, , - . '~4 

--	 ~:~ 



~H F" DC B4 

ATTENUATOR 

S4


hp Por I No. OO ';S q - 63 401 

-RI­
- CI - ­

- R 2 -	 _ R 3 ­

- R 4 ­

-R5-	-R7­
-RIO- -R6 ­

-RS ­
-R9­
-RI3 ­

-R I I ­
-RI2­
-R I4­

-RI6­
- RIS ­
-RI9 ­

-RI7­
-R I S ­

-R 2 1_ 	- ­
-R20­

-R 22­

L-l.------J 

r-r­ - ----J 

-R23- L-J.___---j 

NOTES 

DC LEVELS WERE OBSERVED UNDER THE FOLLOWING CONDI· 
TIONS 

A.654A . 
RANGE - XIOK 
DIAL - I 

IMPEDANCE -75 UNBAL 

OUTPUT LEVE L- + 10 dBm 

AMPLITUDE-SET FOR 0 ON METER. 


8. ALL VOLTAGES +/·10%. 

C. VOLTAGES WERE TAKEN WITH ANHp· MODEL 3440A 
DIGITAL VOLTMETER HAVING A 3443A PLUG·IN. HOWEVER, 
ANY DC VOLTMETER WITH APPRO XIMATELY 10 MEGOHMS 
INPUT IMPEDANCE WILL YIELD ABOUT THE SAME RESULTS . 

654 A - S-1784 

A4 np Part No. 00654- 66504 

• 
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654 -6-4424 

AI 
hp Part No 00653-66507 

Rev. A 

NOTES 

OC LEVELS WERE OBSERVED UNDER THE FO LL OWING CONOI 

TION S: 


A. 654A . 

RANGE - X10K 

DIAL - I 


IMPEDANCE -75 UNBAL 

OUTPUT LEVEL - + 10 d8 m 

AMPLI TU DE- SET FOR 0 ON METER . 


8. AL L VOLTAGES +f.10%. 

C 	VO LTAGE S WERE TA KEN WITH AN ·HP · MODEL 34 40 A 

DIGITAL VO LTMETER HAVING A 3443A PLUG·IN . HOWEVER , 

ANY DC VO LTMETE R WITH APPROXIMATELY 10 MEGOHMS 

INPUT IMPEDANCE Will YIE LD ABOUT THE SAME RESUL TS 




WI 

FF~L~1:R9 
L2 
100 

L4 

~ 
C4 
.005 

C5 
.005 

~ 

~ 

-----1-}R43 

TI ..lilt 
51 R6 

3.9IQ.ill R7DSI; CRI3 470 

17 CRI 
. (( , ~ • )"5: "' . I. 

I ~~ 

J"'I 
I ~ 
' L • CR2 I 121. 

CRI2 

R5 
324 

R4 
7.5K 

CI9..1-"" 
3.3~ +3QV 

3.9 

! t! 1 l'lt ~+= .", 
I!.,~ ~ ADJ !RII 

\ 23..3K 

·)f~R40
IK 

RI2 
5.76K _ 

• 4.32K
CRS CR6 

'CRI6 
6.2v 

R3 
R2 ~ 30K 
2.4K _I 

R9 

CRI5 

~CRI4 .., 

~16.2V 
I 

3.9R~ I
I 

CR3100 

RI3 
121 

_ 
3..3~ 

1 ..~ ..' 

(f GW *'"' b: h~ C~: "},'" 
r- NCR35 

324 IC21
-25V I 

CI4 
.D5 ADJ 1~1~ 

R36 
I ,. "R417.5K 

~~'K 
CR23 R30 

CR4 5.761< = 
.L 

Ir..rERN.\LLV ""'CONN£CTED 
TO r)olE 9-i ELO 

CR20 
6.2v 

R38 
R39 ? 30/( 
2.4K 

CR25 

JICR24 
16.2 v 

L_ ,p 
I 
I 

---C-OPfflIGHT 1975 8)' HEw"LE fi· PACKARD COMPANY ­ ~D-4423~ 
NOTES 

DC LEVELS WERE OBSERVED UNDER THE FOLLOWING CONDI· 
TIONS : 

A. 654A. 
RANGE - X10K 
DIAL - 1 

IMPED ANCE -75 UNBAL 
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CODE LIST OF MANUFACTURERS 

The following code numbers are [rom the Federal Supply Code for Manufacturers Calalo~ ln~: Handbooks H4-J (Name I, ' Cudr-) and H4-2 (Codf' 
to Name) and their lates t supplements. The date of re\' ISlon and the date' of thl."" s upplemr nts ll sed appear at the bnUOIll o f ea ch p:l:;::e. Alpha­

-

betical cooes have been arbltrarlly assigned to supplier s nol appearin{t in t he H4 Hand book " 

Code 	 Code 
No. Manufacturer Address M:Jnufa r turer Address Code 

M..tnu[acturerNo 	 AddressNo. 

00000 U S . A Common . . An y supplier o r U. S . 05347 l lltt6 nix . Inc . ... San Mateo, Ca \. 11 236 CTS o f Ocrne, Inc. Bcrne, Ind. 
00 136 McCoy Electro nics .. . Mount HoUy 8r>rings , Pa. 05397 l.ntn n Carbine Corp " Elect. 11237 Chicago Telephone of 
002 13 Sage Elect r onics Co rp Rocheste r , N. Y . Oi\' . . ... Npw York, N . Y . Catifornia , Inc. So. Pasadena , Cal. 
00287 Cemco , inc . . ... . Danielson,Conn . 05574 V I kill £!" Ind In c CanogJ. Park, Ca I. 11242 Bay Siale Electro Oics Corp. ... W311ham , Mass. 
00334 Humidtal CoHon , Calif. 05593 (COI'(,' EIE'ctro - P la s ti cs Inc .. . ... Sunnyvale , Cal. 11 312 Teic1yne Inc . . Microw3. ve 
00348 Mictron, Co., inc ..... . Valley Stream , N. Y. 05616 Cos m o PlastiC (r 0 Electr ical Div .. Palo Alto, Cal. 
00373 GarlOCk Inc . . ..... ...Che rr y Hill , N.J. Spec. Co. 1 Cleveland, Ohio 11314 National Seal · .. Downey, Cal . 
00656 Aerovox Corp. . . . . New Bedford, Mass. 05624 B:lrber Colmar; Co . . Rockio rd. Ill. 11453 Precision Connector Corp. Jama ica, N. Y. 
00779 Amp . inc . . . Harrlsburg, Pa 05728 Tifff':l Opti cal Cn . 11534 Duncan Electronics lnc . . Costa Mesa . Cal. 
00781 Aircraft Radio Corp .. Boonlon , N.J. Roslyn H e i~hts . Lon~ Island, N Y. 11711 Gene ral In st rument Corp. , 
00809 Craven , Ltd . . . .. Whilb y, Onta rio, Canada 0572 9 Metro-Tl·t Ctl rp .. . . WI?,s tburY,N . i' Semiconduc t o r DiviSion Products 
00815 Norlhcrn Engineering 05783 Stewar t En~ inec nng en Santa Cruz. Cal. Group Newark, N.J. 

Laboratories, Inc .. . .... Burlinl{ton , Wis. 05820 Wa.ke field Enl1;lnCefln~ Inc .... .Wakefield , Mass. 11717 (mpe rial ElectrOnic .Inc. Buena Park, Cal. 
00853 Sangamo Electric Co. , 06004 Bas5ic-k Co. , Div. 0 1 Stewart 11870 Melabs . Inc. Pa lo Allo, Cal. 

Pi ckens Div . . . . . . . . Pickens, S. C W.Jrm~ r Corp. Bridgeport. Conn. 12 13 6 Philadelphia Handle Co. Camden, N. J. 
00866 Goe En~ineering Co . . . Ci t y of Industry . Cal. 06090 R3.ychem C u rp . Redwocxt City, Ca l . 12361 Grove Mfg . Co. , Inc. Shady Crove, Pa. 
00891 Carl E. Holmes Corp .. . .. Los AIlgeles , Cal. 06175 Dau1:i c h .1.nd Lomb Optica l 12574 Gullon Ind . inc. , Data System 
00929 Microl.a.b Inc .. . . ..... Livings ton, N. J. Co . · Rochester. N Y. Di,,· .. Albuquerque , N. M. 
01002 General Electric Co . 06402 E . T . A. Produ('ls Co of 12sn7 ClarOSlat Mfg . Co . . . Dover I N. H. 

Capacitor Dept. . . .. Hudson Falls, N. Y . Amen·:" J. · . Chicago , 111. 12728 Elmar Filler Corp . W . Haven, Conn . 
01009 Alden Products Co . . ... . Brockton, Mass 06540 Amato m Electron ic Hardware 12859 Nippon Electdc Co . , Ltd Tokyo , J apan 

101121 Allen Bradley Co... . Milwa ukee, Wls. Co. Inc . New Roc he ll e , N Y. 12881 Melex ElectrOnics Corp. Clark , N.J. 
01255 Litton Industr ie s . Inc .. Beverly Hills, Cal. 06555 Beede! El ec tr ica l Instrument 12930 Della Semiconducto r In('. Newport Deach l Cal. 
01281 T RW Semiconductors , Inc .. Lawndale, Ca I. C(l . , Inc . Pen.H'ook , N . H. 12954 Dickson Electronics Corp . Scottsda le , An~ona 
01295 Texas Inslrument s . Inc . , 06666 Gcn •.: ral DeVices Co. , Inc Indianapolis , Ind 13019 Airco Supply Cr). , Inc . Wttc hlta , Kansas 

Transistor Products Oiv . . . . Dallas . T ms 0675 1 Com pone nts Inc .. Ar t /. . Div . Phoeni:ot . Ari z.o na 13061 WIIeO Producl::; · . Detroit , Mich. 
01349 The Alliance Mfg . Co AH ia n(" c Ohi o 06812 Tor rl n~ton Mi g . Co ,W.-.s t 01\1 · . Van Nuys, Cal 13 103 Thermolloy Dall3s , Texas 
01538 Small Parts Inc . Los AIlgelcs, C~d 06980 V.lfl.J.n As",oc Etmac Div. San Carl o 1:i . Cal. 13 327 Solitron Devices inc . Tappan, N. Y. 
01589 PacHic Relays . Inc . . . . . Va.n Nuys, Cll. 07088 Kpl \' jn E lc<'; lr ic Co. Van Nuy !> , Cal 13396 Teichmxe n (GmbH) Hanover ,Germany 
01670 Gudebrod Bros . Silk Co . . . Ne ..... York, N. Y. 07126 Di ...., t r3.n Co . Pasadena . Cal. 13835 Mldl:1 i1d·Wnght Ow o( 
01930 Amerock Corp . . . . . . .. Rockford, HI. 07137 TrJ.II :; ISIOr Elt'c !ronICS Pa l' iUc Indudtri c s, tnc . . .. K.\nS3S City , Kansas 
01960 Pulse Engineering Co ... Santa Clara. Cal Co rp .. .. Mlnneapolts . Minn . 14099 Sem - T I..' h . Newbury Park, Cal. 
02114 Ferroxcube Corp . of 	 07138 Wp. atl n.r,h ous (' E!C<' lric 141 . 3 Calif . R(.·s is lor Corp Santa Monica, Cal. 

America ....Saugerties. N . Y . Corp .. EI i'(· tr o Oic 1\Ibr Dlv . . . EI!Tllra. N Y 1'12\18 Ame rican Componen ts. Inc .. Cons ho hocken, 
02116 Wheelock Slgna1a,lnc . .. . . Long Bra nch N .1. 07149 Filmohm Corp. New York. N Y 114 33 lTT Se miconductor, a On' of 
02286 Cole Rubber and Plastics inc . . Sunnyy.. le , C il. 07233 Cinch - Gr ap hlk Co City of Industry , t al. lnt. T t' If"phone ar.d Teleg z'aph 
02660 Amphenol ~ Borg Electronk s 07256 Silic ()n T r il nsl Slo r Co rp . Carle Place , r; y . CorpOra tIOn West Palm Beach , 

Corp. . ... Broo.dview, nt 07261 Avn et Co rp . Culver City, Cal. 144 93 Hewlett - Packard Co mpany . . . . Loveland , Colo. 
02735 Radio Corp. or America,Semi - 07263 Fairchild Ca.nlCI·a &; Inst CflrP 14 tj5 5 Cornell Dublicr EI t"I' lric Co rp Nc.' wa rk, N.J. 

conductor and Mate ri al s Se nll rond'J c t :'>f OJ \ . M O~HH4In VI(' ~~. Cal. 14 674 Corning Glass Works . Corning , N. Y. 
DlyislOn · .. Somerville, N . .r . 07322 M mltt' 11 t:l Rulllx- r (' M lnne3.polis . Minn . 14752 E l '(:" Iro C ube Inc . San Ga bncl , Cal. 

02771 Vo caline Co . o f America, 	 07387 Blrt ch(: ' Corp . T he . . Montere y P~ rk . C;.It. 14960 Wil liam s Mfg . Co. San Jose , Cal. 

In c. Old Saybr ool{, Conn . 07397 Sylv:lOl :1 Elect P r od. Inc . 15 106 Thf' Sphf' re en .Inc . Lltlle Falls, N. J. 

02777 Hopkins Englnee ringCo . . . -S:ln Fernando , CJ. I . Mt. View Oper.:l. t1 IJ nS .. M nunlJ.iI~ I.'\ew . Cal 1 ~203 We hste r E l(' c tronics Co. . Nl.'w York , N. Y. 
02875 Hudson Too l & Die .. Ne ..... ark , N J . 07700 Te c hn ICal Wire Product!i 15287 ~('IGOI(,::; CI)rp . Northridge.Cal. 

03296 Nylon Mo lding Corp.. · Springfleld . ~ . .I. Inc Cranfn r.t, N .1. 152 9 1 AdJ ::. tah lc BUioI hlt4:, Co . N. Hollywood , C31. 

G . E . &m icor.ductof Prod . 07829 Stida'(' Elrc t Co . ChlC.l~O . III. 	 15558 M l c rllll EI~c t onlcs_ .Carden Cit y, Long l 'i l.J.nd,N . Y. 
Dept. · ";:') r a e-use , N Y 0791 tJ Conllnen I n ed", Cn r p · .HJ.wlhor u(' . C.d l. 15:;61J Amprobe (nst Corp . L ynh r c!ok, N. Y. 

03705 Apex Machine &I Too l Co . .. Da yton ,Ohio 07933 RaythcoJ. MI t! J:: "t' m, . 15G3 1 CJ. ole troOlc!) .. Cos tJ. MeSa . Cal. 

03508 

conulJct', r DI\'. Mountain Vu?' Vo', C:l1 15772 TW t'l \twl tl Cf'nrury Coll 

03818 Parker Seal Co . . . · Los Ange les. Cal. 0 19RQ Hp'", IJ.O tt - Pl t.: ka r ;J (\ ) Spfln~ II 
03797 Eldema Corp . · . Compton , Calir 

Sa nta Clar3, Cal. 

:-i ('w .JerS f"1 n lVlslfm . Rock a wav . :--. J . I SHO I Fer. 'J. il \ n e t' t Inc Framing ham , MaSS. 

03888 Pyrofilm Resisto r Co. 08145 u. S En l:i nc l~ n ng C..,.. Lo s Ar!f{r· lf' S ,t! . 158 18 
03877 Transitron Elcctnc Corp. · .Wakef i E!' ld, M3S .5 . 

A:Tl l"\(' - Inc. MountJ.ln ViC ....' . Cal. 
1 ,03 7 Spr u l,'e Pi n /.' ~hca Co. . . Sprucc Pine , N. C. Inc. · Cedar Knolls, N. J 0828n Bltnn, Dl: lbe:- I Co PO ll1 o na. C... ! 
16 179 O m ni -Sp C'(' tra 1(1 . Det r ott, m. 

Finderne Plant. Sume rville J N. J. . Nla~d.ra Falls , Onlarlo, Can.adJ. 
03954 Singer Co . 1 Diehl Oiv . , 	 08358 Bu q .': I' :': :-; Balter), C l) 

I G,152 l' om pU lf'r O!Od.: Cu r p . LocH. N.J . 

01009 Arrow, Hart and Hegeman 013524 J)putsch Fas tCnt.'r ( o:-p I.(Jfi A n~t:' l " s, CJ.1. 16 554 E lc('tr r:ud C Il . . Unlc n, N.J. 

Elect. Co . . . Hartford, Conn 0866 \ [\ r HHol Co . . T hE' WJ.wr bury. Conn 165 5 R '..,1<; AlrcrJft Nut n('p . Pasade na , Cal 

04013 TJruuS Corp .. Lambe rtvill e, J . 08711 Sl.)a n C mp y Sun VJ.lle y. Cat. 16G8 Id l'J1 Pr ~c . ~h=t t' r Co . Inl' 
J)(" ,Iur Meter Dlv Br onkl )'n, N. Y. 

04062 Ar ea Ele c tronic. Inc.. . Crea t Neck, ~ Y. 0 5 71 8 ITT C:J uno" E lc(' tnc Inc 
P hO<"m.'( rl! v .. P hnf' nl x . Ar1 l n na I ';8 Dt'\n. H 31.H n Dlv . o f G M Co rp · KI )kOnl. rnd. 

04217 Es~ c:ot Wire . . .. Los AT'lKl" las, Cal. 
04222 Hi-Q DiVision of Aerovox . MyrU c Beac h, S C . 0872 1 Nl tlOTt:tl R.ld ll' I . I) inc P3 :-.J. !llU ~ , N . J . 	 I I I ~ 'fh(' r n:llnl'fll's inl- J.nr..K a. Park.Cal. 

11414 T r ':lItc:. CO rhlU I1~ M '" 1.\ ;11 Vie...... . Cal.04354 Precision Pa per Tube Co . . . Whce llnl ~ ' nl 08792 CAS l-; h' l" t r onl t"s S" R1 II:onducIOr 
01104 Palo Alto DiVision of Hewlelt- Ope r a t lu n:.. . rh V. or C DS Inc . L owd l Ma ss 17675 H.l r.'t lt n M{' I.1l Pr lldu('t Co r l' . Akro n , Ohio 

17"4 5 ArT~s! rohm Prrr 1,,( No Hnll.,..., ood , Cal Packard Co . . ... . Pal o Alto . Cal 8606 V .:! lt l.! r.i\ E h.'C' tfl c Cu 
0465 1 Sylvania Ele c tr i c Product s, 1 fl. ; t . r l' La m p OLP Cle 'l(l lln ri . Oh IO 17R'>lJ ~dl l· llIl in(' ....$lnn~'ya.l e, Cal. :to;; 

171<10 Me C r aw • Ed l:'ll n CII M.lnchc s t e-r . N. IiMicrowave Deyi ce Dl v ...MounLal n VII.!W , Ca l 08984 Ml'I · R,ll n .I r.dl J. Jl..lpn l Ind 
04673 Dakota Engr . In C. Culv e r City. Cal 0902 6 Babcock Rt.'\.;( .... D1V .. Cost.!. Mc~"i J. . C<It. I H ." P rt'.\·,., r !J t· ·tjotn P:l CI: i ' IZl c Pa lo AItO , Cal 

18083 Ch' I Hl' C :' p Se r.HCOndUl·l )f 0.'" . Palo Allo.Cal.0471 3 Motorola Inc . Semiconductor 09097 F:I l'"7' tr onl~' £ ...1 lvi:i\.I'''' inc .. I., '.!- An~p lt :. . Cd. II ( . 
I RJ 2 ~ Sl g n (> B t:~ Co r p . .sunn yvale . Cal. 

Prod. Div . Pho('m.x , Arizona On34 T e . ::; Cap,lc :HH CI) Ht)u Slon , Tex.l 
18476 T VaC.Jr ~H.: Cv . h~ c. . Holllston. MasS. 

04732 Flttr on Co .. Inc We s tern On l4 5 T e.,. h . Ind . tn c . At l,lh m 
1840(; THW F. h~('r ("omp DIV Of' S Plainl'S, 01.

Div . Culver Cny. Cal. E le t' t. 	 B\Jrba nk , CJ.I . 
C hnnwrt (,. . Pl.J Jnvill l' , M.lss. 1856 5 

.. ~lt. K1SCO , N . Y . 04773 Automatic Electric Co . Ni.\ rth l tl.ke, Ill. an50 EI~(' trfJ Ass c:mbllcs , Inc · . Ch lC'ago . Il l. 
I ~583 C u rtl ~ I t\h lr \.l m~ n t.l l\ l · 

161 1l VI,s ltJ. \" [, ISl r ll m(' " ls [ n l~ . 
04796 $equ(l iJ. Wire Co .. · Redwood City. CJ.l 09353 C 6: K Co mponent s Tm: . ·~f' v.· ton . M,l '!:l ~ . M'llv(" rn , Pl . 
0481 1 PreCI::iIOn Coli Spring Co t:1 Mo nte. Cal. 09569 M,lllo r}' O.H\pr y Cv o r .. : \\o:Jlmington. Del. 16S13 . I. [)u(lOJi \ ;ul d en . (!1l, . 

.. MIlwaukee, W1S.04870 P . M . Molor Company . · WN.; lches ter, Ul a na r.!.l , Ltfl . Tnronto u nt..1 r lo . Colr dOl 
1~ry I I Du r .;l 111 !'IHJt!, eu 04919 Componcnt Mfg. Service 	 0 919 PI.': In~;· h :lIH.J f h ,rol .1 r hO:l C h fl') n H('Jglns . p t· IH\ . 
1 911~ Ttl' n'rlrh . C,lrp . Na\'l f! a !J 'I11 '" Co . W . Brid l;.t' ",atcr, MdSS. 09922 Burlld) Co r p . . ....~ or" alk. [ ')Oil T~ te rboro. N.J·l !Jt.!( d Du' 
19SQP T t,f'n :.l' I !;)On lodu5 tnt' ioo 

05006 T wentJelh Century PlastiCS . 1021 4 Gent=r3.1 TrJ n~I "" \.}:- ·;.· ....::. tcrn 
Inc . Los An~el("s, CJ.1 Cv r p Lo~ An~f' I ~~ C.:1I . 

0 1 01 !'I·h Gr.1 \1o - Ed l ... ..,n . 1,.l,f {' ~ 1 Orange, N. 
05277 Westinghous(' E I~c t r ic Co rp . 10HI T I T~ I . l nC' . llerke l ~y , CJ.L 

C(ln~ .1. :a 1c1win Park.
Semico nduc [vr Dept. Y"u fll~ ,I,. ·w id , Pa . IOb46 	 N J .l J.~•.lr,1 FJ. II .. ~ Y . 

00015-49 F r om' Ibnd .10k Sl1 pplemen~~ 
Re vised : May, 1970 B-1 _I D.l t("d )anu3tY 19 

A-I 

http:Ni.\rthltl.ke
http:Ir.dlJ.Jl
http:lnn~'ya.le
http:inl-J.nr..Ka
http:Nla~d.ra
http:MountJ.ln
http:Fer.'J.il
http:MnunlJ.iI
http:Microw3.ve
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CODE LIST OF MANUFACTURERS (Continued) 

C ><1 e 	 Address Code Address CooPManufac ture r Manufacturer 	 Mlnufac{\J rer Address 
No 	 No No. 

191;44 LR C Electroni C"s . Horseheads . N. Y. 11482 C . P Clare &: C, .Chll.:ago. III . 78452 T ht)m p ii•.m~ Or ~n ll:r ~. Co Chicago . III 
19 701 El l!ct rJ. Mr~. Cu. Independence. f(3ns as 11590 Centra lah 0 1\' nf 78471 T ill e y M ( ()~ San FranCI Sco , Cal 
20 163 (',(>neral At~O nt c"S Corp. PhIladelphia . Pol . Gl uhe l ' IUUII Inc . . MII~ :uJ ,{\!('. Wi s. 784 88 St ,H'kpol~ Carbon Co .. . ,51 Marys . PC/,ddress 21226 £xccutont.!, Inf·. Lon~ Isla nd Cit y, N. Y 7161 6 COOln1f1'r l"' l.l l P I.I, t in ' Co . L: hu:J. I(O . III 7R49 St .... nrlard r (Im Son "o rp . . WaHh.1.m, Mass 
2 135 ; f a fnIr Bearin~ Co , T he New Britian, Conn . 71700 CU rtll!'h W lf" e' C 'l Thr . Ne\i.· York . N. Y. 78553 P r odll c l ~ . Ch:-vl' la nd. OhiOT IMl! rnl.ln In ,e, Ind . 21520 Fan '> teel Melal lu rrncal Corp . N. Chh:3 gC , III 717 07 Cillo e rn ! Cu. , Irl t . PI'IIVloh' llcc . R . I 7879 . T r.lOlHe rn14~ r i::nf,"i n cot'rs .. San Gabrtcl, Cal 
23020 c;.: nl! r !lI RE' ed Co. . Me ry chen. N. J. 7114,1 CIBeag l. M) nl.l]u re Lamp W I Irks .Ctm::\g"o, lit i 947 l'ci l1 l1 ~ C l") .. Ne wtonville. Ma.<i.s 

, Cal. 23042 Tc xs("~n Co rp. . India napolis. Ind . 71785 CUlI' h Mr~ Co , 79 136 W,lldt.,g Kolllnou r Inc- . . I.on ~ Is land City, N. Y. 
Mass. 23783 BrIti Sh Radl Ele cl roOlcs Ltd ...Washin~on, D.c ~I nw.ud B. Jonf' $ Dl v. Ch lt:.q:rJ. 111. 79 142 V(' (·l.h ·r n n!)t. hu· . . . Ha rtfo rd , Conn . 

24455 G E . Lamp Divis ion , Nela Park ,Cleveland , Ohio 71984 Dnw CU r llll1~ Co rp . . MldlJ. nd, MH'h 7925 1 Co WI."Ili" 11 MI,::: Chicago, III. 
o . Cal. 24655 Ge-neral Radi o Co, . West C oncord, Mass 72136 E I I~t· t ro Mollv(1 Mf~ Co. Inc . 79721 C:nrll lll" n ta l ~Wl rt Electron ics Corp.
y. Cal. 24681 Mem cor Inc . ,Compo Div . .Huntinr,ton,lnd. 	 WillimantIc, COlHl . . Philadelphia. Pa.

N. y. 2636\ Crii"S Reproducer Corp . .. r\1.'v, Rochelle. N. Y. 72619 D I J. !i~ ht Co rp .Brookl)'n. N. V. 79963 Zienck M t l~ Cnrp New Roche tie, N Y. 
a, Cal. 26462 Croherl Fil e Co.of America, InC" Car ls l...ldt , N J . 72656 Ind i.3n.l (~'nl'r.11 Corp 80031 \1ql('I) DIV If\ lflll o f 51-'s :-ilo ns Clock Cn 

2685 1 Co mpal' Holli s lC'r Co . Hullist er, Cal. EI('f"lr n n H'~ 0 1\'. . . Kpasby , N. J . . Mor rtstown, N. J . 
26992 Hamilton Watc h Co . Lanrastc r . Pa . 72699 Gl'!1{' r .ll l ns t r m e nt Corp . B003J Prt' s l!l lt" Co rp Toledo. Ohio 

, N J . 26480 Hewlett~ Pa r kard Co Palo Alto , C:ll. ';'P DIVI Sio n l'\(' \I,.Hk , N..1. 8012 0 S"hnit7f"'r All o)' Product Co.. Elizabeth, N. J 
k, Cal. 28520 Hey man Mfl-:' . Co . KenIlworth. N.,). 727 6'3 OrJJke Mfu . en HJ.rw ood H ~' lg ht s . 111 8013 I Elec lro ll l\.: 1 1Idustr!f' ~ Assor latlon. 
o. Cal. 308 17 Instrument Spec lailles Co. 	 72825 Hul.\ H. Eby Inc . Phll.1.de lplil';l., Pa . $tJondard lube or s.., rnl ~ conducto r device, 
n , N.J. Inc .. Llltle Fall s, N J . 72928 Cudeman Co . . Chu;.tt(Q , Ill. :1n\' manu(Cic lur er 
,e, P•. 33173 C E RC'c <.'lv inl; Tube Dept .. Owensboro, Ky. 72962 Ela ~ tH: Stop Nut Corp . Cnion . N.,I 80207 l ' nl;'l.l .\( Sw it c h. Dl v. Maxon Ele c tronics 

35434 Lec tr ohm Inc . Chicaco, til. 72964 Robert M Had ley Co . Los A ogt" I f' ''= , Ca l. Co r p, . Wall Il'IgJord , Conn .
N. M. 36196 Stl\n~' yck Coil Products . 	 72982 Ene Tl:! c hllulo)!ica I Produc ts. Inc. .- . Er Ic . P..I. 60223 I n\(t'd TrJ :\~former Corp.... New York . N Y. 
N. H. Ltd . Hawkes bury , Ontario , Canada 13061 Hansen Mf~. 0.. Inr Pr ll1r · ton. (nd . 80l <K O~«' l rd r\(:nn(' Corp. Chicago, 111. 

;: Conn. 36287 Cunningham. W H. t · Hill, 73076 H M Harpf.'r ('(I . ,C hl"l l!lI . III 80294 BUll r ,, :'. IIIC'. . Rlversic1e:!, Cat. 
Japan Ltd .. Toronto , Ontario. Canada 7313 8 HcltpOL DI \" 0 1 A~r km..ln Ins l. In c 80411 Arcu ()I\' of Robcrtsha \\ Controls Co . 

<, N. J. 37942 P . R. Mallory t , Co .. Inc . Indianapolis , Ind . F' u lll'fion . C:l1 	 Columbus . OhiO 
h. Cal. 39543 Ml' rhanlcal Indu s tri es Prod . Co . Akron . Ohio 13293 HUl:he :. Products OI\' ISlOn nl 80486 All St ar Pr nd ur' t!) In c . Defi:1ncc , Ohio 
\ril.ona <0920 MInIatu re Pre cision Beari ngs . Inc .. Keene . N. H HUj{hp$ Alr("r:.ft Cn Newpo rt Bt.'<lch. Cal 80, 09 A v," rv l.ah(·l Co MonrOVIa. Cal. 
IUnsas 40931 Hone yw ell Inc ....Minneapolls . Minn . 7344 5 AmJ.lert 'x Elc (" 1. Co IIKksvill". L . I . N Y. B0583 Ha mmarluflc1 Co . . JnC'. . Mars Hill , N. C . 

Mi ch . 42190 Muter Co. . Chif"ago . HI. 73506 Aradley 5<'ml cllndur!tlr CurjJ 80640 St i' \t"/IS. Arl l0 ld. Co . lnC' . 0 05 l(IO, Mass. 
Texas 43990 C. A. Norg rC'n Co . Englewood, Colo. New H:lv~n " Conn 808 13 Dlm r n Gr:l.\ CII. . . Dayton, Ohio 

), N Y. 44 655 Ohmite MI~ Co .. S)l; okie, III 73559 Carllnf,: Elcrtrl c. In r Har lford . ('nnn 81030 Inll rll.l tWII ,11 I n~t Inc o r;:anr,c , CIIl'ln . 
iermany 46384 Penn Eng. &Mt~ Corp. . . .. Ooylestown, Pa. 73586 Cl r r le F Mff!:. Co ..Tn' nlon . N .• 1. 81 013 G l"I ~ 1 1l 11 en . LaGrangc . III 

47904 Po larOid Corp . Cambrld~e . Mass. 73682 Gpor~e K. Ga r r e I! Co. 81 095 Trl,ld Tr;t n ~ f IJr",c r ('nrp Venic (I. Cat. 
IUnsas 48620 PreCision The rmometer &.: Ow MSL IndustrlPs . In C'. PhIladelphIa Pa 61:1 12 WHl l'h l' Sll'r E!I.'e . Dlv Lill on Ind . , Inc. 
k. Cal. In s l. Co . Southampton, Pa 13734 Feder;!1 Serl" '\" ProduC"ts . In c. . ChlCal!lI. III. . O:lkvl1\C, Conn . 
a , Cal. 49956 Mlt'ruwave t , PnlAH Tube Dlv . Waltham, Ma sS . 13743 FI :.c hN ~pcC'lal Mf~ C(I. ClnClnnalL OhiO 81 349 P--hll l,"\r\ SP<'l"llk<ltl0n 
n , 52 090 Ro wan Controller Cn .Weslmlnster, Md 73793 Gp nt.'r.;al Ind u ;:; t rll ' S Cu. Th c .. . ElvJ'I :l . Oh, ,, B14 83 In (('(II. l llol1.d n,~t: tlfll'r Corp EI Sf'v,tlOdo. Cal. 

'; 29 B3 HP Co Mf'!'t. EI('4' . Ol\, . Waltham. Ma ss. 73846 Co~h~n SI ,lmjJl !1 l~ &: T ool Co Ct )~ h(' n . Iud B l ~ 41 Alrpa:-; E\('(' l r nf\l !'~, InC'. Cambrld~ , Maryland 
5-1294 Shallcross Mh!. Co Sf'\ma. N C. 73899 ,I fO El t'c lnllll ('.s Co rp. nr ltoklvn . S . Y. 81 860 n,l- rry CIHlll' tt ls . Dn . Barr y Wn.,:hl Corp , 

h, 55026 Si mpson EI(> (' trJ(' Cu . Chir.a f,o . III. 73905 .Jcnnlll!!s 11:& (11 0 Mft.:: C orp San .1"5(' . Cal Watc rt O\\ 11 , Mass . 
Colo. 5- 33 Sc1nnln nc Corp EI mi ford. N. Y. 73951 Croovl' - P In C' C:1:-p .. RIc1~ (' J H.· ld . N .J . 820; ! C..Irl t' r l' r cl"l 11 m Et.'(' lrI C Co . Skoki e . III. 

k , 	N. J . 5 93 8 RJ.yt heon Co. Co mm e r C"l ai Appar~tu s 74276 SI r, nallt (' Ill e Nc'plUIIC . N.,' 2041 ~p ('rU rH;ld.l ~ In ('" .. CopP E' r Hl".Vl tI 
:-J. Y.g. ,-. Sy~ lt"m OI V. So . :"\o rwalk, Conn. 74455 J . I1. WIIlI'I S, ,Ind 5f)ns Wln('h ("'~ I('r. M.l. sr; El t' (' t fl t"' 01\. Ht)bokcn . N . .J 


eI.C.1.!. 56137 Spau\dln!; Fibr e Co.. Inc. . Tonawanda , NY. 74Rftl Ind u5t r l, tI Cflnd (' n ~" r Cnrp C hlf,.·,l f·:'" lit 82116 Et('~' t rtc" RC","\.!I.l{lI r Co rp Norwalk, COli n. 


' . Ca l % 269 Spr:t~u (' El rc trl f" Co . North Ad;lms. Mass . 74 R 8 R F . Pr cx.luc t s DI VISlu n 1)1 82142 .le ((!'r e; Ele('l r Onll'!\ Division o f 


-. 
 N.J . 'iR474 SUjJL' r lor Elect. Co .. Bristol. Conn . Ampl l" lInl-Dor!! E t," It!lrH l' C<) rp. S't1<'1'r l'.tr h"ll1 Cu . . Ou Ooi s, Pa 

N Y. 5 446 Tel e 'l. Corp. . . Tuls.l. , Okl.). . DJnl;tl r\". Co nn 82170 F,l ln"hlla C J. nlC! ra 6. In s t Corp . 


'e , al. ~ . 730 Thoma ~ K: Betls Co Ehzabe t h, N ,J 74 9 70 E . F . JohM tll1 e ft . W .l 5 l' ( ~ . 1'01 1111\ Spac("" G: O,..rt'ns(' Sysl(~ms DIY . Par ;,mus. N J . 

d. Cal. 60741 Tnplf'1I Electfl c:l1 Inst. Co . Otu(fton. Ohio 15042 In ternalional Rl'''': \SLt nn ' Co Phtlad '''' \lJhl~'. P..I . 82209 ~1a ~!'u rl (, Inrlu~ trt (,5. Inc Greenu:ich, Conn. 

·td.N Y. 6 1715 l' rl\ o n ~'u. ltch and Sl~na l Dlv . of 15263 Kf'vSl on(' C..lrUIl tl Co 11\ (" ~I M.Lq'~ . Pa 82219 S,,'I\' :t r\l .:a Elt'l"'t fl'~ Pr od Inc 

N Y. West ln~h nus(> AIr Brake Co. . Pitt sbu r gh , Pa . 75378 CT:-: KfL lt! ht S, ('1\' . • - nd\l llh. II! Elec tron! ,· TUI~ '" DI\ISIHn . Emporium , Pa ." ' . Cal. 62119 t.:nl v('rs:11 Electric Co Owosso, Mich . 15382 Ku lka E\t' l"l rl c Corp . . Mt Vcrr nn .:"II Y. 2376 A ~ t r un Corp . E:151 Ne\l.1. rk . Harri s on. N. J . 
Ward - Lcol1J.rd ElectrIC Co . Mt . Vernon. :'Il . Y 75 8. ) 8 Len!: El ec trlr r-.H ~. Co .(' hlt·,q:iI Ill . 8238 SU:I rhrr~rt . Inc Chicago, Ill."3 143 

a . Cal. 64959 W~c; t rI ! EIt" l"'t r lc Co , Inc New York . N. Y -; 59 15 Lllll rhL:-.r. In t"' .. O,'S l' !.lI nl"5 Ill. 82G 17 Mr'tals ~. CmHrol s. Inc , 
Ma ss. 5092 WC"i tnn Inst Inc. Weston-Newark . .Newark , N. J. 1600 5 Lu rd MI" Co . EriC' . Pa . .!;}I"\ llccr Prod H·tS . Anl ....boro. Mass. 

Cal. 662% Will('k M (~ C 'l .. Chicago. 111. 721 0 C. W ~1.lrwedr" l S,1n f l'atHl hL'U . Cal 821 6d P H llp ~ - Ad \' ..Jn (" t! Control Co . . Joliet. Ill . 
N C. r,r,J46 Ml nnt ,.. u tJ. Mln)/'~ t· Mig . Co. i64:J~ Gi 'nc ral Ins trum l!n t Corp. 828fiG fh~"' I"' . lr (' h Pr udu rl~ C or p . ~\'Iatl ts on , Wis . 

nt. III . Rf' v('r P M,n..-om 0 ,\'. . SI. Paul. MInn . Mlc.lnl'.)ld 01\I S10n . Sev.J.rk . r.. I. 82817 Ru lton' ~1lr. . Cn Inc Woodstnck, N.Y , 
1 . N J . 702 16 Allen Mfl: Co . . H.a.rtfo rd . Conn . 764 8 7 J:t mf:"s MIII I' Mf \-t. Co . Inc I\o1.1 Iri rll . ~1.l "3 8~893 Vc e ll) r Ell' \.· lr tllllt.: Co. . Glendale. CJt ,. N.J . 

70~09 Allied Control N(' \\ 'i " rk . N. Y 1641J 3 ,) \ 1,1 ~!II h-r Cu Los A n~I'J,~ 01 1. 8305H C'.lrr Fl s l ~ nc r Co . . Cambridge . Mass. 
:t, Cal. 103 18 Allmetal Screw Proo\Jct Co . , Inc. lfjJO Clnd1- Mllnad lU ,.. k, 01\' u f CII\!t'd C.lrr 8306" N~'w H:l m l>slur r 9:111 

.. Garden CIty , N. Y. f.l~ l~ n r COi" p . $a n Lf' .)ndr n, e ll. OI.1. r Hl~, Inc. . ... Peter w r uug- h. N H. 
N. Y 10411 Amplex. 0 1\'. of Chrys ler Corp Df'lrolt. Mlch 76545 !l.1 e ll(>f EI{,,· tri (' Cu .. Ch".I! I.J. !ld , Uh:o H1125 (j" L1 c (:.l1 lns t r u mf' nt Corp. 

" . Ipd . 
70485 AliantlC" India Rubher Works, Inc .. Ch){'a~~ {l. Ill . 761 ()J N:ltlllJ':1 1 t.:n io n . ~ ('''''' l(k . N J . C..l pad to r Oiv . . .. D:uhnr,ton. S C. 

-\c .Ca\. 
70563 Amperlle Cu Ille. L"nl u n City , ~ . .J . 166'1,1 O.:.1 k Ma l1u fail u rlng- Cu .cr ~'iJal LJ.ke. Ill. 8314 8 ITT Wir e .:lnd CdJlc Dlv. . Los An{:c l _S, Cal,'. C",1. 
10674 ADC Products II\C'. . . Minneapolls. Mlnn 7 70fiM Till" n" Ix lix Curp 831 ~6 \ ' wtU r\" £ n~ . Co rp . Spr1n~field, N. J 

n . Ohio 
70903 Belden Mfc . Co. . Cill cou:o. III El pcl ioc1 yn J.mt ' Dl v. N 110 11\ 'ood, C.:al 83296 B(,h(i1x Corp ., R(' Bank Div Red Bank , N. J , Cal 
70Q98 BIrd Ele c t~r : c Co r p . Cle vcl..J. nd . O hiO 71015 PJ.CIlIt MctJ.l~ e n Sa.n Fr.ua l"if I. Cal. 83 3 1; 1I1!lllJi' li Co rp. . . . Mundelein , lit 

.... CaL 17221 Ph.los tran III I r um" n! and 8332< RO ....ln Ir.c .. Newporl Beach, Cal.71002 Blrnoo.C'h RadIO e n ~E'\\' YC1ri-: . N. Y. 
N H. 

Ene . E!t'rt nJOlc Cn So P·I !S_ld<,na. Cal 83 330 Smllh . HI',m:.ln H., [nco ... .. Brooklyn, N. y, 

hJ , Ca l. 

71041 Bos io n Gl'ar Works O,\' of 71252 Phll:td l lphl o.l Stl.'!;'"! dnd 8]332 T N·h l a b . ., P:lliSJ.des Park, N.J. 

ILI.Cal. Murray Co. of T e ;t;Js .. QUlncev. Mas~. Wir i"' Co rp .. Phlladelphla, P.l . 83 385 C~ lIlr ;t' Scr(.'1V Cu . . ChIC=4!o , III. 

lp.C4I . 


71034 Blliev F.lf'Clrtc C\') . . Inc. . P:" . 

Bud Ihdlu . Inc . Wilio j.: hb ) . Olllu 77342 Amer ll~a n ~la rtH"{> & f oJYnd r y Co . bJ~nl Gav itt WIr e.. C:lb le Co., Div . of 

11219 C::tmbrld~c Thcr m lO nlcs Corp . Cambr)dg:l' , M,l S~ 
71218M.&ss. 	 P ,\wr i Br o..l m ( I,,1 01\ .. P n m'p! fm, In<1 r\11\ •• r ::.r. r e Corp . Orookiield , M41S$...III . 11630 T RW Elt'f"trrlnl' CI1mpf'nt'" nt Dlv. C..l m (In, N . .r 63594 Ru rrlllJ~hs C rp . , Elec tronic 

1alllS. 7763 Gene nl IIl:-. lru m ,'nt Co rp T ub" Dlv. . . Plalntleld , N. J . 
71286 C:lm loc fl stener CarrL Param Ys '\ .1 
71313 Cardwell Conde nser Co rp,. N y 

R p c l l ~, p r DI\"l s mn BrO(,kj vll. N. Y 1nh.m C..lrbldC Corp. COllsumer 
' n , Pa . 71 764 R p ~l~ l."1nC't' P rl)dur U; CU H.ur ~oo :- ~ . Pa . P n d . Dw . Ne ...... York, N. Y. 

. Linde nhur st. L I. . N.Y. 	 63740 

71400 BussmJ.nn Mr~ Dl v ofn. Del. 
McCr:lw - Edl snn Co. 51. Lmns . Mo 779G9 Rut"lr.I' r t.: r :i ft (',H' P o f Cl1t f. Tnrr :t. m {', Cal. 8377 7 1\.1ld •• [ E nv, .lnd Mil,: tne. . Huntingt ::m. Ind . 


·c. WI :'t 
11436 Chl cai:0 Co ndens er Curp . .. C' hI C.d~'l. Ill. 7 Rl A9 Shilkepr no[ Di"' I!.j!" n r 6362 1 Lo yd ScrtJg~:i Co. ... .... .. Festus, Mo. 


Pl c()- RI~'er :\ . Cal 1I111100S Tool Wolrb E. '~ In.. tIl. Wl942 A, r tJl'\..lutl~al 11I8t . & RadiO Co . . Lo(h , N. J . 
71447 Calif Sprl n~ Co ,Inc . 

71450 CTS Co rp. Elkha r l, In"". 


N. J . I R2 77 :)H!ffi4. .50. Brit l ntr ft· . M:.t s s 84 171 Ar n E. lec tronics Inc . Creat Neck, N. Y. 

71466 ITT Ca nno n Elect riC InC'. Los An~c l t' :S . C.II 78283 SIv,Pla l Indl.,.:.ltu r Cll rp . Nl'\i. Yfl r k. :-.J Y H<396 A J 01 1' .,.rne r Co. , Inc San FranCISCo, Cal. 
" N . 71411 Cinema . Dlv. Acrovo~ Corp . . Oli r ba n.k. C3 \ . 182 0 St ru llll ' r ,,~ J)l l n n hit: . Pd ml !l. :-" ..1. 64411 TnW Cap:.t c llo r Oi~' . 0g;dlll:1, Neb. 
<. t fr o m' HJ. ndbo ok Supp lements 
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CODE LIST OF MANUFACTUIUS (Continued) 

Code C_ Cod. 
No . Manufacturer Addres8 No Manufacturer AddresB No . Ma nufacturer Address 

94870 Sarkes Tarzian, Inc. . . Bloomington, Ind . 91929 Hone)"\lo'ell Inc. ) Micr o Switch Division 96095 Hi -Q Div. of Acrovox Corp. . Olean , N. Y. 
85454 Boonton Molding Company. . Boonlon, N. J . freeport, Ill. 96256 Thordar son-Meissner Inc . · . MI. Carmel , m. 
85471 A. B. Boyd Co. . . San Francisco, Cal. 91961 Nahm · 8ros. Spring Co. Oakland, Cal. 96296 Solar Mfg . Co. .. Los Angeles, Cal. 
85474 R. M. Bracamonte & Co. . San FranciSCO, Cal. 92180 Tru ·Connector Corp .. ...... Peabody . Mass. 96396 Microswitc h, Dlv. of 
85660 Koiled Kurds , Inc . . Hamden , Conn. 92367 Elgeet Optical Co ., Inc. Rochester, N. Y. Minn . -Hone ywe ll Freeport , III. 
85911 Seamless Rubber Co . . ... Chicago, nt . 92607 Tensollte Insulated Wlre Co. , Inc . 96330 Carlton Screw Co . Chicago, Ill. 
86174 FafOir Dearing Co. Los Angeles, Calif. Tarrytown, N, Y. 96341 Microwave AssociateS , Inc.. Burlington, Mass. 
86197 Chllon PreCISion Produ c ts Co. , Inc . 92702 IMe Magnetics Corp . .. , Westbu ry, L.I., N. Y. 96501 Excel Transformer Co . . ... Oakland, Cal 

. . . Clifton Heights, Pa. 929 66 Hudson Lamp Co. . Kearney, N.J. 96508 Xcellte, Inc. .Orchard Park, N. Y. 
86579 Precis ion Rubber Products Corp, Dayton , Ohio 93332 Sylvania Electric Prod . Inc . , 96733 San Fernando Elec. Mfg. Co . Satl Fernando, Cal. 
86684 Radio Corp. of America, Electroni c Camp. Semiconduclor 01\1. .Woburn, Mass, 96881 Thomson Ind. Inc. . . Long Is land, N. Y. 

&! Devices Division Harrison , N. J. 93369 Robbins" Myeu Inc . .. Pall1sade8 Park , N. J. 97464 Industrial Retatning Ring Co . .. Irvington, N. J. 
86928 Seastrom Mfg. Co. Glendale, CaL. 93410 ~emco Control I . Dlv . of EB8e~ 97539 Automatic &I Precis ion Mig... Englewood. N. J 
87034 Marco lndustrles Anaheim, Cal. Wire Corp. MansOeld, Ohto 97979 Reon Resistor Corp. Yonker s, N. Y. 
87216 Philco Corporation (La.nsdale DiviSIOn) 93632 Water8 MIg. Co. .. Culver Cily, Cal. 97983 Litton System Inc. , Adler-Westrex 

. ... Lansdale, Pa. 93929 C . V. ControlB Livingston, N. J, Commun , Div. . . New Rochell e, N. Y. 
87473 Western Fibrous Glass Products Co . 94137 (ie.neral Cable Corp. Bayonne, N.J . 98141 R-Troni cs, Inc. . ... Jamaica, N. Y. 

. . . San Francisco, Cal. 94144 Raytheon Co. , Compo Oiv. 98159 Rubber Teck, Inc. . ... Gardena, Cal. 
87664 Van Waters & Rogers Inc ... San Franc iSco , Cal. Ind. Compo Operations. . . Quincy , Mass . 98220 Hewlell · Packard Co 
87930 Tower Mfg. Corp. . Providen ce, R. 1. 94148 Sclenlific Elec tronics Medical Elec. Oiv. . Pasadena, Cal. 
88140 Cutler-Hammer, Inc. Lincoln, Ill. Products , Inc ... . Loveland , Colo . 98278 Microdot, Inc So. Pasadena, Cal. 
88220 Gould-NatIOnal Batteries , Inc ... St. Paul, Minn. 94154 Wagner Elect. Corp. , 98291 Sealectro Corp . Mamaronech, N. Y. 
88698 General Mills, Inc , Bu[[alo, N. Y. Tung ~So I Ol\!. Newark, N. J. 98376 Zero Mfg Co . . .. Burbank, Cal. 
89231 Graybar ElectriC Co. . .. Oakland, Cal. 94197 Curtiss-Wright Corp. 98410 ElC Inc. Cleveland, OhiO 
89473 G. E. Distributing Corp. . Schenectady, N. Y. Elec tronics Oi\!. .East P3.tterson, N.J. 98731 General Mills tne Electronic s Div . 
89479 Security Co. . . . Detroit, Mich . 94222 South Chester Corp. . .. Chester , Pa. Minneapolis . Minn. 
89665 United Transformer Co. . . .. Chicago, Ill. 94330 Wire C10lh Products, Inc. . Bellwood, Ill. 98734 Paeeo DiV ISion of Hewle tt -Packard Co . 
90030 United Shoe Machinery Corp. . Beverly, Mass. 94375 Automatic Metal Products Co. Brooklyn, N. Y. . Palo Alto, Cal. 
90179 U. S. Rubber Co. , Consumer Ind. &I 94682 Worcester Pressed Aluminum Corp. 98821 North Hills ElectroniC'S, Inc. . Glcn Cov e , N. Y. 

PlastiCS Prod. Div. . ..... Passaic, N.J. Worcesler, Mass . 98978 International ElectrOnic Research Corp. 
90365 Belleville Speciality Tool MfG. , Inc . 94696 Ma{! necraft El ec tric Co. Chicago, 111. · ... Burbank, Cal 

. BelievUle, Ill. 95023 Geo r ge A Phdbrick Resear che r s. Inc . 99109 Columlua Techn ical Corp Ne ..... York, N. Y . 
90763 United Carr Fastener Corp. . .. Chicago , nt. . .. Bosto n . Mass. 99313 Vartan Associatl' s. . Paln Aha , Cal. 
90970 Bearing Engineering Co.... San Francisco, Cal. 95146 Alco Ele(.:t. Mfg . Co. . Lawrence. Mass 99378 Atlee Corp . Wl nL'llCste r , Mass . 
91146 ITT Cannon Elect. Inc .• Salem Div, 95236 Allies Pr oducts Corp . Diania, Fla. 99515 M,Hshall Ind ., Capac it or Div . . Mon rovia , Cal. 

~Iem, Mass . 95238 Continental Connector Corp.. . Woodside, N. Y. 99707 Control Switrh DIVi Sion, Controls Co 
91260 Connor Spring Mig. Co.. .. San FranciSCO, Cal. 95263 Leecraft Mfg. Co. ,Inc ... . Long Island, N. Y. of Ameri c.-' . EI Sr' l{\l ndu, Cal 
91345 Miller Dial & Nameplate Co, EI Monte, Cal. 95265 National Coil Co. . .. Sherldan, Wyo. 99800 Delevan Electr(l nics Corp . Ed.st Aurora, N. Y. 
91418 
91506 

RadiO Material s Co. . .. Chicago, til. 
Augat Inc . . . Attleboro, Mass. 

95275 
95348 

Vitramon , Inc. . .. Bridgeport, Conn. 
Cordos Corp. Bloomfield , N.J. 

99848 
99928 

Wilco Corpora tion Indianapol iS, Ind. 
Branson Co rp. Whipp;) ny, N .. /. 

91637 Dale Electr onics I Inc . . .. Columbus, Nebr . 95354 Methode Mfg . Co . Rolling Meadows. 111. 99934 Rembrandt . Inc DoSton . Mass. 

91662 Elco CQrp. Willow Grove-, Pa . 95566 Arnold Enginee ring Co. . Maren!~o, Ill. 99942 Hoffman Eleetronl t: S Corp. 
91673 Eplphom' Inc. New York, N. Y. 95712 Oage Electri c Co. , Inc Franklin , Ind . Se-m lcond uclor Div iSIO n ... El Montc. Cal. 
91737 Gremar Mfg. Co. , Inc. . . Wakefield, Mass. 95984 Siemon Mfg , Co. Wayn", , tit. 99957 Tec h m ... lo!{j' -Instrument Corp 
91827 K F Development Co. Redwood City, Cal 95987 Weckesser Co. Chlca l~o, Ill. of Cal\f(l rnia Ne\~buri' Park, Cal 

91886 Malco Mfg . , Inc . . Chicago, Ill. 96067 Microwav e Assoc. ,We-..w &.nnyval f' , Cal. 

The following HP Vendors have no number aSSi gned in the lall's! supplement to the Ft:'deral Supply Code ior Manufacturers Handbook . 

. Oakland , Cal 

OOOOZ Willow Leather Products Corp . Ne wark, N. J. SPr1 (ll-:~ Dtv. Co lo rado Sprin~.::i, Colorado OOOWW Calffornia Eas tcrn Lab . . 8urltng ton, Cal. 

OOOAB ETA England OOOMM Rubbe r £>1"; . & Development ... HJ.yward , Cal. OOOYY S. K. Smllh Co. · Los Anr; e les, Cal. 

OOOBB PrecLsion Instrument Compo Co . Van Nuys, Cal. OOONN A " Nil 0 Mfg. Co. . ...San Jose, Cal. 

OOOOF Malco Tool and Ole Los Ange les, Calif OOOCS Hewlett-Packard Co. Co lorado OOOQQ Cooitron. 

From . Handbook Supplements00015-49 
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Model 654A Appendix C 

QMANUAl BACKDATING CHANGES 

Model 654A 


TEST OSCILLATOR 


Serials Prefixed: 0951 A-


This manual backdating sheet makes this manual applicable to earlier instruments. 
Instrumen t-component values that differ from those in the manual, yet are not list ed in 
the backdating shee t, should be replaced using the part number given in the manual. 

Instrumenl Serial Prefix Make Manual Changes InSlrumenl Serial Prefix Make Man ual Changes 

907-00200 and below 1 

951-00340 and below 1 2 

0951 A00755 and below 1,2,3 

0951 AO 1700 and below 1,2,3,4 

0951 A02260 and below 1,2,3 , 4,5 

CHANGE NO. I 

Table 6-1: Change A2RII to R: fxd, 10 krl ± 1%, 1/8 W, 

-hp- Part No. 0757-0442 . 

Change A2RI2 to R: fxd, 4.02 krl ± 1%, 1/8 W, -hp­

Part No. 0698-3558. 


Figure 7-2: Change the value of A2RII to 10 krl and the 

value of A2R 12 to 4.02 krl. 


CHANGE NO.2 

Table 6-1: Change the -hp- Part No. of J I to 1251-0148 

Change the -hp- Part No . of WI to 8120-0078. 

Change the -hp- Part No. of Panel: rear to 00653-00202 

(Mechanical Parts). 

Change the -hp- Part No. of MPI7 to 00653-01204. 

Delet e MP50, Bracket: Attenuator -hp- Part No. 

00653-01206. 


CHANGE NO.3 

Change the -hp- Part No. ofTI to 9100-0294. 


CHANGE NO.4 

Page 6-3, Table 6-1. Delete A2CR25 and A2CR26 


Page 6-4, Table 6-1. Change A2 R61, 62 to A2R61, 62; 

0757-0384; 20 ohms. 

Add A2R70 and A2R73, 0686-2015, 200 ohms )2 W. 


Page 7-6 . Change the A2 Component Locator as in 

Figure C-I . 


-R64- -C22­

-R79- -CR20­ e 8
- R70- 020 


-R68 - -R71­
- C26- -C28­ 8-R74- -R7S­ -CRI9­
~~I -C31­L\S3W ­

-C30­-~g:;: _cN_2 i6 8 
C33­

I\)I~ -R77~ 
-R76- -R73­

Figure C-1. PIa A2 Component Loc­

.... j 
, >-. 

'L •• 



Appendix C 

Page 7-7/7-8. Change A2 Scllematic Diagram as in 
Figure C - :2 
Change A2R61 and 62 to 20 ohms. 

Figure C-2. PIO A2 Schematic Diagram. 

CHANGE NO.5 
Page 44, Replace Paragraphs 4-37 thru 441 with the 
following: 

4·37. REGU LATED POWER SUPPLIES. 

4-38. The regulated power supplies provide all volt­
ages required by the 654A circuits. The power sup­
plies consist of a (nominally) + 31 volt series regu­
la ted supply and a (nominally) - 26 volt series regula­
ted supply. The - 26 volt supply is referenced to the 
+31 volt supp ly. 

4-39. The +31 volt regulated supply is of th e con­
ventional series regulator type. 01 and AIOI are con · 
nected in the Darlington Configuration to increase 
loop gain of the circuit, thus improving voltage 
regulation. AI RI4 allows the voltage to be adjusted 
to +31 volts (± 0.5); it also affects the - 26 volt 
supply (making the plus supply more positive, makes 
the negative supply more negative). 

440. The - 26 volt regulated supply operates in a 
manner similar to the +31 volt supply. AI05 is a 
current limiter which conducts only when the load 
current exceeds the set value. Conduction of Al 05 
causes the series regulator 02 to reduce th e outpu t 
voltage until the load causing the excessive current is 

C-2 

Model 654A 

removed. Diodes AI CR6 and A I CR 7 protect the con­
trol transistor AIQ4 from short circuits between the 
two supplies and short circuits at til e output of the 
- 26 volt supply. 

Delete Figure 4-2 and 4-3 

Page 5-13, Paragraph 545 with the following: 

5-45. POWER SUPPLY VOLTAGE ADJUSTMENTS. 

a. 	 Connect a dc voltmeter to the power supply 
positive output (AI Pin 12). 

b. 	 Adjust AIRI4 (+30 V Adjust) for 31, +/-0.2V. 

c. 	 Connect the dc voltmeter to the power supply 
negative output (AI Pin 13). The voltage 
should be - 26, +/-0.5 V; if not, change the 
value of AI R15* to ob tain the required voltage 
(increasing the value of AI R15* makes the 
power supply voltage less negative, and vice­
versa) . 

d. 	 For power supply troubleshooting, refer \0 
Paragraph 5-78. 

Page 5-20, Paragraph 5-77. Replace Steps 9 thru II with 
the following: 

a. 	 If only the - 26 V supply is inoperative 
proceed to branch ®. 

b. 	 Check if the external circuits are loading the 
power supply by lifting A I Pin 12 and 
Al RI8 (Schematic No .2). If t1le supply 
operates the trouble is in the external 
circuits. If tile supply does not operate 
proceed to step c of this Paragraph. 

c. 	 The - 26 V supply is referenced to the 
+31 V. To check if the - 26 V supply is load­
ing the +31 V supply first lift AI pin 13; if 
the supplies now operate the trouble is in 
the external circuits; if the supplies still do 
not operate, lift AIRI5*, AIR6 and AIR7 
to isola te the - 26 V suppJy from tile +31 V 
supply. If the +31 V supply now operates 
the trouble is in the - 26 V does not ope rate 
troubleshoot the +31 V supply. 

Check Tl and th e line filter components; 
also check A2CRI thru AICR4, AlC9 and 
AlCIO. 

a. 	 Troubleshoo t the - 26 V supply if you 
have arrived here from branch(!)c. 

b. 	 Lift AI Pin 13 to isolate the - 26 V 
supply from external circuits. If the 
supply now opera tes the trouble is in the 
external circuits; if the -26 V supply does 
not operate troubleshoot. 
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Page 5-27/5-28, Figure 18. Change Step 10 to Step 11 and 
Change Step II to Step 10 . 

Page 6-2, Table 6-1. Change the A I Replaceable Parts list as 
in Table CI. 

Table C-1. A 1 Replaceable Parts. 

IU::fERE:\CE -ilp ­ TQ DESCRIPTION ~I FI~ I-.IFH. P,\llT NO.oESIG\''-\ TOll P,\RT \'0. 

AI 0065466501 PC board : PO WN ,upplVI ·hp · 

C1.C2 o13tl-Ol ~9 4 C I,d AI eleu G5 uc "00~ ' · 10 ·, 60 vdew 50m C3691S·0SM 
C3 .C4 0150-Q 05S C: Ixd err O.on I uF "00 ', ·20', 500 vdew2 1.·':~2 S<l I ·0 10 X5GO I02Z , 
C5.C6 013000·15 C Ixd AI20uF'15 ' ;· !O' , 2;;vdcw 2 5,:89 30 020GG025C820 SM 

0180·0149Cl .C8 L. hd AI el ee[ 6S uF • IOU ', ·10'.- GO vdew 5~: ~ :1 Itype 300103691SDSM 
C9.C10 015000,2 2' C: Ixd eer 0.05 uF +'· 20 ' , ·100 vdew 56239 33C: gCOH 

CRI [hru CR4 4 O~, !3190 101 53 Diede Si 200 piv SRI3583 
CA5 190200 ~9 O,ode: bre, kdo,\n 6.19V ./·5% 400 mWI 0;7 13 S Z I 0939122 
CRG .C R7 190 10025 14 Diode S, 100 mA J[ • IV lOG plV 12 pF Oi~33 R 0 1526 
CR8 19020 777 2 Diode : zen er 1N825 6 2V +1-5 ~'o 400 mW obd" 05 4 
CA9 190 1·0025 Olude' Si 100 mAar , IV 100 piv 12 pF Oi n3 flO 1526 

01 TSTR : S, PNP , N4 03613530037 2 0~713 5S2109I
02 1353·0036 TS r R Si PNP 2N3906 C; 7138 S~S · 3612 
03 1353·0031 TSTR ' Si PN P 2N4036 C; 7 13 S52109 
04 .05 1853 0036 T5TR : Si PN P 2 N3'l06 01113 SP53 ti 12 

RI [hruA4 40683 39 25 A: IxJ comp 39QO ohms +1-5', 1/4 W 01121 C83925 
Q~S6 -7S25AS CI [21 I R Ixd eomp 750 0 ohms '1-5 ;r, 1/2 W Ea1525 

R6 06B I ·153! I A hd camp 15kilu hms +I-IOS; 112 W U11 2 I E81531 
RI 06~3433 S 1 A. Ixd (a;TIp 43 kilohm, +1·5~; 1/4 W 011 Zl C8433 5 

R3 R. Ixd co n p 3900 ohms +I- Im, 1/2 W0687 ·3921 I E8392101121 
IR9 0633-82 15 R. Ixd CGmp 320 ohllls +/ 5% 1/4 IV 01121 C8 32 15 

O[ 121RIO Rli OSSS 09 [5 A Ixd carbon eamp 9. 1 ohms +1-5', I W 2 GO 91GS 
A12 01570213 1 ~ . Ixd met 11m 30 10 ohm' +1·1', 118 \V 9: E31 ".IF ·I/ IO· 32 obd 
A13 0693 4,]20 I 910J7 1.IF·1/ 10·32 obdR: Ixd met 11m 9.53 kil ohm' '1 ·1'\ 1/8 W 

A14 2100-0090 R' vor cn mp lin 2000 oh ms +/-30" , 0. 15 W 114S0 UPM·IORElhp) obd1 
o· 121R Ixd ca mp 210 ohms +/-5% 1/4 WA IS' eS93·2/[ 5 1 C82115 

n . 
n . Ixd me[ 11 m 6000 ohms +1· 1% 1/2 W 7SC~ 2 CEe T 0 obdAI6 0751- 1013 I 

S; ;37 I.IFF 112 T· I obdA17 07 57 -00 39 I A Ixd me t 11m 5030 ohms '/·I ~ ' 112 W 
R Ixd me[ 11m 1180o hlT~ ,1-1% 1/2W .'~FF 1/2 T·I obdA18 OS98 ':888 I 91637 

Page 6-6. Table 6-1. Change the -hp· Part Number of 01, 
and 0 2 to 1850-0098, TSTR: GE PNP (SELECTED). 

Pa ge 7-7/7-8 Chan ge Al Schematic Diagram as in 
Fi gu re C-3. 

Figure C-3. Amplitude Reference Supply. 

-
. .J-'

.~"I -I"::..~., I-'" -- ...•. 
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Page 7-11, Figure 7-5. Change the AJ Power Supply Com­
ponent Locator and Schematic Diagram as in Figure C4 
and C-5. 

Model 654A 

". --"'- ~:;~ . -C:~ }- I
R

13-- !Q- ~_c~ J- ' Co-CR7­1-RI7---_Q ;- /; .-j11---==;;-~ ! 
=--=1 'V r:::\ UJ~ - - JI12~ e ~RS_-C:~~---~ 

• - R7- -CR5- C3 ;::. ::::::::::: 

II -R~- 0 -R!3- Q- -·rr CI f-- I 
.10 -CR6-V -CH9-0 ~.,_ i 

-R6- -RI2­
-RI- -R3- 01~u~ C2 =-:l-~- I

• -R5­
9 (0 

-R4--R2-~='~-~ 
sO -CRI-­ -CR2- -Ci!3- -CR4- 1 

287- -C9- -6 .5 4G -C,Q- $3 ~__~ 

AI 
hp Par! No. 00654-66501 

Figure C·4. A 1 Component Locator. 

" j ..,!)()O 3900 

Figure C-5. A 1 Schematic Diagram. 

C4 
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HONG KONG Blue Slar lid. MedICalOnly NIGERIA SRI LANKA 
Hewlell ·Packard Hcng Kong lid 133 Kodambakkam HighRoad Inlernallonal Aeladlo (E A ) lid The Eleclronics Melropohlan Agencies lid 

AFRICA, ASIA, 

AUSTRALIA Rocm 105. Auslin Cenlre Madras 600 034 PO Box 95221 Inslrumenla llons lid 209/ 9 Uni on Place 
ANGOLA lSIFlocr Tel 82051 Mombasa N6B /nO OyO Road Colombo 2 

KOREATeleclra 21 Auslln Avenue Telex' 041-319 Oluseun House Tal 35941 
Empresa Tecmca de EQUlpamenlos TST PO Box 98524 Cable: BLUESTAR Samsung Eleclronlcs Co . lid P M.B. 5402 Telax I311METROL TO CE 

Eleclricos. S.A.R.L Kowloon INDONESIA 22nd Floor Dongbang Bldg . Ibadan Cabla METR OL 10 
R Barbosa Rodrigues, 4 H' DT ' lei 3-691446 (5 lines) BERCA Indonesia P T Tel: 461517250, 2-KA, 1aepyung·Ro SUDAN 
Cai" POSI.I. ~1 Telex. 36618 HX P.O. Box4961Jkl Chung· Ku . Telex: 3 I 23 1TElL NG Radison Trade 
Luanda Cable HEWPACK Hcng Kong Cable THEnEL IbadanJl n. Abd ul MUis 62 Seoul P.O Box 921 
Tel 3551516 Medical IAnalyiical Only Jakarta Tel 11/ ·4886 The Eleclronlcs Khartoum 
Cable. THEcmA Luand. Schmidl 4 Co. (Hcng KOIIg) lid 1el 349255, 349886 Telex: SAMSAN21364 Insirumeniaiioos lid. Tel . 44048 
AUSTRALIA Wing On Cenlre , 281h F!oor Talex: 46148 BERSIL IA 144 Agega MOl or Road, Mushin Telax: 315MALAYSIA 
Hewlen·Packard Auslr.li. Piy. lid. COIIn.ughl Road, C. Cabla BERSAL Hewlell·Packard S.les P.O. Box 481 TAIWAN 
31 ·41 Joseph Sireel Hong Kong Mushin , LagosBERCA Indones" P 1 (M.I.ysi.) Sdn BM Hewlell·Packard Far Ea si lid 
Blackburn , V,clofla 3130 1el 5455644 C.ble: THETE IL LagosP.O Box 114ISby Surte 211 12.21 Taiwan Bra nch 

Telex 14766 SCHMX HXPO Box 36 13 Jln. Jlmeoo B.ngun.nAngkasa Raya PAKISTAN B.nk 10war, 51h Flom 
Donca8ter Ea8t , INDIA Surabaya Jalan Ampa ng Mushko 4 Comp. ny lid 205 1un Hau NOrlh Road 
Viclmia 3109 Blue Slar lid Tel' 42021 Kuala Lumpur Oosm.n Ch.mbers Taipei
Tel 896351 S.has C.ble BERCACON 1el 483680, 485653 Abdullah Haroon Road Tel (02) 151·0404(15 hnas)
Telex 31·014 414 12 VI( S.,.,.." Marg Karachl ·3 Cable HEW PACK 1AIPEIJAPAN Prol,l Eng,"eellng
C.ble HEW PARD Melbourne PrabhadeVl Tel 511021, 512921Yokogawa·H,wlell·Packard lid PO Box 191 1 Hewlell·Packard Far E"llId 
Hewlen·Packard Auslra ha Ply lid Bombay 400 015 29·21, 1 ak.ido·Hlg.sh, J.chome L01159, Salak Ro.d lei... 1894 Ta iwan Branch 
31 Bfldge Siraal Tel 451881 C.ble COOP ERA TOR K.rach,Sugln.mi·ku , Tokyo 168 Kuching, Sarawak 68·2, Chung Chang 3rd. Road 
pymble Telex 011·4093 lei 03331 ·6111 Tel 53544 Mul kO 4 Comp.ny. lid Kaohslung
New Soulh Wales, 2013 C.ble FROS1BLUE T,lex' 2322024YHP·10kyo Cable PROTELENG Ie Bazar Rd lei' (01) 242318·K.ohsiung 
Tel 4496566 Blue Sial lid C.ble YHPMARKET 10K 23 724 MOZAMBIQUE Seclor G·6 4 An.lyllca IOnly
Te lex 21561 Band Bo, House IslamabadYokogaw.·Hewlell·P.ckard lid A N Gonca lves. lid San Kwanglnslrumenls Co, lid.
C.ble HEWPARD Sydney Tel 28264Prabh.deVi Chua Bldg 41h Floor 162, I' Api 14A. 0 LUIS 20 Yung Sui Road 
HewleM·Packard AuslrallS Ply lid Bombay 400 025 4-20, Nlshln,k'llma 5·chome Calla Posl.1 101 Cable FEMUS Raw.lplndl Taipei 
153 Greenhill Road l ei 451301 Yodog, wa·ku, Osaka ·shl Maputo PHILIPPINES Tel ' 3615446·9 (4 hnes) 
Park8lde , SA 5003 Tel ex 011·315 1 Osaka, 532 1.12709 1.21114 1he Onhne Ad,anced Sysrems 1elex 22894 SANK WANG 
lei 2115911 Ca ble BLUES1AR 1el 06·304-6021 Telex 6·203 NEGON Mo Corporallon C.ble: SANKWANG Taipal 
1elex 82536 Blue Slar lid 1elex 523-3614 C.ble NEGON RICO House TANZANIA
C,ble HEWPARD Adeia lde Amorsolo cor Helfera SirBh.,deep Yokogaw.·Hewlell P.ckard lid NEW GUINEA Medical Only 
Hawlell·Packard Ausllalia Ply lid Slad,um Ro.d SuO/lorna Selmei Nag.y. Bldg Hewlell·p.ckard Auslral" Ply lid Legasp' V,II . ge Ma~.11 Inlernalion.1 Aeradio (E.A), lid. 
II I Sholng Highway Ahmedabad 380 01 4 11·2 Sh lmosasallma-cho. Develop e.1 B.nk BUild ing PO Box 1510 P.O. Box861 
Nedlands, W A 6009 lei 43922 Nakamura·ku, Nagoya , 450 Ground FIOO! Melro Manila Dar e5 Salaam 
lei 3865455 Telex 012·234 lei 85·3581 ,85 34-91. 8532·21l ei 052571 ·5111 Ward SI I1P Tel 21251 Exl 265 
Telex 93859 Cable BLUEFROS1 1 elex 3214 ONLINEPort Moresby , Papua 1elex41 03O 
C.ble HEWPARD Pen~ Blue Srarlld 1el 258933 RHODESIA

Yokog awa ·Hewlell ·Packard lid 
l.mgaw. BUilding THAILAND 

Hewlell ·Packard Auslraila Ply lid 1Hare SIr"1 2·14 1 TSUluy.·cho NEW ZEALAND Field 1echmcal Sales UNIME SA Co lid. 
111 Wollongong Slreel Calcutta 100 001 K.n.g.w."u Hewlell ·Packard IN .Z I lid 45 Kel'In Road Nooh Elcom Research Building 
FY8hwlck, A.C 1 2609 lei 230131 Yokohama, 221 4·1 2CrUicksh.nkSilee l POBox 3458 2538 Sukum,il Ave 
lei 804244 1elex 021-7655 lei 045,3/2· 1252 Kdblfnle. WelllnglO' 3 Salisbury Bangchak, Bangkok 

BLUESTAR lei' 7052 31 (5 hnes)lei.. 62650 Cable Telex 382·3204 YHP YOK PO Bo,9443 Tel 3932381, 3930338 
C.ble HEWPARD Canbe". Co urlney PI.ce 1elex RH 4122 Cable. UNIMESA BangkokBlue Slar lid Yokog .....Hewlell ·P.ckard lid 
Hewlell P.ckard Auslral" Piy lid Bh.nd.n House MilO M,lsu, BUdding Wellington SINGAPORE ZAMBIA 

lei 8n 199 Hewlell 'Packard Sing. pore51h Floor 91 Nehru Place 105. l·chOme, S.nolKl m.ru RJ 111 bury (Z.mblai lid 
1eachers Umon BUilding New Delhi 110024 MitO, lbaragl3lQ C.ble HEWPACK Welhnglon (Pie) lid POBox 2191 

1150 Depol Road495·499 Boundary Sireel lei 682541 lei 0292 25 -7410 Hewlell·P.ck.rd (N Z) lid Lusaka 
Spring HIli, Queensl.nd 1elex 031·2463 PO Box 26 ·189 PO BolS8 Tel 13193Yokogawa·Hewlerl P.ck.rd lid
4000 C.ble BL UES1AR 169 Manuk'u Ro.d Alex.ndra Posl OHlce Cable ARJA YlEE , Lus.k.Inoue Bu ilding Singapore 3lei 2291544 Blue Slar lid Epsom, Auckland OTHER AREAS NOT 
Cable HEWPARD Bllsbane 1 C 1 603 ·Poornlm. lei 687 159 lei 210·2355 LISTED, 

1348·3, Asa h,·cho I'chome 
Atsugi, Kan. gaw. 243 1elex HPSG RS 21486BANGLADESH M"ulhanku/h, C. ble HEWPACK Auckl.nd CONTACT:Tel 0462-240452 Cable HEWPACK, Singapore1he Gener.1 Elecilic Co 01 Trivandrum 69; Oil Analyl lcal Med,c .1 Only Hewlell ·Packard Inlerconhnenl.1Yokog .....Hewlell P.ckard lid

Bangl.deshlid lei 65199 NOrlhrop Ins lrumenls & SOUTH AFRICA 3495 Deer Creek RoadKum'gaya As.h,
M.gner House 12 Telex. 0884-259 Sysrems lid . Hewlell ·Packard SOulh Ailica Palo Alto , Ca lilorni. 94304HaCnl]Um BUltding-
Dllkush. Commercl.1 Area Cable BLUES 1 AR Siu/dee House (Ply), lid lei (415) 856·150 141h Floor
Motijhell , D.cca 2 Slue Slar lid 85·87 Ghuznee Slreel Prlvale Bag Wendywood, TWX910·373126134. Tsukuba
Tel 252415.252419 S.ndlon, Trans,aal, 2144 Ca ble HEWPACK Palo AliaII M.garalhRoad PO Box 2406Kumagaya, S"ta",a 360
1elex 134 Hewlell ·Packard Cenlre 1elex 034-8300,034·8493Bangalore 560025 Tel 0485·146563 Wellington 
Cable GECOAC Dacca Daph ne Sireei. Wendywood,lei 55668 lei 850·091

KENYA Sandton , 2144ETHIOPIA Telex 0845·430 1elex NZ 31291
ADCOMlid . Inc leI. 802-5 11 I 25Abdella Abdulmahk C.ble BLUES1AR Nonhrup 'nsllUmenls &PO Bo, 30070 1elex.8·4782POBox 2635 Blue Sial lid Nairobi Syslems lid C. ble· HEWPACK JohannesburgAddis Ababa Meeaksh, M.ndlf,m Eden House, 44 Khyber Pass Rdlei 33 1955 Hewlell·p.cka rd Soulh AlncaTel I' 9340 XX XXV 1319·2 M.halm. PO Bo, 9682, Newmarkellei.. 22639 (Ply). lidGUAM Gandhi Rd Auckland I
Medlc.1 Only POBox 120Guam Medlc.1 Supply. Inc Cochin 682016 lei 194·091
Inrernallon.1 Aerad,o IE A) lid Howard PI.ce,SUire C. AlfpoO Plaza lei 32009 Nonhrup InSl rumen lS &PO Box 19012 C.pe PrO'lnce. 1450POBox 8941 1elex 085514 Sysrems lidNalfobl Alfpon Pine Park Cenlre. Foresl On,eTamuning 969 11 Cable BLUES1 AR 1errace House. 4 Ox lord Terrac.Nairobi Pinelands ,lei 646·4513 Blue Sial lid POBox 8388Tel 336055 56 Cape PrOVInce , 1405Cable EARMED Guam \. \·1 17 I SarOjlnl Devi Road ChristchurchTelex 22201 22301 1el 5J7955 Ihru 9 

Secunderabad 500 033 Tel 64·165Cable INTAE RIO Nmbl Telex 51-000;
lei 10126 

Tele. 0155·459 

C.ble BLUE S1 AR 
 9179 

" •• I'~ 

I .... 
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CANADA BRAZIL GUATEMALA FOR AREAS NOT DENMARK Hewlell ·Packard France 

ALBERTA 
Hew).II·Packard (Canada) Lid 
I1610A · 168lh Slr ••1 
Edmonton T5 M3T9 
Tel (403) 4523670 
TWX 610·831· 243I 

Hewlen ·Pa ckard (Cenada ) lid 
110. 7220 F"her SI SE 
Calgary T2H2H8 
Tel (403) 253- 17 13 
TWX 610·82 1· 61 41 

BRITISH COLU MB IA 
He wl en ·Packerd (Canada) lid 
1069 1Shellblldge Way 
Richmond V6X 2W7 
Tel (604)2702177 
TWX 610·925·5059 

MANITOBA 
Hewlell ·Packard (C anadailid 
360·550 Cenlury SI 
SI. James , 
WIOOIp eg R3H OY I 
Tel (204 ) 786 ·6701 
TWX 610·67 ' 353 1 

NOVA SCOTIA 
Hewlen ·Pa ckard (C anada) lid 
PO Box 931 
600 Wind mill Road 
Dartmouth 83B IL l 
lei (902)469·7820 
TWX 61 0271 ·4482 

ONTARIO 
Hewlell Pat'~' ; (Canada ) lid 
1010 MOII>son 01 
Ottawa K2H8K7 
lei (613)820·6483 
TWX 610563- 1636 

Hewlen ·Packard (C anada ilid 
6877 Gar ewa yOil" 
MIs81ssauga L4V 11.48 
lei (416)678·9430 
TWX 610·492 4246 

Hewlell·Packard do BtaSiI 
' Ie C lid. 

Alameda A,o N'9rO. 750 
Alph."lIe 
06400 Baruerl SP 
Tel 419·3222 
Cabl. HE WPACK Sao Paulo 

Hew len· Packard do 8rasil 
I. e C lI da 

Au. Padre Chagas, 31 
9OC'OO·POrto Alegre ·AS 
lei 12·2998. 22,5611 
Cable HEW PACK Porto Alegre 

Hewlell ·Packard do 8ras.1 
Ie C lIda. 

A, EpIIBCIo Possoa. 4664 
22471 Rio de Jane lro ·RJ 
Tel 186·0137 
Tele ' 021 21905 HP8R ·BA 
Cab le HEWPACK R,o de Janello 

CHILE 
Jorge CalcagOi yC" lIda 
Artur o BurllIe 065 
Casilia 16475 
CO((eo 9, Santiago 
Tel 220122 
lei.. JC ALCAG NI 

COLOMBIA 
InSlfume !aClon 
Hen". A La ebaek &K.er SA 
Carrera 7No 48-7 5 
Apa~ado Aer eo 6287 
Bogotil . I DE 
lei 269 8877 
lele, 44 400 
Ca ble AAAIS Bogola 

Insllumenl ac~n 
HALangebae k&K.er SA 
Carrera 63 No 49 ·A·31 
Apa~ado 54098 
Medellin 
Tel 304475 

COSTA RICA 

IP ESA 
AveOida Ael orma 3- 48 
Zona 9 
Guatemala City 
Tel 316617.3 14786.66471·5. 
..I 9 
Telex 4192 T.lelro Gu 

MEXICO 
Hewlell ·Packard MeXlca na 

SAde CV 
Av Pe nlellco Sur No 650 I 
Iepepan. Xoch,m,lco 
Mexico 23.0 F 
Tel 9056764600 
Tele, 017-74-507 

Hewlell ·P ackard Mellcana 
SAde CV 

Ave Conshluc.On No 1184 
Monterrey , NL 
Tel 48·1131. 48·71 ·84 
Telex 038 ·41 0 

PANAMA 
EleciroOico Balboa. SA 
Aparatado 4929 
Panama 5 
Calle Samuel Lew Is 
Ed.hc.o •Alia' No 2 
Ciudad de Panama 
lei 64·2700 
Iele, 34831OJ C".nd, 
Canal Zone 
Cable ELECIRONPa na ma 

PERU 
Camp . "a Elecl ro Medl SA 
Los Flame nco s 145 
San I~dro CaSili a 1030 
Lim a I 
lei 41· 4325 
Iel" Pub Boo lh 25414 SISIORO 
Cable EL MEOLI'l1a 

SURINAM 
Su~el Rad.o Holland NV 
Gto.e Ho I'Ir 3-5 

LISTED , 
CONTACT: 
Hewlen ·Packard :.. Ierconhnenlal 
3495 Deer Creek Aoad 
Palo Alto , Call1orOia 94304 
Te l (415)856'1 501 
TW X910 ·373 1260 
Ca ble HEWPA CK Palo Allo 
Telex 03 4·8300. 034-8493 

EUROPE . 
NORTH AFRICA, 
MIDDLE EAST 

AUSTRIA 
Hewlell ·Packard Ges mbH 
Weh hsltasse 29 
PO 80,7 
A1205 Vienna 
Tel 35· 16 ·21-0 
Cable HE WPAC KV.enna 
Telex 13582 135C66 

>le . 'ell Pa ckard Ges mbH 
Weh hsltasse. 19 
A1205 Wien 
lei 35· 16·21 
lelo, 135066 

BAHRAIN 
Medi calOnly 
Wael Pharmacy 
PO Bo,648 
Bahrain 
lei 54888. 56 13 
lele, 8550WAE 
Cable WA ELPHAR M 

AI Ham.d.ya lradIOg and 
Con lra thng 

PO Bo,2oo 74 
Manama 
Tel 2599 8 259958 
Ielex 8895 KALOIA GJ 

BELGIUM 
He wlell Packard Benelux SA NV 

Hewle ll ·Packard A,S 
Dala,,) 51 
OK 3460 Birkerod 
Tel. (01) 8166 40 
Cable HEW PACK AS 
Telex . 37409 hp.s dk 

Hew lell 'Pa ckard A' S 
Naver,e) I 
DK ·86OQ Silkeborg 
Tel (06) 82 71 66 
Telex 37409hpasdk 
Cable HEWPACK AS 

EGYPT 
I.E A 
Internallonal Engmeellng 

Assoclales 
24 Huss"n Hegall Sltael 
KaSt el Aim 
Cairo 
Tel 13829 
Tele, 9J83(J 
Cable INIENGASSO 

SAM IIR O 
Saml Amln TradIOg OH.ce 
18 Abde l Am GawlSh 
Abdine -Calro 
l ei 14931 
Ca ble SA MITROCAIRO 
FINLAND 

He wlell ·Packafd Oy 
Revonlulenl,.. 7 
SF·02 Ioo Espoo 10 
lei (90) 45502.1 
Cab le HEWPA CKOY 
Iele' 11 1563 hewpa sl 

FRANCE 
Hewletl ·Packafd f rance 
Zo ne d'a cliVil es de Courtaboeul 
Avenue des IropiQues 
Boite Poslale 6 
91401 Orsay·Cedex 
lei (I) 90 77825 
TWX 6ooo48F 

Imm .uble pericenlre 
rue van Gogh 
59650 Villeneuve D'AscQ 
Tel (10) 91 4115 
TW X. 160 124F 

Hewlan ·Packard Fran ca 
8alim.nl Ampere 
Aue de la Commune de Pari$ 
8 P 300 
93153 Le Blanc Mesnll· 
Cedex 
Tel (0 1) 93188 50 
Telex 21 1032F 

Hewlell ·Packard Fran c. 
Av du Pdl. Kennedy 
33100 Merlgnac 
Tel (56) 97 0181 

Hewlell·Packard France 
Immeuble LO"ilne 
Boulevardde France 
91035 Evry ·Cedex 
Tel 0779660 
Telex 692315F 

Hewl.n·Packard France 
23 Rue Lolhalfe 
57000 Metz 
lei (87) 65 53 50 

GERMAN FEDERAL 
REPUBLIC 
Hew lell·Packard GmbH 
Ve~IIebslen lrale Franklurt 
8er ner Sirasse 117 
Posliacn 560 140 
06000 Frankfurt 56 
Tel (06011)50041 
Cable HE WPACKSAFranklurt 
1.1". 04 132 49 hpHm d 

Ha wlell'Packafd GmbH 
IechOisches 8uro B6bhngen 
Herrenberger Si ram 110 
0·7030 Bobllngen , 
Wurtlember9 
Tel (07031)667 ·1 

Hewlen ·Packard (Canada) lid 
551 Newbold Sireel 

C,enl ilica COSiar,.cense SA 
AveOida 2. Calle 5 

PO 80. 155 
ParamaribO 

Avenue du Co l · Ve~. I. 
(Groenkraaglaanl 

He wlell ·Packard France 
Chemin des Mouilies 

Cable HEW PA CK 86blingen 
lei... 07265739 bbn 

London N6 E2S5 
Tel (51 9) 686·9181 
TWX 6103511101 

QUEBEC 

San Pedro de MonieS de Oca 
Apartado 10 159 
San Jose 
lei 14·38·10. 24 08 ,19 

lei 72' I 71800 
C,ble Sonel 

TRINIDAD & 
TOBAGO 

8·117 0 Brussels 
lei (021660 50 50 
Cable PALOBENBrussels 
Ielex 23- 494 paloben bru 

BP 162 
69 130 Ecully 
Tel (78) 33 81 25 
TWX 310617F 

He wlell ·Packald GmbH 
Iechnisches 8uro Ousseldort 
Emanuel-l.ulle·SIr. I (Seeslernl 
0·4000 DUueldorf 

>lewlen ·Pa ckard (Canada) lid 
275 Hymus Blvd 
Pointe Cla ir e H9R IG7 
lei ' (5 14)697 4231 
TW X61 0·422-3022 

FOR CANADIAN 
AREAS NOT 
LISTED : 

Telex 1367 GALGUR CR 
Cable GALGU R 

ECUADOR 
CY EOECi a lIda 
PO Bo, 6423 CCI 
Av EIO YAllaro 1749 
Qu ito 
Tel 450·97 5. 243051 

CARI El 
CallbbeanIe.ecoms lid 
PO Bo ,732 
69 Fredellck Slreet 
Port-of-Spa in 
Tel 6253068 

URUGUAY 
PablO Ferr..do S AC el 

CYPRUS 
Ky prO<1,cS 
\9 Gfe~O!l SX enoPrJll~ ) 5 I r~ e ! 
PC Bo, 1152 
Nic o s ia 
lei 45628 29 
Cable KyproOiCS Panden.s 
lele. 3018 

Hewlell ·Packard France 
20. Chem" de La Ce Plere 
3108 1 Toulouse 
Le Mlrall-Ce de' 
Tel (6) 40 II '2 

Hewle ll ·Packard France 
Le LI90ure s 
Place Romee de Villeneuve 

Tel (0211)59 711 
Telex 085 86 533 hpdd d 

Hew lell ·Packard GmbH 
IechOisches Buro Hamburg 
Kapsladlr lO9 5 
0·2000 Hamburg 60 
lei (040) 638041 
Cable HEWPACKSA Hamburg 

ConlaCIHewlell ·Packard (Canad a) 
lid . In MIS SIssauga 

CENTRAL. 
SOUTH AMERICA 

ARGENTINA 
Hew lell ·Packard Argen hn a SA 
Santa Fe 2035. Ma~lnel 
6140 Buenos Aires 
lei 792 ·1239 ,798·6086 
lele' 122 44 3 AA CIGY 
Cable HEWPACKARG 
Blolro nS AClyM 
Avda Paseo Col on 22. 
9 piSO 
1399 Buenos Aires 
leI. 3O·4846 · 185 1. B384 
34 ·m '0460 ·455 1 
lei.. (33) 17595 BIO AR 
Cable BIO IRONArg enlIOa 

lelex 2548 CYEOE ED 
Cable CY EOE ·Q"IO 

Medi cal Only 
Hosp llalar S A 
CaSilia 3590 
Rob les 625 
Quito 
lei 545·250 
Cable HOSPIT ALAR ·Qull o 

EL SALVADOR 
IPESA 
Bul evarde los Heroes 11 ·48 
Edlhc ro Saran 1148 
San Salvador 
Tel 252787 

AveOida II , IIJ 2877 
CaSilla de Corree J': 
Montevideo 
lei 40·31C2 
lole, '02 Publi CBOOlh 
Para Paol·: Ferrando 
Cable RA CIU MMonle"de o 

VENEZUE LA 
Hewlell·Packard de Ve nezuel aCA 
PO Bo,50933 
Calaeas 105 
Los RUlees Norte 
3a Tra nsvers al 
Ed lliclo Segre 
Caracas 107 
le i' 239·4133 (20 hnes) 
lei... 251 46HEWPACK 
Cable' HEWPACKCaracas 

CZECHOSLOVAKIA 
Hew••Ii ·Packald 
Ob chodOi "slup'ie ISI" i ~SSR 
PlSemny slyk 
POSI sch rank' 17 
CS 1180 1Praha 011 
CSSR 
,'Ioo." a a Pr o,ornl lakladna 

VYlk umn'tch USia•• v BechoVlClch 
CSSR·25097 Becho vice u 
Prahy 
lei 899341 
Tel ex 121 33 

Insl.lute 01Med ic al B,oOlcs 
Vyskumny USi av Lekarskel BloOiky 
Jedlova 6 
CS·88346 Bratislava· 
Kramare 
Tel 44·551 
Telex 93119 

131 00 Ai x-en-Provence 
lei (4215941 02 
IWX 410 770F 

He wletl Packard France 
2. Allee de la Bourgonelle 
35 100 Rennes 

01 (99)51 4244 
IWX 740912F 

Hewlell·Packard France 
18 r e auCanal de la Marn e 
67300 Sc hilligheim 
lei (88)8308 10 
TWX 8901 41F 

Tele' 21 63 031 hphh d 
Hewlell·Packard GmbH 
rechmsches Suro Hannover 
AmGross markl 6 
0·3000 Hannover 91 
lei (0511)466001 
Telex 092 3259 

Hewle ll· Packard GmbH 
Iech Oisches Buro Nur nberg 
Neumeyerslrasse 90 
0·8500 NUrnberg 
le i (09 11)522083 
Telex 06 23 Sto 
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SALES OFFICES [2]
(cont.) [Ap] 

EUROPE , ITALY NETHERLANDS " odern Ele clronlc ESlab lish me nl ,.edlCalonly Hewlell ·Packald lid 
NORTH AFRICA, 

MIDDLE EAST 

Hewlell Packatd Iiall ana Sp A 
Via G 01 VIII 0110. 9 
20063 Cernusco Sui 

Hewlell Packatd Benelu. N. V 
Van He"en Goedhanlaan 121 
PO Bo.667 

IBtanch) 
PO Bo. 193 
AI-Khobar 

Sawah &Co 
Place AIme 
BP 2308 

Ttalalg" House 
Na,igahon Road 
Allrlncham 

Hewlell ·Pa ckatd GmbH Navlglio 1"1) 118IKK Amstelveen lei 44 678·4481 3 Damascus Cheshlle WA 14 INU 
TechOis ches BUlo Munchen 
Eschensl,."e 5 
0,8021 Taufklrchen 

lei 12) 903691 
lele. 33<632 HEWPACK IT 
Hewlell-Packatd lIaliana Sp A 

Tel 120) 47 20 21 
Cabl. PAL08EN Amsleldam 
Telex 13216 

lele. 6701 36 
Cable ELE CIAALKHOBAR 
SPAIN 

lei 16367·19697 14 268 
lelex 11304 SAT ACO SV 
Cable . SAWAH , DA,.ASCU5 

G8-England 
leI 1061) 928 64 22 
lelex: 66~8 

lei 1089) 6117- 1 Via lutalla , 14 NORWAY Hewlell ,Packatd Espaiiola , 5 A Su iElman Hllal EI ,.Iawl Hewlell 'Packatd lid. 
Iele. 0524985 35100 Pad ova Hew lell Packald NOlge A S Calle Jete , 3 PO BOI 2528 L190n Coun 
Hewlell ·Packatd Gm bH lei 149) 664B88 Osl end alen 18 EMadrid 16 Mamoun 811al Slree!, 56-58 Hetewald Rise 
I echOisches 8ulo 8ellin lele' 430315 HEWPACKI PO 80x 34 lei 11) 45826001 10110") Damascus Dudley Roo d 
Ka llh!1tasse 2· ' 
0·1000 Berlin 30 
lei (030) 24 90 B6 
Telex 0183405 hpbln d 

GREECE 
Koslas Katayannls 
8 Omllo uSlteel 
Athens 133 
lei 323030332 31731 

He wlell Packatd lIahana Sp A 
Via G Almeilim 10 
1001 43 Roma 
lei 106)546961 
lei.. 61051 4 
Cab le HEWPACKIT Roma 
Hewlell -Packald lIa li ana Sp A 
CO ISOG,o'an.. Lanza g4 
11 0133 Torino 

1345 0steraas 
lei (02) 171180 
Ielex 1662 1hpnas n 
Hewlell·Packatd NOlge A S 
Nyga atdsgalen 114 
PO Box 4210 
5013 Nygaatd sgalen, 
Bergen 
lei 10 5) 21 97 33 

Iele> 235 15 hpe 
Hewlell,Pack atd Es panola SA 
Colonia Mlras lerra 
Ed ll ,clO Juba n 
c 'o COSi a Bla'a, 13 
Madrid 34 
Hewlell ·Packatd Espanola ,S A 
Milanesado 21 ·23 
E-Barcelona 17 

Te l 114663 
Telex. 11270 
Cable HlLAL DAMA SCUS 
TUNISIA 
Tun "IE Eleclron'Que 
31 Avenue de la Llbene 
Tunis 
lei 280 144 
COIema 

Hale.owen, 
We sl Midlands, B62 8SD 
GB-Engl and 
lei: 1021 ) 501 1221 
l elex . 339105 
Hewlell-Packatd lId_ 
Wedge House 
799, London Road 
Thornton Heath 

lelex 215962 RKAR GR 
Cable RAKAR AfHENS 

ICElAND 
Medic al Only 
Eldmg I"d1n9 Comp any Inc 
Haln am,oh - II'f99vagolu 
PO 80.895 

lei 1011) 659308 
lelex 221079 
He.lell -Packatd lIal"na 5 p A 
Via Plm Clpe Nicola 43 G C 
195126 Catania 
lei 1095) 3705 04 
Ielex 970291 

POLAND 
B,uro InlormaCjl TechnlClneJ 
Hewlell-Packald 
UI S"wk l 2, 6P 
PLOO,950 Warszawa 
lei 395962, 395187 
lelex 812453 

lei 13) 203 6200 15 lines) 
lele, 52603 hpbe e 
Hewlell ,Packatd Espanola, S.A 
A, Ramon y Ca,al, I 
Ed ,liCio SeVill a, planla 90 

ESevilla 5 
lei 6444 54 ,58 

I leI A, de Canhage 
Tunis 
Tel 253821 
Ielex 123 19 CA8AM IN 
TURKEY 
IEKNIM Com panylid 
Rila SahPehle" 

Surtey, CR4 6XL 
G8-England 
lei' 101) 684 -0103 8 
I elex -94£8 25 

Hewlell'Packatd lid 
14 Wesley 51 
Caslleford 

IS- Reykjavik 
Tel 158 20 16303 
Cable ELD ING Re1 kj3 /1k 

IRElAND 
Hewle n·Paekatd lid 
King Site" Lane 
Wlnnersh, Woklnqham 
Bel'l shlle, RG II 5AR 
G8·England 
lei 10734) 78 4774 
lelex 847 178 
Ca ble Hewp l' London 
Hewlell Packatd lid 
KesllelHouse 
Clan wllh am Place 
Lowet II ounl Sitae I 
Dublin 2, Elle 
He wlen ­Pa ckatd lid 
2C A,ongbetg In d Esl 
Long II II e Road 
Dublin 12 
lei 514322 ,514224 
lelex 30439 
IIedlC .I Only 
Catdlac Sa"IC" (lleland) lid 
Klimate Road 
Anane 
Dublin 5, Ell e 
lei 10 1) 315820 
IIedlC ,l Only 
Caldlac SeMc" Co 
95AF In lghy Rd Soulh 
Bellnt 811 00SV 
G8 ·Nonhem lteland 
let (0232) 625566 
Talex 747626 

ISRAEl 
Ele Clto",es EnglOeet ing D" 

01 MololOla ISlaelUd 
16, KlemenelSk, Siteel 
p,O 80x 250 16 
Tel-Aviv 
lel_38973 
lale x: 33569, 34164 
Cable: 8ASIEL lel·A,,, 

He wlell·Packald It ahana Sp A 
Via Nuev a san Roc co A 

Capad lmonJe,62A 
80131 Napoli 
lei 108 1)110698 

Hewlell 'Packatd lI ahana Sp A 
Vi a Ma nln Luth el King 38 III 
1,40132 Bologna 
Tel (051) 402394 
lelex 511630 
JORDAN 
~ouashel COUSinS Co 
PO 80x 1387 
Amman 
lei 24907 139907 
lelex SA8 CO JO 1456 
Cable MOU ASHER CO 
KUWAIT 
AI -Kha ldlya I,.ding &Conllactlng 
PO 80x 830,Salal 
Kuwait 
Tel-424910 ,4117 26 
Tele. 2481 Ateeg kl 
Cable. VISCOU NI 
LUXEMBURG 
Hawlell ·Packatd8enel u, S A NV 
Avenue du Col, ven . I 
iGloenklaaglaan) 
8,117 0 Brussels 
Tel (02) 660 S050 
Cable PAL08EN 8,ussels 
lalex: 23 494 
MOROCCO 
Dolbeau 
81 lUe Katalchl 
Casablanca 
Tel-304182 
Ielex 23051 r22822 
Cable MAIERIO 
Getep 
2, lUe d'Agadll 
8o1le Paslal 1\Ii 
Casablanca 
lel-21209315 
lel ex: 23739 
Cable GEREP ,CASA 

PORTUGAL 
leleella·Emp tesa lecnlca de 

EQ ulp am enl OS Electllcos 5 a II 
Rua Rodllgo da fonsec. 103 
PO 80x 2531 
P'lisbon I 
lei 119)68 6072 
Cable IELE CIRA Li sbon 
Telex 12598 
~edl ca l Only 
~undmler 

InlelcamblO Mundla l de ComerCio 
5 at I 
PO 80x 276 1 
Avenid a Ant OniO Augusto 
de AgUiat 138 
P lisbon 
lei 119)532 131 7 
lelex 1609 1 munlet p 
Cable' INTERCAM810 Lisbon 
QATAR 
NaSSet ltadIOg &ConltaC llng 
PO 80x 1583 
Doha 
lei 22170 
lelex 4439 NASSER 
Cable ' NA SSER 
ROMANIA 
Hewlell·Packatd Replezenlanfa 
8d_n 8alcesou 16 
Bucuresti 
lei 1580 23 13 8885 
le lex : 1~40 
SAUDI ARABIA 
Mod ern Elerllo",c 
Eslabh,hmenl lHe ad Oillce) 
PO 80x 1228, 8aghdadlah Sitee! 
Jeddah 
lei 21798 
lelex: 40035 
Cable. ELE CTA JEDDAH 
Modem Elecllo",c ESlabh shmenl 
18tanch) 
P.O. Box 2128 
Riyadh 
lei 62596:66232 
Ielex. 102~9 

He wlell -Packatd Espanola 5 A 
Ed illclo Alb" 117 0 8 
EBilbao I 
lei 238306 ,238206 

He wlell 'Pa ck atd Esp anola 5 A 
C· Ram on GOld llio I 
(Enlio) 
E-Valencia 10 
lei 96 ,361 1354 3611358 

SWEDEN 
Hewlell'Packatd Svellge A8 
E",ghelS,agen 3, Fack 
5,161 Bromma 20 
lei 108)130 05 50 
lei.. 10721 
Ca ble MEA5URE~ENIS 
Siockholm 
Hewlell ,Packatd 5,ellgo AB 
Flolallsgalan 30 
5 42132 VlIstra 
Frolunda 
lei 1031) 49 0950 
lelex 10721 Via 8romma oHlCe 

SWITZERLAND 
Hewlell-Packald ISchwell) AG 
ZUlC helSllasse 20 
PO 80x 307 
CH,8952 Schlieren-
ZUrich 
lei (01) 7305240 
lelex 53933 hpag ch 
Cable_HPAG CH 
Hewlell ,PackatdISehwell ) AG 
Chaleau 810c 19 
CH-1219 Le lignon-
Geneva 
leI. 1022) 96 03 22 
Telex 21333 hpag ch 
Cable _HEWPACKAG Geneva 
SYRIA 
Genetal Elecllon lC In c. 
NUll Basha,Ahnal Ebn Ka 'is Siteel 
P,O. Box 5781 
Damascus 
Tel. 33 24 87 
lelex: 112 15 InKAL 
Cable-ELECIR080R DA MA SCUS 

Caddesl No 7 
Kavak hdete , Ankara 
lei: 275800 
Telex 42155 
I~mm Co m, lid 
8atbatos 8ul'all 55 , 12 
8eSlkyas, Istanbul 
lei 613546 
lei.. 235 40 
E,M.A 
Muhe ndlsllk Kolleklil S,tke l, 
Medlha Eidem Sokak 41 '6 
Vuksel Caddesl 
Ankara 
lei 175622 
Cable EMA1RADE' Ankata 
Vllmaz O,yUlek 
Milli Muda laa Cad 16'6 
Kllliay 
Ankara 
lei 250309 - 178026 
lelex 42576 OZ EK IR 
Ca ble OZVU REK ANKARA 
UNITED ARAB 
EMIRATES 
Emlla c lid, IHead OHlCe) 
PO Box 164 1 
Sharjah 
l ei ' 3541213 
lelex 8136 
Emllac lId . 18tanCh OHlCe) 
PO. 8ox2l 11 
Abu Dhabi 
lei 331370, I 

UNITED KINGDOM 
Hewlell ,Packatd lid, 
King Siteel Lane 
Winnersh , Woklngham 
8etks hite RG I I 5AR 
GB ,Enqland 
lei: 10734) 784174 
lelex 84 71 78.'9 
Hewlell ,Packard lid 
Fourier House, 
251-263 High Siteei 
London Colney 
SI. Albans , Hens 

Yorks WF 10 IA E 
le i' 10911) 5500 16 
TW X 5557335 
He wlell ·Pa ckard lid 
Iladax House 
51 ~a l'f's Walk 
Maidenhead 
Be<k shil e, SL6 151 
G8·England 
Hewlell 'Pa ckatd lid 
Malley Ro ad 
Staplehlll 
811s101, 8516401 
G8­Eng land 
Hewlell -Pa ckatd Ltd_ 
South Queensferry 
We 51 Lol hlan, EH30 91G 
G8-Scolland 
Tel: (031) 33 1 1188 
Telex: 72682 
He wlell -Packatd lid 
Kest tal House 
Clanwilliam Pla ce 
Lower Mounl Sileel 
Dublin 2, Elle 
Hewlell ·Packatd lid . 
2C Avon betg Ind Est. 
Long Mile Road 
Dublin 12 
lei' 514322 1514224 
lelex' 30439 

USSR 
Hewlell ·Packatd 

Replesenlalive Oltiee 
USSR 
Pokloysky 80ulevatd 4!1l-kw12 
Moscow 101 000 
lei 29420.24 
lelex: 7825 hewpak su 
YUGOSLAVIA 
Iskta CommelCa, n,s ol a 
ZaSi opstvo Hewlell -Pa ckatd 
Obi"c ev Venae 26 
VU 11000 Beograd 
lei 636955 
lelex: 11530 
Iskla Comm elCe , n,solo_ 

G8 ,England Zaslopslvo Hewlell ,Packatd 
lei 1072/} 24400 Miklosicava 38 IVII 
lelex: 1-8952116 VU-6 1000 Ljubljana 

lei 321,674,315,8 79 
Telex 31583 9/79 



SALES OFFICES G (cont.)[1Pl 
EUROPE , 	 5400 Wesl Rosecrans Blyd ILLINOIS Cry"l' S'ook Prole$Slo~a' 8uJldiOS 1021 81h Aven ue WISCONSIN 

PO Bo>92105 52C 1 T ollYiew DI Roul e .l5 King 01 Pruss" InduSllial Park 150 Soulh Sunny Slope RoadNORTH AFRICA , 
World Way Poslal Cenler Rolling Meadows Eatontown 01 24 King of Prussia 19406 Brookfield 53005 

MIDDLE EAST Los Angeles 9OCOO 60008 Tel (101) 542 1:\84 Tel (2 15) 265 7000 Tel (414) 784·8800 
Tel (213) 7767500 Te l (J I1) 2559800 TWX 510660·2670SOCIALIST 	 NEW MEXICO FOR U.S . AREASTWX 910·]25·6608 	 TWX 910 6872260COUNTRIES NOT 	 PO BOl 11634 PUERTO RICO NOT LISTED: 

SHOWN , PLEASE 'Los Angeles INDIANA Siahon E Hewlell 'Packard Inler·Amelicas Conla cl lhe regional oilice 
CONTACT: 	 Tel (2 13) 776-7500 730 \ Non, Shadel and A'ie 11300 Lomas Blvd , NE P"no R,co Branch OH ,ce nearesl you 
HewleM ·Pac kard Ges m.b H 	 IndianapOlis 462:~ Albuquerque 81123 Ca!le 272,3200 H,IlYle.. AY 	 Allanla, Georg" Nonh Hally · 
Handelsk" 52 	 Tel (3 17) 842 1000 Tel (505) 292,1330 Ed,l 203 Urg Counlry ClubPalo Alto , CA 94304 	 wood, Caillorma Rock yLlle,
PO BOl 7 	 TWX 810.260 1797 TWX 910989 1185 Carolina 00924Tel (408)988·7000 Maryland Rolhny Meadows, 
A1205 Vienna , AuSI"a Tel (809) 762·72553003 SCali Bou levard 	 IOWA 156 Wyall Dllye IllinOIS Theil complele addresses 
Tel (0222)35162 11 027 	 Telex 34505 14 2415 H"nz Road Las Cruces 88001 are Iisled abo.... e 
Cable HEWPAK Vienna 

Santa Clara 95050 
Iowa City 52240 Te! (505) 5262484 SOUTH CAROLINA 

Telex 75923 hewpak a 
Tel ' (408) 988-7000 	 ' Service Only

Tel (31 9)35 1,1020 TWX 910·99830550 PO 80164 42 

MEDITERRANEAN KENTUCKY NEW YORK 
TWX 91033805 18 

6941 ·0 N Trenholm Road'Ridgecrest
AND MIDDLE EAST 10 170 l innStal lOnRoad 6 Aulomallon Lane Columbia 29260Tel (7 14)446·6165 
COUNTRIES NOT 	 SOl ie 525 Compuler Park Tel (803) 782 6493 

646 W Nonh Markel Blvd
SHOWN, PLEASE 	 Louisville 40223 Albany 12205 TENNESSEESac ramento 95834 
CONTACT: 	 Tel (502) 426-l)t00 Tel (51 8) 458 1550 89 14 Klngs10n PikeTel (91 6) 929·7222
HewleM· Pa ckard SA 	 TW X 710·444· 496 1 Knoxville 37922LOUISIANA 
Me dllerranean and Middle Easl Tel (615) 52305 229606 Aero OILye 

PO 801 1449 650 Pelln lon H,n Oll.ce Park 
Ope rallOils PO BOl23333 

32~· J9 Williams BoJieva'o 	 Fairport 14150 3027 Vanguard DrSan Diego 9212 335. KolokollOOI Sireel Kenner 70063 T , I (7 16) 223 9950 Olleclor's PlazaTel (71 4) 2793200PlalLa Ke'alla"ou Tel (504) 443610 TWX sin 25, 0092 Memphis :\8lj1
GR·KI ILSSI, ·Athens , Greece ' Tarzana Tel (90 I) 346·8310MARYLAND 	 No I Pe ltt\syl~iHha Plaza
T, I 8080359 429 	 Tel (213) 705·3344 

712 I Siandard D"ve 551~ Fi lOl 'Nashville
Telex 21·6588 COLORADO 	 ParkwayInd,s IIai CeOler 34 1h Sl reel &8m ~v enue MedIC .1 Ser;lce Only 
Cable HEWPACKSA AII,ens 5600 DTC Parkwa y Hanover 2 :~i New York 1000 Tel (6 15) 244·5448 
FOR OTHER AREAS [el (JDI ) 196 7100 [ol' (m) 97' 0800Englewood ilV 11[ 

TEXAS 
NOT LISTED , lWX 710·862 1 9~ 3Tel (303) 7713455 

58:8 Easl Mo'Cf ROJ" 	 41 I Nonh Mesa 
CO NTACT : 	 CONNECTICUT 2 Choke Cherry Road Syracuse IJ2 11 S"le CII 
'iewlenPackard S A 47 BarneS inC,SIi .,1 Road Rock ville 20850 Te l (31 5) 455 2406 EI Paso 1;9Q2 
1 rue d BO LS ·duLan Barnes ?al' SLl<lI\ T.I (30 1) 948 63!G Tel (9 15) 5333555I CrOlsways Park Wesl
PO BOl 	 Wallingford 06492 TWX 710·828· 684 Woodbury I 13 	 PO BOl 1270
CH 12 1 7 Meyr~2 Geneva 	 Te: (203) 265-7 801 MASSACHUSETTS Tel (5'6; 9210300 	 20 1 E Arapatw Rd
SWllzerlan d FLORIDA 	 32 Hanw ell Ave TWX 510·'" , 183 	 Richardso n ;Q8J
Tel (022)a270 00 PO BOl 2421 0 	 Lexington 02173 Tel (5 13)671 7400 	 Tel (214)23 1610 1
Cool. HEWPACKS A Geneva 2727 N W 62nd Slre et 	 [el (6 17) 86' ag6e 

NORTH CAROLINA 	 PO Bo, 428 16Telex 2 2486 	 FI. Lauderdale 33: TW X 7 Iv 32t> 6904 5605 Roanne Way 10535 Harw,n Or 
Tel (305) 9732600 MICHIGAN Gr e e nsboro 27405 	 Houston 77 36UNITED STATES 4080 Wooococ k0"" Q132 23855 Resea,eh CILve Tel (919) 8521800 Tel (713) 776·6400 

ALABAMA Brownell BUIldLO~ F armington Hills 48024 
OHIO 	 'Lubbock 

PO BOl4207 	 Jacksonville 32 20 7 Tel (3 13) 476·64CO 
Med l ~ al Compul er On ly 	 MedlcaT Ser..lce Only

8290 Wnlesburg Dr 	 Te l (904) 398·C663 724 Wesl CeOl" Ave Bldg 300 Tel (&l6) 7994472 
Huntsville 35802 PO BOll39 10 Kalamazoo 49002 1313 E Kempe r Rd 205 8L1ly M'lche ll Road Tel (205) 88 14592 	 61 77 Le ke Elleeor Or Te! (61 6) 3239362 Cincinnati 45 426 San Antonio 78226 
8933 E Roebuck Blld OrlandO 32809 MINNESOTA 1 6~00 Spl8g", Road 1e~ (512) 434·824 I 
Birmingham 35106 	 T, I (305) 659 2900 Cleveland 441 3024 00 N PrIor Aye UTAHTel (205) 836·2203 2 	 PO BOl 12826 Tel (216) 2437300SI. Paul 55 IJ 2160 Sou'h 3210 'l/ esl Sireel 
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Ifel MANUAL CHANGES 

MODEL 654A 


TEST OSCILLATOR 


·hp· Part Nu m uer 00654-90003 


• New or ReV l5ed I tern 

CHANG E r. o. 1 for serial numbers 0951A02608 and greater. 

Page 6 3. Change A2C24 ro -hp- part numbe , 01600362 IC ·F.d 
510 p F 300 VI 

Page 6·4 . Cl1"nqe A2CR20 .hp· nart number 19020025 f D,ode 
El krln 10 VI 
Chln~· · A2025 ° ·hp pan number 1854-0092 (X< , ·2N3563) 
Chdny" A2R26 ro ph 1-'- pal t number 0698·401 (A :Fxd 787 ohm 
, 'b l 

Puge 6·5. C"an(J~ A2R6'1 10 h p part number 0686·4315 I A F"d 
430 ,)hm 5%1 
Ch "nw~ A2R65 to hp- pan number 0757-0284 fR Fxcl 150 ohm 
I I 
Chan ~~ A2R82 10 hp · p3r1 number 0698·44 24 (R Fod 1400 oh m 
1'<,1 
Chan ~, A2R79 10 -"n-P~rT number 0757-0273 IR F d 3010 ohm 
1 . 1 
ALIt! A2R29 -hI-' p~n nurnbe r 0757 044 21R. F><d 10 ohm 1% 118 
WI 
Add A2R94 R95 hI' part number 0683·0475 (R F"d 4. 7 ohm 
5..1 

Figure 7-2 , Paga 7·5. Add A2R29 as follo ws 

R30 CI2 
100 100 

-.JV\J\"-~--1'E­
+ 

FIgure 7·3 , Page -'· 7, 78. Add A 2R94 . R95 as follows 

+31V 

CHANGE NO. 2 for serial numbers 0951A02491 and greater. 

19 Nove rnber 1979 

Page 1·1, Paragraph 1-7. Delete Paragraph 1 7. 

Add new Paragroph 1-7 : Op tIons. Opl,on 908 Rac k Mount Kil, 

-hp· pa rt nllmbe.r 5060- 8740. Op tion 9 10 Addi tional Manual ·hp· 

part numbe l 00654 ·90003 


Page 2·1, Paragraph 2·14. Chonge las t sen tence to re cI as foliows ­


Conversion to a Rack MOunted ,nstrurnenr can he accomplished 
by USing the Rack Mourn K .t Op t ion 908. 

CHANGE NO.3 for all serial numbers. 

Page 5-2, TAble 5·1. Ch n9" thp.rmal co nverter Ie I 600 ohms , 
halancer! . Port number to hp- pa rt numb r H 13-11 04 9A. 

Page 5-5, Table 5·3. Ch ange thermal converte r part number for 600 
SA L to ·hp· part number H 13-1 1049 A. 

Page 5·19. A dd Tabl~ 5·4A Padd lny Lilt A 4 Cl . 

Val ue -hp· Part N o. 

24pF 
30 ~ F 
33 pF 
39 p F 

0160-0196 
0 160· 2199 
01 60-2150 
0140-0190 

CHANGE NO.4 for serial numbers 0951A02691 and greater. 

Page 6-3, Table 6·1. Change A 2C4 3 to -hp- pa r t number 01210 127 
IC ' Var 1 7 /1 4 . I OF 350 VI 

Page 7 ·7178, Figure 73. Change va lue of A 2C43 10 1 7 - 141 pF. 

CHANG E NO. 5 for serial numbers 0951 A02926 and greater. 

Page 6 ·12, Table 6·1. Add th" follOWing 

Holeler Fuse ·hp- 2 110-0470 
Cap Fus ·hp· 2110-0465 
NU l . Fuse Holde r ·hp· 2110-0467 
Wash", Lock -hp- 21 90- 0054 
Washer R tlbc, ·hp· 1400·0090 

CHANGE NO. 6 for all serial numbers. 

Page 1-2, Table 1·2. Gen era l .nfonna Ion Change power supply 
spec, /icatron to 11 5 V , 10%, 48 Hz to 44 0 Hi. 230 V • 10%, 
4 8 Hl to 66 Hz, 30 W nomInal . 35 W maxImum . 

CHANG E NO. 7 for seridl numbers 0951 A02771 and greater. 

Page 6· 3, Table 6-1. Rep laceable Parts . Add the follOWIng padding 
Ii. t to A 2C21 ' . 

0150-0029 Cap· F"d 1 pF 
0150-00 11 Cap - F xd 1.5 pF 
01 50·003 1 Cap· Fxd 2.0 p F 

Add th follOWing paddIn g li st to A 2C36' 

0 150-0029 Cap· Fxd 1 pF 
0150-00 11 Cap' Fxd 1.6 pF 
0 150- 003 1 Cap F'd 2.0 p F 

Supplernent A for 00654-90003 



MANUAL CHANGES 

Page 6 5. Table 8 I. Replaceable Pa r1l. Add the follOWing padding list to 
A2R61" R62" 

06983432 
06980078 
0757 0388 
0698 ·437 6 
0757036 8 
07570390 
0698 3435 

Res 
Res 
Res 
Res -
Res -
Aes 
Res -

Fxd 26 1 1/ 
Fxd 280 n 
Fxd 30 .1 n 
Fxd 32 .4 () 
Fxd 34 .0 n 
Fxd 36 .5 n 
Fxd 38 3 () 

CHA~GE NO. 8 Se,i.1 Numbers 0951A03056 and G,aala,. 

Plge 6·4. Tabla 6 1. Raplecaabla Pm • . Change A2CR15 Ih,u A2CR18 
from 1901 ·0025 . Diode: 5 110 1901 ·0033, Dlode·Si . 1 A 180 V. 

CHANGE NO. 9 applrll 10 an Se ri.1 N umba,s. 

Page 75. Delete the asterisk ("I , w hich denotes a component that 
may be padded. on the follow ing components: 

C3" , C5" 0140·01 46 
Cl ' .C 13' , C17' 0 1500011 
C1 6 " , Cl 8 ' 0150·0029 
C9 ' , e ll " 0160·0763 
C 15' , C7 " 0160·2322 
A2' 0686 1545 
AIO' 0686· 1855 

Plge fi 7. Add the fo llowing part 10 the S2 (00653·6190 II Aange 
Switch Assembly list : 

·hp· Plr1 No. TO Descriplion 

2 260 000 \ 2 Hex ·Nut 

Page 6 S. De lete CR4 I hp Pan Number 190 \ ·03471. 

Plge 7 9[7 ·\ O. A4 . C 1 ' may consisl of any of Ihe following paris : 

24 pF 0160·0196 
30pF 0160· 2199 
33pF 0160· 2150 

Page 6 6. Add the follOW ing part to the A4 (00654·665041 1m· 
pedance PC board list : 

·hp· Plrt No. TO Description 

0380·0 95 9 Standoff ·Caplive 

Page 6,7 Change Pow er Switch S 1 to 3 101 · 2147 . 

Model 654A 


