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CERTIFICATION 
Hewlett-Packard Company certifies that this instrument met its published 
specifications at the time of shipment from the factory . Hewlett-Packard 
Company further certifies that its calibration measurements are traceable to the 
United States National 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 AND ASSIST ANCE 

This Hewlett-Packard product is warranted against defects in materials and 
workmanship for a period of one year from the date of shipment, except that 
in the case of certain components, if any, listed in Section I of this operating 
manual, the warranty shall be for the specified period. Hewlett-Packard will, at 
its option, repair or replace products which prove to be defective during the 
warranty period provided they are returned to Hewlett-Packard, and provided 
the proper preventive maintenance procedures as listed in this manual are 
followed. Rep;Jirs necessitated by misuse of the product are not covered by this 
warranty. NO OTHER WARRANTIES ARE EXPRESSED OR IMPLIED, 
INCLUDING BUT NOT LIMITED TO THE IMPLIED WARRANT[ES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. 
HEWLETT-PACKARD IS NOT LIABLE FOR CONSEQUENTIAL DAMAGES. 

If this product is sold as part of a Hewlett-Packard integrated instrument 
system, the above warranty shall not be applicable, and this product shall be 
covered only by the system warranty. 

Service contracts or 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. 



Model 652A Table of Cuntents 

TABLE OF CONTENTS 

Section 
I-I. 
1-6. 
1 -8, 

Page 
Description . , ........... , . . . .. ). j 
Accessory Features .............. 1·1 
Instrument Identification. , ....... , 1·1 

Section Page 
II. INSTALLATION ... , ....... . ........ 2-1 

2-1. Introduction, ..... .... .... , .. ,. 2-1 
2·3. Initial Inspection ... .... .... , .... 2-1 
2·5. Power Requirements .... , .. . , .. . 2·] 
2-7 . Power Cords . ........ , .... .. . 2·) 
2·9. Grounding Requirements .......... 2-1 
2·11. Installation . ..... . .......... , .. 2-1 
2-13. Rack/Bench Installation, , ......... 2-\ 
2-15. Repackaging for Shipment .... . ... , 2-\ 

Section Page 
Ill. OPERATING INSTRUCTIONS. . . . . 3-1 

3-l. Introduction .. . ... ....... .. .... 3-1 
3-3. Controls and Indicators ... . ....... 3·\ 
3-5. Adjustment of Mechanical Zero ..... , 3·1 
3-7. Operation .................... 3-1 

Section Page 
IV. THEORY OF OPERATION ........ .. ... 4-1 

4-1. General Description ......... ..... 4·1 
4·3, Circuit Description . . . .. . ... .... 4-1 
4-5. Oscillator Circuit ... ... ........ 4·) 
4-13. Automatic Gain Control. , . . . . . .. 4·2 
4·15. Power Amplifier. , ............ , 4·2 
4-17 . Normal Monitor Circuit .... , .. . .. 4-2 
4-19. Expand Monitor Circuit .......... 4-2 
4·26, Output Attenualor , ..... . .. , ... 4-3 
4·29, Regulated Power Supply . .. . , .... 4·J 

Section Page 
V. MAINTENANCE. , . . . . . . . . . . . . . . . . 5-1 

5-1. Introduction. .... ...... . . .. ... 5·] 
5·3. Required Test Equipment ... . . . .... 5·1 
5·5. Performance Tests ... .... . .... . , . 5-1 
5·7, F/cquency Range Test , . _ ...... : 5-\ 
5·8, Dial Accuracy Tes t ...... _ . . ... S·I 
5·9. Output Tests .... . , . . . . . 5-2 
5·14 . Output Monitor Accuracy Test ..... 5·5 
5-15 . Attenuator Test. .. . .... .... , . 5·5 
5·16. Amplitude Control Test ..... .... . 5·6 
5·17. Distortion Test. . .. .... . . , ..... 5·6 

Section 
5-18 . 
5·19. 
5·20. 
5·21. 
5-23. 
5-26. 
5·27 . 
5-28 . 
5·29. 
5-30. 
5·31. 

5-32. 
5·33 . 
5-34. 
5·35. 
5-36, 
5-40. 
5-41. 
5·44. 
5·46. 
5·51. 
5·53 

5-56. 
5·57. 
5-58. 
5-60. 
5·62. 

Page 
Hum and Noise Test (Optional) ..... 5-7 
Amplitude Stability Test (Optional) .. 5·7 
Output Impedance Test, .... , . , .. 5·8 

Adjustment and Calibration Procedure . 5·8 
Cover Removal, .. . , .. , ... , .... 5-8 
Power Supply Voltage Adjustments .. 5-8 

Frequency Calibration Procedures .. , . 5·8 
Preliminary Distortion Adjustment. .. 5-10 
Frequency Dial Calibration ..... , .. 5-1 J 
XIK Range Adjustments . ' . ..... . 5-11 
X I 00 and X I OK Range Frequency 

Calibration. , .......... _ .... ,5-12 
XIO Range Frequency Calibration .. . 5·12 
XIM Range Frequency Calibration ... 5-12 
X lOOK Range Frequency Calibration .5-13 
10 MHz Flatness Adjustment ...... 5·)3 
Output Adjustments , . , . , ....... 5-14 
Normal Monitor Calibration _ .. ' . , .5-14 
Expanded Monitor Calibration ..... 5-15 
After Calibration . , . ' , .. . ...... 5·16 

Troubleshooting Procedure, ... .... . 5·16 
Troubleshooting Information .... , .5-17 

Troubleshooting the Oscillator 
Circllit , . , .... .. , .. _ , . , .... 5·18 

Troubleshooting the Power Amplifier .5·19 
Troubleshooting the Attenualor ... . 5·19 

Servicing Etched Circuit Boards , . .. .. 5·20 
Servicing Rotary Switches, . , .. . ... ,5·20 
Servicing Tuner Assembly ... ... .. . . 5-20 

Section Page 
VI. CIRCUIT DIAGRAMS, , ' .. . ......... 6·1/6·2 

6·1 . Introduction .. , . .. .. ... .. .... 6·1/6·2 

Section Page 
VII. REPLACEABLE PARTS .......... 7·\ 

7·1, Introduction. . ..... .... .. ... ,. 7·1 
7-4-. Ordering Information . , . ... ..... .. 7-t 
7·6. Non-Listed Parts .... ... ..... ,. . 7·1 

APPENDICES 

A. CODE LIST OF MANUfACTURERS 
B. SALES AND SERVICE OFFICES 
C. MANUAL BACKDATING CHANGES 

iii 



TobIe of Contents \1ode1652A 

LIST OF ILLUSTRATIONS 

Flgure Page 
1-1, !vi ode[ 652A Test Oscillator ... . , . . . . . . . .. \ -0 
3·1 . Location and Description of Controls 

3-2, 
4-\. 
4-2 . 

4·3 . 

5·\. 
5-2. 
5-3. 
5-4 . 
5·5. 
5.{) , 

and Indicators .. , . .... , .. , ..... . , . 3·2 
Impedance Correction Graph . . ..... . . . ... 3·3 
RC Network Characterist)(;:; .. , . , ..... . .. . 4-1 
Kegulated Power Supply Out put 

Vultage VS . CurrenL ..... . .......... , 4-3 
Simplified Schematic of Curren t 

Limiting Circullry. , ... .. , ....... . .. 4·3 
Frequency 1<.:,ts .. , . , .. . . . , .......... 5·1 
Outpu t Tests ..... .. . . , ' ..... 5·2 
Flatness Tests. . . . . . . . . . ............ 5·3 
A lIenua tor Test .... .. ..... , ....... , . 5-5 
Distortion Te st, . . . . . . . . . . . . . . . . ... 5-6 
AmplituJe Stability Test. , .... .... .. .. .. 5-7 

hgure 
5-7. 
5·8 . 
5-9. 
5·JO. 

S·lI . 
6-1. 
6-2. 
6-3. 
64. 
7-\. 

7·2. 

LIST OF TABLES 

Table 
I·\. 
5·1. 
5·2. 
?-3. 

;v 

Page 
Specifications ... ........ .. , . . . . . . . .. 1-2 
Required Test Equipment ... ........... , 5-0 
Dial AccuT3cy Test .. .... , ... .. ... . ... 5-2 
Typical Thermal Converter 

Input/Output Cha.nge .... ........... , 5·3 

Table 
5-4. 
5-5. 
5-6. 
5-7 
5-8 , 
7-\. 

Page 
Location of [n lerna] AdJustments, .... . . , .. 5-9 
hequency Calibrati on ... , , ... , ... . ... . 5·10 
IOkllz Moni lor CalibTation, ... '. . ..... S-IS 
Alignment Access Covers for 

Mode\s6S1B,2A , 3A,4A . . ..... , .5·21/5 -22 
Troubleshooting free ....... ... .... 5·23/5 ·24 
Block Diagram ...................... 6-3 
Oscillator Circuit . . ..... .. .. .. .. .. .. .. 6-5 
:-.Iormal and bpand Monitor Circuits . . 6-6 thru 6-8 
Power Supply . ...... . , ......... . . 6-9/6·10 
Frequency Tuning Assembly 

(Mechanical Pans), .. .. , ..... , .... .. 7·2 
Chassis Components 

(Mechanical Parts), . , ............... 7·3 

Page 
Flatness Test Settings and Limits ........ , . 5·5 
DIstortion Test .. , . , .... ,. . .... , . ... 5·7 
frequency Calibration Compollcnts ...... .. 5-10 
Frequency Dial Accuracy Calibra lion .... ... S·12 
Front Panel Troubleshooting Tests ....... .. 5·16 
Replaceable Parts ... .......... . .... .. 74 



Mode! 652A Section r 

SECTION I 

INFORMATION GENERAL 

1·1. DESCRIPTION. 

1-2 . The Hewlett-Packard Model 652A Test Oscillator is a 
highly stable, capacitance-tuned oscillator that has a 
frequency range of 10 Hz to 10 MHz. The oscillator has a 
sine-wave output that is adjustable from 10 microvolts to 
3.16 volts into SO or 600 aluns. The Model 652A Test 
Oscillator is shown in Figure 1-1, and the specifications are 
given in Table l-t. 

1-3. Two output impedances are provided at the front panel 
output connectors. The 600 ohm connector provides an 
output with an impedance that is compatible with 
transmission lines and many distribution systems, The SO 
ohm connector provides an output for circuits needing a low 
source impedance. 

J -4 . The Model 652A Test Oscillator output voltage is 
constantly monitored at the input to the attenuator by an 
internal voltmeter. The voltmeter has two scales for RMS 
voltage readings , and a dBm scale referenced to I milliwatt 
intO 50 ohms. The meter scale c,,1n be expanded and used to 
set and maintain a reference for the output voltage, when the 
MON(TOR switch is in the EXPAND position . The 1.0 volt 
scale is shaded from 0 .9 to 1.0 to denote the expandable 
area . Other voltages can be obtained using the OUTPUT 
ATTENUATOR and, if desired, an external 1 dB atlenuator. 

[-5, The OUTPUT A TTENUATOR, in conjunction with the 
AMP LlTUDE control, allows any output voltage from lU 

microvolts to 3.16 volts to be selected, when matched into a 
50 or 600 ohm load . 

1·6. ACCESSORY fEATURES. 

1-7. The accessory furnished with the Model 652A is the 
-hp- Model II 048C Feedthrough Terrn.ination. It is used to 
insure that the Test Oscillator is operating in to the rated 
impedance, in the event that the instrument is connected to a 
device with an impedance greater than 50 ohms. The 
specific a tions for the Mode! J lO48C Feedthrough 
Termination are listed below: 

Terminating Resistance - 50 ohms +/- 0.25% 
Connectors - BNe male on one end, and BNe female 

on the other end. 

1·8. INSTRUMENT AND MANUAL IDENTIFICATION. 

1-9. Hewlett-Packard uses a two-sect ion serial number The 
first sec tion (prefix) identifjes a series of instruments . TIle 
last section (suffix) identifies a particular instrument within 
the series . If a leiter is included with the serial number, it 
identifies the country in which the instrument was manu­
factured . If the serjal 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 compatabLe with newer 
instruments or the backdating informa tion in Appendix C 
will adapt this manual to earlier instruments. All corre­
spondence with Hewlett-Packard should include the com­
plete serial number. 

1-1 
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Table \ . \. Specifications 

Frequency Range : 10 Hz to 10 MHz, 6 bands, dial 
calibrations. I to 10. 

Dial Accuracy . (including warm-up drift and +/- 10% 
hne voltage va ria Han) 

+/- 2% 100 Hz (on XIOG Range) to I MHz (on Xl00K 
Range) 

+/- 3% 10 Hz to 100 Hz and I :'1tFi to to MHz. 

Output: 
Maximum: 3.16V into SO or 600 ohms 

6.3 2V open c:rcult 
+23 dBm into SO ohms 

Ranges. 0 .1 mV to 3.16V full scale, 10 steps in 1,3,10 
sequence, coarse' and fine adjustable . -70 dBn l to 
+23 dBm (SO orm output) fu ll scale, 10 dBrn per 
step, coarse and fine adjustable . 

Flatness (Amplitude not readjusted to a rMerence on the 
output monltor) : 
+/-2% 100 Hz (on XIOOrange) to 11\ill ;: 
+/.3% 10Hz to 100 Hz 
1/- 4% 1 MHz to 10 MHz* 

Flatness (Amplitude readjusted to a reference on the 
output monitor): 

Range I Fre quency I 
10Hz 20 Hz 4 MHz J 0 MHz 

3V and 1 V 
.3V to .3 mV 
1 mV 

2% 
2.5% 

3% 

1% 
1.5% 

2% 

2' i .-
2.5% 

3% 
~ ________ L-____ ~ ______ L-____ ~ 

*This speClfica tlOn appJies only at ~!~I ohm output. The 
re sponse above 1 MHz at the 600 ohm output is affected 
by capacitive loads .. 

1·2 

Flatness (Amplltude readju ste d using expanded 
sca le on output monitor) : 

+/- 0.25 % 3V and I V ranges 
+/- 0.75% .3V to .3 mV range 
+/- 1.75% .1 mV range 

Dist orti 0 n . Jess than 1 % 10Hz to 2 MHz 
less than 2% at 2 MHz to 5 MHz 
:ess than 4% 5 MHz to 10 MHz 

Hum and '\oise: less than 0,05% of maximum 
rated '-IutpLl t be tween 10 Hz an d 10 MHz . 

Output Monitor: 
Accuracy: +/- 2% of full scale . 
Voltmeter monitors level at input of attenuatar m 

volts or dB. op scale calib '~ted in volts; 
bottom scale in dB. :expand scale : ex pands 
reference voltage of the Normal sca le from 0.9 
to 1.0 or 2.8 to 3.2 . 

Attenuator : 
Range: ')0 dB in 10 dB steps . 
Overall Accuracy: +/- 0 .075 dB, -60 dBm to 20 dBm 

+/- 0.2 dB, -70 dBm to -60 dBm 

A mplitude Control: 20 dB range : coarse an d fine. 

Amplirude Stability: +/·2% per mo ., 20
0 

C to 300 C 

Tel1l peratL'~ Range: 0° C to + 50 C. 

Power Requirements : 11 5V or 230V +/- 10%,30 W, 
48 Hz to 66 Hz. 
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SECTION II 

INSTAllATION 

2·1. INTRODUCTION. 

2·2. This section contams in[orl1lation and instructions 
necessa ry for installing and shipping t he Model 652A Test 
Osdlator . Included are initJal inspection procedurl:S, power 
and grounding reqU.lTernents, envi ronmenta! information , 
mstallation instruct ions and instructions for repackaging for 
shipment. 

2·3. INITIAL INSPECTION. 

24 . Thls inSlrUlllenl was carefully inspected both mechani· 
cally and electrically before shipment. 11 should be fr ee of 
r:1JrS or scratches and in perfect electrical order upon 
recelpt. To confirm tlllS, the instrument should be in· 
spected for physical da mage IIlcurred jn transit. If the 
instrumenl was damaged in llanSll, fjJe a claim with the 
carrier. Check for supplied accessories (Paragraph 1·6) and 
tc st ri,e electrical performance using the Performance Tests 
given in Section V If there is damage or deficiency, see the 
warranty in the front of I his manual. 

2·5 . POWER REOUIREMENTS. 

2·6. The "1odel 652A wi~1 operate from either 115 or 230 
volts ac, 48 - 66 lIz . The instrUilient can be easily con· 
verted from I 15 to 230 volt operatIOn by changing the 
position of the slide SWitch loc~ted on r~ar panel, so that 
the designation appearing on the switch matches the nomj· 
nal voltage of the power source . A 0.4 ampere, slow-blow 
fuse i~ used for I 15 and 230 volt opera lion 

2--'. Power Cords. 

2·8. Figure 2-1 illustrates the st~ndard power plug config· 
urations thaI are used lhroughout the United States and in 
olher countries . The -hp· pari number directly below each 

81 2~1351 

S TD-B -4 (95 

8120-1359 8120-1689 

"0' 2601/ - 6A' 

)~ 
'<~ 

8120-0098 ~ 

'lIll I ~ TED OOR USc IN TI'~ UNITED STATES OF AMERICA 

Figure 2-1. Power Cords. 

drawing is the part number [aT a 652A power cord 
eq uipped with a power plug of thaI confi6.lration, If the 
appropriate power COld is not IIlclLlded with the Instru· 
men t, 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 \;at ional EI eel ri· 
cal Manufacturer's Associalion (NEMA) recommends thaI 
lhe insl fLIment panel ~nd cabjnet be grounded. The Model 
652A 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. 

2·11. INSTALLATION. 

2·12, The ·hp· Model 652A is fully nansistOflzed; there· 
fore, no speCial coolin,:? is required. llowever, the instru· 
ment should not be operated where the ambIent tempera· 
I ure exceeds 50

0 

C (122° F)_ 

2·13. RACK/BENCH INSTALLATION. 

2·14 . The Model 652A is initially sllipped a~ :! bench·1 ype 
instrument (unless ordered speCifically as a rack type) wilh 
plastic feet and a tilt stand in place. Convemon to a rack· 
mounted instrumen t can be accomplished by using the rack 
Illounting kit and instructions furnished with your instru· 
ment , 

2·15. REPACKAGING FOR SHIPMENT. 

2·16. The following lS 3 general guide for repackaging for 
shlpr.lenl If you have any questions, contact YOiJr local 
.hp. Sales and Servlce Office_ (See Appendix B for offlce 
localions_) 

NOTE 

1/ Ihe instnllnenl is 10 be shipped /0 Hewlett· 
Packard for service or repair. attach a lUg to the 
InSlrument identifying the owner and Indicating 
the service or repair to be accomplished, 
include the model number and Jill! serial 
numuer of rhe instrument. /n ally correspond· 
ence, Ide/l{ify the im-rrument by model num­
ber, serial number and serial number prefix , 

a Plan' instruillent in original container if available . If 
original container IS not available, a SUitable onc can be pur· 
chased from your nearest .hp. Sales and Service Office. 

2-1 
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) r original contalile r IS no t used, 
b. Wrap instrument JII heavy paper OJ plastic before 

placIllg In an Inner containel. 

c. Use plenty of paCkU1Q matenal arou nd all sIdes of 
l1'strument ano protect panei faces wlt h cardboard strips. 

2·2 

Model 65 2A 

d. Place JTls[rumen! and mnel contatner in a heavy car· 
ton or wooden box :l :ld s,:;[1 with strong tape or meta) 
band s. 

e. M~rk shipping contalll : ! with. "~eltcat(; ~nSlTument." 
"Fragile," etc . 
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SECTION III 

OPERATING INSTRUCTIONS 

3-'_ INTRODUCTION_ e. Connect IDad to output connector having ao 

3-2. The Model 652A Test Oscillator generates a stable sine 
wave output that is available at output impedance levels of 
600 ohms and 50 ohms. The frequency of the output is 
variable from 10 Hz to 10 MHz.. The output power level can 
be varied from 10 microvolts to 3.l6 vol ts into 600 or 50 
ohm loads. The output monitor may be used as a voltmeter 
to monitor the amplitude of the output , or it may be used to 
establish a reference leyel for the output. 

3-3. CONTROLS AND INDICATORS. 

34. Figure 3-1 identifies and describes the function of aU 
the front and rear panel controls, connectors, and indicators 
on the Model 652A. 

3-5. ADJUSTMENT OF MECHANICAL ZERO. 

3-6. The output monitor is properly zero~et when the meter 
pointer rests over the zero mark , and the Test Oscillator i~ in 
normal operating position at normal operating temperature, 
and is turned off. Zero-set the output monitor as foUows to 
obtain maximum accuracy and mechanical stability. 

a. Turn Test Oscillator on and allow it to operate for 
at least 20 minutes , to let the meter movement 
reach normal operating temperature. 

b. Turn Test Oscillator off, and allow 30 seconds for 
aJl ca paci tors to discharge. 

c. Insert pointed object (such as tip ofball-point pen) 
into recess on adjustment wheel , and rotate wheel 
until meter pointer is exactly over zero . 

3-7. OPERATION. 

3-8. To operate the 652A Test Oscillator, proceed as 
follows: 

a. Set the slide switch (S5) to the proper line voltage 
(J J 5 V or 230 V at 48 - 66 Hz), and connect the 
selected primary power to the Test Oscillator. 

b. Turn LINE ON switch to On position. Indicator 
lamp will glow, verifying appUcation of primary 
power . 

c. Set FREQUENCY RA~GF, switch and 
FREQUENCY Dial to desired output frequency. 

d. Set OUWUT ATTENUATOR switch to desin:d 
voltage range. 

impedance which matches impedance of load. 

f. Place MONITOR switch in NORMAL position, and 
adjust AMPLITUDE controls for desired output 
voltage, as indicated on the output monitor. 

g. ThL: output monitor , M1 , indicates the rms value Df 
the output voltage , and the power level in dBm for 
resistive loads of 50 ohms. The output voltage level 
is obtained by multiplying the monitor "cale reading 
by the monitor scale multiplier which appears on 
the OUTPUT ATTE UATOR switch. Usc the 
fal/owing equation and the impedance correction 
graph of Figure 3-2 to obtain the Model 652A 
output power level in dBm, for loads other than 
those marked on the outp1l t connectors 

RL 
Output Voltage = RL + RS X 2V m 

Where, 

RL = Load Resistance (Terminating 
Resistance) 

RS = Source Resistance (Output 
Impedance of Oscillator) 

Vm = Model 652A Output Morutor 
yoHage indication multiplied 
by the output au'enuator vol· 
tage setting. 

Problem: A 600 ohm load is placed on the 50 ohm output 
connector. The Model 652A output monitor indicates an 
output of 0.9 volis, with the OUTPUT ATTE UATOR set 
on the 1.0 volt (+ I 0 dBm) range, Find the actual output 
voHage and power level (in dBm) of the Model 6S2A. 

Solution: The actual output voltage is calculated as follows : 

Output Voltage = 600 X2 (0.9) = 1.66 volts 
600 + 50 

If the monitor were to indicate this 1.66 volts, then the 
power level indicated would be +17.3 dl3m (on the +20 dBm 
range ).1 he actual power level. however, in the 600 ohm load 
is the algebraic sum of this theoretically indicated power 
(+ 17.3 dHm) and a correction factor. The correction factor is 
obtained from the impedance graph of Figure 3-2: for this 
example, using a 600 ohm load, it would be -10.8 dBm. The 
actual power level in the 600 ohm load, then. is +6 .5 
dBm[17 .3 dBm + (-10.8 dBm)] 

3-\ 
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CD FREQUENCY Dial : Varies output frequency within 
each frequency range . Dial reading mult iplied by range 
setting is the output frequency of the instrument. 

CD FREQUE\"CY RANGE Switch (S I). Selects one of six 
frequency ranges, from 10 Hz to I MHz. 

CD Output l'vlonitor (Ml) : Monitors the amplitude of'the 
test oscillator output. May be used to set and maintain 
an output amplitude reference. when the MONITOR 
switch IS in the EXPAND position. 

Model 652A 

CD MONITOR Switch (S4): Expands top 10% of monitor 
scale, 10 allow an amplitude reference to be set. 

CD Rf.fo SET Coarse and VERNIER Controls: Adjusts 
monitor to demed reference setting. 

® l-REQUENCY VERNIER Provides a fine frequency 
adjustment for FREQ EI CY dml. 

® 1.1;";£ ON Switch (S3) and Pilot Lamp: Switch applies 
primary power to )Dstrument ; pilot lamp glows to 
mdicate application of primary power. 

® INDICATOR LIGHT: Glows when power switch is set 
to "L1NE"_ 

CD Mechanical Zero Adjust: Allows OUlput monitor to be @ 115/230 V Slide Switch (S5): Sets instrument to 
mechanically zeroed , when Instrument is ofL operate from a primary power source of either J J 5 Vac 

or 230 Vac . 

CD OUTPUT ATTENUATOR: Altenuates test oscillator ® FliSE (F1) : 0.4 amp fuse protects instrument from 
output in nine steps of 10 dB each . overloads. 

CD Output Connectors (12 and 13): Provides the output 
signal, at impedance levels of SO ohms and 600 ohms. 

CD AMPLITUDE Coarse and VERNIER Controls. Controls 
amplitude of signal applied Lo OUTPUT 
ATTENUATOR. 

@ Primary Power Connector (J I) : Connects pnmary 
power to tesl oscillator_ 

® IDENTIFICA T10l\ PLATE: Shows instrument serial 
number. 

11 POWER TRANSFORMER (TI). 

Figure 3-1. Location and Description of Controls and Indicators 

3-2 
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NOTE 

To use the EXPAND rUllctlOn of the 
Model 652A perform sIeps h through j. 
To obtain a reference on the OUIpUl 
monitor the monitor indication must be 
in the lOp J 0 % of scale . If not, the REF 
SET controls will not have sufficiem 
range 10 establish a reference. 
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h. Set MONITOR switch 10 EXPAND pomion. 

i. Adjust REF SET ~ontrols until desired reference is 
indicated on the percent scale of the output 
monitor. 

j. Use AMPLITUDE controls to maintain set reference 
whenever frequency of oscillator is changed. 
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Figure 3·2. Impedance Correction Graph 
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SECTION IV 

THEORY OF OPERATION 

4--1. G EN ERAL DESCRIPTION. 

4-2. The Model 652A Test Oscillator includes an oscillator, 
power amplifier, peak detector, attenuator, normal monitor 
circuit and expand monitor circuit. A block diagram of the 
instrument is shown in Figure 6-1. The oscillator circuit uses 
a modified Wien bridge network to generate astable) 
distortionless sine wave signal which is applied to the power 
amplifier circuit. The automatic gain control utilizes a 
feedback voltage from a peak detector to the oscillator 
circuit to stabilize the output signal. The power amplifier 
circuit is used to increase the output power available at the 
SO-ohm and 600-ohm output connectors and to improve the 
frequency stability of the output signal with changing output 
loads . The output attenuator provides a means of attenuating 
the signal at the output connectors in nine steps of 10 dB 
each. The normal monitor circuit monitors the signal level at 
the input to the attenuator. The expand monitor circuit 
allows the top 10% of the monitor scale to be expanded, so 
that a reference can be set. The regulated power supply 
provides all voltages required by the 652A circuits. 

4·3. CIRCUIT DESCRIPTION. 

44. Refer to Figures 6-2 thru 64 for the following 
discussion. 

4-5. OSCILLATOR CIRCUIT. 

4-6. The oSClllator circuit generates a sinusoidal signal at the 
frequency selected by the RANGE switch and FRI :QUENCY 
Dial located on the front panel. The RC bridge network is a 
modified Wien bridge circuit, consisting of an RC frequency 
selective network and a resistive voltage divider network. The 
Wien bridge in till' Model 652A Test Oscillator differs fTOm 
the conventional Wien bridge circuit in the design of the 
resistive voltage divider network. The resistor in the 
conventional Wien bridge is replaced with a variable 
impedance (ZIon Figure 6-1) consisting of A2CR6 and 
A2CR7. 

4-7. Oscillation at the selected frequency is made possible by 
the use of both positive and negative feedback. Positive 
feedback is provided through a frequency sensitive RC 
network to the differential amplifier A2Q2 and A2Q3; 
negative feedback is provided to the differential amplifier 
througll a network insen&itive to frequency. Only at the 
selectcd frequency will the pu~itive feedback exceed Ule 
negative feedback voltage to sustain oscillation. 

4-8 . The RANGE switch, SI, selects combinations of 
resistors and capacitors (SIRI through SIR24, and SIC! 
througll Sl CIS) to establish the frequency sensitive RC 
lletworks for the six frequency ranges of the Test Oscillator. 

The FREQUENCY Dial varies the main frequency tuning 
elements CIA, CIB, and CIC. The RC componentsmaintain 
the proper phase relationship of the positive feedback 
voltage. At freql'-encics where Xc = R, the positive feedback 
voltage lS in phase with the oscillator output voltage (refeT to 
Figure 4-1) and exceeds the negative feedback voltage. At 
frequencies other than where Xc = R, the positive feedback 
voltage is neither of Ule right phase nor of sufficient 
amplitude to maintain osciUations. 

4-9 . The impedance converter transistor, A2Ql, provides a 
high impedance irr series with the input impedance of the 
differential amplifier on the first four frequency ranges (XIO 
- XIOK). The high impedance added prevents Ule RC bridge 
circuit from being loaded by the low input impedance of the 
differential amplifier, A2Q2 and A2Q3, on the lower 
frequency ranges. The impedance converter is bypassed on 
the XIOOK and XIM ranges due to lower resistor values in 
the RC bridge . 

4-10. The difference between the feedback voltages from the 
bridge circuit is amplified by differential amplifier A2Q2 and 
A2Q3, and 1S applied to the complementary symmetry 
circuit A2Q5 and A2Q6, through emitter follower A2Q4. A 
positive feedback voltage from the output of the 
complemen tary symmetry circuit 1S applied between resistors 
A2R8 and A2R9, in the collector circuit of A2Q2, on the 
first four frequency ranges . The application of the feedback 
voltage at this point is used to make the effective resistance 
of the collector load higher than the input impedance of the 
emitter follower A2Q4 , forcing the collector currentinto the 
base of the emitter follower. The increase in the signal level 
results in an increase in the loop gain of the oscillator circuit. 
The feedback voltage is removed on the XIOOK and Xl M 

F 

F p' POSITIVE FEEDBACK 
TO AMPLIFIER 

F ~ FEEDBACK TO RC NETWORK 

LEAD 

RATIO -­
PHASE -----

6! I\-S-IOb.. 

Figure 4-1. RC Network Characteristics 
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range due to the value of resistors A2R8 and 
the input impedance of the emitter follower 

frequencies. 

symmetry circuit lS used to 
and to increase the range 

the low of the 
symmetry circuit 

output circuit being loaded 
com mentary symmetry circuit transistors are 
forward-biased by dlodes A2CR2, A2CR3, and A2CR4, and 
with no signal applied, are conducting slightly to reduce 
cross-over distortion in the output 

4-12. The output of the oscillator circuit drives the power 
---r--.---- with a constant voltage set the AMPLITUDE 
coarse and VERNIER controls, R2A and R2B. The voltage 
level to the power amplifier is held constant by the 

the peak detector circuit. 

4-13. AUTOMATIC GAIN CONTROL 

4-14. The output of the oscillator circuit is on 
reference bias at the base of This bias 

is determined by the of the amplitude 
controls. The peak detector, A2Q7, conduct only on the 

peaks when the negative bias is overcome. The 
average de voltage across A2C7, A2C8, A2C9 and A2C 1 0 
biases the diodes A2CR6 and A2CR7 to determine the 

of the negative feedback side of the Wien bridge. 
the amplitude of the oscillations is automatically 

controlled. A2CRS and A2CR9 provide temperature 
for the bias 011 and A2CR8 

the reverse breakdown of A2R17 is 
to compensate for differences in the operating 

of diodes A2CR6 and 
distortion jn the negative feedback and 
oscillator out put. 

5. POWER AMPLIFIER. 

4-16. The power amplifier circuit increases the power gain of 
the received from the oscillator circuit. The operation 
of the differential amplifier and A2Q9. emitter 

A2QI0, and symmetry circuit 
1 and A2Q12 is similar to the stages in 

the oscillator circuit. The feedback voltage from the 
of the complementary circuit is applied to 

amplifier at a fixed level to stabilite the 
power amplifier output signaL The amplifier output is 

monitored by one the two monitor circuits 
the signal is applied to the attenuator circuit. 

4·17. NO RMAL MDNITO R CI RCUIT. 

4-18. The normal monitor circuit monitors the signal level 
to the output attenuator circuit and provides a signal 

to the output monitor, Ml, when the MONITOR switch, 54, 
is in the NORMAL position. The Al Q9 serves both 
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as an converter between the monitor circuit and 
the power output circuit and as a current SQurce to 
provide full-scale monitor indications. The hig.h input 
impedance of the amplifier prevents the power amplifier 
from loaded with the low impedance of the output 
monitor, 1. The emitter follower AI Q8 provides a 
feedback which is between resistors A I RIB 
and A 1 R 9, the collector of A The 
application of the feedback voltage at this is used to 
increase the effective resistance of the collector 
which results in the amplifier Ai Q9 
impedance current source to the monitor, diode 
Al CRI 0 a small amount of forward bias to rectifier 
diodes A I and Al CR9, which keeps the diodes out of 

, thus increasing monitor accuracy at 
one-tenth readings. The 10 MHz 
AI C 15, compensates for small variations in circuit 

so the monitor will have a flat 
response. The monitor calibration reSistor, A I 
an additional calibration adjustment which IS made at 400 
Hz, 

4·19. EXPAND MONITO R CI RCUIT. 

4-20. The monitor circuit allows the 10% of the 
output monitor scale to be expanded to scale. A 
reference may then be set on the scale, and deviations up to 
+1- 2.5% in the oscillator output will be indicated on the 
monitor, The circuit is comprised of an average detector, a 
differential and a variable reference supply. The 
difference between the outputs of the detector and the 
reference is amplified by the differential amplifier, 
and is to the monitor, Ml, when the MONITOR 
sWitch, is in the EXP AN D position. The de of the 
detector is to the of the oscillator 

of the reference 
may be varied REF SET coarse 
controls, R3A and R3B, respectively. A reference may be scI 
at any poim on the expanded monitor scale, by varying the 
reference supply output. 

4-21. The output of the oscillator power amplifier is applied 
to the detector through an RCL net work , A3 L1 , 
A3RI capacilor A3C2, and resistor A3R2. The purpose of 
the network is to smooth the monitor circuit 
response on the XIM range, On the XIO range, A3Cl is 
switched in parallel with the RCL network and the input 

to improve the low response of 
circuit. It is not used on higher ranges, due to 

an increase in detector time comtant it is connected. 

4-22. The detector is a diode rectifier that provides a de 
to the average value of the sjnusoldal 

from the oscillator power The ac input is 
rectified by diodes A3CRI and A3CR2, and applied to the 
base and respectively, of , forward biaSing the 
transistor. A3 Q I provides a low path for the 

signal, and allows average detection of the applied 
.input with a single-ended output. A3L2, A3C6, and A3C7 
form a ruter network to remove any high frequency 
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components which might be present on the detector output, 
In addition, A3C3 is switched in on Ihe XIO range to 
dampen the meter by reducing low frequency ripple. 

4-23. The differential amplifier, A3Q2 and A3Q3, amplifies 
the difference between the mtered output of the detector 
and the reference voltage from the variable reference power 
supply. The output is taken from the collector of A3Q2, is 
further amplified by A3Q5, and is applied Lo the emitter 
follower, A3Q6. The emitter follower has a low output 
impedance and is used to drive the monitor. A3Q4 acts as a 
current source to provide approximately 50 microamps of 
current to the differential amplifier. 

4-24. The reference power supply is a conventional series 
regulator type that has a variable output. Zener diode 
A3CR6 maintains a constant bias on the emitter of the 
reference amplifier, A3Q8. The base bias of A3Q8 is changed 
whenever the REF SET coarse or VERNIER controls are 
varied . This change is amplified and applied to the base of 
the series regulator, A3Q7 . A3Q7 will change the reference 
supply output in direct proportion to the amount that the 
REF SET coarse or VERNIER controls are changed. 

4-25. Two adjustments are provided for the expand monitor 
circuit: A3Cli and A3R14. A3Cll adjusts the expand 
monitor circuit response at 10 MHz, and A3R14 calibrates 
the monitor at 10 kHz. 

4-26. OUTPUT ATTENUATOR. 

4-27. The output attenuator provides a means of attenuating 
the signal level applied to the SO-ohm and 600-ohm output 
connectors. The OUTPUT ATTENUATOR switch S2 
selects a combination of four resistor networks to pr~duc~ 
the desired level of signal attenuation. Each step provides an 
attenuation of 10 dB. The AMPLITUDE controls . R2A and 
R2B, vary the level of attenuation in increments between 
each 1O dB step selected by the OUTI>UT ATTENUATOR 
switch. 

4-28. Output impedances other than the standard 600-ohms 
can be obtained by cbanging the value of resistor S2RJ 3. The 
value of the resistor replacing S2R 13 is added to the 50-ohm 
oscillator output impedance to obtain the new output 
impedance level at the 600-ohm connector. 

4·29. REG ULATED POWER SUPPL Y. 

4-30. The regulated power supply provides all de voltages 
required by the 6S2A Test Oscillator circuits. The power 
supply consists of a + 30 V and - 25 V series regulated 
supply. Each power supply is protected by current limiting 
and fold back current limiting. 

4-3J . The + 30 V and· 2S V power supplies are func­
fionaUy identical. Both use operational amplifiers for out­
put voltage error amplification. AI R40 adjusts the + 30 V 
supply voltage and Al R41 adjusts the· 25 V supply volt­
age. 
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~OV +-__ ---:R::;.EG"''-!:::!L A:.:.T:::.:ED~VC!~-T~ .. ~~-_ __ ___: ______ _ 

l!l 20V 

~ g 
2 .... a IOV 

100m ~ 200mA. 

OUTPUT CURRENT 

Figure 4·2. Regulated Power Supply Output 
Voltage vs. Current. 

4-32. Conventional current limiling is used in bot h supplies 
to limit the output current to approximately 300 rnA. 
Foldback current limiting further hmits the output current 
if the output voltage is pulled below approximately 16 V 
by a malfunction 10 the 652A circuitry. A direct short to 
ground of either supply will result in an out put current of 
approximately 10 rnA as shown in Figure 4·2, 

4-33 . Figure 4-3 is a Simplified schematic of the current 
limiting circuitry used in the 652A power supplies . The 
Current Limiting Transistor Al Q4( +) or Al Q7(·) is a vari· 
able shun! to the series regulator drive current. It is first 
swit ched on by the voltage drop across the Current Limit 
Sensing Resistor when the power supply output current 
reaches approXimately 300 mA o The power supply will 
remain in tltis Con ventional Current Limit cond itioll until 
the OUI put cunent decreases allowing the supply to return 
10 normal operation, or until the power supply outPUt volt· 
age drops below the Foldback Reference (16 .2 V). If tlte 
latter occurs, the Diode Switch is effectively closed and the 
power supply goes into a Foldback Current Limit condi· 
tion. In this condition the Current Limiting Transistor IS 

controlled by the power supply output voltage. As the out· 
put voltage decreases, the shunt current is increased. 

~~~N_T9!!.~~ .~~.?~ !:J~'.!!:£i --. 
I ~~~~~T R1:~~T"fOA I 

r-~~~~M.-~----~--~a~L~ 

Figure 4-3. Simplified SchematiC of Current 
Limiting Circuitry. 
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WARNING I 
These servicing instructions are for use by Qualified personnel only. To 
avoid electrical shock, do not perform any servicing other than that con­
tained in the operating instructions unless you are qualified to do so. 
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Table 5· 1. Required Test Equipment. 

Instrument Required Recommended 
Type Characteristics Model 

r--
Osci Iloscope Pass band: 10 Hz to 10 MHz ·hp· Model 1aOA Oscilloscope 

SensitivitY . 50 mV/cm with 1801 A and 1820A plug·ins 
Input Impedance: 1 megohm 

Electron i c Counter RBnge' 10 Hz to 10 MHz ·hp· Model 5245L Electronic 
Accuracy: ± 5 counts counter 

AC Voltmeter Frequency Range: 10 Hz to 10 MHz -hp. Model .3400A RMS 
Voltage Range : 1 mV to 10 V Voltmeter (with known 
Accuracy: ± 1% accuracy) 
DC OUTput 

Oi stortion Ana Iy?er Distortion Sensitivity : greater than 42 dB ·hp- Model 331 A/332/333/334 

Wave Analyzer Freq ueney Ra ngc : 600 kHz 10 22 MHz -tip. Model H05..312A 

DC Null Voltmeter Range : 10 mi crovoll S fO 30 V -tip' Model 419A 
Accuracy: ~ 2% of full scale 

t AC Differential Range" 1 V to 10 V ·hp· Model 7418 AC·DC 
Voltmeter AccurBCY: ± 0 .1% D if/eren! ial Volt meter / 

Stability: .t 0.1% Per Mo . oe Standard 

Attenualor Attenuation Range" 90 dB in 10 dB steps -hp· Model 355D VHF 
Froquency Range : 10 Hz to 10 MHz Attenuator (with known 

accuracy) 

Ampllfier Gain: 40dB -hp· Model 461 A Amplifier 
Frequency Range: 10 Hz to 10 MHz 

Thermal Converter Input: 3 V RMS ·hp- Model 11 049A 
Output: 7 mV dc Thermal Converter 
Accuracy: .! 0.2% 
Frequency Range: 10Hzl010MHz 
Input Impedance: 50 ohms 

Oto10mV See Figure 5·3 for schematic 
Reference Supply 

0. Resi.lor : fxd, 6500 n 11 % a. -hp· Part No. 0811 {)392 
b . Resistor: var . 500 n :!. 5% b. ·hp- Part No. 21 OO{)321.l 
c. ResiS1or: var, 50 n. 1: 5% c -tip. Part No. 2100·1481 
d. Battery' 134V d. Mallory RM-42R 

Terminating a. Feedlhru. 50 n <l. -tip· Model 11 Ol.l8C 
ResIstance b. Feedthru. 600 n b . -hp. Model 11 095A 

Adapter BNC to Binding Post ·hp" Model 10111 A Adapter 

t Recorder Chart Speed: 1" Ihr Or les. -hp- Model 680 6" Strip 
Chart Recorder 

DC Digital Range; 1 V -hp- Model 3471.l0A/34702A 
Voltmeter Digits: 4 Measurement SYstem 

t Required only if Amplitude StabIlity Test (Paragraph 5 191 is performed. 

5-0 
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SECTION V 

MAINTENANCE 

5·1. INTRODUCTION. 

5· 2. TIllS seetlOn con tams main t{,flance and service infor· 
mation :or the ·hp· Model 652A Test Osc illator. Included 
are Performance Tests, Adjustment and Calibration Proce· 
dures, and Troubleshooting Procedures. 

5-3. A EQU IRE D TEST EQU IPMENT. 

5·4. The eqUipment needed to properly maintain the 
Model 652A IS hsted m Table 5·\ . The table lists the type 
of equip men t to be used. the specificatIOn requirements , 
and the recommended commercially available test equip· 
ment. If the equipmenllisted in Table 5·1 IS :10t available, 
any instrument that satis'les the given specificHions may 'Ie 
used. 

5-5. PER F 0 RMANCE TESTS. 

5·6. The performance tests aT:' in·cabmet tests which insure 
the Model 652A Test Oscillator is operaling within specifi· 
cations. These tests can be used {OJ incoming inspectIOn, 
periodIc maintenance, and for specification (t;sts a fte r a 
repair. Use the performance tests to venfy instrument 
performance before making internal adju ;, :ments or repairs . 
It is recommended that performance tests and calibration 
be performed at 6 month intervals. A removable les t card is 
located al the end of Section V. ntis may be used for 
making a permanent record of the performance of [he 
652A during the Performance Tests. 

NOTE 

Paragraphs 5·}8 and 5·19 are labeled as 
"Optiolla!"' tests for the following I'easons' 
(Parugraph 5·18 Hum and Noise TeST) Top 
cover of 652A must be removed to make fhis 
lest. (Paragraph 5·19 Amp/ill/de Stability Test) 
652A output amplitude must be monitOred 
continuously for one month to make (his tcst. 

TEST OSCILLATOR 
hP652A 

5·7. Frequency Range Test. 

a. Connect 652A SO ohm output to de input of 
electronlc counter as shown in Figure 5·1. 

h. Set 652A controls as fo llows: 
FREQUE~CY RANG ...... .. . ..... XlO 
FREQUI ': \lCY dIal .... ........ ... Extreme 

Clockwise 
OL'TPUT ATTE UATOR . . . ....... 3.0 V 
OUTPUT MON[TOR ........... . NOWvlAL 
OUTPUT AMPLITUDE 

and VERNIER ..... . ......... 3.0 Von 
monitor 

c. Counter should read a p ~' nod average 0; 100 ms or 
grea ler, verif ymg a fre ~lIency of at least 10Hz at lower end 
of frequency range. 

d. Set 652A FREQUENCY RA G to XI\'! and 
FREQUENCY dial to extreme countercl ockwise position. 
Coun ter should read a frequency of J 0 M Hz or grea ter. 
verifying a frequency of at least 10 MH 7. al upper end of 
f equency range. 

e. Perform hequency Calibralion. Paragraphs 5·27 
through 5·34, if tolerances are not me t. 

5- B. 0 ial Accuracy Test. 

a. Connect 652A 50 ohm outpu ~ to dc input of 
electro~ic counter as shown in Figure 5· : . 

b. Set 652A controls as follows : 

FREQUENCY RANGE .............. XlO 
FREQUENCY dial . . . . . . . . . . . . . . . . . . .. I 
OLTPUT ATTEN ATOR .......... 3.0 V 
OUTPUT MONITOR .... ... ..... NORrvIAL 
OL.'TPUT AMPLITUDE 

and VERNIER . .. . ........ . .. 3.0 Von 
monitor 

ELECTRONIC COUNTER 
hp5245L 

50 OHM 
FEED THRU 
hpl1048C 

C-----1~:1 : @ • @ 

100 11 
-, , , 

Fig ure 5· 1. F requ en cy Tests. 

5·1 
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c. Check all frequency settings given In Table S- 2. Se t 
counter FU CTlON switch to PERIOD AVERAG E for 
frequencies below 1 kHz and FREQUENCY for higher 
frequencies. Table 5-2 lists the test fl c(~Jencies and toler­
ances required. 

Table 5-2. Dial Accuracy Test. 

d. Perform frequency Calibration in Paragraphs 5·27 
through 5-34 if tolerances are not mel. 

5-9. 0 utput Tests. 

5-10. Maximum Voltage. 

a. Connect ac voltmeter to SO ohm output terminal of 
652A as shown in Figure 5-2. 

b. Set 652A controls as follows : 

FREQUENCY RANGU .. . ........... Xl K 
FREQUENCY dial. . . . . . . . . . . . . . . . . .. J 0 
OUTPUT ATTI~'\lUATOR ....... ". J.OV 
o TPUT MONITOR .. .. . .. , , ... NORMAL 

c. Adjust 652A OUTPUT AMPLITUDE and VER~IER 
controls for maXimum output;ac vo~tmeter should indicate 
3,16 V rms or greater. 

d. Disconnect ac voltmeter rrom 50 ohm output terrm· 
nal or 652A and connect to 600 olun output. Replace 50 
ohm load with a 600 ohm load . 

e. Repeat Step c. 

f. Perform Amplitude Adjustment III Paragraph 5-38 if 
tolerances are not meL 

5-11. Flatness Test. (Amplitude not readjusted to a refer­
ence on the output monitor.) 

NOTE 

A [hennal COnl'erter is a square Law device. The 
de output will change approximately twice the 

Frequency 
Dial Range 

I 

1 Xl0 
2.5 Xl0 
5 X10 

8 Xl0 

10 XIO 

, Xloo 
2.5 Xl00 
5 Xl00 
8 Xl00 

10 Xl00 

1 X1K 

2.5 X1K 

5 X1K 

8 X1K 

10 X1K 

1 Xl0K 

2.5 Xl0K 

5 XlOK 

8 XIOK 

10 Xl0K 

1 Xl00K 

2.5 Xl00K 

5 Xl00K 

8 XIOOK 
10 Xl00K 

1 XIM 
2.5 XIM 
5 XIM 

8 XIM 

10 XIM 

Counter 
Illdication 

(counter set to indicate 
period average) 

100 .: 3 ms 

40.0 ~ 12 ms 
20.0 1: 0.6 ms 
12.5 ! 0.38 ms 
10.0 ;!: 0.3 ms 

10.0 .!: 0.2 ms 
4.00 1: 0.08 ms 
2.00 1: 0.04 ms 
125 ± 0.03 ms 
1.00 ± om ms 

(cou n ter s&t to trod ieate 
frequency) 

1,000 ! 20 Hz 

2,500 .t. 50 Hz 
5,000 :t 100 Hz 
8.000 ± 160 Hz 

100 ;!: 02 kHZ 

10.0 t 02 kHz 
25.0 :: 0.5 kHz 

500 1: I,D kHz 
80.0 1: 1.6 kHz 

100.0 1: 2.0 kHz 

100,0 ;!: 2.0 kHz 

250.0 1: 5 kHz 

500.0 ! 10.0 kHz 

800.0 .!: 16 kHz 

1,000 1: 20 kHz 

1.000 1: 30 kHz 
2,600 ± 75 kHz 
5,000 ± 150 kHz 
8,000 ± 240 kHz 

10000 ± 300 kHz 

RMS VOLTMETER 
hp 3400A TEST OSCILLATOR 

hpS52A 

.@ 
50 OHM 

FEED THRU 
hpl1048C 

c~------f7ij 

5-2 

~ 
\ , , 

'-----------------{::[l:i:J~~mJI-· .. _--' 

Figure 5·2. Output Tests, 
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percentage the ac input changes. Typically, if 
changes 1,7 times. When making response 
measurements, the tram!er characteristics of 
your particular thermal convener should be 
used, To determine the thennal rransfer char­
aCleristic of your parriculm' thermal converter, 
proceed as follows: 

1. Set the 652..4 output amplitude 10 mlni­
murn 

2. Connect the ]]049A Thenna/ Converter 
directly to the 50 D output a/the 652A. 

J. Connect the 419A DC Nul/meter across 
the dc output of the Thermal Converter, 

4. A dju st the 652;1 ou rpu t amplitude COf/­

trol for I V rms inpUI to the Thennal Carr 
verter (use an ac voltmeter to mOflllOr the ac 
input to the Thermal Converter)' 

5. Measure and record the de OUlput (EiJ 
of the Thermal Converter on the 4] 9A. 

6. Double [he ac inpllt (0 2 V rms, Again, 
observe the null meter and record the reading 
(Ef/ 

7. Calwlate the tral1S!er rario as follows: 

Trans!er characteristic (k) = £/ 
2Ei 

Tobie 5-3 assumes a transfer ratio of 2. 
The actual rral1sfer ralio of your Ther· 
mal Converter should be applied to 
Tahle 5-3 as follows. 

DC CHANGE = the percentage of ac 
ON 41 9A change times 7 m V 

times (he transfer rario. 

For example, if the transfer ratio of 
your Thennal Con verter is 1. 7, a ] % 

TEST OSCILLATOR 
hp652A 

Section V 

Table 5-3. Typical Thermal Converter Input/Output Change. 

CHANGE AT CHANGE OF DC 
AC INPUT OF :\ULL METER 

THERMALCO VERTER INDICAT]ON FROM 
NLLL SETTING 

+/·0.25% +/- 35 microvolts 
+/- t% +/- 140 microvolts 
+/- 2% +/- 280 microvolts 
+/- 3% +/- 420 microvolts 
+/-4% +/- 560 microvolts 

The ac input is set for 7.0 m Vat the output 
of the thermal converter. 

change in the ac input (Table 5-3) would 
result in 70 !-IV (change in ac input) 
times 1. 7 (transfer ran'o);; 1]9 11 V 

a, Connect equipment as shown in Figure 5·3. (Use a 
thermal converter with a known change in output for ~, 

given change at the input. II this Information is nol r('~tdily 
available, then Table S·3 gives this infornttion for a tYPical 
thermal converter connected as m Figure 5-3). Set both 
652A output and reference supply to minimum before 
connect1I1g. Thermal converter must be conneclc:d directly 
to 50 ohm output of 652A. 

Do not exceed mud IIlPU[ of thennal con­
verter. Any overload or high voltage transient 
may destroy (helmoelemenl. When usmg the 
652A FREQUENCY RANGE switch. momen­
tarily turn down the ourput altenua(Qr. 

b. Set 652A controJs as Juilows : 

FREQ ENCYRANGE .............. X1K 
FREQUENCY dial ... , ............... 10 
OUTP T ATTENUATOR .......... 3.0 V 
OUTPUT MOl'-iITOR ............ NORMAL 

DC NULL 
VOLTMETER 

hp 419A 

@ 

o 

REFERENCE SUPPLY r-----------------, 
I 

RI 
6500fl ",,@©D ©] 

u......;.~ __ ---"-__ ...::@'__a;,_____'@~;. G THERMAL CONVERTER 
hp II049A 

I 
I 
I 
I 
I 
I 

I 

R2 
500fl 

! 
.... _- -------~-

~ ________________ .J 

Figure 5-3. Flatness Tests. 
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c. Adjust 652A AlvlPUTUDE and VERNIER controls 
for dc null meter indication of 7.0 m V. 

d. Adjust frequency supply for null indication. Do not 
readjust reference supply or 652A AMPLlTLDE and 
VERNICR. controls once null is oblai!led. 

e. Adjusting 6S2A FREQUENCY RANGE switch and 
FR EQUENCY dial as necessary, sweep 652A slowly over 
frequency range of 100 Hz to 1 Mllz. Dc null meter reading 
will change above or below (or both) the nlill obtamed in 
Step d. Record mlmmum and maximum readings of dc null 
meter; difference bet ween these two readings should 
indicate a change in level of 652A outpu t no greater than 
± 2% (see Table 5·3) verifying flatness specification over 
frequency range of 100 Hz to I MHz. 

f. Repeat Step e over the range 10Hz to 1 MHz. The 
difference between dc null meter maximum and minimum 
readings should indicate a change In level of 652A output 
no greater than ± 3% (sec Table 5·3) verifying flatne~s 
specification over frequency range of 10Hz to I MILL. 

g. Repeat Step e over the rar:ge of 10 lIz to 10 MHz. 
The dlfference between de null meter maximum and 
minimum readlOgs should indicate a change 10 level of 
652A output no greater than ::t 4% (~~e Table 5·3) verifying 
fla tness specifica lion over ,'requency range of 10Hz to 
10 MHz. 

h. Perform Frequency Calibralion (paragraphs 5·27 
through 5-34) and 10 MHz Flatness Adjustments (para· 
graph 5-35) if tolerances are not me t. 

5- 1 2. Flatness. (Amplitude readjusted to a reference on 
the normal output monitor.) 

3,. Perform Step 5-lla. (Note CAUnON.) 

b. Set 652A controls as follows : 

FREQUENCY RANGE . ............. XlO 
·REQUENCY dial ... _ ................ 2 
o TPUT ATTF"IUATOR .......... 3.0 V 
OUTPUTMONlTOR ............ NORMAL 
AMPLITUDE and VERJ'.:fER .. ..... Adjust 

for a monitor indication of 
3.0 V. (This adjustment is cn· 
tical as this Will be the refer· 
ence level for Steps 5·12c 
through h.) 

c. Adjust reference supply for null indication on dc null 
meter . 

d. Set 652A FREQUENCY dial to J. 

e. Readjust 652A AMPLITUDE and VERNIER controls 
for 3,0 V on 652A OUTPUT MONITOR. (Do not readjust 
reference supply.) Record de null meter indication. 

5-4 
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f. Se t 652A I'REQUENCY dial for 12 Hz and repea t 
Step 5·12c. 

g. Set 652A FREQUENCY dial for 15 Hz and repeat 
Step 5-12e. 

h. To determine that the readings taken in Steps S·12e, 
f, and g are within tolerance , two conditions must be met : 

I) Each reading must be within 2% of the 
reference level established in Step 5-12b. (See Table 
5·3.) 

2) The d1fference betwel' ll the highest and lowest 
reading must be no gr ~it ter than 2% of the reference 
level established in Step 5· J 2b. 

These two conditions verify 652A output Oatness, when 
referenced to the normal monitor, of 2% between 10 Hz 
and 20 Hz. 

i. Repeat Ste ps 5-12b through h (t.\cept, set up 
refere:lce at 20 Hz and use the frequencles and tolerances 
listed in Table 5-4) to verify flatness of I % over frequency 
range of 20 Hz to 4 MIlz. 

j. Repeat Steps 5·12b through h (except, set up 
reference level at 4 MT!/. and use the frequencies and 
tolerances listed in Table 5-4) to verify fla tness of 2% over 
frequency range of 4 MHz to 10 MHz. 

k. If tolerances are not met, first assure that tolerances 
of Paragraph 5-11 are met, then perform Normal Monitor 
Calibratiun of Paragraph 5-40 . 

5-13. Flatness. (Amplitude readjusted to 3 reference on 
expanded output monitor.) 

3. Perform Step 5-11 a (Note CAUTION). 

b. Set 652A controls as follows : 

FREQUENCY RANGE .............. XIO 
FREQUENCY dial .................... 2 
OUTPUT ATTENUATOR .......... 3.0 V 
OUTPUT MONlTOR ..... . ...... NORMAL 
OUTPUT AlVlPUTUDE and 

VERNIER ....... . . Adjust for a monitor 
indication of 3.0 V. 

c. Set OUTPUT MONITOR switch to EXPAND and 
adjust REF SET and VERNIER controls for 0% indication 
on the top (blue) scale of the 652A monitor. 

d . Adjust reference supply for null indication on the dc 
nuU meter. 

e. Set 652A FREQLENCY dial to I. 

f. Readjust 652A OUTPUT AMPLITUDE and VERN· 
IER controls (if necessary) for 0% indication on 652A 
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Table 5·4 . Flatness Test Settings and Limits" . 
'(Amplitude read jL$leci 10 <I referenC€ 

Oil Ih e output monilor) 

QUENCY FREQUENCY TOLERANCE 
DIAL DIAL 

(10 Hz. to 20 Hz.) 
XIO 1 2% 
XIO 1.2 2% 
XIO 1.5 2% 
XIO 2 2% 

(20 Hz. to 4 MHz) 
X\O 2 1% 
X 100 1 1% 
XIOO 5 1% 
X1K 1 1% 
XIK 5 J% 
XIOK 1 1% 
XIOK 5 1% 
XlOOK I 1% 
X lOOK 5 1% 
XIM 1 1% 
XIM 4 1% 

(4 Mllz to 10 MHz) 
XIM 4 2% 
XIM 6 2% 
XJM 8 2% 
XIM ]0 2% 

monitor. (Do not readjust reference supply.) Record dc null 
meter indication . 

g. Repeat Step f of thIs paragra ph al each of the 652A 
FR'tQ I JE\CY RANGE and FREQUENCY dIal settings 
glven in Table 5-4. 

h. To deterrrune that the rClIdings recorded in Steps f 
and g are within tolerance, two condllions must be met. 

I) Each reading must be witb.in 0.5% of Ihe 
reference level established in Step c. 

rEST OSC ILLATOR 
tip 552A 

~on co·o: rAl J 
c..l.8U: 

AMPLIFIER 
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2) The di fference bet ween the highest and lowes t 
readin gs must be no grea ter than 0. 5% of the 
re ference level established in St ep c. The se two 
conditions verify 657 .. \ OUlpul flalness, referenced to 
the expanded mOnllor, of :1 0.25% over the fre· 
quency range of J 0 Hz LO 10 MHz. 

I. Jf flatness specifications are not met, fir sl assu re that 
to lerances of Par,lgraphs 5· 1 I and 5· 12 are met , Ih en 
per form cahbralion procedur e o f Paragraphs 5·37 and 5-38. 

5-14. Output Monitor Accuracy Test 

a. Connect ac voltmeter 1050 ohm output terminal of 
6S2A as shown in hgure 5·2. Use an ac vohmeter with 
known accuracy at frequency to be used (400 Hz). 

b. Se t 652A contr ols as :oUows: 

FREQUENCY RA GE ... .... .. . . .. XIOO 
FREQUENCY dia l .. .. . .. .... . .. . . . ... 4 
OUTP T ATTENUATOR ..... . .... 3.0 V 
OUTPUT M O !TOR . ... .. . ..... NORMAL 

c. Set OUTPUT AMPLlT DE and VERNIER controls 
for a 3.0 V indica tion on 6S1A monilor. AC vol tme Ler 
should indicate 3 V ± 0.06 Y ( I: 2%)r:ns, verifymg an 
output monitor accura cy of I 2% of full scale. 

d. Jf tolerance is nOI mel, p ~' rform Normal Monitor 
Calibration, Paragraph 540. 

5·15. Attenuator Test 

a. Connect external attenuater , amplifier. ac vol t:ne lc r 
and digital voltmeter to 6S2A as shown in Figure 5-4 . Use 
an 2.lle nuator wilh known accuracy. 

NOTE 

Floor amplifier. ac IJoltmer(!r and digital volrmefer 
using an adequate isololl011 transformer to iso lore 
chassis ground ji'OIl! power line ground. 

RMS 
VOLTMETER 

lip 3400.0. 

, 
I 
I 

DISPLAY 
tip 34740A 

lOdS /STEP 
ATTENUATOR 

hp :'>55D 

50 OHM 
F££O TI1RU 
tlpl1048C 

Figure 5-4. Attenuator Test. 
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b. Se l 6S?A con troIs as follows' 

FREQUENCY RA GE .............. Xl K 
FREQUENCY dial .... .... ............ I 
OUTPUT ATTENUATOR .......... 3.0 V 
OUTPUT MON[TOR . " , " ., , ... NORMAL 

C, Set 3550 aUenuJlOr swili.;h to 90 dB po~itlon. 

d, Set 461 A 31:1pltfier gain sWitch to 40 dl3 position. 

e. Turn the 652A A vlI'LlTUDl' :lnd VERNIER controls 
maximum clockwise. Select the range on the 3400A that 
gives an mdication of> 1,0000 V dc 0:1 the 34740A. Now 
adjust the AMPLJTUDE controls to give a 1,0000 V dc 
reading on the 34740A. 

NOTE 

Do not reudjusl the 652,4 AMPLITUDE and VER· 
NIER "mlfrols dun'ng this fest. 

f. Check 652A OUTPUT ATTEN1.: ATOR III each posi· 
tion by decreasing attenuation on external auenualor as 
altemlation is increased on 652A. Digital voltmeter indica· 
tion should be : 

J) J 0000 ± .0075 V dc for 3 V through .3 mV 
langes (+ 20 dB 59·60 dB) verifying an overall 
accuracy of ± .075 dB crom + 20 dBm to 
·60 dBm, 

2) 1.0000 ± 0,02 V dc for 0.1 mV range (- 70 dB) 
verifying an accuracy of ; 002 dB for the 
- 70 dUm position . 

g. Rep('~11 Steps c thrOUl'.1 1 f of this p&ragr,lph with 652A 
frequency set to 10 MHz. 

h. If attenuatIOn IS out of tolerance, fcfer to Paragraph 
5-57. 

5-16. Amplitude Control Test 

a. Connect ac voltmeter to 50 ohm output tcrminal as 
shown in hgufe 5·2. 

TEST OSCILLATOR 
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b, Set 652A controls as (allows : 

FREQ ' NCY RANG .. " ... "" .. XIOO 
FREQUENCY dial ....... ... .... , , , , ., 4 
OUTPUT ATTENUATOR .. ....... , 3.0 V 
OUTPUT MONITOR .. . . .. . ..... I\ORMA 1. 
OUTPUT AMPLITUDE 

and VERNIER .. , ..... Extreme Clockwise 

c. Note rcading on ac voltmeter. 

d. Set OUTPUT AMPUT DE and V ·HNIER controls 
to extreme counterclockwise positIon. AC voltmeter should 
read 20 dB or more below ieading noted in Step c. This 
veriftes an amplitude control of at least 20 dB, 

5-17. D istortio n Test. 

a. Connec l distortion analyzei to 652A as shown in 
Figure 5·5. 

b. Set 652A controls as follow s: 

FREQ E CY RANGE . .......... . .. XIK 
FREQ UE CY dial . . . . . . . . . . . . . . . . . . .. 1 
OUTPUT ATTENUATOR ........ ,. 3.0 V 
OUTPUT MONITOR, .... , ., . , ,.I\ORMAL 
OUTPUT AMPLITU DE 

and VERN[ER , .. ......... , .. Adjust for 
man i tor indication 

of 3.0 V, 

c. DistOftion level , as indicated eln distortion analyzer, 
should be less than 1 %, 

d . Repea t Steps band c to check dlstc)rlion at each of 
[requc:1cy settings shown In Table 5·5 (part A). 

e. DIsconnect 652A output from distortion analyzer 
and conneCl 10 wa~'e analYZe' (remove 50 ohm feedthru 
terminatIon). 

f. Check distortion at each of frequency se ttings shown 
In Table 5·5 (part 13). Use Ihe foUowrng fomlula to 
compute distortion. 

DISTORTION ANALYZER 
IJp331A/332A 

![~l 
------------- -@ ~@©~ @O@) 

@ 0 @ ---------- .~ @ @ 
@ 

(PIOIII~ @ 

At.uPTER 

tu ... ·'t!l ... c>t~..: 

Figure 5-5. Distortion Test. 
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Table 5-5. Distortion Test. 

FREQUENCY FREQUENCY DISTORTION 
RA_ GE DIAL 

Part A 
X10 I less than 1% 
X100 1 less than 1% 
XIK I less than 1% 
Xl0K I less than 1% 
X100K I less than 1% 
Xl00K 5 less than 1% 

Part B 
X1M 2 less than 1% 
XIM 5 less than 2'10 
XIM 10 less than 4% 

I 00 J E2 2 + E~ 2 + . _ . 
% dlstQftion == 

El 

E, rms voltage of fundamental frequency; 

E2 == rms voltage of second harmonic; 

E] ;: rms voltage of third harmonic; 

etc . . ... 

g. Perform Minimum Distortion Adjustment, Paragraph 
5·39, if tolerances are not met. 

5-18. Hum and Noise Test (Optional). 

a. Connect ac voltmeter to 50 ohm output of 652A as 
shown in Figure 5·2. 

b. Set 652A controls as follows : 

FREQUENCY RANGE .. . .......... XLOO 
FRUQUENCY diaJ .. . . . ... .. ....... ,. 10 
OUTPUT ATTLNUATOR .. , ....... 3.0 V 
OUTPUT MOl\ITOR ......... . .. I\·URMAL 

TEST OSCILLATOR 
hp652A 

50 OHM 
FEED THRU 

hPII048C 
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c. Adjust 652A 01 :TPUT AMPLITUDE and VERNIER 
controls for a reading of 0 dB on 3 V range of ac voltmeter. 

d. Remove top cover of 652A and short out tuner by 
clipping a lead from the solder lug on tuner frame 10 
chassig, 

Lead dress is critical to frequency accuracy 
and flatness. 

Residual hum and noise should read greater than· 66 dB 
from 0 dB reference set on rms voltmeter ill Step c. 

e, Remove clip lead and replace 652A top cover. 

5-19. Amplitude Stability Test (Optional). 

a. Connect ac differential voltmeter and strip chart 
recorder to 652A as shown in Figure 5-6. 

NOTE 

Float ae differential volTmeter by using an 
isolation rransformer to iSlJ late chassis ground 
from ac power line ground. 

o. Set 652A control s as follows: 

FREQUE CY RANG!,: ....... . ...... XI K 
FREQUENCY dial, . . . . . . . . . . . . . . . . . .. I 
OU'CPUT ATTENUATOR ..... . .... 3 .0 V 
OUTPUT MONITOR . . ......... . NORMAL 

c. Adjust 652A OUTPUT AMPLITUDE and VERNIER 
conlro]& for a 3.000 V indication on differential voltmeter. 

d. Set recorder output adjustment of ac di fferen tial 
voltmeter so that a ± 0.06 V vanation of 65 2A output can 
be easily recorded. 

e, The output of 652A should not val)' by more than 
± 2% over a period of one man th when temperature 
remains between 20°C and 30°C. 

STRIP CHART 
RECORDER 

hp680 

AC-DC DIFFERENTIAL 
VOLTMETER/DC STANDARD 

hp741B 

@ @ @ @ @ @®® 
®® 

Figure 5-6. Amplitude Stability Test. 
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&,20. Output Impedance Test. 

a . Connect 50 ohm output of 652A dIrectly to ac 
voltmeter. 

b. Se t 65 2A controls as {ollows: 

FREQUENCY RANGE ... .... .. . .... XIK 
FREQUENCY dIal ..... . .. ... ...... .. . I 
OUTPUT ATTENUATOR . . . . . . . . .. 3.0 V 
OUTPUT MONITOR ............ NORr-.·lAL 

c. Adjust 652A OUTPUT AMPLITUDE and VERNIER 
controls for a 6.0 V rms mdicatton on ac voltmeter. 

d. Insert 50 ohm feedthru load between 652A and ac 
voltmeter. AC voltmeter indlcalio:1 should drop to 3.0 V 
+ 0.15 V rms, verifying a 50 ohm outPUt impedance. 

e. Remove 5Q ohm fc~dthru load and disconmct cable 
to 50 ohm output of 652A. 

f. Connect 600 ohm ou tput of 652 A di rectly to at 
voltilieler. 

g. Adjust 652A OUTPUT A.J\1PLITUD E and VERNIER 
controls for a 6.0 V indica lion on ac voltmeter. 

h. insert a 600 ohm load between 652A and ac 
voltneter. AC voltmeter mdication should drop 10 3.0 V 
+ 0.15 V rms. verifying a 600 ohm output Impedance. 

5-21. ADJUSTMENT AND CALIBRATION PROCEDURE. 

5-22. The following is a complete adjustment and caltbra· 
tion procedure [or the Model 652A. The adjustments 
should be performed only if it has been determined by the 
Performance Tests tklt the 652A is not wirhin specifica' 
tlons. Figure 5·7 shows the location of all internal 
ad Justmen t $. 

5-8 

The 652A contains hIgh impedance, high 
frequency circUIts. Contamination of the 
swItches. cirCUIt boards or tuning capacilor 
will cause high Impedance leakage paths and 
subsequent deterIOration of fhe perfonnance 
of the instrument. A void touchmg any of these 
circuits with the bare fingers, as skin otis are 
extremely contaminating. If handling is neces­
sary. wear clean cotton or rubber gloves. Do 
not Lise a pencil {() trace circuits in the 
instrument. Crap/lite pencil lead is an extreme· 
ly good conductor and an accidentally intro­
duced path of this type is sometimes difficult 
10 locale. To woid surface contammatlon of a 
printed circuit or SWifCh, clean with a weak 
solution of wornl waler and mild detergent 
after repair. Rinse thoroughly with clean water 

Model 652A 

arid allow il 10 dry completely before opera­
ting. Do not LIS !: alcohol or any other cleanmg 
solutioll except mild detergent and IValer. Do 
nor apply any commercial moisture sealtng 
spray to the boards; application of these agents 
may cause leakage paths. 

5·23. Cover Removal. 

5·24. To remove top or bot tom cover, remove two 
reuining screws from sides of cover; slide cover about 1/2 
mch to rear; lift it off. To replace cover, reverse procedure. 

5·25 . To remove side cover , remove two retamlng screws In 
cover and lift it off. 

5·26. Power Supply Voltage Adjustments. 

a. Connect dc voltmeter to power supply posItive OUl· 

put, connector pomt I. (Refe: to rlgure 6-4.) 

b . Adjust Al R40 (+ 30 V ADJUT) for a de voltmeter 
indication of + 30 V ± 0.75 V. 

e. Connect de voltmeter to power supply negative OUt· 

put, connector point 2. Adjust A 1 R4) (- 25 V ADJUST) 
for a dc voltmeter indication of - 25 V ± 0.75 V. 

5-27. FREQUENCY CALIBRATION PROCEDURES. 

a. During this pro(;~dure each range is calibrated indIVid· 
\.tally ; the capacitors for each range are adjusted at the high 
end (FREQUU.NCY dIal al )0) and the res.istors are 
adjusted al the low end (dial at 1)_ The tuning capacitor 
(CIA, B, C) mechanical adjustments are made on the X[K 
RANGE, also the two test point voltages (A2TP I, and 
A2TP2), which are interactive, are determined on this 
range. lhe voltage at A 2TPl effects distortion so must not 
be set outside the limn of 110 ± 10m V rms. 

b. The negative de voltage at A2TP2 effects the 
instrument output flatness, It is Important to ensure that 
this voltage is within limits at both the high and low end of 
each range; the limits are given in the procedUre for each 
range. Towards the center of each range the voltage can 
vary; the required limits are given 111 the procedure for each 
range but no adJustments can be made. On some instru· 
ments the voltage may drop below the required limit; 
provided that it does not drop below· 200 mY and the 
Jnstrument still meets output flatness and distortion specifi­
cations then this is acceptable . If JL does drop below 
. 200 mV or if flatness or distortion is not met then it Will 

be necessary to change c()mponenls. by trial and error. on 
the A2 Board and repeat the calibration procedure for all 
ranges (tILe Oll}St likely components to change would be 
A2CR6, A2CR7, A2Q2 and A2Q3). 
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TEST OSC ILLATOR 
hp652A 

(--~-)\ © I ~ -',1 © 1 
\ ,.J ) 50 OHM 

® ~.d @ = @ ~ @ FEED THRU 

ELECTRONIC COUNTER 
hp5245L 

CLI~ ro TO A1TP2 l hp ff048C 
CKA SS I S L------d]r:j):C:u:::o::n ____ __ . . ' 

DISPLAY 

hp 34740A 

co c::::::::J 
l--~=======~~~[]~[]~[]~~ed MULTI METER 

DDOOOO/& hp 34702A 

Figure 5-8. Frequency Cal ibration . 

NOTE 

if is important to ensure that the Xl K 
RANG/:: calibration is completed be/ore pro· 
ceeding (0 the other ranges as these are 
referenced to the Xi K RANGE. 

5-10 gIves a scaled drawing ofrop and borrom 
alignment access covers with cut·outs that \Viii 
allow adjuslmenls willIe the covers are m 
place. The d,mensions are given in Inches. 

c. The frequency calibration setup is shown in Figure 
5-8. Output frequency should be continuomly monitored 
at the 50 ohm output with a counter. DC voltage at A2TP2 
should also be I:1onitored continuously, after Paragraph 
5-28 has been performed. 

e. The adjustments available for each rJ'1ge are liSled in 
Table 5-6. Some '/ these components listed change bOlh 
frequency and A2TP2 voltage in the same directIOn while 
the others change them in opposi te directions. If lhe 
adjustments do not provide specified performance, then lhe 
procedure fOf changmg padding resistors of Table 5·6 
should be carefully followed. 

d . Table 5-7 lists frrl;uency accuracy require II a teach 
test frequency. 

NOTE 

5-10 

NOTE 

i/ any adjustments are neceSSalY, [he lOp and 
bottom covers should be in place when final 
ji'equency and A2TP2 vollage tests are made. 
A II internal sh ields mu sf be in place and held 
firmly by retaining screws i/ deSIred, F,gure 

[f 652A does flot asciI/ate, tum FREQUENCY 
RANGE switch to X1K and adjust A2CS, 
S i C2 and S I C7 to start OSC ilia lions. 

5-2B. Preliminary 0 istortion Adjustment. 

a. Connect 652A to dis tortion analYler as shown in 
Figure 5-5 . 

Table 5-6. Frequency Calibration Components. 

(Increasing the value of any of these components will decrease 
tht frequency and change the A2TP2 voltage as indicated.) 

FREQUENCY FREQUENCY 
FREQUENCY DIAL READIN G = 10 DIAL READING = 1 

RANGE Decreases Increases Increases Decreases 
A2TP2 Voltage A2TP2 Voltage A2TP2 Voltage A2TP2 Voltage 

XIO 51C15* SIRl * 8) R14* 
XIOO SIR3'" 81 RI6* 
XIK SIC2 S1C7 SIRS'" SI RI8'" 
XIOK SIC13* SIR7* SI R20* 
XIOOK SlC4 $IC9 SlR9* SlR22* 
XIM SICS SlCIO. S1C14* Sl R11 " S1 R24* 

and A2CS 
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b. Sel 652A controls as foUows : 

FREQUENCY RA\'CE .............. Xl I>: 
FREQUENCY diaJ . . . . . . . . . . . . . . . . . . .. I 
OUTPUT ATTE UATOR .......... 3.0 V 
AMPLITUDE (COARSE 

and FINE) ..... , ..... Extreme Clockwise 

c. Adjust A2R 17 1'01 minimum distortion which should 
be less than 1%. 

5-29. Frequency Dial Calibration. 

a. Preliminary mechanical adjustments (Perform onJy if 
necessary). 

I . To prevent gear backlash problems during aLgn· 
ment , make sure that there is no movement 
be (ween MPI and MP2. See Figure (i-I. (They 
m ·,I<.l be pressed tJ;;htJy together.) Also MP3, 4, 
and 'vlPS spring gear assembly mU~ 1 be under 
tension. 

2. Check to make sure thaI the stop MP6 prevents 
the tuning capacitOJ from being comple tely 
closed. MP6 should hold the capacitor at least 
1/ J 6 inch open. Adjust If necessary_ 

3. With the dl<ll set to maximum clockwise position , 
slip the dial face such that the firSI mark left of I 
is J / 16 mel) to tJle righ t of the fixed lIldic<llor. To 
slip dial, remove Frequency dial knob and loosen 
4 dial retaining screws. Afler slipping dial, re­
tighten the screws. 

b. Atlach Ie.';! lead to A2TP2; leild should be connected 
so that A2TP2 voltage can be mOnllor~ d with bottom cover 
in place. Replace boltom cover. Carl' should be taken that 
test lead does not short to osciUator shield OJ instrument 
chassis. Do not remove oscillalor shield; it affects calibra­
lIon. 

c. Connect cquipment as shown in FIgure 5·8 and set 
652A COil trois same as Paragraph 5-28b. 

d Set the 652A controls as J() Paragraph $-28(b). Ad · 
Just A2R I 6 for· 370 mV ± 5 mV at A2TP2. 

e. Set 652A FREQUENCY dial extremely counter· 
clockwise and adjust S I C2 and S I C7 alternately for 
counter indica !lon of 10.2 k III and A2TP2 voltage equal to 
vol [age recorded in Step d. 

r. Turn 652A FREQLENCY dial 10 extreme clockwise 
position; countcr should indicale frequency of 965 Hz to 
970 lIz; if not, loosen tuner coupler (MP6, Figure 7- I) and 
slip tuner unlll specified frequency is obtained. (See 
CAUTION), 
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g. Set 652A FREQUEI CY dial for a counler indication 
of I kllz. I))al should read I, Jf not, carefully perform 
followi.ng procedure: 

I . Remove FREQUE CY dial knob and loosen f01,;1 

dial re taining screws, 

2. Slip FREQUENCY dial to read I with coun ler 
indication of I kHz. 

3. Tighten retaining screws and repl<:~e knob. 

h . Readjust A2RI6 to - 370 mV:1 5 mV at A2TP2 . 

i . Set 652A FREQUE CY dial to 10. Readjust SIC2 
and SI C7 alternately until counter indicates fre<1ucncy of 
10 HI ! and dn A2TP2 voltage of, 370 !nV. 

j. Reset MP6 stop so that "( 0" on the dial Can be 
turned to a pOSttion approximJtely 1/8 inch to the lef! of 
the fixed indica tor. 

The adjustments in Paragraphs 5-30 through 
5-33 are hIghly critical. The values of the range 
switch resistors were bridged aT the factory for 
op timum performance. and theoretically 
should never have to be changed. Double 
check the instrument performance before 
changing (he values of any 0/ the range switch 
reSISlors. 

5-30. X1 K Range AdjuS1ments. 

a. Set 652A FREQUENCY RA\'GE to XI K Jnd FRE­
QUl:\CY dial to I. 

b. Remove 652A boll om cover and u'.cilla tor shield. 
Connect ac voltmeter with I kilohm rcsistor in series to 
A2TP) and ground. Replacc oscillator slueld and bottom 
cover. 

c. AC Voltmeter should indIcate 110 10 mV rll:s. Tf 
A2TPI voltage is not in tolerance, adjust A2Rl6 to bnng 
vollage willtin specified lunilS (increastng A2R 16 decreases 
A2TP[ voltage, and vice versa). 

d. The dc VOltage at A2TP2 should be between 
400 mV and - 320 mY. If 1I0t, change the value of $1 RS* 

and SI RIB'" simuitancr,usly (See Table $·6) untd A21P2 
vo!tage is within tolerance and frequency IS I kHl .. Do not 
solder (he resistors In place. 

e . Repeat Sleps c and d or tillS paragraph (if necessary) 
until A2TPJ, A2TI'2 and Ihe frequency are all Within 
tolerance. Solder S I R5 * and SIR 18'" in place 

5·J I 
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f. Record the dc voltage al A2TP2. 

NOTE 

This voltage will be the reference voltage 
referred to in the remainmg section of the 
Frequency Calibration procedure. 

g. Set 652A FREQUENCY dial to 10. Readjust Sl C2 
and S I C7 alternately (See Table 5-6) until frequency 
indicated on counter is 10kHz and A2TP2 voltage is the 
same as reference voltage recorded in Step f ± 10m V. 

h. Check frequency tracking of the dial using settings 
and tolerances given in Table 5-7 for the Xl K RANGE. 
A2TP2 voltage should nOI vary more than 40 mV from the 
voltage recorded m Step f. 

Ta bl e 5·7. F requ ency Dial Aceu racy Cal i bra tio n. 

Frequency Frequency Counter 
Dial Range Inc! ication 

(counter set 10 read 
period a\l8rage) 

I Xl0 100 ± .3 ms 
2 Xl0 50 ~ 1..5 ms 
5 Xl0 20 ± 0.6 ms 
8 Xl0 12.5 ± 0.38 ms 

10 Xl0 10 ± 0.3 ms 

, Xl00 10 ± 0.2 ms 
2 Xl00 5 ± 0.1 ms 
6 Xl00 2 .t 0.04 m. 
8 Xl00 125 ± 0.03 ms 

10 Xl00 1 ± 0.02 ms 

(co unler set to read 
frequency) 

1 X1K 1.000 ± 20 Hz 
2 X1K 2.000 ± 40 Hz 
5 X1K 6.000 ± 100 Hz 
8 X1K 8,000 ± 160 Hz 

10 X1K 10.0 ± 02 kHz 

1 Xl0K 10.0 ± 02 kHz 
2 Xl0K 20.0 ± 0.4 kHz 
5 Xl0K 50.0 ± 1.0 kHz 
8 Xl0K 80.0 ± 1.6 kHz 

10 Xl0K 100.0 t 2.0 kHz 

1 Xl00K 100.0 ± 2.0 kHz 
2 Xl00K 200.0 i 4.0 kHz 
5 Xl00K 600.0 -:k 10 kHz 
8 Xl00K 800.0 ± 16 kHz 

10 Xl00K 1,000 ± 20 kH2 

1 XIM 1,000 ± 30 kHz 
2 XIM 2.000 ± 60 kHz 
5 X1M 5,000 ± 150 kHz 
8 XIM 8,000 ± 240 kHz 

10 X1M 10.000 ± 300 kHz 

5-12 
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5-31. X 100 and X 10K Range F req u ency Cal ibratio n. 

3. Connect equipment as shown in Figure 5·8. 

b. Check frequency tracking of FREQUENCY dial at 1, 
2, 5, 8, and lOon the X 100 and X10K ranges (See Table 
5· 7) while monitoring voltagl: at A2TP2. At I and lOon 
the dial, A2TP2 voltage should be within ± 20 mV of 
reference voltage noted III Paragraph 5-30, Step f; over the 
entire range of the dial, A2TP2 voltage should not vary 
more than 40 mY. 

c. On each range, if frequency or A2TP2 voltage is not 
correct at I on dial, change the value of RANGE sWltch 
resistors (Table S· 6) [or that range. ('lne two resistors 
should be changed simultaneou&l.y for the best r-csults.) 

d. On Xl OK range, if the frequency or A2TP2 voltage is 
not correct at 10 on diaJ, change the value of the padding 
capacitor, SIC 13, Table 5· 6. 

5-32. X 10 Range F requ ency Cal ibratio n. 

a. Connect equipment as shown 10 Figure 5·8. 

b. Set 652A FREQUE~CY RA~GE to XIO. Check 
frequency as indicated on counter (See Table 5· 7) at I and 
10 positions of FREQUENCY dlal. 

c. If either frequency or A2TP2 voltage is not wi thm 
tolerance, change values of SIR I" and S I RI4 '" (Table 5·6) 
simultaneously to bring frequency within tolerance and 
maintalll A2TP2 at required voltage (within + 0.00 V, 
. 0.05 V of reference voltage noted in Paragraph 5·30, Step 
f. 

NOTE 

It may be neccssary to splil difference ill 
frequency between the two ends of the dial 

d. Check frequency at the 2 and 5 positions of the dial. 
If not within tolerance (Table 5- 7), repeat Paragraph 5·30, 
Steps band c. 

5-33. X 1 M Range F requ ency Calibration. 

NOTE 

The following adjusnnents are critical. For 
each adjustment, remove covers and make the 
adjustment; then replace covers before making 
frequency or voltage tests. If desired, Figure 
5-10 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. 

a. Connect the equipment as shown in Figure 5·8. 
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b. Set 652A FREQt~ENCY RANGE switch to XIM and 
FREQUENCY dial to ] O. If 652A does not oscillate, adjust 
A2C5, SI CS and Sl C 10. 

c. Adjust A2C5 and S I C5 altemalely for 10.1 5 MHz 
(1.5% lugh) as indicated on counter and for required 
voltage on A2TP2 (within ± 0.02 V of reference voltage 
recorded in Paragraph 5·30. Step f). If the required 
frequency and A2TP2 Iioltage cannot be obtained, change 
(he setting of S 1 C}O and repeat Ihis step. 

d. Set FREQUENCY dial to 5 and note frequency; if 
not within tolerance (Table 5· 7), perform the following: 

I. Set dlal to J 0 and slightly change setting of 
S I C1O. (Example: If frequency is low wHh 5 set 
on dial, adjust StCI 0 to slightly lower frequency 
when dial is at to ; and vice versa.) 

2. Readjust A2e5 and S1C5 alternately for 
10.15 MHz and required A2TP2 voltage (same as 
Step c). 

3. Set dial to 5 and note frequency; if still not 
wi thin tolerance , repea t Steps d-I, d-2, and d·3 as 
often as necessary until tolerances are met at both 
5 and 10 positions of FREQUENCY dial. [f 
necessary , change the value of SIC 14"'. 

e. Set FREQUENCY dial to I. Check that frequency 
(Table 5- 7) and A2TP2 voltage (sane as in Step c) ar~ 
within required tolerances ; if either IS not correct, change 
value of RANGE switch resistors (Table 5-6) simultane· 
ously until both frequency and voltage are withm required 
limits. If RANGE switch resistors are changed, it will be 
necessary tll repeat Steps c and d. 

f. Set FREQUf\lCY dial to 2, counter should indicate 
2000 ± 60 kHz . 

NOTE 

/I may be necessary to set frequency about 1% 
high [oJ' the dial to trac k 

g. Whlle monitoring the voltage at A2TP2, move the 
dial through its range from I to 10; the A2TP2 voltage 
must remain within the range: ·300 mV to - 450 mY. If 
A2TP2 voltage exceeds these limits, then recalibrate using 
Paragraph 5·33. 

5-34. X100K Range Frequency Cal ibratio n. 

NOTE 

The follOWing adjustments are cn·tical. For 
each adjustment, remolie cover and make the 
adjustment; thell replace cover before making 
frequency or voltage checks. If desired, Figure 
5-10 gives a scaled drawing of top and bottom 
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alignment access cOI' ers wilh cut-ours that will 
allow adjustments while the covers are in 
place. The dImensions are given in Inches. 

a_ Connect eqwpment as &hown in Figure 5-8. 

b. Set FREQUENCY RANGE to X100K and FRE· 
QUE\,CY dial to 10_ Adjust SI C4 and SI C9 simultaneously 
for 1 MHz (See Table 5· 7) as indicated on counter and for 
required A2TP2 voltage (within ± 0.02 V of reference 
voltage recorded in Par3&raph 5-30, Step 0. 

c. Set F'REQUE'-:CY dial to I. Counter should indicate 
100 kHz (See Table 5-7) and A2TP2 voltage should be the 
same as in Step b, if either is not wlthm tolerance, change 
value of RANGE switch resistors (Table 5·6) simultane· 
ously until both frequency and voltage are Within required 
limlts. 

d. Repeat Step b. 

e. Set FREQUENCY dial to 5; frequency SflllUld be 
500 kHz (See Table 5-7) as indicated on counter and 
A2TP2 voltage should be within 40 mV of reference 
voltage . If either is incorrect, repea t Steps b, c, and d until 
both frequency and A2TP2 voltage are WIthin tolerance. 
(Remove test lead attached to A2TP2.) 

5-35. 10 MHz Flatness AdjuS1ment. 

a. Connect 652A to ac voltmeter as shown in Figure 
5-2. 

b. Set 652A controls as follows . 

FREQUENCY RANCI~ _ ..... . ...... . XIK 
FREQUENCY dial . . . . . . . . . . . . . . . . . .. 10 
OUTPUT ATTENUATOR _ ...... . " 3.0 V 
OUTPUT MONITOR ............ NORMAL 

c. Adjust 652A OUTPUT AMPLITUDE and VERNIER 
controls foe 3.0 V rms as indicated on ac voltmeter. Do not 
readjust AMPLITUDE control.; for remainder of this 
paragraph_ 

d. Connect equipment as shown in Figure 5-3. Adjust 
reference supply for null indication. Do not readjust 
reference supply once null is obtained. 

NOTE 

Instrument covers must be in place. 

e. Set 652A FREQUENCY RANGE to X1M . Sweep 
FREQUENCY dial slowly from 1 to 10. Null me ter 
deviation from nul] should not exctcd ± 0.54 mY. 

f. Adjust A2C J 4 to reduce any output peaking. If 
neces5ary , change value of A2C24 '" sligh tly . 
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5-36. Output Adjustments. 

5-37. Amplitude Adjustment. 

a. Connect 652A to ac voltmeter, as shown in Figure 
5·2. 

b. Set 652A controls as foUows. 

FREQUENCY RAl\G£ .............. X to 
1 'REQUENCY dial. . . . . . . . . . . . . . . . . . .. 1 
OUTPUT ATTL\fUATOR ......... . 3.0 V 
AMPLITUDE .......... . .. Fuily Clockwise 

c. AC Voltmeter should indicate at least 3.16 V rms. If 
maximum output IS Jess than 3.16 V, shghtly decrease value 
of A2R24*. 

5-38. Waveform Adjustment. 

a. Connect a 50 n load to a 652A SO n output 
terminal, and connect the output to an oscilloscope. 

b. Set OUTPUT ATTE UATOR to 3.0 V, and turn 
OUTPUT AMPLlTlJUE and VERNIER controls fully coun­
terclockwise . 

c. Check 652A OUlput with and without load on all 
frequencies for >pUTlOUS oscillations. Spurious oscmations 
most likely occur ill the output amplifie r. A sligh t increase 
ill the value 0 f A2R29 should eliminate this. If spurious 
oscilla lions ,·till occur, then change the value of A2C2J 
slightly. (If A2C21 is ch"l.nged, then recheck 1 MHz 
Frequency Cahbration, Paragraph 5-33.) 

d. Since there is a direct interaction between WaveforM 
Adjustment and Amplitude Adjustment , recheck Ampli· 
tude Adjustmen t. 

5·39. Minimum Distortion Adjustment. 

a. Connect 652A to distortion analyzer as shown in 
Figure 5·5. 

b. Set 652A controls as follows: 

FREQUENCY RANGE .............. X1K 
FREQUENCY diaJ . . . . . . . . . . . . . . . . . . . . 1 
OUTPUT ATTENUATOR .. . .. ..... 3.0 V 
OUTPUT AMPLITLDE 

and VERNIER ..... .. ... Fully clockwise 

c. Adjust A2RI7 for minimum distortion as indicated 
on distortion analyzer . Uistortion should be less than 1 % 
(40 dD down). 

NOTE 

Distortioll will be typically 50 dB down 
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5-40. Normal Monitor Calibration. 

NOTE 

The following adjustment\· life Ni/w(/f. Final 
voltage mearurements milS! he IIIlIdi' willi till 
in.m-u mel'll covers in place, 

a. Connect 652A (0 ac voltmetcr ~IS ·dlOWIl ill hgure 
5·2. 

b. Set 652A controls as follows : 

FREQ UENCY RANGE ............. X I 00 
FREQUENCY dial .................... 4 
OUTPUT AMPLITUDE ............ 3.0 V 
OUTPUT MONITOR ............ NORMAL 

c. Set OUTPUT AMPLITUDE and VERNIER conlrols 
for a 3.0 V rms indication on ac voltlllClcr. 

d. Adjust AJ R7.1 for a 3.0 V illuication on 652A 
monitor. If A I R23 does 1101 h.lve Slifficient lange to 
properly calibrate monitor, c1WllgC vallic of A I R22" . 
(Increasing AJ R22'" increases lllonitor il\dicatioJl :md vice 
versa. ) 

e. Set 652A FREQUENCY I<ANC; I: 10 X 1M. and 
FREQUENCY dial to 10. 

f. Set 652A OUTPUT AMPLlTUDI': ;111(1 VER:\JER 
controls for a 3.0 V rms indication on <iC vollmcler . 

g. 1".1aking allowance for any crror n(' the :JC voltmcter at 
10 Ml ')z, adjust AIC15 for a 3.n V indicalio., on 65 2A 
monitor. If necessary, change valuc of " '2(:2 S~. 

NOTE 

If ac voltmeter error at 10 MlJz i,\' /III/ /...11111'.'11. 

follow this alternative procedure, 

h. Perform Steps a through d. 

i. Connect eqUipment as shown in hgllrc ) .\ :md adjust 
reference supply for null indication all null me Ie r. 

j. Set 6S2A FREQU ENCY RANG E to X I M and Hm­
QUENCY dial to ) O. 

k. Adjust 652A OUTPUT AMPLITUDE ~Jld VERNIER 
controls for null indication on null me teT. Do not readjust 
reference supply. 

I. Adjust Al C15 for 3.0 V indication on 652A monitOJ. 
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5-41. Expanded Monitor Calibration. 

5·42. 10 kHz Monitor Calibration. 

a. Set 652A controls as follow5: 

FREQUENCY RANGE ............ X10K 
FREQUENCY dial. . . . . . . . . . . . . . . . . . .. l 
ATTENUATOR .................. 3.0 V 
OUTPUT MONITOR ............ NORMAL 
OUTPUT AMPLITUDE 

and VERNIER ...... Adjust for a monitor 
indication of 3.0 V 

b. Connect dc voltmeter to A3TP]; voltmeter should 
indicate ·9 V ± 0.2 V. If it does not change value of 
A3C4~ A3C8*. 

c. Connect dc voltmeter to and vary REF SET 
controls from minimum to maximum. Voltage at A3TP2 
must range from· 16.4 V to - 18.8 V, with a maximum 
voltage variation of 3.6 V. If voltage is too slightly 
decrease -vaJue of A3R18* If voltage is too slightly 
increase value of A3R18*. 

d. Connect 652A to ac differential voltmeter as shown 
in 5·9. 

e. Adjust 6S2A AMPLlTUDE controls for a 3.000 V 
indication on differential voltmeter. 

f. Set 652A OUTPUT MONITOR to EXPAND, and use 
REF SET controls to set a zero reference on 652A 
expanded monitor scale. Do not readjust REF SET controls 
once reference is obtained. 

scale 

652A OUTPUT AMPLITUDE and VERNIER 
a 3.075 V indication on differential voltmeter. 

increase in 652A output.) 652A monitor 
+ 2.5% on expand .1Ooimr 

h. Adjust A3R14 for a 652A monitor indication of 
+ 2.5%. Repeat e· through g until no adjustment is 
needed. 

TEST OSCILLATOR 
hP652A 
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543. 10 MHz Monitor Response Adjustment. 

a. Connect thermal converter, de null meter, and 
reference supply to 6S2A as shown in Figure 5-3, 
652A and reference s.upply outputs (0 minimum before 

Do not exceed rated input of thermal con­
verter. ovelload or transient 
may destroy rhennoelement. 

b. Set 652A controls as follows: 

RANGE ............. XIOK 
fREQUENCY dial. . . . . . . . . . . . . . . . . . .. I 
ATTENUATOR .................. 3.0 V 
OUTPUT MONITOR ............ NORMAL 

c. Adjust OUTPUT AMPLJTUDE AND VERNIER con· 
trois for a 652A monitor indication 3.0 V. 

d. reference supply for a nuU indication. Do nOI 

readjust reference supply once [luU is obtained. 

e. Set 652A OUTPUT MONITOR to EXPAND, and use 
REF SET controls to set a Lere reference on 652A 
expanded monitor scale. 

f. Set 652A RANGE \0 XIM, and set 
dial to 10. 

g. Adjust 652A OUTPUT AMPLITUDE and VERNIER 
controls fOf a null indication on null meter. 

h. Adjust A3Cll until 652A monitor indicates zero 
reference set in Step e. 

i. Repeat 
is needed. 

c- h until no further adjustment 

Set 652A FREQUENCY dial to I, and 6S2A 
controls for a null Indication on null meter. 

AC-DC DIFFERENTIAL 
VOLTMETER/DC-STANDARD 

hp741B 

@ 0 
"-----' 

Figure 5-9. 10 kHz Monitor Calibration. 
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k. Observe 652A monitor indicatIOn; If more than 
± 0.2% from lero reference, change value of A3Rl * 
slightly. Increase the value of AJRI'" if the monitor 
indIcation is mOre than + 0.2%; decrease the value of 
A3 Rl .. If the monitor indIcation is more than· 0.2%. 

5-44. After Calibration. 

5-45. After completlJ'lg the ADJUSTMENT AND CALI· 
BRATION PROCEDURE, repeat PERFORMANCE TESTS 
(paragraphs 5·7 through 5·20) to assure that the 652A is 
within specifications listed in Table }.} . 

5-46. TROUBLESHOOTING PROCEDURE. 

5-47. This gec·lion 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 adjustmen t and calibration procedures. 

5-48. When a malfunction occurs. first ensure that the 
trouble is not caused by conditions external to the 
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in~trument, then make the front panel tests shown m Table 
5· 8. '[hese tests assume that the LINE ON lamp IS g1owlOg. 
If the symptoms outlined are observed, troubleshoot the 
area indicated; refer to the Troubleshooting Tree (Figure 
5·11) and to Paragraph 5·52 for additional information . 

5-49. The Troubleshooting Tree in figure 5·1 J illustrates a 
systematic method of elimmation used to locate a faulty 
circuit or complment. The tree does nol include specific 
troubles and problems; it presents a Jist of key pOints to be 
checked for normal circu it inrucations or conditions. which 
can be used to eliminate the properly operating circuits 
from the trOUbleshooting path. The tests outlined in till' 
troubleshooting tree were not devised to measure all circuit. 
parameters, but to localize the malfunction. Therefore, 
addItional checks and measur ements (including visual 
inspection) \ViU probably be required to completely isolate 
the faulty componen 1. 

5·50. The Block Diagram (Figure 6·,) shows that the 
instrument can be conSIdered as five basic blocks ; the 
Oscillator Circuit, the Power Amplifier, the Normal Moni· 
tor Circuit. the Expand Moni tor CirCUIt and the Regulated 

Table 5-8. Front Panel Troubleshooting Tests. 

(Set Output Monitor to Normal : Amplitude fully clockwise) 

OPERATION SYMPTOM PROBABLE TROUBLE AREA 

I. Switch OUTPUT ATTENUATOR No output at any position of Output Attenuator or A2C22 
through all positions aHenuator switch, monitor 

indicates. 

2. Sweep FREQUENCY dial slowly a. Output only on Xl OOK and a. A2QI 
over its whole range for each XIM ranges. 
position of FREQUENCY b. No output on anyone range. b. FREQUENCY RANGE switch 

RANGE switch and associa ted components for 
that range; 
frequency calib ration : 

c. Output dies at one position of c. Tuner capacitor (C I), shorting 
the dial on all ranges. or frequency calibration. 

d. Output twice normal level. d. Peak Detector circuit (A2Q7\>pen. 
e. No output or monitor indication e. Proceed to troubleshooting tree . 

on any range or dial setting . 

3. Observe Monitor in both NORMAL a. No indication in \'ORMAL a. Normal monitor circuit (A 1), 
and EXP AND positions of the mode only. A2R41 or A2C25". 
OUTPLT MONITOR switch b. No indication in EXP AND b. Expand monitor circuit (A3). 
(Signal must be present at the mode only. 
50 ohm and 600 ohm jacks.) c. No indication in both modes . MJ or S4. 

4. Other troubles a. Dial Accuracy out of spec and/or a. Frequency calibration, Peak 
flatness out of spec Detector A2Q7 ot A2CR6 and 

A2CR7. 
b. Incorrect meter indication b. Monitor calibration. 

(particularly at high frequencies) 
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Power Supply. These same five blocks also on the 
troubleshOOliog tree. To use the tree, decide if is true 
or false, and proceed \0 the next step along pertinent 
branch of the tree. At each step use the additional 
information If! aph 5-52. Refer to the block 

in 6· J, and the schematics of Figures 
6-3 and 6-4, when using the tree. 

5-51. Troubleshooting Information. 

5-52. This section provides information for each particular 
step of the troubleshooting tree. 

CD 
CD 
CD 

Check the at both output connector~, and 
ensure that it is undistorted and withm 
lions. over the entire range of the 
instrumenf. 

Check fuse FJ if there is not output and the line 
indicator lamp does not : also, ensure thai the 
II V switch, is in the correct 

Check the at A2 pin 5 with an 

a. The should be ;$ sine wave of between 
10 V and 12 V it ~hould remain 
essentially constant of the settings of 
the OUTPUT AMPLITUDE control or the FRE· 
QUENCY controls: jf true, proceed to branch II 
of the troubleshooting tree. 

NOTE 

The AMPLITUDE VERNIER control will 
change the level by about 0 2 V, this is l1onnal. 

b. If the signal appears when the OUTPUT 
AMPLITUDE control is fully counterclockwise, 
but disappears as the control is turned clockwise, 
then the Power is shorting the oscilla tor 

to branch 12. 

c. rr the signa] amplitude changes tJy 
with frequency or if the amplitude is twice 
normal, then 10 branch 6. 

d. If there is no present, check that 
A2CI2 is not open, then proceed to branch 4. 

False if ellher (or both) supply is oot present. 

Check the power supply connections 10 external 
circuits, 

A for the oscillator circuit is 
given in Paragraph 5·53. 

Check the ilC input voltages at Al 
Al pin 6 and 7. 

3 and 5 and 

CD 
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NOTE 

Momemllry shorting of the'" 30 V or . 25 V 
power may cause a Locked Cwrent 
Limit condition If the power supplies are still 
loaded by the 652A circuitry. In the Locked 
Current LimiT condllion the de output 
10 less thall 2 V and does not return to normal 
when the shOll is removed. This does not dam· 
age the power supplies. Proper power supply 
volti1ge can be restored by switching the instru­
ment off and then on again 

If the power cannot be adjusted to 
+ 30 V, proceed as follows: 

tL Venfy Ihat the power supply is not 
in a current limit or fOld back current limit condi­
tion by the power supply Joad Al 

1 (red). 

NOTE 

The Normal Meter clrcwt is part of the A] PC 
To unload and iwlate the 

652A power lift olle end alA J R 17(+) all& 

A lR24, A JR26, A JR28 (-). 

b. If the + 30 V power supply is restored 
disconnectJng one particular load circuit (OseHJa· 
tor, OUtput Amplifier, or Normal 
l'vleter), troubleshoot that circuit for shorts or 
leaky compooenlS, 

c. Jf the + 30 V power supply is not restored 
the load troubleshoot 

the positive power supply. Refer 10 6-1 and 
64, 

1 f the power supply cannot be adjusted to 
. 25 V, proceed as follows.: 

a. Verify that the negative power is not in a 
current limit or foidback current limit conditioo 
by the power supply load Al pin 2 

b. If the· 2S V power supply is restored by 
'''''''V'll'',"'''''''); one particular load circuit (Oscilla­
tOT, Output Amplifier, or Normal 

troubleshoot that circuit for shorts or 
leaky components. 

c. If the 2S V power supply is not restored by 
disconnecting the load circuits, troubleshoot the 

supply_ Refer to 6·1 and 

® Check TI and the line filler components, Ll 
through lA, C2, (3, C4 and C7. Also, check 
A1 CRI through AI CR4. 
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The .:10r ma I slf'<1al a t A 2 Pm 20, when the 65 2A 
outpul voltage is .3 . will be a sine wave of about 
J 6 V peak· to·pe ak. 

A procedure for checkJng Ihe Power AmplIfier IS 

:,:iver in Paragraph 5·56 . 

Check S2R I through S) R 12 If there IS no output 
at either the 50 orll1l or 600 ohm connector. 
Check S2RI 3 if the output is missing only at the 
600 ohm connector. If atlenua tor is out of 
specification, trghlen mounting screws before 
checkin g resistors. If in termi lIent or noisy, check 
for poor or dirly sWItch contacts. 

When the 652A outp.lt voltage IS 3, the normal dc 
voltage applied at A J Pm J 6 is 2.pproxima tely 
l' 2.7 V. The voltage at Al Pin ) 7 should be about 
. 14 V less Ihan that at Al Pin 16;ifnot, Ml may 
be faulty. 

The nOllnal signal at Al Pin 14, when the 652A 
OUtput voltage IS 3, will be a sine wave of 5.8 V 
rms. 

Check the lead 10 A2 Pin 3. A2R41 and A2C2S"'. 

When the 652A OlllpU t voltage is 3, the ac signal 
applied to the recllfier from the colleclor of 
Al Q9 is apPlOximately .75 V rms. 

Chec k the dc voltages OJ: Al Q8 and A I Q9 at the 
points listed below: 

Emilter Al 08 ................... + 1.8 V 
CoUeclorAIQ9 ............ . ..... +2.5V 
Bhe AI 09 .. ....................... 9.8 
LJ):i ller AIQ9 ..... . .............. ·10.5 

Also chec"': A I C I I, A I CRI 0 and the rectifier 
diode s AlCR8 and AICR9 . 

Checl< the rectifier diodes Al CR8 through 
AICRIO, and c: pacllors AICI2 and AICI3. 
Also , check Al CII and AI CRI J. 

Set the MO\lTOR 10 <XPAND, and vary the 
RE F SET controls iH)rn min im um to maximum. 
The voltage 31 A3 Pin 9 must vary from 0 to at 
least· .1 5 V dc. 

Disconnect M I from the circuit, and apply a 
current of 1.5 mA to check for full scale deflec· 
tion. Decrease the WHent, and the poinler deOc~­
tion of !'vi I should decrease proportionally. 

The normal dc voltage al A3TPI is· 9 V ± 0.2 V, 
when lhe 652A output voltage is 3. When the 
AMPLITUDE controls are varied from minimum 
to maximum, the voltage a t AJTPI should covel a 
range of approxlma [ely · 1.8 V to· 10 V. 

® 

® 
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Check for .72 V ac at th ~ junclion of AJCRI and 
A3CR2 and Chl' ck A301 , AJCR I, and A3CR2. 

Vary the REF SET controls from minir :lUm to 
m.1ximum; volta~e at A3TP2 musl vary from 
·16.4 V to· 18.8 V. 

Troubleshoot the Variable Reference Supply in 
the same way as Bny powel supply . Check 
A3CR,6, A3Q7, and A3Q8. If A3Q8 is shorted, 
A3Q7 win probably also need replacemcnt. 

Check the CUrren! source, A3Q4 and then check 
A3Q2, A303, A3Q5, and A3Qfi. Jf these compo­
nents are good, check A3CR,5 , A3CR7 and 
A3CR,8. 

5- 53. Trou bleshootillo the Oscillator C ircu it . 

NOTE 

TIlls procedure assumes (hal the frolll panel 
checks I Table 5-8) have been made and that 
the Troubleshooting Tree has been fol/owed 
((oge/her with the in{onnalion ill Paragraph 
5·52) to branch 6 

3 . If there IS no signal at A2 Pin 5 with the RANGE at 
X I K and the dial at I, then switch to X lOOK. If a signal 
now appears, Ulen check A2Q I. 

b. If the signal at A? Pin 5 is twice Ihe normal 
amphtude then the Peak Detector is not operatlfig. 1n 
particular check A2Q7 and A2C II. 

NOTE 

In older instrumenTs (refer to Append,x e, 
Mallllal B'f(:kdaling Challges) also check 
A 2(R 5. 

c. I f there is no sJgnal al A 2 Pin 5, isolate the Peak 
D~ tect or by liJ"ling one Side of A2e II and the errlltter of 
A2Q7. If th~ osciHator comes on, check the Peak Detector 
components. IJ' there is no apparent fault in t he Peak 
Detector, It is possible that A2RI6 IlHly need to be read· 
justed. ThiS is likely to occur if only components (such as 
A2CR6, A2CR&, A202, and A2Q3) have been replaced. To 
check this reconnect 11;(; peak detector and perform Fre· 
qUI' rICY dial and XI K Range Adjustments (Par:lgraphs 5·29 
and 5·30. 

d. If the oscillator still cannot be made to opnate , 
per:orrn the procedUre of the followmg paragraph . 

5-54. In lhe following procedure the oscill:ltor circuit IS 
drtven by an external signal generator and the Wien Bridge 
is di ~:lbled. This allows the circutt to be checked au! using 
the normal troubleshooting techniques for a·n amplifier. 
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5·55. The recommended signal gen~Iator is a 652A or 
65 I Il (which has 50 ohms outpu t Imped ance and a 
frequency range of 10Hz to 10 MHz). If this is Rot 
avaiJable, any oscillator with low output impedance and 
capable of dnving up to 3 V IT\S into approximately 200 
ohms will suffice. Ln most cases it will nOt he essential to 
use the generator at frequencies over I kHz. 

NOTE 

Owing to the physical makeup of the FRE· 
QUENCY RANGE SWItch (SJ), it IS no! 

practical to Isolate the romponen{s cOl1l1ecred 
between A2 Pill 10 alld Section SIC (F) of the 
range swltch, depending on the positIOn of the 
switch, there will always be all impedanr:p. in 
parallel with the signol generator. On the X 1M 
range thi~ could be as low as 225 ohms 

a. Turn off the power to lhe 652A. 

b. D1sconnect the Power Amplifier by disconnecling A2 
Pin 5. 

c. Disconnect the Peak Detector by lifting one side of 
A2C}1 and the emitter lead of A2Q7. 

d. D1sconnect the tuner capaeJlor (C I) by unscrewing 
the green wire connected to the underneath of C I. 

e. Disable the RC tuning network of th~ Wien Bridge by 
disconnecting A2 Pin 16. 

r. Connect the signal genera lor with a 10 microfarad 
non polar capacitor ill seIies to the green wire disconnected 
from C I, and 10 the 652A chassis ground. The capacitor 
blocks afly de presen t on the SIgnal genera lOr. 

NOTE 

If a large 110n pol(JJ' capacir(Tf is not avaif(}ble, 
connect two polarized capacilors In series with 
their + ends connected together. 

g. Tum the 652A power on. Set the signal generator 
frequency to I kHz and the outpul 10 approximately 2.3 V 
rms (mllnitN with an 3C voltmeter on the green lead). 
Monitor the output signal with an oscilloscope on A2 Pin 5. 

I. The amplifier has a voltage gain of approxima tely 
2, therefore, the output should be a sine wave of 
between 10 and l2 volts peak·lo·peak. 

2. If the signal does not appear al A2 Pin 5, ti)en 
troubleshoot the amphfier (A2QI through A2·Q6 
and associated circuitry) using normal trouble· 
shooting techniques for an amphfler. A2Q5 and 
A2Q6 should be replaced as a pair )f either has to 
be replaced. 
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In some instnllnenlsA2Q2aIJd A2Q] will be 
different types from {hose listed in Ihe Parts 
List (Table 7·}) of this manual. In this case, if 
either A2Q2 or A2Q3 has to be replaced, then 
rep/ace both toauller wilh the new parr 
number given in this manual. A/so. {he value 0/ 
SlC13"', SlCJ5"', A2C21*. A2R16* alld 
A2R24" moy have to be changed in aCl'or· 
dance with (he procedure outlined in the 
Frequency Calibration Procedure of Paragraph 
5· 27 and following, 

J. \'v'hen the amplifier is opcl'aL:lg correctly, c;leck 
the frequency response, w}lIch should remain 
essentially nat between 10Hz and 10 MHz, by 
sweeping the signal genera tor over that range 
whi:e maintaining a constant inpul voltage on the 
green ieact. 

4. Reconnect A2C) 1 and A2Q7 10 ensure that the 
Peak Odector docs rrf): disable the amplifier (if 11 

does, troubleshoot ·.he Peak Detector). If the 
signal IS sllll p,esenl at A2 PIn 5, ther the 
probable c,use of tro.lble in the oscillator circuit 
is the FRE()UENCY RA},GE switch or associated 
CO:II,>on :: lits. 

5-56. Troubleshooting the Power Amplifier. 

a. Disconnect the lead (white/oL'nge/green) from A2 
Pin 4 and connect the signal generator (recommended in 
Paragraph 5·55) to A2 Pin 4 (the dc blockmg capacitor IS 

not lIecessary). 

b. Observe the output, if any, at A2 Pin 20, the 
ampli'lcr should have a voltage gaw of approxima tely 1.3. 
Check the fre uency response over U)e frequency range of 
J 0 Hz to 10 MHz. Thls sh ould remain essen tialJy constant. 

c . If there is nOI output at A2 Ptn 20, then troubleshoot 
the amplifier (A2Q8 '.1trough A2Q12) using normal trouble · 
shooting techniques for an amplifIer. If A2C 19 is shorted, 
then both. A2QII a{:d A2Q12 wdl be deSlloyed. 

5·57. Troubleshooting the AttenuatOL 

a. Jf the output is radically out or spccificallon in one 
or more altenuator positJons, then check the atlenualOr 
resistors. 

b. If only slightly out of specifica lion 1n the lower 
positions, . 40 dBm and below, then suspect the attenua· 
tor grounding. Tighten all shield screws, output jac ks and 
the mam nut on the attenuator assembly. Make sure that 
Ihe mternal metal shields are vlsible on the oll£slde metal 
cover of the attenu3tor. Tap firmly on the attenuator shield 
wi th a screwdriver handle to jmprove grounding. 

5·19 
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5-58. SERVICING ETCHED CIRCUIT BOARDS. 

5·59. The Mode: 652A contains three plated-through , 
doub:l;.sided, etch ~ d circuli boards. When working on these 
boards, observe the following rules 10 prevent damage \0 

the cirCUIt board or componen ts: 

a. Use a low·heat (25 to 50 watts) solderhg iron with a 
small {Ip. 

b. To remove a component, clip a heal sink (long nose 
pliers , commercial heat sInk tweezers , etc .) on Lhe compo· 
nent leas as close to th e component as possible . Place the 
soldermg iron dIrectly on the component lead, and pull up 
on the lead. If a component is obvIOusly damaged or faulty, 
jip the leads close to the component, and remove the leads 
from the board. 

Excessive or prolonged heal can hIt the CIrcUIt 
foil from the board or cause damage (0 
components. 

c. Clean the component lead holes by hea lIng the solder 
in the hole, quickly ;;;moving the soldering iron, and 
inserting a pOinted, non·metaille object such 3S a toothpick. 

d. To mount a new component, shape the leads and 
jn~erl them in the holes. Clip a heal Sink on the component, 
heal with the soldering iron, and add solder as necessary to 
obtain a good electrical connection. 

5-60. SERVICING ROTARY SWITCHES. 

5·61. The Model 652A contains two rolary type sWItches : 
FREQUENCY RANCE and OUTPUT ATTENUATOR. 

5-20 
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When wor ktng on these switches, observe the following 
rules . 

a. Use a low heat (25 to 50 watts) soldering Iron wilh a 
small tip. 

b. When replacng components, attempt \0 dress them 
3S nearly 10 their original alignment as possIble. 

c. Clean excessive nux : rom the connectIOn and ad­
joinmg area. 

d. Afler cleaning the SWitch, apply a hght coat of 
lubnplale to the switch detent balls. DO NOT apply 
lubricant to switch conlac t, or allow lubricant to contami­
nate components. 

e. To elimInate excessive contact wear and Oxidation, 
the contacts may be lubricated with l]cclrolube 2G, ·hp­
Pari l'o. 5060·6086. Only a very small amount of lubricant 
is necessary. NOle: E1eclrolube 2c will change to a reddish 
brown color wi!h time, however, the lubrica ling properties 
are not affected. A more detailed description on how (0 

apply Electrolube 2C is available at no cost from your local 
Sales and Service Office. Ask fOi ServIce Note M4S. 

5-62. SERVICING TUNER ASSEMBl Y. 

5-63. When replacing the tumng capacitor, Cl, make 
certain that Ihe tuner coupler and the frequency dial ,haft 
are aligned 10 prevent binding of the FREQUENCY dial or 
VER IER con trol. If necessary, remove the frequency dial 
knob, frequency dial, and loosen the tuner drive assembly 
(casting and "pur gc.;ars) retainmg screws; then align tuw::r 
coupler and frequency dial shaft. Tighten retaining screws 
after tuner coupler and dial shaf: are aligned. 

NOTE 

For correcT alignment, refer to Frequency Dial 
CaltbratlOn. Paragraph 5·29 
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Non 
Vvncn usir:g ini: troubksho:::lting tree, set tr,t 652A centrols as foHows, 
ude!cl slated othe:wiw fOt a pankular ~V;P' 

j'R.EQUENCY RANGi. . .... , ... . ... XI K 
FREQ;JJj~CY Dial 5 
OUTPUT AT":'ENUATOR. .3.0V 
OUlY<.JT MONITOR. . . .. NORMAL 
OUTPU',' M1PLL'UDE ane Vl,hU<lER CQ:1twls. '. AdjuSl ((\1 an 

RMS yoltm<!\cr indicBtioll of 3V 
(use test setup showl' in Figur..! 
5-2) 

A lolent!,,~e of +/- 10'% WQ'JJd be ,,:Iowed foc all voltage. given ill the 
hQt;b;eshoo:hg iree ,wIess stnted otherwise. Refer to P:uagraph 5-5: 
at each step of:he tree. 



PERFORMANCE CHECK TEST CARD 

Hewlett-Packard Model 652A 
Test Oscillator 
Serial No. ____________________________ ___ 

5-7. FREQUENCY RANGE: 

Freq. Range Dial Settings 

XIO Clockwise 
XIM Counterc!ockwi:;0 

5·8. DIAL ACCURACY: 

Freq. Range Diu \ Settings 

XI O I 
XIO 5 
XIO 10 
XIOO J 
XlOO 5 
XtOO to 
XIK I 
X\K 5 
XIK 10 
XIOK J 
XIOK 5 
XIOK 10 
XLOOK I 
X IOOK 5 
XIOOK 10 
XIM I 
XIM 5 
XIM lO 

5·9. OUTPUT : 

5·10. Maxjmllill Voltage - SO ohm Olltput 
600 ohm output 

5-11. Flatness (Amplitude not readjusted to a 
reference on the output mOnltor) 

Freq, Range 

lOa Hz to ] MHz 
10 I-Iz to 1 MHz 
10 Hz to lO Mllz 

5-12 . Flatness (Amplitude readjusted to a reference 
on the normal output monitor) 

freq. Range 

10 Hz to 20 Hz 
20 Hz to 4 MHz 

4 MHz to \ a MHz 

Tests Perfonned by 
Date 

Period/Frequency 

Min . 

(100 ms) 
10 Mllz 

Period/F requency 

Min. 

(97 ms) 
( 19.4 ms) 
(9 .7 ms) 
(9 .8 Ins) 
(1 .96 ms) 
(0.98 ms) 
0.98 kHz 
4.9 kHz 
9.8 kHz 
9.8 kHz 
49.0 kHz 
98.0 kHz 
98.0 kHz 
490.0 kHz 
980 ,0 kHz 
0.97 MHz 
4.85 MHz 
9.70 MHz 

Min. 

3 ,16 V 
3.16 V 

---
---
---

---
---
---

Max. 

---
---

MJx. 

(103 illS) 
(20.6 ms) 
(IOJ illS) 

(10.2 illS) 

(2 .04 illS) 

(1.02 ()1s) 
) .02 kllz 
5.0 kllz 
10.2 kilL 
10.2 kl-lz 

--- 51.0 kllz 
102,0 kHz 
102.0 kilL: 
510.0 kllz 
1020.0 kill. 
1.03 Mllz 
5.15 Mllz 
10.30 Mill. 

Max . 

- - -
---

----- +/- 2% 
+/_3rf" 
+/-4% 

2'ji, 

--- I 'J{. 

2% 
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- -- --

5-13 . r Jat ncss (Amplitude readjusted to a reference 
on expanded outpu t monitor) 

rreq. Raoge Min. Max. 

10 I-iz to 10MIIL, --- +/- 0.25 '/0 

5-14. OUTPUT MONITOR ACCURACY: Mill. Max. 

2.<)4 V 3.06 V 

5-1S, AlTE]\!UATOR: 652A Atlenuator DC Voltmeter Frequency 
1 k.lz 10 M.Bz 

+20 dB 8.91 mV to 909 mY 
+10 dB 8.91 mY tG 909 mV 

o dB 8,<;' mV to 9.09 mV 
-10 dB 8.91 mV to '; .09 mV 
-20 dB 8.91 mV to 9.09 mV 
-30 dB 8.91 mV to 9.09 mV ----

-40 dB 8.91 mV to 9.09 mY ---

-50 dB 8.91 mY'" 9.09 mV 
~OdB 8.91 mV to 9.09 mV 
-70 dB 8.82 mV [0 9.1 8 mV 

5-16 . AMPLITUDE CONTROL: AC Voltmeter 

grc<J.ter than -20 dB 

5-17. DISTO RTION: 

Freq. Range Dlal Setting Distortion \-jeter 

XIO L less than 1'7:, 
XJOO 1 Ie s than 1% 
XIK 1 less than 1% 
XIOK 1 less than 1 % 
X100K 1 less lhan 1% 
X lOOK 5 less than 1 % 
XIM 2 less t.han 1 % 
XIM 5 less than 2% 
XI M 10 less than 4% 

5-18. HUM AND OIS£: AC Voltmeter 

grea te r t.ha n -66 dB 

5-19 . AMPLITUDE STABILITY: 2~·;. per mon th 
(20 0 C - 30" C) 

5-20 . OUTPUT IMPEDA CE : Min. Max. 

50 ohm output 45 ohms 55 ohms 
(,00 ohm outpu t. 540 ohms 660 ohms 
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SECTION VI 

CIRCUIT DIAGRAMS 

6·1. INTRODUCTION. 

6·2, TIm section con tains the circuit diagrams necessary for 
operation and maintenance of the Model 652A. Figure 6·1 
is a block diagram whjch shows the overall relationsh.ip be· 
tween the basic circuits of the instrument. hgures 6-2 

through 64 contain the detailed schema tic diagrams as well as 
component location drawings of each printed circuit board and 
the two rotary switches. 

6-3. An explanation of terms and symbols used as refer­
ence designat.ors is given below. 

REFERENCE DESIGNATIONS -----------------------------------------, 
ASSeMBLY AS5E M8L~ 

REfERENCE ASSEMBLY P~RT NUMB£R 
DESIGNATION NAME ilNCLlmES A?AI SUfiASSEMllLY) 
~ ~ r--"--------. 

J,4CK XA2 IS MOUNTED ON A2 POWER SUPPLY iOOXXX.-66501) 
CHASSIS OR ANOTHER ASStM8LY~ 

PLUG PI IS MOUNTED ON ASSEMBLV OR IS PART 
;rvOF THE ASSEMBLY BOARD (COMPI.ETE DESiGNMOFi IS A2P/) 

PI 15 NOT MOUN TEO 
ON A2 ASSEMBLY 

~ 2 E-'-PI,----, 

: I . 
(OOMPLETE DESIGNATOR'S PI! • 

R3 TEST VOLrA.<-e ~ 

+2.92V 

R4,-vCOMPLE TE DESIGNIJTD" IS 1J2R4 

'\ i I 
JI PI , SUBASSEMBLY OF A2 
~ f("':'------'-<' ( 4 f-- /1/,COMPLET£ DESIGNATOR IS A21l1) 

01 

I DENOTES SIGNAL I CO~TION 

)r----..., ~ )XA2 82 
I OEN01 'ES stEMATIC 

O,V WHiCH CONNEC110N 
1$ MADE 

~ ~ I ~NUMBER INDICATES II ~ 
PIN OF XA2 AND PI [i>HOTO:CHOPPER OSC-I 

~~4~ __ ~:~a~ ____________ ~lo_---+----~~--~~I--~~-----67)~~ 
-;J I ~ I R2 I MALE STANOof:' I ~FEMA.LE PiN 

WIRE COLOR: COLOR CODE IS THE SAIAE I I PIN CONNECTOR CONNECTOR ON 
~ THE RESISTOR COLOR COO!. FIRST EYELeT OR STA.No- MAY OFI MAY pPI: II WilT/REO W/I'!f 
NUMBER INDICATES BASE COLOR. SECOND I OfF TERMINAl .. MAY OR NOT BE NUMBERED !)lIJ-""""'-
MJItIBER INOENrtFiES WIDER STRIP. AND tAAY NOT aE NUMBERED I COI.IPLET£ I . 1<;....-7 
THE THIRD INDICATES THE NARROWER / ~ IV DESJ(;NATOR r"'i 
STRIP. (~DENoTF;S WHT/RED/~EL WIRE) I @II I 1$ 112/1IRI I 

PA RT I AL REFER EN CE DES I GN AT IONS A RE SHOWN: PREFI X WITH ASSEMBLY OR SU8ASSE MBLY 
DESIGNATION(S) OR BOTH FOR COM PLETE DESIGNATION ~ ____________________________________________________________________________________________________ _!5-~~~l 

NOTE S 

I, PARTIAL RE F ERENCE DESIGNATIONS AR!:; SHOWN. P RE FIX WITH ASSEMBLY 
OR SUBASSE M BLY DESlGNATlON(S) OR BOT N FOR COMPL e TE DE.SIGNATION . 

D. ~ DENOTES POIJ.'ER LlNE GROUND, 

2 . CO IPONENT VALU ES !.J,g SHOWN AS fOLLO'h'S UNLESS OTHERWISE: "OTED 

3, 

4, 

5, 

RBSlSTANC~ IN OHMS 

CAPACITANCE Hlr.a CROFARADS 

---- DENOT,-~ ASSI':,'.:BLY. 

- ------ ---- DENOTES MAIJ1 SIGNAi PATI! . 

- - ------------I)ENOTES FEEDllACK PATR, 

6. c=J DBN01'ES mONT PANEL MARI(JNG 

~ DENOTr:;~ SCREWDRfYER ADJUST, 

B. 0 DENOTES FRONT I'A"'eL CONTROL. 

10. ... 
11 . W 
12. 11-

13. 0 
14. i 

-,:':NDTES CItASSLS GROUND. 

DENOTES CCRCUlT GROUND. (ASSEMBLY) 

AV1i:nAGE VALUE SHOWN, OPTIMUM VAl..UE S£ l..ECTI<O AT FACru RY . 
CXlMPO);e7NT M AY BE AESBNT . 

DENOTES GROUND CONNECTION MA DE WITH ASSEMBT.Y MOUNTING 
SCREWS TN PLACE, 

DENOTES SHliLDlNG BEAD, 

10. REFER t':NCE DESIGNATORS PRO'ITED !N RED Th'OIC ATI; BACKDATING 
CHANGES (SEJ!: APPENDlX C), 

16. ~ DENOTES WIRE COLOR, CODE IS SAME AS T HE RESISTOR COLOn CXlDE 
(I . • . , 9 = while. 8 = gray. 4 = y,\low) . 
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Figure 6-1. Block Diagram. 

6-3 



Ft============================ A2 ASSEMBLY============================~~ 

04 

1 

2 

3 

1 , 
6 

1 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

lB 
19 

20 

21 

22 

23 

24 

2S 

6-4 

2 
06 

05 

A2 ASSEMBl Y 
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WH T I BRN I GRN 

CO M P D N E N T l oen I D M S 
C CR L Q R R 

61 O~ 132 (1 Cl 26 E3 

Cl D2 E2 Dl Cl 21 £2 

D2 02 Fl 01 El 28 Sl 

63 0 E5 F\ Cl 29 C5 

C2 D3 E6 F2 Cl 30 CS 

133 D3 B5 11.2 Cl 31 C~ 

C4 C3 E3 D l 32 ---
C4 D3 D5 Dl 33 C5 

D4 08 05 01 J4 D5 

D4 f S C2 3S DO 
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Model 652A Section VII 

SECTION VII 

REPLACEABLE PARTS 

7-1. INTRODUCTION . 

7 - 2. This section contains information for order ing 
replacement parts. Figures 7-1 and 7-2 illustrate 
the important mechanical parts oHhe 652A. Table 7-1 
lists parts in alphameric order of thelI refer.ence 
designator s and indicates the description. - hp- part 
nwnber of each part, together with any applicable 
notes. and provides the following: 

a. 

b. 

c. 

d. 

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

Descnption of the part. (See list of abbrevia­
tions below. ) 

Typical manufacturer of the part in a five­
dlglt code. (See Appendix A for list of manu­
facturers. ) 

Manufacturer's part number. 

7 - 3. Miscellaneous parts are listed at the end of 
Table 7-1. 

7-4. ORDERING INFORMATION. 

7-5 . To obtain replacement parts. address order or 
inquiry to your local Hewlett-Packard Field Office. 
(See Appendix B for list of oiiice locations.) Identify 
parts by their Hevdett- Packard part numbers. Include 
instrument model and serial numbers. 

7-6 . NON-LISTED PARTS. 

7 -7. To obtain a part that is not listed, include: 

a. Instrument model number. 

b. Instrument serial number. 

c. Descnption of the parl. 

d. Function and location of the part. 
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-hp- PART NO. DESCRIPTION 

3030-0022 Screw: Set, 6-32x l / B" long 

3030-0001 Screw: Sel. B-32 x 3/ 16" long 

3030-0004 Screw: Sel. 8- 32 xl" long 

Figure 7-1. Frequency Tuning Assembly (Mechanical Parts) 
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Model 652A Section V1l 

F============ TOP============~ fF===========BOTTOM==========~ 

MPI2 ilAPl3 MPI4 MPI5 MP l6 MPi (} MPI9 

c:J 
@Qi 

'-------',,U 

Figure 7-2. ChaSSIS Components (Mechanical Par ts) 
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Section Vll Model 652A 

Table 7-1. Replaceable Parts (Coni'd) 

REFERENCE ·hp· TQ DESCRIPTION MFR. MFR . PART NO. 
DESIGNATOR PART NO. 

At 00652·66504 PC board . power suppl y 28480 00652-66504 

A1CI Not ~ 5; ,gned 
A1C3 0140·0177 C' {xd 400 pF ! 1% 300 vdcw 72136 OM15F401 F0300WV1CR 
A1C4 Not assigned 
AlC6 0180·0230 C: fxd 1 I'F - 20% 50 vdcw 56289 150DIOSX0050A2 
AIC7 . A1C8 Nor .Wilgned 
A IC9 0150-0084 C. f xd cr' r 0.1 JJ F +80"10 ·20% 50 vdcw 56289 33C41 obd 
A1C10 0180·0061 C: f xdA1 elect 100JJF -/5%·1O%15vdcw 56289 300 J 07GO 15 DC2-DSM 

AICIl 0180-0062 c : fxd A 1 elect 300 JJF +75% . 10% 6 vdcw 56289 30D307G006DF2-DSM 
A1C12. A1C13 0180-0058 C . txd A I elect 50 I'F +75% · 10% 25 vdcw 56289 3OD50SG025CCw·DSIVo 
A 1 C14 0180-0061 C : f xd A l elect 100 J.lF +75%· 10% 15 vdcw 56289 30Dl07G015DC2·DSM 
A1C15 0121-0127 C. V~( air 1.7 10 14 .1 pF 74970 189-505-5 
AtC16 0180·0284 C: f xd A 1 eleci 200 pF I 15% . 10% 30 vdcw 56289 D38559 
Al C17 0180,0230 C' h,d I J.lF t 20% 50 vdew 56289 150D105X0050A2 
A1CI8 '01~0-0149 C: f xd 470 pF ! 5% 300 vdew 72136 DM15F471J0300WV 1 CA 

A1C19 0180-0161 C · fxd 3.3 jJ.F i 20% 35 vdcw 56289 150D335X003582 
A1C20 0180-1746 'C !xd 15 pF t 10% 20 vdcw 56289 150D156X9020B2 
A1C21 0180·0161 C· txd 3.3 J.lF i 20% 35 vdcw 56289 ISOD335XOO3582 
A1C22 0180·1746 C t xd IS J.lF r 10% 20 vdcw 56289 150D156X902082 
AIC23 , A1C24 0150-0084 C· f xd .1 "F +80%, . 20% 1 00 vd cw 28480 28480 

Al CRI thru 1901 ·0158 Diode ' S, 04713 SR 1358-3 obd 
A1CA4 

Al CR5, CR6 1901-0040 Oiode S, 50 mA 30 V 28480 1901-0040 
AICR7 I'.ot a, ; igned 

AICR8, CR9 1901·0347 D'ode ' S,8V20mAat+l V I.SpF 28480 1901·0347 
AICRIO 1910-0016 Diode ' Ge 60 wiv 03877 S3185G obd 
AICR11 1901-0025 Diode : Si 100 mA at + 1 V 100 piv 12 pF 03877 SG817 odb 
A1CR12,CR13 1901 ·0040 Diode: Si 50 rnA 30 V 28480 1901 -0040 
A1CR14 1902-0184 Diode: bkdn 16.2 V 28480 1902-0184 
A1CRI5 1901-0040 Diode . S, 50 rnA 30 V 28480 1901·0040 
A1CR16 1902-0777 Diode . TC REF 04713 lN825 
A1CRI7 thru 1901 -0040 DiOde . S, 50 rnA 30 V 28480 1901-0040 
CRl9 

A1CR20 1902-0777 Diode : TC REF 04713 lN825 
Al CA21 NOt assigned 
AICR22 1902·0184 Diode: 8kdn 16.2 V 28480 1902·0\84 
A1CR23 1901-0040 D,ode: Si 50 rnA 30 V 28480 1901-0050 
A1CR24 1902-0184 Diode ' 8kdn 16.2 V 28480 1902-0184 
Al CR25 1901 ·0040 Diod e Si 50 mA 30 V 28480 1901-0040 
AICR26 1902-3190 Diode. Bkdn 13 V 04)13 S2 1 09 39-215 

Al01 N a I aSSIgn ed 
Ala2 1853-0037 3 Tstr : Si NPN 28480 1853·0037 
Ala3 1854{)474 3 T ~H : Si PNP 28480 1854·0474 
Ala4 1854'()474 TSI< : Sif\fPN 28480 1854-0474 
Ala5 1854-0474 Tstr: SiNPN 28480 \854-0474 
AlO6 1853-0037 Tstr : Si Pf\fP 28480 \853-0037 
AI07 1853·0037 Tstr : Si PNP 28480 \853-0037 
AIQ8 1854-0071 2 Tst" Si NPN (selected from 2N3704l 28480 1854-0071 
Al09 1854-0042 2 Tslr : Si NPN SM1570 04713 SMI570 

A1Rl 0757-0403 2 R ' f xd comp 1 21 n t 1 % 1/8W 24546 C4 -l /8 -To·12l-R ·F 
AIR2 0761-0024 '2 R: fxd comp 2.4K : 5% I W 24546 FP32-l-Too-2401-J 
A1A3 0683·3035 2 A: fxd camp 30K ! 5% 1/4W 02212 C83035 
A1R4 0757 ·0440 2 R : fKd camp 7 5K ~ 1% 1/8W 24546 C4·1/8·To · 7501·f 

AlAS 0698-4450 2 R I xd comp 324 n ~ 1 % 1!8W 24546 C4-1/8 ·To-324R -F 
A1R6 0683-0395 4 R f xd comp 3.9 n = 5 % 1 / 4W 01121 C80395 
A1A7 0683-4715 2 R : Ixd camp 470 D. i 5% 1!4W 01121 C84715 
A1A8 0683·1835 I R r xd comp 18K ~ 5% 1/4W 01121 C81835 
A1A9 0757 -0436 2 A: hd camp 4.32K ~ 1% l/eW ~'4546 C4 · 1/8·Tn 4321·F 
Al RIO 0757·0279 1 A . (xd comp 3. I 6K ~ \ % 1!8W 24546 C4 ·1/8 ·To ·3161·F 
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f.,lodc\ 652A Section VIl 

Table 7 -I Replaceable Parts (Cont 'd) 

REFERENCE -hp- TQ DESCRIPTION MFR. MFR. PART NO. 
DESIGNATOl{ PART ~O . 

AIAll 06984485 2 R' fxd CO'"P 23.2 kJ1 i 1% 1/8W 2~546 C4-1 18- To-2322-F 
AIRI2 06984445 2 R hc 5161< i 1% 1/8W 16299 C4- 1/8 -To-5761-F 
A1RI3 0757·0403 R txd comp 1 21 nil % 1/8W 24546 C4 -1 /8- TO-12 -, i-!-F 
A: 1~14 0157-1013 1 R : ixd m et 11m 6000n 1 1% 1/2W 75042 CE C T-O obd 
All-US OS89-{)91 5 R : f xd co mp ca,bor'l 9 .1 n 1 5% I W 011 :' 1 G891G5 

AIRIS Not aSI;gned 
AIRI? 0683-1005 I R: Ixd comp 10 n : 5 % 114W 01121 (,H1005 
A1R18,AI9 0683-2025 3 R- txd comp 2000 n ! 5% 1I4W 01121 CI:!202S 
A1R20 0683 ·3935 2 R 1 xci comp 39 kn ! 5% lI'lW 01 -2 1 C83935 
AIR22 • 0683·1025 <I R_ Ixd comp 1000 n . 5% 1I4W 01121 C81025 

A1A23 2100-0282 1 R: va, wW 2000 n : 20% 1·1 12W 11236 110 obd 
A1A24 0687 · 103 1 1 R' fxd comp 10 kn : 10% 1/2W 01121 EB1035 abd 
A1R25 068 3- 101 5 2 R: l,'ec! comp 100 n !. 5% 1/4W 01121 CB1015 
A1R26 068 3- 15 35 I R: txd comp 15 kl1 ! 5% 1I4W 01121 C81535 
A1R2? 0698 ·0026 1 R_ Ixdmc-flm1690n! 1%1/2W 19701 MF7C T·O obd 

AIR28 0683·5 115 1 R. fxd comp 510 n = 5 % 1/4W 311 ;11 C85115 
A1R29 0698 -4483 1 R: fxd comp 18.7K ;; 1% l/aW 24~46 C4·1/8-To-1872-F 
A1R30 0698-4445 R: rxd S.76K :: 1% 1/8W 16299 C:4-1I8· To-5761-F 
AIR31 0698-4435 I A Ixd comp 2.49K ± 1% 1/8W 16299 C4-1!8-Tb-2491-F 
AIR32 07:' 7·0436 R ' f xd comp 4_32K __ I % I law 24546 C4-1/8-To-4321-F 
AIR33 06830395 R: fxd comp 3.9 n ! 5% 1/4W 01121 C:l0395 

AIR34 0683-4715 R: fxdcomp470n J:5%1/4W 01121 CB4715 
AIA35 06984450 R: fxd comp 324 n t 1 % 1/8W ~,-546 C4-1/8-To-324R-F 
AIR36 0757·0440 R: Ixd comp J SK ! 1% 1/8W 24546 C4-1/8-To-7501-F 
AIR .17 0683-1535 R: txd comp 15 kl1 i 5 % 1/4W 011 21 C81535 
A I FlJ8 0683-3035 R: f xd comp 30K ± S% 1!4W 01121 C83035 
AIH39 0761-0024 R: fxdcomp2.4K = 5%1 W 24546 FI':1?-1-Too-2401-J 
A I R40, R41 2100-3211 2 R: Vil' 1 K i 10% 28480 2100-321 -
AIR42,R43 0683-0395 R: Ixd comp 3 _9 n l S% 1/4W 01121 C30395 

A I Ul . U2 1826·0043 2 Ie : OP AMP 27014 LM307H 
1200·0437 2 Socket · Ie i7117 7009-20!' ·5 
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Section VII 

I(E FERENCE 
DESIG AT OH 

A2 

A2Cl 

A2C2 
A2C3, A2C4 
A2C5 

A2C6 

A2C7 
A2C8 

A2C9 

A2ClO 

A2Cll 

A2CJ2 

A2C13 

A2C14 
A2C15 

A2C16. 
A2C17 

A2C18 
A2C19 
A2C20 

A2C21 t 
A2C22 

A2C23 
A2C24~ 

A2C25+ 

A2CRJ 
A2CR2 thru 

A2CR4 
A2CR5 thru 

A2CR7 

A2CR8, 
A2CR9 

A2Ll* thru 
A2LS* 

A2Ql 
A2Q2 
A2Q3 
A2Q4, A2Q5 
A2Q6 
A2Q7 
A2Q8 

7-6 

hp ­
PART TO . 

00652 - 66501 

0180-0061 

0180 -023'7 
0150-0084 
0121-0127 

0180-0305 

0180-0112 
0180-0062 

0180-0076 

0150-00 2. 4 

0180-0039 

0180-2151 

0180-0039 

0121-0127 
0180-0062 

01BO-OI01 

0180-0306 
0180-0307 
0180-0101 

0140-0201 
0180-1756 

01 80 -0 IO I 
0150-0022 
0150-0043 

1902-0046 

1901-0025 
1910-0016 

1901-0040 
1910-0016 

9170-0016 

1855-0082 
1854 -02)5 
1353-0036 
1854-0254 
IB53-0012 
1854-0215 
1854-0337 

T abl e 7- 1. 11.eplace<l I)le Parls (Conl 'd) 

TQ DESCRIPTION 

1 Pc board: OSCllla tor ampl tiler 

C: fxd AI elect 100).lF +75% -10% 15 vdcw 

C: fxd A I elect 500 ).l F +75% -10% 25 vdcw 
C· txd cer O. 1 Il F +80% - 20% 50 vdcw 
C: var air 1. '7 to 14. 1 pF 

1 C: {)Cd AI elect 1000 ).l F ·1·100% -lO'I 
2 . 5vdc w 

1 C: {xd AI elect 2000 J1.f 1 vdcw 
c: {xd AI elect 300 ).l F ,·7;i"i> -10% 6 v"cw 

1 c: [xd elect 20 Il F 25 VCLW 

C: {xd cer O. 1 !l F·80% - 20% 50 vdcw 

2 C· {xd AI elect 100 /1 F +7 5% -10% 12 vdcw 

1 C: fxd Al elect 500 IlF +75% -10% 3 vdcw 

C: (x li A I elect 100 ii F +75% -10% 12 vdcw 

C: var 'lIr 1.7 to 14.1 pF 
C: {xd AI elect 300 /IF +75% -10% 6 vdcw 

4 C: fxd Ta 1. 8 11 f ±10% 35 vdcw 

1 C: fxd AI elect 300 f1.F +100% -10% 15 vdcw 
J C: fxd AI ekct 500 tL F +100% -10% Hi vdcw 

C: fxd Ta 1 . 8 fJ. F ±10% 35 vdcw 

1 C: fxd mica 12 pF 01. 5% 
1 c: fxd Al elect 1200 fIr +100% -10(·~ 

c: (xd 1'a 1. 8 J.L F ±10% 35 vdcw 
1 C: (xd Ti02 3.3 pF ± 10% "\,'" 
1 C: fxd T102 6.8 p F ±5'1'0 500 vdcw 

1 Diode: breakdown 7. 15 V ±JO% 400 mW 

Diode: 81 100 rnA at +1 V 100 piv 12 pF 
4 Diode: Ge 60 wiv J rnB 

2 Diode: SI 
Diode: Ge 60 wiv 1 rns 

7 Bead: shleldlng 

1 TSTR: P F ET channe I Type A 
2 TSTR: 81 NPN 2N3904 
3 TSTlt: S) PNP 2N3906 
4 TSTR: S1 NPN* 
2 TSTR: Si PNP 2N2904A 

TSTR: Sl NPN 2N3904 
TSTR: S) NPN*· 

Model 652A 

MF l. MFR. PAR T NO. 

28480 00652-66501 

56289 30DI0'7G{)15DC2-
nSM 

56289 39D507G025H£4 USB 
56289 33C41 obd 
74970 189- 505- 5 

56289 34DI08H2RSFJ4 

56289 D33239 
56289 30D307G006DF2-

DSM 
56289 40D206G025DC6-

OST 
56289 33C41 cbd 

56289 300 107G{)12CC2-
DSM 

56289 30n Non Polar 

56289 300J07G{)12CC2 -
DSM 

74970 189-505- ;; 
56289 300307G{)05DF2-

DSM 

56289 150D185X903:iB2 

56289 34D307HOl 5F J4 
56289 34D507HO 15F J4 
56289 150D1S5X9035B2 

78488 ROM 1 ~C120J5C 
56289 Type 34D Spec )::ll 

oud 
56289 150D185X90 35B2 
78488 Type G.b, otxl 
78488 Type GA obel 

04713 10939-139 obd 

03877 SG-BI7 
03877 831 B5G obd 

03877 SG-5050 
03877 S3185G abel 

02114 56-590- 65/ 3B 

04713 5S3723 cbd 
04713 SPS 3611 
04713 SPS 3612 
04713 
04713 2N2904A 
24446 2N3904 
04713 SM1570-2 



Model 652A 

REFERENCE 
DESIGNATOn 

A2Q9 
A2Q10, A2Qll 
A2Q12 

A2R l 
A2R2 
A2R3 
A2R4 
A2R5 

A2R6 
A2R?* 
A2R8, A2R9 
A2RI0 
A2Rll, A2R12 

A2R13 
A2R14 
A2R15 

A2Fl.16, A2R17 

A2R19 
A2"R20 
A2H21 
A2R22 
A2R23 
A2R24* 

A2R25 
A2R26 
A2R27 
A2R28 
A2R29" 

A2R30 
A2R31 
A2R32 
AZR33 
AZR34 

A2R.35 
A2R36 
A2R3?, 

A2R38 
A2R39, 

A2R40 
A2R41 

A2H.42,A2R43 
A2R44 
A2R45 
A2R46 
A2R47" 

A3 
A3C1 
A3C2 
A3C3 
A3C4* 
A3C5 
A3C6, A3C? 

A3CS • 
A3C9 
A3el0 
A3Cll 
A3CJ2 

- hp­
PART NO 

1853-0007 
1854-0254 
1853-0012 
1205-0037 
0681-1021 
0683-6225 
0683-4335 
0683-1025 
0684-1221 

0683-9105 
0683-0275 
0686-1025 
0893-8211 
0686-1305 

0681 -100 1 
0757-0739 
0757 -0'736 

2100- 2604 

0683-2035 
0683-0275 
0684-1031 
0757-0739 
0683-4705 
0683- 2025 

0898-4657 
0687 -1001 
0683-0275 
0757-0500 
0683-1215 

0683-3935 
0683-8235 

0684-1521 
0686-2025 

0689-4315 
0693-6811 

0683-0275 

0757-1012 
0683-3615 

0757-0159 
0683 -0275 
0757 -0500 
0757 -0277 
0698-4448 
5061-0748 

00652 -66503 
0180 - 0098 
0180 -1794 
0180-0;387 
0180-1794 
0160-0159 
0150-0093 
0180-1746 
0180-0374 
0150-0042 
0121-01~1 
0150-0093 

Table 7 - 1. Replaceable Pct rts ( ont' d) 

T Q DESCRIPTION 

1 TSTR; Si PNP 2N3251 
TSTR; Si NPN • 
TSTR: Si PNP 2N2904A 

2 Hea.t Sln1t 

1 R: fxd camp 1000 Q :1: 10% 1/2 W 
1 R: {xd camp 6200 n 5% 1/4 W 

n: fxd comp 43 KD ±510 1/4 W 
2 R: {xd comp 1000 n ±5% 1/4 W 
1 R' ixd CO-'l' 1200 n :1:10% 1/4 W 

1 R: (xci comp 91 n ±5% 1/4 W 
6 R' fxd comp 2. 7f) ±5% 1/4 W 
2 R: f>cd comp 1000 n ±5% 1/2 W 
1 R: fxd camp carbon 820 Q ±10% 2W 
3 R: fxd comp 13 n ±5% 1/2 ~-

2 R' {xd camp 10 n ±10% 1/2 W 
2 R: {xd met flm 2000 n ±1% 1/4 W 
1 1\: {xd met flm 1500 n ±1% 1/4 W 
1 
2 R: var lin 50Q ± 10"'. 0 1/2 W 

1 R: fxci comp 20 Kfl ±5% 1/4 W 
R: fxd camp 2. 7 Q :1:5% 1/ 4 W 

4 R: fxd camp 10 KQ ±10% 1/4 W 
R- ixd met flm 2000 n ±1% 1/4 W 

1 R: fxd comp 47 n ±59'0 1/4 W 
It: Lxd camp 2.0 kn ±5% 1/4 W 

2 R ; fxd mel Hm 7.1SKO ±1% 1/4 W 
R' fxd camp 10 n ±10% 1/2 W 
R: {xd comp 2. 7 n ±59'0 1/ 4 W 
R: fxd comp 30 . 1 n :1: 1% 1/ 4 W 

1 R: JXd comp 120 0 t5% 1/ 4 W 

R- fxd camp 39 Kfl ±5% 1/4 W 
1 R' fxci comp 82 KO :1:5% 1/4 W 

Not assIgned 
2 R' fxd camp 15000 ±10% 1/ 4 W 
1 R.: t'xd comp 2000 !1 ±5% 1/2 W 

1 R: ixd C') "·ll carbon 430 n ±5'~ 1 W 
1 R' ixd comp carbon 680 n ·· W':;' 2 W 

R : fxd comp 2.7 n ±5' ; 1/4 W 

2 R: fxd met flm 100 0 ±G. 25% 1/2 W 
1 R: fxd c omp 360 0 ±5'10 t/4 W 

1 
1 
1 
6 
1 
3 
2 

1 
3 
1 
1 
1 
1 

R: fxd prec met rIm 10000 ±1(,> 1/2 W 
R: [xd camp 2.7 n ,:;% 114 w 
R: fxd met flIn 30 . 1 n J:l% 1/4 W 
R {xd met flm 49_ 9 n 11% 1/ 8 w 
R' fxd m et flm 294 fI ± 1% l/B W 
SOCKET ASSY: TsrR 
PC board: expand meter circuit 
C; lxd Tn. elect 100).J. F i20':O 20 vdcw 
C: fxd Ta ('l,'ct 22 /IF ±10% 35 vdew 
C: fxd Ta elect 47 /l F ± 5% 20 vdcw 
C: fxd 22 /l F 35 V 
C: ixd my O. 0068 IJ.F :tlO% 200 vdcw 
C: tXd cer 0.01 IJ.F +80 -20% 100 vdcw 
C: [Xd elect 15 p.F 10% 20 vdcw 
C: f>cd Ta elect 10 jJ. F ,,10% 20 vdcw 
C: fxd Ti02 4. 7 pF ±5% 500 vdcw 
C: varair1.2to4.2pF 
C: fxd cer 0.01 :, F +80% -201. 100 vdcw 

MFR. 

04713 
04713 
04713 
98978 
0112) 
01121 
01121 
01121 
01121 

01121 
01121 
01121 
01121 
01121 

01121 
19701 
19701 

01121 

01121 
01121 
01131 
19701 
01 12\ 
01)2) 

19701 
01121 
01121 
19701 
01121 

Section VII 

MFR PART NO. 

2N3251 
obd 
2N2904A 
obd 
EB1021 
C86225 
CB4335 
CB1025 
CBI221 

C89105 
CB27G5 
EB102:i 
!-IBB2) 1 
EB1305 

EBlOOl 
MF6C T-O obd 
MF6C T-O obd 

Type SV500J 

CB2035 
CB27G5 
CB1031 
MF6C T-O obd 
CB4705 
CB2025 

MF6C T-O obd 
EBI001 
CB27G5 
MF6C T-O obd 
CB121S 

01121 CR3935 
O1l21 Ctl8235 

111121 CB1521 
01121 EB2025 

0112[ Cn4315 
01121 HJ:l681 J 

01121 CB27G5 

75042 CEe T-O abel 
01121 CB3615 

-hp-

01121 
75042 
75042 

-hp-
28480 
28480 
56289 
56289 
56289 
56289 
56289 
91418 
28480 
56289 
78488 
74970 
91418 

CR27G5 
CJ:;B 1'-0 obd 
CEA T-O abd.d 

>d 
5061-0748 
00652-66503 
150D107X0020S2 DYS 
109D226X9025C2 
1500': 76X5020H,2 
lS0D226X9035H 2DYS 
192P68292-PTS 
TA abd 
0180-1746 
lSOD106X9020 I \2 
Type GA obd 
189-501-5 
TA obd 
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Se~:ion V1I ModLl 652A 

ilEfERENC E 
D£SlGNATOn 

A 3C13. A3C14 
A3C15 

A3CR l. 
A3CR2 

A3CR3. 
A3CR4 

A3CR5 
A3CR6 
A3CR7 
ASCR8 

ASL1 
A3L2 

A3Ql 
A3Q2 thru 

A3Q4 
A3Q5 
A3Q6 
A3Q7.A3Q8 

A3RI'" 
A3R2 
A;)lt3 
A3R4 
A3R5 
A3R6 
A3R7 
A3H8~ 

A3R9 
A3RI0. A 3R 11 
A3R12 

A3RI3 
A3R}4 
A3R15 
A3R16 
A3R17 

A3RlS ~ 
A3RI9 
A3R20 
A3RZI 
A:H{Z2 
A3R23 
CIA thru C1C 
C2 
C3. C4 
C5, C6 
C7 

DSI 

FI 
JI 
Lt ,'hru L3 
L4 
L5* 
Ml 
MP1 

MP2 
MP3 

7-8 

-hp ­
PART NO. 

0180-0032 
0180 -0059 

1901-0456 

1901-0025 

1902-3205 
1902-0049 
1910-0016 
1901-0025 

9140-0025 
9140-0118 

1853-0010 
1854-0033 

1853-0010 
1854-0033 
1853-0036 

0683-0565 
0757-0339 
0757-1023 
0757 -0340 
0683-2745 
0683-1845 
0683-2745 
0683- 3035 
0684-1031 
0757 -0753 
0683- 2445 

0684 -1031 
2100 -04 39 
0683-3915 
0684-1031 
0684-1531 

0683 -8 U5 
07!)'I-07 C,4 

0684- 3921 
0684-1021 
0698-4715 
0684 -1021 
0121-0018 
0160-3333 
0160-3333 
0180-0047 
0160-3333 

2140-0015 
5040-0234 
5040-0235 

2110- 0340 
12 C, 1-2357 

9140-0029 
9170-0016 
1120-0922 
J 500-0253 

1500-0004 
5060-0021 

L Ill ie 7 · 1. l1<.' pla(·('al)ll? P:l rlS (Cont' d) 

TQ DESCRI PTION 

2 C: i"xd A I elect 10 J.L F +75% -10% 12 vdcw 
1 C : f xcl e e el 10 11 F +100% -lO CO 25 vctcw 

2 DIode: Si lOI car rier 

DIOde: Si 100 mA at .,. 1 V 100 pJV 12 pF 

DIode: S, br eakdown 15 V ±5% 
DIode: breakdown 6 . 19 V ±5% 400 mW 
Diode: Ge 60 wiv 
DIode: Si 100 mA at - 1 V 100 piv 12 pF 

C"iC: radiO {requerJ:Y 4 . 'I p.H :1: 10% 
COIl : molded choke 500 p.H :1: 5% 

2 TSTR: SI PNPh 
4 1'STR: SI NPN 2N339J 

TSTl l. : SI PNp·­
TSTR: Si NPN 2N3 39 1 

2 TSTR : Si PNP 2N3906 

1 R : fxd com p 5.6 n ±5% 1/ 4 W 
1 R: fxd lHel fln> 3010 n ±1% 1/4 W 
I R: [xd met nlll 6040 n ±1% 1/4 W 
1 R' f xd Ill e t flm 10 (W ±l':O 1/4 W 
3 R: {xd eom p 270 Kn ±5% 11 4 W 
1 R: fxd COIllP 180 Kn ±5% U4 W 

R: fxd comp 270 KO ±5% 1/ 4 W 
J R: Ixd comp 30 KO ±5% 1/ 4 W 

R' [xd comp 10 KO ±10"'o 1/4 W 
2 R' fxd mel elm 9090 Q ±1% 1/ 4 W 
1 R' fxd co mp 240 KQ :1:5% 1/4 W 

~: fxd comp 10 )(0 ±10% 1/4 W 
1 I~ : Ilar ww 250 n :1:20% 1-1/2 W 

R ' fxd comp 390 n :1:5% 1/4 W 
R: {xd com p 10 Kn :1: 10% 1/ 4 W 

JR' [xd comp 15 'KQ ±10% 1/ 4 W 

1 
1 
1 
2 

1 

3 

2 

1 
2 

1 
1 

R: (xd com p 820 0 :1: 5% 1/4 W 
R: {xd 1l1e l [Jm 11 KO ±1% 1/ 4. W 
R' {xd com p 3900 0 ±10% 1/4 W 
R' fxd con p 1000 n ±10% 1/4 W 
R: fl6d ,ne t (1", 14 . 0 K ll ± 1 % 1/ 4 W 
R: [xd com p 1000 n ± 10 "b 114 W 
C' var air 3-secl 14. '7 5 pF to 617.75 p? 
C: fxd c er 5000 pF ± 20 S 250 vdc\l! 
C: fxd cer 5000 pF ± 20 % 250 vdcw 
C: fxd A eject 500 11F 75 vdcw 
C: fxd cer 5000 pF ± 20 % 250 vdcw 

Lam p: neon T-2 lidb NE2H 
Pilot light: jewe: 
Pilot light: base 

fuse : 0.4 A slow-blow 250 V 
Re c e ptacle: power 
Not assig ned 
Coil: radio freque ncy 100 p. F' 
Bead : shie lding 
Mete)' ; 50 n D BM scale 
Yoke : flexible coupler 

Insulator: f1exiu;e coupling 
Gear A ssembly 

MFR. MFR. l'Afn ''; 0 . 

5€~80 30DI06GO 12BM 
36~89 300106G02 5 B~~-

-hp-

03B77 

04713 
07263 
0 3877 
03877 

99848 
82142 

-hp-

DSM 

SG-817 oM 

SZ L0939-233 
oW 
S3185G ohd 
SG-817 obd 

213-11 ob<c 
10178-8 obd 

24445 2N3391 

-hp-
24446 2 3391 
04713 SPS-3612 

01121 
19'101 
19701 
19'101 
01121 
01121 
01121 
01131 
01121 
19701 
01121 

01121 
))236 
01121 
01121 
01121 

01121 
19701 
01121 
01121 
91637 
01121 
_llP-

08988 
08988 
56289 
08988 

24446 
-hp-
-hp-

'71400 
82339 

99848 
02114 
-ho-

9q934 

99934 
-he-

CBS6G5 
MF6C 1'-0 
MF6C 1'-0 
MF6C 1'-0 
CB2745 
CR1845 
CD2745 
CB3035 
CB1031 
MF6C T-O 
C8244'3 

cm031 
110 
CB3915 
CB1031 
CB1531 

CH220~ 

obt.l 
obd 
obd 

obd 

obel 

MF6C 1'-0 obd 
CB3921 
CB1021 
M FF -l/8-32 T-I 
CBlO2J 

TI-lD-8 -502M -1. 4 K\ 
THD-8-502M-1. 4 KV 
032443 obd 
THD- 8-5021\1 - J . 4 K\ 

obd 

MOL 4)10 
EAC -30 1 

3100-1S-101 
56- 590 -6SA 113 B 

A-WI-H2 

A-201-\ 



Model 662A Section VIJ 

Table 7 · l. Repla cea ble Pa r ts {Canl 'd) 
-

RFTER:CNCE - hp-
T Q DESCRIPTIO MFH, M FfL PART ~:O , 

DESlGNATOR P ART NO , 

IVIP4 1460-0256 1 Spr Ong: com pression - !'p-
MPS 5060-0020 1 Ge a r Assembly -"p-
MPS 5020-02~3 1 Collar -hp-
MP7 5020-0348 1 Shaft -hp-
MP8 5020-0641 1 Shaft : spur gear -hp-

MP9 5020-0639 1 Castll:g: Capaclto!' drive assembly -hp-
MPI0 5020 -0 630 1 Hub: dial -hp-
MI' l) 5040-0607 I Dis c a~scm 'ol)': verOll'r drive -"'p-

MP12 00651-00102 1 Plate: capacitor - '",p-
\.fPJ3 5040-0631 2 Bracket: capacitor lllount -hp-

MP14 0340-0680 2 Insulator: TSTR mounting OOOLS 293011 oud 
MP15 2110· 0359 1 Fusl<holder 91967 ':50 

MP 16 00651-05503 1 Shield: hlter -" p-
MPI7 00652 -05506 I Shield: separates board -llp-
MP18 1205-0241 6 Semiconductor -thermal link 13103 12017 

MPl9 00652 -04101 ) Plate : cove rover A2 board -hp-

MP20 00661-05501 1 Shield: power over switch - hp-
MP21 0370-0025 1 Knob: r o nd blacK ve rn ier -hp-
MP22 0370-0114 2 Knoh: round red -hp-
MP23 0370 -0116 2 Knob: round blael< -hp-

MP24 00651 -05504 1 Shield: outer cover -hp-
MP25 4040-0297 1 Bezel: meter window -hp-
MP26 0 ::,70-0112 2 Knob: bar skirted blac~ -hp -
MP27 618-40D-4 1 P late: freQue :-:<:y dial - hp-
MP28 0370-0160 1 Knob: round black dial -hp-

MP29 5040-5158 J Indicator: dial -hp-
MP30 00651-04001 1 Dial -hp-
MP 31 5050-858'1 1 Cover asse mbJy: top }1 " long -hp -
MP32 00651-00/13 1 Panel: rear -hp -
MP33 5050-073 I 2 Frame assembly: 5 x ) 1 full module -hp-

P34 5060-ii737 2 Retainer: handle 5" high -hp-
MP35 5000-8597 2 Cover: side rear ;) x 11 full module -hp-
MP36 5000-8599 2 Cover: side front 5 x 11 full module -hp-
MP37 5060-0222 2 Ha ndle assembly: 5" high side - hp-
MP38 5000-0051 2 Cabinet tTi m -hp-

MP39 1490-0030 I Stand: tilt st a.i nless sk~l rod 91260 obd 
MP40 5060-076'1 5 Foot assembly: full module -hp-
MP41 5060-8711 1 Cover assembly : bottom II" long -hp-
MP42 00652-0020~ 1 Panel: front -hp-
MP43 00651-00113 1 De ck: main -hu-
MPH 5000-0637 1 Spring: thrust -hp-

QI 1854 ·0063 1 TSTR: SI NPN 2N3055 -hp-
Q2 1853-0305 1 TSTR: 81 PNP O~f2-1 R1 0684-3331 1 R: fxd comp 33 kP ± 10% 1/ 4 W CB3331 
R2 2100-1996 1 R: var pot 71590 Mod,': 12 obd 
R3 2100-1997 1 R: var pot 71590 ModeJ 12 obd 

81 00652-6190J 1 Switch asse mbly : range -hp -

SICl 0140-0040 1 c: {xd mica 75 pF ± 5' (; 04062 ReM 151-: 750J 
SlC2 0130-0006 3 C: var cer 5 to 20 pF 72982 503000 Fl2P028R 
81C3 0140-0032 1 C: fxd m;ca 47 pF -,- 10% 04062 RCMI5l' 470K 
SlC4 0130 -000 1 1 c: var cer 7 to 45 pF 72982 503-000 - D2 PO- 33R 
S1C5 0130 -0006 C: var ce r ~, to 20 nF 72982 503000 B2P028R 
S1C6 01100-0987 1 C: fxd mica 12 pF ~- So,,) 04062 RDYl15C120J5S 
S1C7 0130-0006 c: var cer 5 to 20 pF 72982 503 000 S2P028R 

7-9 



Se ction v11 

H EFERDJC E 
DESIGN" TOn 

S1C8 
81 C9, Sl C 10 
SlCl1 
S1C12 
SICI3* 
SICI4~ 

SICI 5· 

5J Hl" 
SlR2 
SJR3" 
S1R4 
SIR5~ 

S IRS 
SIR7~ 

S1R8 
SlR9~ 

S1RI0 
Sl Rl1 ;. 
Slf1.l2 
S lR13 
SlR14~ 

SIR15 

SlR16* 
S1RJ7 
51R1S" 
SI J9 
51R20~ 

SlR2l 
SIR22~ 

S1R23 
SIR24* 

S2 

S2.R1, S2R2 
S2R3 
S2R4 
S2R5 th r u 

52HB 
S2H9,S2R l0 
S2Hll,S 2R I2 
S2R13 

53 
S4 
::;5 

Tl 

WI 

7-10 

hp 
PAIn 0 . 

0140-0002 
0130-0003 
0150 -0046 
0150-0029 
0150-0029 
0150 -0044 
0150 -0031 

0686-5145 
0730-0145 
0687-3931 
0757-0983 
0()87-4721 

0757 -0 OSl 
0687 -3 911 
0757-0042 
0687 -6801 
0757-0821 
0687 -2701 
0757 -0 19 8 
0733-0006 
0686-1855 
0757-1017 

0686-12 4 '5 
0757-0982 
0687-1031 
0757 -10 14 
0687 -1021 
0757-00 38 
0687 -5601 
0757-0980 
0687-2701 

00651-63402 

0698-8386 
0698-8387 
0698-8388 
0698-8389 

0698-7984 
0688-8390 
0757-1016 

3101-0036 
3101-0805 
3101-123 '; 

9100-3239 

8120-1348 
506) -0735 

1200-0081 
12G 3 -0220 

001151-61604 
00652 -6160 1 
00651-61602 
00651-61601 

2110 -03 40 
00652-90005 
00652- 8 440 2 

Tab) 7- 1. R pla ceab le P<l. r t s (Cont ' d) 

TQ DESCRlPTIO 

1 c : fxd m ica 10 pF ± 10 % 
2, C: var ce r 1. 5 LO 7 pF 
1 C: (xd Ti02 0.68 pF ± 5% 500 vdcw 
2 C: fxd T i02 1 pF ± 10% SOD vdcw 

C: fxd T i02 1 pF ± 10% 500 vdcw 
1 C: fxd T i02 5.6 pF ± 5% 500 vdcw 
1 C: fxd Ti02 2.0 pF ± 5% 500 vdcw 

J 
1 
1 
1 
1 
2 
1 
1 
1 
) 

1 
1 
1 
1 
1 
1 
1 
1 
1 

R: fxd comp 510 k n ± 5% 1/ 2 W 
R: ixd carbon flm 12 Mn ± 1% 1 W 
lJ: fxd comp 39 k!1 ± 10% 1/ 2 W 
R: fxd me t Om 1.23 Mfl :l: 1% 1/ 2 W 
R: (xd comp 4.7 kn ± 10% 1/2 Vi 

R: fx d met fllll 123 kn ± 1% 1/2 'IN 
R: fxd comp 3900 ± 10% 1/2 W 
R' [xd m et flm 12.3 kn ± 1% 1/2 W 
R: fxd COm p 58n ± 10% 1/ 2 W 
R' fxd met fl m 1. 21 kfl ± 1% 1/2 W 
R: fxd cemp 27 n ± 10% 1/ 2 W 
Fl.: fxd met flm lOon ± 1% 1/ 2 W 
R' ixe! carbon flm 24.5 Mfl ± 1% 2 Vi 
R' fxd com p 1. 8 1.11 ± 5% 1/2 Vi 
n· fx d met f n 2.45 Mn :I: 1% 1/ 2 W 

R' fxd com p 120 kn ± 5% 1/ 2 W 
;t : fx d met flm 245 k n ± 1% 1/ 2 W 
R: fxd camp 10 k !1 :I: 10% 1/ 2 W 
R' fxd m et Urn 24.5 k0. ± 1% 1/ 2 W 
R: fxd ca m p 1000.11 10% 1/2 W 
11: fxd met Dm 2510 .Q ± 1% 1/2 \1/ 
R' [xd com p 56.Q ± 10% 1/2 W 
R: [xu m et flm 2250 ± 1% 1/2 W 
R: fxci comp 270. ± 5% 1/2 W 

Attenuator assembly 

2 R: txd met Om 790 n ± .1% 1/ 2 W 
1 R : {xd m et Om 247. 5.Q ± .1% 1/ 2 W 
1 R: (''Ccl met fim 71. 15Q ± .1% 1/2 W 
4 R: fxd met [1m 53.270. ± . 1% 1/ 2 W 

2 R: fxdmetflm61.1l0. ± .1% 1/2W 
2 R : fxd met fim 96.250. ± . 1% 1/2W 
1 R : {xd met flm 550.11 :1: . 25% 1/2 W 

1 Switch: toggle power SPST 
1 Switch: monitor 
1 Switch: sli de 

1 Transformer: Power 115/ 230 V 

1 Asse mbly Cable : Pewe r Co rd 7.:; ieet 
1 T! ER ASSY (Consi s ts of CIA thru C1e 

and MP13) 

MISCELLANEOUS 

4 Bushing (for M P18) 
Semi -heat dis slpacor 

1 Cable' power 
1 Cable: paneJ controls 
1 Cotble assembly: input 
2 (:,lbJe ass embly: ouLput 

Fuse: Type designalor 2B250V. 4A 
1 Manual : opera.ting and service 
1 Rack mount kit 

!FR 

14655 
72982 
78488 
78488 
78488 
78488 
78488 

01121 
9]637 
01121 
75042 
01121 

75042 
01121 
75042 
01121 
75042 
01121 
~9701 

91637 
01121 
75042 

Oll 21 
75042 
01 '21 
75042 
01121 
75042 
01121 
75042 
01121 

-hp-

75042 
75042 
75012 
75042 

75042 
'75042 
75042 

Model 652A 

1FR PART NO. 

obel 
503-000 CO PO-IOR 
Type GA obd 
Type GA obd 
Type GA obd 
Type GA obd 
Type GA obd 

E85145 
DC-1 
£83931 
CECT-O obd 
E8472) 

CE C T ° obd 
E 8 3911 
CEC T-O obd 
E86801 
e E e T-O obd 
E82701 
MF7C T-O obd 
DC-2 obd 
E 81855 
CE C T-O obd 

£81245 
CEC T-O obel 
EBI031 
CECT-O obd 
E 8 1021 
eEC T-O abd 
E85601 
CEe 1'-0 abd 
E B2701 

CEC T-O obd 
CEe T-O obd 
CEC T-O abd 
eEe T-O obd 

CEC T-O obel 
CE CT-O obel 
CEC T-O ob: 

88140 892aK61 
-hp-
82389 llA -1242A 

hp-

70903 K1f -414 7 
28480 5061-0735 

263G~ 974 Sr~cjal 
-hp-
-hp-
-hp-
-hp-
hp­

-hp-
-hp-
-hp-



Code 
No 

00000 
Ooua 
00213 
00261 
OOJS4 
00348 
00373 
0065& 
00719 
00181 
00809 
00815 

00853 

OOB6b 
00891 
00929 
010011 

01009 
01121 
0125& 
01281 
O\2~S 

01349 
01538 
015SY 
01610 
01930 
01960 
02114 

02l\6 
02286 
026G0 

02?J:I 

02?71 

02111 
02875 
03296 
03506 

03105 
0~791 

03818 
03817 
Ol668 

04009 

040IJ 
04062 
04211 
04Z'l2 
04354 
04404 

046M 

04673 
0~113 

04132 

onn 
o-I7~. 
().; 81 I 
0';01 0 
049[9 

05006 

05217 

CODI LIlT O' MANU.ACIURIIIS 

Th e lollowiDg cod~ J\Umoe:rs a.1"~ IrOln tho Fooeral Supply Cod~ lor Manufa.cturers C:ibhl~ng HandbookS 114·1 INil:n l,) 10 Code) u-.d H4.. .. 2 (Code 
m Name) and Olelr l.a.teat (Supplements Th.e dAte ot revtSl\)!1 IlJ'Id lJ\e cbte o( Ul~ b"uppierneo's lIsed 9.pp~D.r at tilt' 1 ()UOU·. <:l each page , Alpha .. 
beUca' eode-s ttaVCI been arbitNU'ily I\selS" ",r.d to 9uppUera not appeulJ'\g ~n the 114 Randboo'!<s. 

Jrrlanl.1lllcrurct' Addl"C3S 

U S. A Common . .. .... Any BuppUor Of U. S . 
MeCoy 21.'I' onl •• · . • /o!ounl IIoUy f'\:lrlngs. Pa . 
Sage E14llctronks Corp. ' .. , Aoche~ler, N. y, 
Cemco, Inc . . . Dart1elson,Conn, 
Humldlal .. COUUD , C .. Hf 
Mlctron. Co . I Inc.. ' . V:ill~y StreJUn I ~ . Y. 
Oarlocl< Inc . . . . .Ch'TTy Hill, )i. ,I 
Acrovox C<lrp . . . . ~'"", Bedford. Mlls 
Amp . me . , JU.rrlsburg, Pa.. 
A1rcMl.lI Radio Corp. . . . Boo.lon. N . J . 
CroveD, Ltd .. . . -, , Wtutby , On.tarlo, C:lMdA 
Norlhet'f) E!aglneerln.g 

Ln.'boratorles, Inc 13uJ')..ln.gton , WiS. 
Sangamo Electric Co .• 

'Pieken& Dlv . . . . . . .... Pt~'ken~. S. C . 
000 Englneenng Co. . . City ollndugtry. Cal. 
Cui E . "olm •• Co'p.. . . . Los Angete • • Cal. 
Mlerolab Inc . ... . . • •....• Llvb>pton, N. J . 
General EleelJ'lc Co .• 
Capacitor Dept •.. ••• . • . Hudlo" 1'U1M, N. Y. 

Aldlln Products Co . .. Brockton, Mug. 
Allen BrLdley Co. . . . .. MIIt"auk"". Wle. 
LItton Industries. Joc . . Bavorly HIIU,. Cal . 
TRW SomiconductoT6 ,inc ..... Lawndale, cal. 
Te)2.B Instrumenls j l:J~c.., 

Trat\.&i.stor Products Di .... . , ... Da\las, Tc!)Q5 
The Alliance MJ8 . Co . . . . AUI~nee, Ohio 
Sm.U Parts Inc . . ..... Las M~cl ••• Cal 
Pacific Relays. Inc .. Van N.Y8. Cal 
(lud.brod Bro. SIll< Co .. ... No'" York. NY. 
Atn l2 rock Corp , '.,. , . . , Rockford, 81. 
Pube Engioeerlllg Co , .. SaJIU ClAra, Cal , 
f'enoxcubB Corp. 01 
America. . . . . , ..... 8auguUes, N. V . 

Wheelock St,gn9.ls,In~. , , , . ·Long Qraneh, N, J . 
Colo Rubber a.nd I'I .. nu IDc .. 9.o1U'.)'V1<le, C.1. 
Amphenol .. Bor~ Electronics 

Corp , ,Broadvtew , Dt 
Radto Corp. or America j Sl:mi .. 

condueloI' and M.a.tel"tl.l!. 
Division 

Voca.1lDe Co of A.m.erlC:l, 
b>< .. .........•. .• 

HopkJ"" EnginecrlngCo . 
1Iudson Tool &. 1)l~ , .. 
l'Iylo .. Moldln~ Corp 
G. 8: SPn'unrlndurwr P['l~ . 

BomervUle, . J 

016 S:i.ybrool< , Conn . 
S:::l.n Ff-rnando, CaJ . 

. . NOIll","". N. J 
. ~rlnglielll.N.J . 

l)epl. ..... . .. /iynell.ge. 1'1 . Y. 
Apex MachlDC & Tool Co. . .. Dayton , Ohlo 
81dern~ Corp . . .......... Compton , Calif. 
ParKer 8M1 Co . . . .. . .. Lo. Ao~lea, Clot. 
Tr:ulSitron Electric Corp . Waefleld . Mus . 
PYl'ofUm Res'slot' Co , 

1nc .. .. 
Singer Co • DteM DlV 

Fincierne Planl , 

. . CI!dar Knoll •• N . J . 

Anow 1 Elft an.d Jle!:l!tnan 
Elect. Co 

T~l'lIus. Corp . 
M(.O £\ectromc Inc.. 
f':~gex Wlr-e ' 

. l-L1.rdord, COtll). 
, t.a!l1.berl"'iltc, N. J 

C-rel\t Nedc, N. Y . 
. La> AJ\gcles. Cal. 

. M\'TtJc Beach. g . C . 
. Wheeling. Ul 

Hi -Q D\vlglon Of Aercwox, 
Prcdslon P:tpcr 'j'·Joe Co. 
Palo Alr.o Ow Iston (,: Hewlett-

P",lcard Co. .Palo AHo . Co" 
$)I1'J.l.nta. Elettric: Produc.lli , 

Mlcro.".'a,,·e De .... ice O'v . . ,Mounblln View, Cal , 
Duola EnSr . Inc . . Culver City , Cal. 
Molorola lnt. . Semu::onduetor 

Prod. Olv . . . ... Phoel '.:x. Art hl') a 
FIUrcf\ CO . ,10(: . WeB'tcrn 
0,... . , . . .•. .. , . .. . Culver CUy, Cill . 

Ao'.omaHc Elec:trl(. Co .... . , Nortillike. m. 
Sequoia W\re Co. . . . , RedIN ouo CHy, Cal. 
Proc lslon Coli ep"ng Co. . . tl Man ... Ca.1. 
p. M Molor Com~ny . , ... . WeSlch ':F.tt! r, nl 
Cornpon/~ n! MIg. 8f:n/lee 

Co . W Ilrldgc~3lcr, Ma ~h. 
TWenllelh Century P1.BsUC&, 

fne. Log A.1\get~s, Cal. 
Wi:!lHnghous~ Electr1C" Corp . 

Semlcond..,ctol" Dept. , .. , Vour·.~VlOocJ. Pa . 

Code 
No. 

053~7 

OSJ97 

05514 
05~93 
0;616 

05624 
05728 

05729 
05783 
06Q2() 
0&004 

03090 
08115 

06401 

08s.!0 

06555 

08866 
05751 
oaal2 
08980 
07088 
07[26 
0713' 

07138 

01U9 
0'l2J3 
072~6 
07261 
0'1263 

07322 
07381 
073!!7 

07700 

07829 
01910 
07913 

07960 

08145 
08289 
0635S 

j}6S : 4 
086., 
08717 
08718 

OB727 
()8192 

0880b 

oa98o\ 
09026 
09097 
091J4 
09145 

09250 
09353 
09569 

09795 
09922 
1~14 

10411 
10646 

UltronJX j "'-c, 
Union Carbine Corp ,,!lcel , 
DI\·. 

Viking Ina Inc . 

S1n !.Ilateo, Cal. 

, .. New York, S . Y . 
. Canog;l I>;,rk. CRt. 

.. Sunnyva.Il?:, Cnl. Teore &lectro - PlaslicJ5 lnc .. 
Cosmo Pla.Uc Ic l o EI.clrlca.} 

Spec. Co.) Cleveland, 01\10 
8:>.,be, Colman Co. . Rockford . Ill . 
TIllon Opllcal Co . .' .. .. . . .. . . 
....... " Ro.lyn R.Ig hla. Lo0\8 J.land. N. Y. 
Motro-Tel Corp ., . , .. .. . . ... Wl;!4tbury.N , V, 
51 ..... ar! EnL~neering Co. Sa.t>la Cn,.. Cal 
W ..... I!.ld Englno . rlllj( Inc. WalQ:llo1d . Ma.~ 
Ba.1i"ic.k: Co. j D1v . 01 Steurut 
Wuner Cor-po , .. . 
~ycbcm Corp . 
Bau$ch and Ll'mb Op\!eal 

Brldll"llOrt. Conn 
Redwood CIty. Col . 

Ce, . . ..... Roc.he8ter, H Y. 
E. T. A. Produet. Co. cd 
o\.met'lea •. •.. ..•• •.•.. •. Cl\1~, ro. 

A.m.a.tom ElecO"onic fb:rd~Lre 
Co. , Jne, New Roc.h~ll.e. N' Y 

Beede E}~ctrlcal lnstrumoot 
Co , Inc . Pena..eoak j N. H. 

General Devices Co. ,T"e , btdl::t.napoll9, Inti 
Compon(!n..U Ine , j Arl:i. Div .. , Phoemx , Arlzol'Q 
Torri:tgton M:1: . Co . ~We5t DiY , .. Vall N\Jy.t., Cal. 
Va..rla.n AS!ioc. . Elmn.c Dlv . San Ca.rl09, Cal 
Ke l ... in Electric Co. . . v~ NUYH, C~ . 
Dli\lran Co. Puad."". Cal. 
Tt'.aftnt6tor Elec.trOl\Jca 

COil> ...... UIN>t&l>OU., Minn. 
W •• llnghouR Elcolrlc 

Corp ,Electronic '!\Ibc [)h . .... Elmlr1 , N. Y. 
FUmohm Corp. . . . . . . N." Y""k . II . Y. 
Clnoh.QTIlphll< Co. ... Cll"l' o/lndu8lry. Co.) . 
Bnt~on TranslstoT Corp . Carl~ Pb.c@, N . V 
Avnet Corp. . Culver City. Cu. 
FalrchHd C:un.c-ra &j maL Corp . , 
Semlc()r-,duchJT 0111, , . . .. J,(ounbi" View, C::al 

Mlnncaota Rubber Co Minne:tuoU8. Minn , 
Blrtc.her CorD. TI\e- .. . ... MOflt':'· T ~ Y Park, CaL 
SylvaniA !If!t:-t, Prod. u le. , 

Mt. View Op~rattons MuunWIL Vlcw . CIlL 
Technie.a.l W\Te Products 

Inc.. , • . Cran/ord . N.J , 
Bod.ul.e [leo . Co . Chicago, ru 
ConUnc-ntal Devic e Corp ... " .Hawthorne. cal. 
Raytheon Mig . Co .• Seml-

condueto..- Dlv , ' , . . . . .. Mou.n~In VI(!w. Cal. 
HowloU-Pv.clc:ud Co .. 

Ne-w Jersey Clvl8t(ln . . . . . .. Rocbw:t:y, N, J . 
U. S. Engi • .,..11\8 Cu ... .. .. Los A.soles. Cal. 
Blinn. Delberl Co ..... . Pomona. c.1. 
BUT'@esA Batt e ry Co , . . • . . . . . . 

. . . . . NI.pro F>.lls. Ontario . C~""da 
Deutich F2.stener Corp . ~ .. Los Angeles . Cal. 
Bristol Co. , Tho W~I.rbury. Conn 
Sloan Comp""y Sun V"lley, C,1. 
ITT Cannon Eter-lrlc 1I1c" . 

PhoeRlx [)I" . . Phocnll< . A.rlzt'>oa 
» .. UoDal !bdlo Wlb IDe . P~r1Ul1us, N. J . 
CBS Eleclrooks Se-roJconduetor 

Opcr.a.t i (j r\S, Div , of CBS fnc: .... Lowoll . ~L"\s~ . 
General ~lt'·<:trlc Co . • 

Mtnlalw. Lamp D'·pl . . . . Cleveland . Ohio 
Mel-a.ln .... . .. 1odl'''''poJls. I"d. 
Bab<ock Rel>.ya Dlv . ... •.. • • Co .... M •• a , CAL 
Electro nl;: BncloSll1'tS tnC ... Lo£ An:~e-1C'6J CaUl . 
Toxao Ca.p.&cltor Co ......... "oullon. Texas 
Tech. Ind . [ne. Alolur, 

I!:lect . . . . . . . . . . . . . . Burb>.nl<. Cal. 
ElectTo AsS<' rr.bJ(u. Inc ......... CI\Ic;cgo, m. 
e ~ K CompO~l!nts Inc .. . . .. NttAlton, MilSS. , 
Mallory &nery Co , 01 
Can .. da, \..td.. Toronto . Onl2rlo. Canada 

Pon"-,yl,,,ma Florot1U"bon. Cllllon K.IgM~. Penn. 
B\lrnd)' Corp , , . . . .. .. ... Norwalk. Conn . 
Gen~rtl Transistor Western 
C~rp. . Los Angeles. C,1. 

l'}-wTa.l,tnc .. , ... , ... Sork.otc)' . C3.l. 
C~rbor u"dum Co. . .. . . 1i1,[:'ll"I Falls . N. '( . 

Code 
No . Ma.nulacruter Addresa 

11236 CTS nl Ilcr •• , Inc. 
"231 ChlC4go Telephone o! 

. . Ber ne, Jnd, 

C.t.UfOTru~, Inc . So Pasadena., Cd. 
11142 Boy StAle I::l.c'rOnlCS Co." . 
J 13 Il Teledyne Inc ,Mlcrowavo 

W:tHNUTI. Mass. 

OIV 

1\314 N~U r, ,",1 S<:'" 
Palo Alto, Ca.) . 
,Dm-'DGY. CaL 

l14 S'::; Pr ecision Connec.tor Corp . 
113:14 Dunc.an "~leclronlcs me . 
11711 Gene ral In.!ltcm en.t COJ'l) . , 

J Am.aic4 , '\ Y 

. Costa Mesa. Cal . 

11111 
11870 
12 !S5 
12361 
lH7~ 

12697 
17728 
12859 
128HI 
12930 
12954 
13019 
13061 
13103 
13321 
13396 
13835 

14099 
HI9S 
14298 
14<133 

IHU 
14655 
1~67" 
14152 
14960 
1~1()6 

16203 
1~287 

15291 
iSS:;" 
15.66 
15631 
1$7'12 

15801 
15818 
18037 
16179 
16352 
ISSS. 
1656~ 
lVS8S 

167~8 
11109 
1747~ 
17675 
17745 
1785G 
17870 
18042 
18083 
18J2~ 
18476 
180186 
18565 
18563 
18612 
18873 
1691 I 
10315 

Semiconductor DlvhH4)n PrDdl,;i~ l!i 

Group Newilrk, N .r 
1mperl.a.l I?:loccroruc ,lnc BlIen:\. P~,.\C I C:tl . 
Melab~ , lilC . , . ~lO Alto, Cal. 
PhUa..deJpMa Han.d\~ Co Camden, N , J , 
Grove MIg . Co. , Inc . . .. Sh>.dy CNve. Pa. 
Culton 1nd. 1r, ~. ,Data Sysrem 
Of" 

Cla.rot.l.Rf M:·!>. Co , • .. 
EI"",. Filler Corp 
Nippon El eclrl c Co • Ltd. 
Mctex Ele ctroOlcs Corp, 
Della Sem\COntludor- 11l~ .. 
J)tc.kson Electronics Lorp, 
Airco S\,pply Co, , Inl:, 
Wllcn Pr\Xiu <:: l.1l 
ThermoHoy , 
Soillron 1)e",{J:.es 111 <'. 
T.I, re nken (GmbH) 
M,dl>.nd-Wrlch! Dlv . of 

Albuquerque, N. M. 
, .. Dover , N H. 
W. Raven. Conn. 
, . TOK YO. Japan 

Clark . N. J. 
N.I!\.IIJK)rt Be 3.th , C:ll. 

Scou4dllle, Aru.(}n.a. 
Wllchlta . Ka,s.s 

DetrOIt , M\t~h . 
Oalla s, 1'(J~ 
Tappan, . y , 

, J{il. fiOvCr ,Germany 

Pe.cUlc inousa Ie-~ J l.r1 c .. , . lCausQ.s City, Kans.&l5 
Sem·Tech " . .. NcUI'buryPa rk,Cal. 
CallI I\c.l. tor Corp . . . . .. Sanu Monica. Cal. 
AmeTican Compon~nt.s, l~c ... CO'n!lhQhQl: k('n, Pa . 
ITT Sell'l tl"lncSuctoI', n. D~Y . of 

Int , Tele phone a,,,d Tele-graph 
Corpor3.hon . Wesl Pal m Beach, Fu. 

HewleU· Pac.k:a.rd CQtnpailY ... .. Loveland , Colo , 
Corn~H Dubuer e:h~ctnc Corp Newark. N . J 
COl'nlng Gi.a.ss: Work.! Corning I N . Y. 
Electro Cube Inc . San Gabriel. Cal . 
Wllh3.m; Mfg, Co. San Jose., Ca l. 
The Sp"'''c C,' .lnc LIII!" f"aH s . N. J . 
Websler l:::~ec{l"onic' Co , . .. New York, N. Y 
Sclont~. Corp N()rlhrldg ~.Cal. 

Adju.labl e Bush'ng Cn . N. lIollywoo~ . cal. 
Microll Elcctronic.! , ,Garlil!:' CIty I Long l!il a.nd,N . V . 
AtnJ:lrobe Ins,- t:orp . . ..... LynDJ'OOi<, N. 'r'. 
Cablet..-onJt:s .. ., ...... , , Costa ME'89., C-al. 
Tw~",lol~ Conlllry COli 

F'~~:f~l~·ct·. ' J~t : ,:: ::. Fr3.~~~~\~:t~t;:~ : 
Arno'(o Inc . . .. .. Mounuin View . C:ll. 
Spruco Pln~ Mica Co . . ..... S»n:c¢ Pine. t> . C . 
Omnl-Spec!,.,. I"c . . . . . n"lr oll. III . 
Compuler Diod<! Corp. .... . . \.-odl. N. J . 
Elo. lrold Co. . . . l'O\lon, Ii. J. 
6 0015 1\1 rcrall Nut Corp. . I',,,~d<na. c:rl. 
Ideal Pr~<. MDt.r Co • . lIIc .. 

D. Jur Meie r Dlv . Brooklyn. 1-1. '( . 
Del<o l\adl0 Dlv. 01 C. M. Corp .. . Kokomo. Ind. 
Thcrmonellr. lilt . .. .. .... Caooga Pa r k. Ca l. 
TMlttcx Comp.1ny • , • " . . Mounr"in Vl t'w . C~\. 
I!amlln Mel.1 ProduCIS Cqrp. ... Akron. Ohio 
Angslrohm Pr., . Inc ... ' . No. 1l011Y"'Ood , Cal 
Sl hronlK Inc;: . .. . . . . . .• . . .. SuM.Y\I:\ le jCaJ. 
McCr~",,' -Edison Co . .. , ... M:tnche-sler, N H. 
Po .... r Desi gn Pacillc Inc . . " ... 1'010 AlIo.Cal. 
Clo"II<' Corp. s"mIrOndut(or Dlv . . P,lo Allo . C~1 
SIiJ!t't1c. Corp. Sunn)~· Qle.C:..J. 
1'y .C2r Mfg . Co • • Inc .... _ .. . 110IUIIOO. M.8S . 
TRW Elcc!. Compo DI.. D<>s PI.lnc$. Ill. 
CMmertc.~ ...., .... PLaJnvlll~, M3.M . 

C\!rUs rnGtrumenl , lnl;' . . .. .. Mt. Kll.eo. lie Y. 
VI .. ~· )psfrumcnLS Lnc .. . • . . Ma\v~rn. P"- . 
E . I . O\JI'oOlllJld Co .• lAc • .•• Wilmington. Dol. 
nur>nl MIg. Co. MII""'~l<cc.WI" 
Tho BendIx Corp. N:wlglllon '" 

Conlrol Diy . T(I(ltIrborl). N. J , 
19500 ThOm.s A. Edl..,n Indu".ei,s . 

01\'.0' McGraw· Edjs-on , ... We51 Or!'lnge, N J. 
19589 Concoa .. B.ldwln P:>rk . Clf. 
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CODE LIST Of MANUFACTURERS (Continued) 

M.innfBc:hJrCr 
-"Idr... CO<k 

No 
Manul.a.cturer 

Address Coc1e 
110 Manu'a J:'Nrer 

Addre~:s 

19SH 
19101 
20183 
21 22G 
213~5 
21 ~20 
23020 
23042 
2J1B3 
24-155 
2,655 
24691 
26365 
26462 
2635J 
26992 
28480 
28520 
30917 

36287 

L.R.C Electronics . ... Hors.ehe1ds . N. Y 
Elec lra MIg. Co. Ino.p<nd •• <e . !Un .... 
Genera l Atro nics COl'p. P"hlb.delpM.l. P".I . 
E xec utone , loc . . .... Long lal2.nd City . N. Y. 
Fairllr Bearl ng Co. , Thp Hew Brittan. Coon . 
hn5teel MetallurgIcal Corp .... N. 0.,0'1!<>. Ill , 
Genera.\ Reed Co . . . ... . . . Mt:(\lcMR. N. J . 
Texsca.n CoJ'p . . IndLaN-palia. Inr..!. 
Britis h Rad io Electronl['A Ltd ... W'a..I'III~on. DC. 
G. E. La mp Divis ion. Nt:La. P:i.rk. Cl~yt-l.and, OhIO 

Gene r a. Radio Co . Wrat CtHlC'ord, Mus. 
Mem cor (nc . ! Compo Div. . . Hu.ntlngton ,In.!:! 
Cri es Rep roduce, Corp, , N.", Roc~en" NY, 
Grober t FHe CO . of Am~r lea., lot. Carl'itadl, N..r. 
Cornp~c/Holllsi e r Co. flalll>!.r, C.l 
Hamilton Watch Co. Uflc.a.at!:!r, Pa. 
tI.wJ.II-P~cbrd Co, Palo A110. C'1 
Heyman Mfg, Co, . , . l<emh'orl~, N, J, 
In!tJ'l)m~f\t Spec.ialtle5 Co. 
Jnc. 

G. E , Rece,vlrlg TlJbe Depl, 
Le C'tl'ohm Jnc. 
SUrl\l,lyck CoO Pro:luch. 

.Llllle Falls, N J. 
O ..... eIl6boro" Ky. 

.... C~k'go. Ill. 

Lld ti:tl,l,/1<eSburYI o nj,,;u' to, , C9..na.dd: 
Cunml\;'; :',tt.m, W.H. !J Jiill, 

Lid. Toronto, OnliH'IO, CQ.nAL1a 
P R. Malrory" Co. ,Inc ..... In..ll1lllapoli! , Ind. 
Mect\a.nl~9..1 h,dllstries Prod . Co .. Akron, Ohio 
Mln'aNre PreCl610n BeaTlngs..lnc . . Kec l\e. N. H. 
Hon~ywen lnc . . M'll1H~ap(JHs. M.nn. 
MUlcr Co. . . . . . . . .. Chtc.a.KO . nl. 
C. '\' , No'gren Co, . . , . , . ,' Englewood . Colo 

J1~12 
39543 
40020 
40931 
42190 
43990 
44655 
16384 
47904 
4B620 

Oomit. MIg. Co, ' Sl<olde, Ill. 

H956 
52090 
52983 
;4294 
55026 
55913 
5593S 

56137 
56269 
~B-411 
5944 6 
59130 
• 0711 
Sins 

62119 
63743 
1;;959 
6~092 
66295 
66J10 

10276 
70309 
70 313 

70417 
70485 
70563 
70611 
70 803 
109M 
11002 
11034 
11011 

11218 
71279 
71286 
71313 

71400 

'1436 
71447 
11150 
714&6 
71471 

00015-49 

Penn E"" ~Mlg, Corp , .. D<:ltioslown. Pa . 
Polar oid Corp. . CarnbTld~e, ~S5. 
Pr fr J::\.!!iton Thermometer .& 
Inst. Co. SC1lth.a.mpton, Pa. 

MI('"rO"""'~ve &J Power Tuhe rHv ... Waltham, Mus. 
Rex .... .a.n COl'lh"oll(lr Co. . . .Wel>lminSlet" J Md. 
Hi> CO \~t'd ~lec . Div. WaHt-.arn, Mass. 
Sh311cros~ M(:;. Co. .. . Selma.. N. C. 
SjJ ~ I'PSCIl Elfrctric Co . . . . . C hi cago, nl. 
Sonorol"\e COI'p. . Elm sford , N. Y. 
R.a ylhean Co. Comm!!rcial Appa.r~tus 

&. System D,y, So, Norwalk, Conn, 
SpauldIng Flbre Co .. Inc Tona wanda, N. V. 
S\:lra.gue Ell!ctrt c. Co. NOr(h. Adams l Mus. 
Superio,r Elect. Co. . . Bl'isto) , Conn. 
Te le x Co rp . . . TulS~, Okla, 
Thoma s &, Bell. Co . . , , Ellzabelh, N , J 
'!'ripleU Electnca) Jn~l. Co . .. Blultton, Ollio 
'Jniol) &.vitch ' .mJ Stgna.) Dlv . o,f 
Wesll llg!louse Ail' Brilke: Co . .. Pltti;ourgh, Pl. . 

Univers i., ElfC'rtC Co,. OWO.!LSO, Mich. 
W~rd-Leona.rd EleClJ'lc Co .. Mt. Verf\on, N. Y. 
Wes te !," (1 Electric Co. , Inc. Ne w York, '. Y. 
Weston InsL Inc. WestQrI~N€wark . .Newark, N.J. 
WIHek Mfg, CQ. , . , Chicago , Ill, 
Minne sota Mi ning &, MIg Co. 
Revere Mincom Div . . St . Paul, Mi nn. 

Allen Mig . Co , It>.rt/ord , Conn 
Al lied Conlrol .New Y ork, N Y. 
All me tal Screw Product Co. lnc. 

.. G2.rdfrn CHy. N Y 
A mple:!C. , Dh' . 01 C~ ... ys.ler CDJ'P DetrOit , Mica, 
AUap\Uc· rndla Rubber Works, rnc. . Chicago. Hl 
Ampe rHe Co . • (/"IC Un h:m CHy, N. J. 
ADC Pr-odu(! ts I e .Mintt.eilpohB, Mlnn 
6~lden Mlg . Co. . Ctnc3So. ill. 
Bird ElectriC Corp. Clevcl..atHI, Ohio 
e ir"b:a~h Radio Co New York, N. v . 
a illey 1;1.<1'10 Co, ,Inc , Erl<, P •. 
f'ostOri Gear WorKS Dlv. of 

Murray Co. 01 Te)Cl5 
Sud Radio . l nc, 
Cambridge Tl\e rmionic~ Corp 
Camloc fa5tenet' Cos-po 
C:'1.l'dw(!-U Cundense:r Corp. 

Qulrll:l·Y, Mau. 
WHlougnby. 01\;0 

C::lmbr-idl!:e. MQ.S!J 

Pa.rOlmu~ . l'l J 

..... .. . _ . L'r.!j (:uhursi. t. . L, N Y 
8' ·. ssm;uln M(g. Oiv. of 

MI:GrawaEdi.s.on Co ........ St. . Lou '$, Mo. 
ChtC:ilgO Conden6H Corp . Chlc3.g'o. 111 
C1IU . Sptlrlg Co ,lnc Plc o-Rl \l~r.a. Cal. 
CTS Corp, ' [11<),,,,(. tnd , 
tIT C31"!.,on EICl:lr'c Itt.C" Los Angeles, C~l. 
Cincm :J.. Dlv Ae-rovo:-: C I) rp.. .. Burbank, Ca l. 

Revl •• d : M~y. 1970 

71(al C. p, CI3re &< Co ... , , 
71S91) C."tralab Dl v, 01 

. Chl~:lgtJ, nl. 

71616 
7nCO 
11707 
11744 
7179 ) 

Globe UniQIl Inc ... •. . ... Milw1uxe e. Wj.s. 
CommOTc'al PlaSIlCS Co, .. , .. . . Chlcago , Ill. 
Cornish W,re Co .. The . . . _ . New York, N_ 'Y . 
Coto Coil Co . • Inc . P,.O\·idence , R . " 
ChIca go Mlnlaturc L.o.rnp Work. ,Chlo. go,!II. 
Cinch MIg Co., 

Howud S. Jone~ Dly. . . . Chl~:ig:o. UI. 
'HUJ4 Dow CtJrnln~ COT"p. . . Mld\aJ1d . Mk >l . 
12t36 EIeJ::lra Motive M/jl Co., Inc. 

72610 
n65G 

12699 

72765 
7281; 
1292S 
12962 
12004 
129ij2 
7JOSJ 
73076 
13118 

73293 

13; 59 
7J'5811 
73682 

7373'1 
79749 
73793 
731)<;6 
73899 
73905 
79QS7 
74276 
7H~S 

llS61 
14&88 

14970 
75042 
7SZ6J 
15378 
75382 
7 561S 
159 15 
16005 
162 10 
1M3S 

76-4S~ 
7849S 
18530 

7654S 
16103 
7(;854 
77068 

71015 
71221 

77342 

77630 
178J8 

77764 
11969 
19189 

182~7 

~82B3 
18290 

o,~ 10 g~. Corp, 
Indiana. Gerie ral Corp 
Ell!clromc~ OJ .... 

Vennal ln9trum~not Corp. 

Willimantic , Conn. 
, .. Brookly n. N. Y . 

, . Ke • • by. N, J , 

Ci\P DIV] "ton. Newark. N. J . 
Or;oJc, Mig. Co, Harwood Helgkls, HI. 
Hugh H Eby Inc, Ph,l~delphb, 1»., 
Old'mon Co, ..... C~lcago. III 
Elas tic Slop Nut Corp. . UOlOIl, N. J . 
Robert M. Ha.dley Co. . Los Angel~s, CQ.l. 
2:ric Technological Prodlu::ls, Inc. .... Er~o. p:\ . 
Hanse n Mig, Co. , Inc. . Pt'lllceton, 1m!. 
H. M. Harper Co,. .. . .. Chl~a.gQ. III 
lleBpol D\v . 01 Bec~.m..In [nsL I Inc. 

""', . , . , Full . rlo n, Cal , 
Hughes P roducts Oiv' stott. 01 

Hu '"hes AircrMt Co . ... Ne"'por. & 9. ,1'11, CaL 
Ampe rl'"")( Elect. Co . . HkksvUle, L L , }II . V. 
Brad e y Serr.iconduO:lor Cor-po 

CarH ng Eleclr Ie. Inc. 
Circle F MiS , Co , 
Geor ge K.. Ga.r.r~U Co .• 

· New Haven , Conn 
.... Harllot"(i, Conn . 

.... Trcntoll, N. J 

Diy . MSL lndu5lt'Ie6. InoC ... P hiladelphia, Pa. 
F edera l Sere ..... · Products, lnc. . .. Chicago. Ill. 
FIsche r special MI~, Co, , . Cin cinnatI . Ohi O 
Gene r a l lndLJJ:!itneto Co. J The. . Elyria. , Ohio 
Cos 'en SUmpl,,!! ~ Tool Co. , , ... Cosh.n, Ind 
J FD ElectronIcs Corp ,Brooklyn, II . y , 
JcrH\.Hlg~ R...dio Mfg. Corp. sari Jose. Ca l. 
GroovE' - Ptn Corp. . R\dge-Ueld. N J 
Slgnallte Inc ' ,Neptone. N, J, 
J. n. WlnnB. a.nd SonB Winchesler. M:J.sP'o. . 
Indu'3trla' Condell.!:l{"r Corp. . .. ChLcago. nl. 
R F. Pr~uc(8 D, ... ~s[on or 

oi\mphcnolaBorg [lc-J.":tronIC Corp. 
Daflbury. Conn . 

E. r. Johnson Co. Wa9Nil. 1 ~hn., . 
Int~rnahonal A.e~i~t.aIl(,E" CO. "hHa.d~lphu., Pa. 
"Keysao .... e Carbon Co. , hu: .... St . M..l.rys . Pt.. 
CTS Knights, InC. , San~ .. "ch, HI , 
K"ulk..1 E.lectrlc Corp . . ..... MI . Vernon . N. Y. 
Le n> nectrlo Mfg. Co, ChicaSo, Ul , 
LitUefu5c . Inc •. . . . .... . . Des Plaines , fll. 
L ord M(g, Co, ." .,", .. .. . . . Er ie, p" 
C . W. Marwedel &.n fr:tnc iSco, Cal. 
Ge neral Instrume nt Cos-po . 

Micamo'd DiviSion .... Newadt, N . J . 
James Millen Mfg. Co .• Inc.. Ma lden , MaS! 
.1, IV, MJl)~ r Co , L()S Angeles, Cal 
CincoaMonadnock , Diy. o( Unite-.d Cil..rr 

FasteneJ' Corp . . . San Leandro , Cal 
Mueller Elec tr ic Co Cleveland , OhiO 
Nation.a) Union . . . . Ne-wark, N. J. 
Oak Maour;o.ctlJriog Co, ... Cry.l>.! Lake. 111 
T he Bend ix Corp , , 

El ec.trodynamiC's OIV. N. Hollywood. Cal . 
Paclhc Met.J.ls Co. . . Sas-. Frand:B Co, Cal. 
PhD..ostl"an Tl1strt:.ml!nt ~nd 

E}(,J.":tromc. Co .. So. PASa..[i::Ll., C.al. 
PI'IIUl.delpllla steel ill1.d 

WIre Corp. . Phlbdelphia. Pa . 
Ame rican Machine: & F"olJmlry Co. 

Potier" Brumheld r'hv Pr·. : I"~c!on. lnd . 
TRW Electronic ConlpOj\e- nts Dlv Camdl?"n, N J 
~ne ral Instl'umenl Corp .• ' 

Rectifier Oiv'Sh:!\ 
Res )stance Products Co. 
Rubbercrl.lt Corp of C~hl . 

Shal<eprool Dlv.SIO. 01 
n Uno1s Too' Works 

Sigma. 
Signal Indicato r Corp 
Stru thers- Dunn Inc. 

A-2 

.. Brooklyn , N Y. 
Ha..t"r\8burg, Pa . 
. 'torrance. Ca.l 

,2:1l:'n . 111 , 
$0 . 8:raiiltree . Mass 

· • Ne Ul York, N. V, 
· ., . PIlman, N. J , 

7~)2 Thompson-fire-m er &: Co. Chi clgO~ Ill. 
711471 Tilley MI~ , Co . . S>n Franelsco . Ca l. 
1~ 88 SUckpole CoriJon Co ... ' , . . .SI. Marys , Pa, 
7S49l SUr.ncbrd Thom son Corp_ . . .. . Wa.Uh.am. t-obss. 
185')l T'nnerman Proo.UC15 , lnc .. • . . Cleveland. Ohio 
78190 Tr:lRSformer Eng i r~eers .... San Gabriel , Cal. 
789.1 U<'lnHe Co • ... . ........ Newto nville . Ma s s . 
'9)36 Waldes )(ohiooor Inc .. . Long Isl3.Jld City, N. y , 
791~2 Veedpr Root, nc: o • . • . . . • .. Hartro..-d, Conn . 
79251 Wcnco MI~. Co . " , .. . , . ... . Chicago, Ill. 
79n7 Conlinenta)·Wirt lec ~ronics Corp. 

, , Philad el phia, P-A , 

79963 Zlerlc~ MI~, Co'p New Roc helle , N. y, 
a003t M~pco D,VltiolOn of SE'S6IOFi~ Cloc.k Co . 

.. MCt" ris t.owh. N. J. 
80033 I'r ••• ole Corp. Toledn, Ohio 
00120 3cllnll .. r AllOY P!'()duclS Co, .. Enube ih, N. J. 
60 ' 3 J El ee troni(' InduslI'If'S A5~OC ,a.llon. 

Sl2ond~ rd tL,be Or s~rn' -t"o,l'IdUClO[" dl?vlc fr. 
4n\o' mJrnufa.cturer. 

80207 U·ntm ax 9.w Hch. Dlv. Maxon Eleclronies 
Corp . . . .. _ . _ . . Wall ingfo,rd, Conn. 

802.2.3 United Transformfrl'" Corp . ..• New York , N. Y. 
80248 Oxford Ele c/nc Corp, ... , .. , , , Chicago . nt, 
(lD2.!)4 Boyrrls Inc. . . . _ Rive r Side . Ca l. 
8041J AI'CO D~v 01 Aobert5 h3..W Conlrol.s Co, . 

, .. Colu mbu •• Ohio 
904eo All Star Products lnc , ' . ' . . Defia nce , Ohio 
80509 Avery Label Co, , . MonrovIa, Cal. 
8058J Jlamma rlund Co , I"c . . . Ma r s Hilt, N. C. 
80640 Stevens , Arnotd. Co .. rnc . . ... Bos ton. Ma.s s . 
UOBIS Dime o Gray Co. _.... . Day'on, Oh io 
81030 Interna.tionallns t. lnc . . .. . . O r a nge, Conn. 
8 1073 C .. yhl ll Co . , , , LaG " n._ . m, 
81MS Trtad Transformer Corp. .. _ . . Venice . C:l.l. 
&(3)1 Winche15ter E,lee . Dtv. LlllOn Ind .. In -c. 

. , ... . , . , " . O;oJcville, Conn, 
bl.119 Milih.r j' Spec iHca lion .. 
RJ48J Int e rM' lonal Rec line ' Corp, 1':1 Sego ndo, Ca l. 
81 ~4l Airpax ~1ectronic:s; , Inc Camb::""idge, Mfi.ryland 
81860 Ba1"ry Controls, Diy. S .. Hr)' Wright COt ·p. 

. . . . . . . . . . . . . . . WatQortown. Mass . 
62042 Carter PrcJ.":iSion Electnc Co. . . SKokI e. 111. 
81047 Sperti F"ilTad::ty l nt.! Copper HcwUt 

Elec ll' lc Div. . HobOKen, N.J . 
8.2116 El ectr ic Regulator Cos-p. N()rwa.~ , Conn. 
8'Z~42 JeHers Electr onics Diyi-SiOIl of 

Speer CariJon Co, , Du Bol •. Pa, 
82! 70 Fai r child Came r~ " Insl. Corp, 

Spa.ce &, De€cns e Syste-rns DIY' .. Pa ra mus, N. J . 
B2209 Magu r ie lndustries, (l'Ic. . . G..-f!: enwicn , Conn . 
822)9 SylvanIa El eclrlc P,Qd , Inc, 

Electroni c Tube Divl<oll .... Emporium. Pa. . 
8.2376 As-tron Co rp ... . . East Newark . H:trri!ion. N. J. 
82389 Swiichcra.ll, Inc , .. Ch' C'~O , Ill , 
e26~ 7 Me la ls &. CoolrOIs Inc , , 

Spencer Products . . .. .. Attleboro, Mass. 
82768 P hillips -Advance Coolrol Co., , , , , ,Johel, Ill , 
aZ066 Research Pt"Qducts Corp . . Madison, Wi.a. 
82877 Rollon' Mlg . Co., Inc, ,. ," Woods.ock, N '{ , 
82893 Veo'or Ele clronlc Co " , .. ,. Glendale. Cal 
83058 Ca r r Fastene r Co. Ca.moridge, Mas s , 
83086 New ll.mpshi,e Ba ll 

Sea1""lnEL Inc. . ... Pe-teTboro\Jg~ N. H 
&J I 25 Gene tal Instrument Corp. 

Ci(Pa.J.": itor Diy.. . . . . . Da rHngto" . s. C 
83148 ITT W]fe ~nd CaNe Div. . .Los Angel •• , Ca l. 
11.1186 VIclory Eo~ . Corp. , . Spr inSfi e ld, ,J, 
63298 BendIx Corp, , Red Ba"k Dlv, Red Bani<, . J . 
83315 Kubben Corp , . • . , Mundeleln, HI. 
53324 Rosa.o lnc. ... ... . . .. Newpo r t Beacl'll, Ca . 
63330 Sm it h, Her""" H, , In c ', Brooklyn. N, y , 
93332 Tech Labs Pal.s."U!.s Puk. N. J , 
833S5 Ce ntra l Sere", Co, Chloago. Ill. 
81501 Gavlll WI re and Cable Co, , Div. 01 

Amcra cc Corp . Br ooklic-ld, Ma.ss . 
a3SS4 Burroughs Corp . , Elec.lronic 

TlJl>e Div" ,. , Plaln ll c ld . N, J . 
9:l740 Union C.l.rb!de Corp. , Consumer 

Prod. D~v. Ne-\I,,' Yod:! N. Y. 
83777 Model Eng , and Mig " inc , " """!lnglon. lnd 
83x~ 1 Loyd Ser uggs C" , F'es lus, Mo 
B3~41. Ae ronauticallllBt . &. Rad~o Co. f .od~, ~ J 
94171 Areo £Ie-Clronics ,*'r . . . GI'e:il! :-t~ck, ;.; Y. 
94396 A . . J . G!csl!ner Co . • JUJ:: San F'r~lIC:l!liCO, C31. 
BHIl TRW C.paeno, Ow. , . , , , O~fil13la, Neb. 
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CODE LIST OF MANUFACTURERS (Continued) 

Cod. Co~~ Code 
No. Addros.s No. Addrc-ss No. M;a}'I',Jhclure-r A.ddrtBB 

94R70 
654S4 
65471 
85474 
6;650 
8S911 
86114 
M&197 

88579 
~6684 

86926 
67034 
81216 

8'8S4 
87930 
88140 
8n2~O 

88598 
89211 
89473 
89479 
89665 
90030 
90179 

90365 

90763 
90970 
91146 

91260 
91345 
81U8 
91~06 
91637 
~1862 
91873 
91737 
9162' 
BI8S6 

Sar'<.e!::J TA.n:ian I Inc l1l(.!ornI ngton. , lntl. 
8nonc"on Moldlng Company . . . ScoT.ton) N .r. 
A B , Boyd Co. , . . . S:a.n FranCiSto, CaL 
R. M. Braca.montE' &: Co . . san Ftlru:iseo t ca1. 
K,oUed KOl""ds I tnt, . Ha.md~n. COM. 
S4:::.I.lOiC9'B R\lbbC'J' Co, .... , ChlC.1.g0j Jlt. 
:-'lo.ln:r SeJlrlng: Co. .... Los Angeles. CrtlL: 
ClUlan Prec\S'ion Products Co. , rnc. 

, Chnon H~Ip:h~s, P:a, 
Prtl!ision Rubber Producl51 Corp. Dayton . OhiO 
RadIO COFp. of Arneric.a j Electronic Comp o 

I.J O~V'eoi:!B Dlvisioll .,. th.J'T)Son, H J. 
Seastrom Mfg. Co. Glendl..le. Cal. 
MlI.rco Indualrles A.natulf. !fJ. ell. 
Ptlll~o Corpo:r:a.UoJ'l {La.nsdal~ Olvltiion) 

, Lansdale I Pa. 
Western Fi))rQue> Cla5" TJroduct.l:l Co. 

.. .. . San Frand~co, C:d.o 
Vu. Waterti &: Rog-era Inc . . S.a.rt. FY-a.ndsco, Cal. 
Tower MIg. Corp. . .. .... PrDv~dence-, R.1. 
Cutllr ·Hammar, lne Lincoln, nl. 
Oolild-N.tlon..a.} BatterieS! I Inc: . .. St. Pi.\)l , Minn 
General Mills, me. ... 8\1".110 , N. Y. 
Guyll&r EleclrlC Co. . ()ak1:utd. Cal. 
O. E. 0I8trlb~tl"i Corp. . .. s"b.ncclady. N. Y. 
s"eurlty Co. . Detroit. Mich_ 
UnUcd Tr"".lorlT\cr Co. . CMc>.jIO. m. 
Unlted Shoe MaCIl1DOCY Corp. __ Bevorly. ~._ 
U. S. Ruhb<>r Co. , Co,o.BUmer In<I. , 

Pl .... Oc. Prod DIy. . .... P"'''''le. N. J . 
Bellevtll. Sp.claltly Tool Mfg. , Inc. 

.. Bellevlll<!. rn . 
Uf\lted Cur F .. t.!ner Corp. . ChiCagO, lU . 
Be.a.ring S~neorl~ Co.. . Sa.n FI'B.uc:.1aeo, Cd. 
ITT COUIllon EI.cl. lnc., !ht.!m D)v. 

. ... .......•....... .. .. !hI em , MAs •• 
Connor S\>rlng Mig. Co. . .. ~ i"ranclseo. Cal. 
Mill •• Diu 8. N:II>1eplJlle Co. £1 Mool., Cal. 
RadIo Mater!:>! .. Co. . .. .. Chicago, Ill. 
Aupt Inc. . ..... ........ AUlehoro. ~IaM. 
Dole Elec\J'onlc6. Inc ....... Columbus, Nebr. 
Eko Corp •. ..... •.....• Willow Crove, P1I.. 
Eplphcne tn. . Now YorK, N. Y. 
C<.",ar MIg . Co .• Inc. . •... W:>J<cflehl. Mass. 
K F Development Co. REdwood Clly. CaL 
~L>.lco MIg .• lnc ..... ......... ChJc.ago, III 

~1929 

919f 1 
92160 
ilZJ67 
92607 

92702 
92966 
93JJ2 

93369 
934)0 

93632 
939'19 
94137 
94144 

94148 

941S4 

U419? 

94122 
94330 
9437; 
94682 

94696 
95023 

95146 
9523~ 
95238 
95263 
95265 
95275 
95348 
95'54 
95566 
9S71~ 
95964 
95951 
9606'1 

Honeywe-U Inc • • Micro SWILCh DWlslon 
. . . . . . . . . ~ reeporl. !ll 

N.J.hm ·aroa. Spring Co. OakIIU'ld. Cal. 
Tru-ConneClot' Corp. . .. jJ~abody, M:a.3& . 
I::l~e£l Optlc~1 Co. , "'e. R<Jc~ •• t.er, '" Y. 
Ten301Ite- lnsl: :"'lted Wire Co .. Inc 

!Me M..1.gnehc8 Corp. 
Hud$on Lamp Co. 

firrytown, N Y 
Westbury, L.t. N.Y. 

Kearney, N J. 
Iiy\vania ElcCltlC Pl'od. )ftC . , 

Sem\cOIldut'iOI" Dl"' . •. . .. WOOUT'Il, ~!5!5. 
Robbin .... Mye," Inc .... PallJsad .. p",~, N. J. 
Stemco CQn(rols. Ot\l. 01 £5!iex 

Wire Co"p. . . Mal\~Held, Ohio 
Waters MIg . Co. C~lvor City, CaL 
O. V. ConlTols .......... L:YlfIgs'on, N. J 
Genl2ral Cable: Corp. D~)'onn.e, N. J . 
R.~ytMon Co .• Comp_ Dlv. 

'ltd. Compo Opera.UOmii .. 
Sclonrific Elcelron.ks 
Pl'oduct~. Inc ... 

Wagncr Elcr.t. CO!"p . , 
'f>,ng-Sol Diy 

CurUt!iSaWrlgM Corp. 

. Q"mcy. Mass 

Loveland, Colo. 

Newa.rk, N.J. 

£lectronlcS Div. . . East PactI?YMJl, N . .I. 
SoulII Che.ter Corp. . .. Cneoter . h. 
Wire Cloth Products, Inc .. D<!lIwood. m. 
Automallc MeW P,oduct .. Co. BrooiUyn . N. Y. 
Worce-~t.er Pr~9ge<l Aluminum. Corp. 

.. Worce~ter. M3.liB 

M.."tgTIecrall Et8Ctrh:~ Co. Ch\~.a..go . nl. 
GeorsE' A. PhUbr":k. Reseircher~, Inc. 

. I).oSlJ}n. Mt.s~. 

Alco Elect. MIg Co. ., Lawrcnc.e. Mass. 
Allit:s Pr-oduclll- Corp. .. {)1.a.nIa., f'la.. 
ConUnen.t.a1 Connc-cLot Co rp ... Wool..h:llde. t-l. Y. 
LeE'cl"=l.ft Mfg. Co .• me . .Lon~ [Sland, N. Y. 
f.'atlo,.,.) Co.l Co ... _ . Sheridan. Wyo. 
Vltrarn.on. Inc. . ... Ol"idgep::Jrl, COnn. 
Gol'dos COl"p. . ... . . Blooruheld. N.J 
Mothod. Mfg_ Co. ROIlIr\K Ideadow' , 111. 
Arnold E /\gIn. "''''g Co Mll c" ~, m 
Oage El~lJ"ic Co. I me. . ... J'ra.nkhn, lnd 
Stemen Mfg Co. . . ... Wnyll€ J nl. 
Weckesser Co. . .. . Chicago J III 
MkrOWilvc Assoc. ,West:, Inc. S\.Innyvale. Ca.l. 

96095 
96256 
96296 
96396 

96330 
96JH 
96501 
96~08 

96733 
96881 
97164 
91539 
9'1919 
97983 

~8141 
90159 
98220 

96210 
98291 
98316 
98410 
9B7l1 

98 l'.l 4 

98821 
98978 

99109 
99313 
99378 
99515 
9970'1 

99800 
99048 
99928 
99934 
9994~ 

99957 

B~...Q D\v :,( Aerovox Corp. 
TI·l~("da.J'sonaMels~mer Inc. 
Soj~r MIg. Co .. 

. Oll!;\I · . • N. V 
. Mt. Carnlt~ l. nl. 

. .. Los An~le., Cal. 
MI~roswHt'h I 0:·J. of 

Minn. a HoneY''':c U .. . Free-port, 111 
Ca.r Uon Stre\ll Co . C)uc.ago, U). 
M1c r-ow(lve Assucute&, ll\c. .. 'BurHngton. MA. s . 
E.~ce} TranSlormer Co. . ... Oakla :'ld , Cal. 
XcelUe. [nco . ... OTchard Park, N Y. 
sa" For.-.aJld" Eloc. Mfg. Co. San Fernando, Co.!. 
Thomlion Inu. lnc. . . . . . Long l.s~nd, N. Y. 
lnduetrLaI Rl?'tatnlflg Rtn~ Co. .. I .... lingto .... , N. J. 
Autom)lltc &t Prec.1EiIOn Mfg. , . £nglewooo, N J. 
Reon Resistor Corp. . .. . . Yon~rSJ J.I. Y. 
urton SY6tem :r.:.:. AdI~1·We8trex 

COlnmu,·. DIy. . New Rochelle I N. Y 
R·Tronic6. [nc . J!.lnalca., N. Y. 
RubbeT Te-Ck. !.nc. Ga.rdeJ\B., Cal . 
Hewl,d(APa.C~Ard Co. 
M.d.~1l.I ll:le<. Dlv . 

Mlci , ... 'olI h\l: ... _ . . 
Scalecrro Corp. . . . . . 
Zero Mrg. Co. 

. Pa3s<\."", , Cal . 
So. P:l3ad er.a, Cal. 
Marnaronecll. N. Y. 

. But'ban.k, Ca.'. 
Etc Inc_ 
Ge ne- r a.l Ml lb. Inc 

. Clevel3..nd. Oh\O 
, £lectrO::llcs Di'Q . 

MJnJ'\ertpohs. Mlnn 
P3..eco Dlvl~lon 01 Heu,.oll2~lapl.cka.rd Co. 

.•. Pa.\o Aito l C:1.l. 
North Hl1l6 €\ectroru~s, Inc . . GluJ Co~c, N. Y. 
\.nterna.:!')na.i &Iectronic Research Corp. 

. . . R.<banl<, Cal. 
Colur:lb)i Techmc:tl Corp. JI; !::w York, N V. 
Var ::lll Associates. • . Pa.lo AUo. CaL 
Allee Corp Winchester, Mas!!. 
~brshan Ind . I C1ipaCHOt' Div. Monrovia, Cal. 
Control SwUc.h Divhl~on, Conh", )1, Co. 

01 Amerie, J:;I Segundo. C.I . 
[)cleva.n E)~Hl' Olltc& Corp. E..a.sl Aurora., N. Y. 
WUco Co:-pora tior. .. . Indb.napoHs J Ind . 
B'TaruloOn Corp. WMppa.I1'iJ ~'.J . 
Rembrandt. Inc . . . B0.9ton, Mo!.S.9 . 
Hoffman Elec tronicl5 Corp . . 

Semiconductor Divb~on .. . . EI MDr .. le. C2.1. 
Technology · InstTument Corp . 

01 CalUorll1Q Ne ..... bury P.1.t'}(, Cill. 

The following UP Vonclors l\a.vt!' n.o number ufl'ign.ed In t.he lalC!il gupplcrnent to the iiederd S\.Ipp\y Cede lor Manufacturers Handbook:. 
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00002 
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00011-49 

Mo.lco Tool aDd 01< Los Nlgclel. Cat\(. 
wnlow Le::uheJ' Product!! Corp . Newark. N' J 
EH ... ...... E~~~ 
Prcd&ion In.itTUJnCDt Camp. Co . VVl Nuys. Ca~. 
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OOOC8 H.wleH-P.<k~r4 Co .• Color-do 
Springs D iy. .. Colorad er Sprltl~.II, Colorado 

OOO~ Rubbel' Eng. &. Developmen.t .. _H:t)'W:u'd, Cal. 
OOONN A ·'W" 0 Mfg. Co. . . . Sall Jos~, C~J. 

ODOQQ C",,11700. O~<l>.n~. C.I 
OOOWW CilUJorn}a E::lstl!l'n La.b . .. .. Bu"llngtO", CtL 
ooon S. K . Sm.l~ Co . Lb. Aog"les. Cal. 

CODE LIST OF MANUFACTURERS 
MB.nu'echJr~" 

SIII."t:I:.1(y (onnc-t:lo, Co. 
J:l"l(wn 8/0.\. ltd. 
(RdcM) ReJay Co. M America 

<;/0 &rohdl A !t..WCll fe, 
Welwyn InfeJnationall.-.c 
CbJ,t:x Corp. 
Sko I tit' £1 ecflOIUCi 

A3 

Address 

'n<iun.tpoli,.lnd. 
Nt'w York, N. Y. 

Ornvcr. Colo. 
C'ltvcland, Ohio 
Nt'w Yo,k , N. Y. 
A.Jc. ~hi!ld. Pt-JUlrylY';J nob 
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Model 652A 

• MANUA L BACKDATING CHANGES 
MODEL 652A 

TEST OSCIlLATOR 

Manual Serial Prefixed: 623 , 632.812, 
826,911,954, 
0964A. 

-hp- Part ~o. 00652-90002 

This manual backdating sh.eet makes this manual applicable to earlier Instruments. 
Instrument-component values that differ from those in the manual, yet are not listed in 
the backdating sheet, should be replaced using the part number ~iven lfi the manual. 

Appendix C 

I nstrllmEnt Serial Pref,~ Mako Manual Chanqes \ nstrument S er ,al Pre! 'x Make Manual Changes 

632-00250 and below No. I 1226A·04170 and below 

954·02135. and below No.2 I 226A·04309 and below 

Blue Instrumen Is No.3 

Below 0964A02771 No.4 

0964A03070 and below No.5 

911·01736 and below 

CHANCE '10. 1 

No.6 

Delete A2C25* 
Delete A2R46 
Change A2C1 I to 200 microfarads, -hp- Part No. 0180-0060. 
Change A2CRS to a breakdown diode , 7.87 V +/- 2%, -hp-

Part :\0. 1902-0778. 
Change A2Q7 to 2N3393, -hp- Part No. 1854-0218. 
Change A2R25 to 11.7 5K, -hp- Part No. 0757-0757. 

Change circuitry assocI3 led with 

R23 
47 

R22 
2K 

Ten &I.S 

A2Q7 in Figure C·) . 

II 
.lel7 

: JI.e 

TP2 

Figure C·1 . PIO Oscillator Circuit. 

No.7 

No.8 

C-l 



AppendIx C 

CHANGE No 2 

CHANGE "'0.3 

CHANGE No.4 

CHANGE No.5 

CHANGE No.6 

C-2 

Table 7·), 
the 
the 
the 

Change the 
the 

Change the 
the 

of WI to 8120-0078. 

Part No. of MP32 to 00651·00202 

Part No. of JI to 1251-0148. 

Pari No. of MP29 to 5040·0642 
Part No. of MP31 to 5060-0739 
Part No. of MP34 to 5060-0766 
Part No. or MP35 to 5000-0732 
Part No_ of MP36 to 5000-0733 
Part No. of MP41 to 5060-0751 
Part No. of MP42 to 00652·00201 

Part No. of Rack Mount Kit to 00652-84401 . 

Table 7·1, 7-8' 
Change the Part No. of MPJ8 to 1205-0008 
Add Nut: heat sink PIO MP18 

Table 7-1, 7-9. 
Add wailier MP I 8) 

Table 7·1, 7·4' 
Change -hp- Part No. of A I Q2 to 1850-0107 

the Part No. of A I to 1853-0007 
the Pari No. of AI 101850-0107 

Change the Part No. of Alto 1850·0062 
the Part No. of A I to 1853-0007 

NOTE: The recommended for 
these five transistors is the 1853-0012 shown 
on 7-4. 

Delete AICR12 from Al component locator. 
10-

Delete Al 2 from Al component locator and schematic. 
Table 7-), 7-4: 

Delete AICRI2 from AI 

Model 652A 



Model 652A 

CHANGE No.7 
Paragraphs 4-29 4-32 with the following 

pa ragra phs; 

4-29. REGULATED POWEll SUPPLY. 

4·]0, The regulaled powel supply provides all 
required by the test oscllla lor circuil" The powe, 
evl1sists of a HO volt series regulated supply and J volt 
s('ries regul~led supply which is referenced to the +30 volt 
circuit. 

4·31. 11le ~ 30 vol! regulated sllpply is or the conventional 
series regulator type, TIle emItter follower AI Q2 is \lIed to 
iflcrcasc (hc lpol> g:lin of Ihe circuH. lhus impwving vollage 
rcguMiol'l. TIle t 30 vol! adjustment, Al 1<4, sets the + JO 
v"l/llfld • 25 volt supply output leveL 

4·32. The ·25 vall regulated Sllpply is of the conventional 
series regulator type and the same as Ihe no volt 
supply. A cuneo! limiter, Q7 has been ~dded to limil the 
load current to 3 sct value. When the lo~d current exceeds 
the set \I~luc, the currellt limlteY conducts, causing the senes 
regulalor Q2 to reduce (he output leI/C) until the load 

an e>.cessive current is Diodes AICR6 BOO 

protect the control tr~nslsIQr, A I Q6, aglillst short 
circuits between the two supplies, Of short circuits in 
the output of the ·25 volt 

Page 5-8' 
Replace Paragraph 5·26 with th~ 

5-26. Power Supply Volfage Adjustments. 

II. COlllleci de voltmeter to power 
outpllt, connector point! .(Re(c[ to Figure 

paragraph: 

positive 

b. Adjust Al R4 (+ 30 V adjust) for 311 indication of 
t 30 V on de. vollmete •. Jf A I R4 does nOI h~ye suffidenl 
range, AJRS·. 

C. Connect de vol/meter 10 power stlppl)' negative 
ootpot, COllJleCIOl poin! 2; de voltrnCicr slwultl indil'~ie 

25 V ± 0.75 V. If negative ~uf'ply outPUI is not wilhin 
tolerance. change vdlllC of (CSI$IUI AI R13~ 10 obtalll 

speCified output. Decrease value or AI RI J" 10 increase 
negative supply ill~rease value or AI R!3~ 10 
decrease negalive voltage. 

Figure C·2. A1 

AppendixC 

C-3 



Appendix C Model 652A 

C4 

Page 5·17, Paragraph 5·5 J : 
Chang.: troubleshooting i.nformation Steps 0 through CD to the following: 

Check Ihe power supply conneClions 10 external 
circuilS, and check Ihe resiSlors in \Crles w;lh Ihe 
conneclions (A2 Pins), 2,6 and 7 ~ A3 Pio 4 and 
7; AI R17, AI R24 , A I R26 and AI R28). 

iI procedure fOJ checking Ihe oscilblor ClfCUII is 
&lven in l':lragJnph 5·53. 

raise if either or both voltages are nol coereeL If 
the + 30 V was correct 10 Step 4, check only AI 
Pin 1. 

a. if only the . 25- V supply is lnopera live , 
proceed to branch 9. 

b . n,~ . 2S V supply is referenced to the 
+30V. un one side o{ A1Rl3 to isol~le U'C 
supphes from c.ach other; if the t 30 V wpply 
now operales n()rmally. proceed to Step 9; If Jl 

docs oot, remove exlernal t:1f :: lJits by discllnnec· 
lillg A2 Pins I and 6 , A3 P,n 7 and AI R17. If the 
supply now operates, then the trouble is in the 
external circuits. If the supply s(il1 does nol 
operate, check Ql, AIQ2, AIQ3, illeR) and 
AICR2. 

i\/)Iatc the· 25 V supply from external cllcuits by 
dIsconnecting A2 PinS 2 Jnd 7. A3 Pin 4 and 
At R24, A I R26 and A I R28. If the supply now 
opcrales, then the trouble is In Ihe external 
cilClllt, ; If the supply does not opera Ie , check Q2, 
Al QS, AlQ6, AI Q7, A1CRJ and AI CR4. 

Page 5·21/5 ·22, hgure 5-11 . 
Change Step 7 of the troubleshooting tree to 43 V ac 3t AI 

pin 5,40 Vac at Al pin 7. 

Page 6·3) Figure 6·1 : 
Change the Regulated Power Supply block diagram as in 

hgure C·3. 

r---<===--===REGUlATED POWER SUPPLY-=====, 

AI PIN 5 

43~ 

AI PIN 6 
40VAC 

+ SUP,,:''!' 

- SUPPLY 

Figure C-3. Power Supply Block Diagram. 

r------.,.--- +~OVDC 

1--------2SVOC 
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Page 6-7/6-8 and 6-9/6-10: 
Change lhe AJ Component Locator drawing as if"\ Figure 

C-4 

r======- AI ASSEMBLY ===~~==.\ 

MONITOR CIRCUIT POWEr! SUPPLY 

Figure C-4. AI Component Locator, -hp- Part No. 00652-66502_ 

Page 6·9/6-)0, Figure 6-4: 
Change the Power Schematic drawing as in Figure C-5. 
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Figure C-5. Power Supply Schematic Drawing. 
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AppenUlx C 

C-6 

r;(~ C 7-4 and 7-5' 
Cha nge the At Replaceable Parts List as In ';'able C-1, 
Clange QI 1854-0063 and Q2 1853·0305 10 18 50-0098, 

TSTR: Ge PNP, 

, flE f [ [U::-iC C ,1 ,1' · 
DCSIG'iATOI\ P,\ RT NO 

A I 00852- 66502 

AICI 
A ICl 0180-0045 

AIC) 0180-0149 
A1C4 
Al es 0180·004 5 

AIC6 
AIC7, AICB 
A1C9 
AICIO 

0180-011Q 

0150-0084 
0180-0061 

A I ell 0180-0062 

AICIZ,AIC13 01 80-00 58 

A ICI4 0180-0061 

AICI5 01 21 - 012 7 

A ICI6 0 180-028'-. 
AICI7, A I CI 8 0180-0149 

A j (::~_1 thru 
AICU 

A ICTI, 
AJCU6, AICR7 
A l ena , A lC R9 
AJCHIO 
AICRll, 

A I CflI2 
AIQI 
f. ::~2 I~ .. ,. 

AIQ7 

A)Q8 
A IQ9 

AIRI 
AIR2 
AlR3 
AIR 4 
AIRS' 

AIRS 
AIR? 
i.' :tB 
AIH9 
AIRIO 

AlRl1 
AlRlZ 
A !R 13. 
AIR l !' 
AlRI5 

A IRlo 
A lRI1 
A\l"\18, AIR19 
AIR20 
AIR21 
A 11< 22 -

A lR2 ~ 

AI R2 4 
A IR 25 
A 1)116 
A IR27 

AIR20 
Alft29. 

A1R30 

1901 -01 58 

I 0 2- 0045 
190 1-0025 
1901··034 
19 10-00 \ 6 
1901-0025 

8 53-0012 

1854· 0011 
1 8S.j-004~ 

0683 - 30 25 
0686 - 7525 
0681-392 1 
2 \00-0090 
068 3-1,25 

0623 - 3025 
0$33- 3025 
D 687 -1 ~ 31 
0 "& 9,09 5 
0683- 8215 

OG83-433S 
0751-0039 
0633-3615 
07 57- 1013 
06 89 - 091 5 

(;,; <.1· IDa I 
OfiJJ·2025 
QG~3-3935 

068 3- 8215 
21tlO -0 2B2 
0681-J03) 
OG84-1011 
0683 -J535 
0698 ·00 26 

0683 - 5115 

6 

Table C·l, A1 Replaceable Parts. 

T Q 

I 
10 
2 

I 
2 
l 

2 
I 
2 
I 

I 
3 
2 

DESCHIPTION ~H'lt . 11-"11 I'MlT NO 

P e l.ond: powe ,' s upply 28 480 00652- 06W2 

Not as slgn",j 
C: [xd Al e l ecl;;O IlF _15% -10'0 25 "dc',\' 56289 30 [)20 GG02 5 0132· 

DSM 

C: lxd Al c lec, 65 II I .100% - IO·!> 60 <"dew 56289 (Type 30D) D36978 
Not :l 5 5 igned 
C: {x d AI clee! 20 " F +75% -10 'li 25 vdew S6 289 30D206(''()25 (',: ' 2-

c: Ixd Al clc r. ' 65 ~ F +100% -10% 60 vdew 
lol ass igned 

C: fxn eer 0, 1 "F , 80'% - 20'C 50 vdew 
C: fxd AI ele,r 100 .u F , 75% ·lQ'i> 15 v<lew 

[)S~ f 

5 289 (Type 30D) D)6978 

562SQ ~'<;41 obd 
5£269 :'ULH07GO 1.>1 JC2· 

I)S\.1 

C: Ixrl Al eled 300 ~ " t 75':0 - ;0% 6 vdc ',U 56289 30D307G()06D F2-
DSM 

c : fxd A l e lec t 50 /J-f .15% -10'1> 25 vde " 50289 30D 50 6C02oCC2 -
DSM 

C: (,,<I AI dec I 100 ~ F .75"0 -I oc;, IS 'dew 562 9 :)()D I01GO ISDC?-
DSM 

e· ,'01' air 1 i Ie 14. I pF 71970 180- 505 -5 

C: [xd Al elcc ( 200 jj F' ~1S'?O -1 0% 30 vdew 5G289 D3 559 
C: Ix~ Al e lcc' 65 IJ F .100% -1 0"'0 6{) vd <:'~ 56269 (1'), e 300) D36978 

Diodc: Si 200 pJv 

Diod,,: br eakdown 7. 32 V ±2&0 400 nlw g b s> 
DJ"de: 51 100 mA or q V 100 p i , 12 pI' 
DJOM : Si I' NP " 
Diod e: Ge 60 W IY 1 m!; 
Oio,;e ' Si 100 mA ~( .1 V 100 Div 12 pI' 

Nol assit!ned 
T STR: Si P 'P JEDI:;C 'l"ype 2N2Q()4A 

T S TR : SI P' 2N3J9 1 
TSTn : SI I" PN SMI570 

R: lxd con p 3900 rI ~5"0 ) / 4'W 
R: lxd comp 7500 n ~5q, 1/ 2 W 
flo (xd comp 3900 n ~ I O(", 1/2 W 
R ' val' co ",, )) Ii" 2000 Q .< 30% 0 IS W 
R: (xct comp 7S00 n ~5% II!' W 

R: fxd camp 3000 n ,5% 1/4 W 
H: fxd cam p 3900 n t5% 1/1 W 
R: (xd comp 15 KO ~I O% 1/2 W 
fl' i.xd c um p ct, r bo n. 9. In ±~% 1 W 
R : (xd oomp B20 il J-5':;, 1/4 W 

fl : b :d eom p ~3 KO 0>5% 1/4 W 
H: fxd m el flm 50 30 P. 1J "0 I /~ w 
R i" d camp 360 n .• 5'10 1/ 4 W 
!1: (xd mel f m 6000 n ~I~o 1/ 2 W 
R' {xc! ea mp eHb<>n 9 . I fl t5% ! W 

1'1'01 ass i ~ned 
n· fxd eomp 10 11 110% 1/4 W 
R: (xd con,p 2000 n tS% 1/4 W 
rJ • !xd COtn p 39 Kn ~Ij% 1/ 4 W 
Not assIgned 
R : Ixd com p 820 n .5% 1'4 W 

It: v:tr ..-w 2GOO fI ~20 0 J-I /2 W 
R : (xd c omv 10 Kn il % 1/2 W 
Ii : fxli c om;) 100 11 riO'o 1/-t W 
R; Ixd comp l ~ KO , 5-:0 1/ 1 W 
R: Ixd mel !lr.t 1590 1'1 ~l "', 1/ 2 W 

R: Ixd eomp 510 11 ,'i'1, I l4 W 

fl' (xd comp 3900 n ,~~ l/1 W 

04713 

07263 
03B71 
-hp-
03 877 
03 877 

28t,80 
04 713 

sn 1358-3 

obd 
5G 817 

Sll SG G 
SG 817 

21>12904A 

1854-0071 
St.! 1510 

C1l 392 5 
;B7525 

oixl 

o\xl 

"bel 
oixl 

obd 

01121 
()112] 
01121 
11 450 
o 1121 

E fl392 1 
UPl<I - 70 nE (-np·) olxl 
C[)7525 

OJ 121 
OlHI 
OIIZI 
Ollli 
0111 I 

C D30ZS 
CR3925 
£8153 I 
GB91m 
C13 02 J 5 

01\21 CEl 4335 
15042 CEC 1'-0 

15041. CF.e T-O 
01 \2 GanGS 

01121 
01' 21 
01121 

0117-1 
II.'~' 6 
01121 
0112\ 
01121 
1910 I 

0112) 

01121 

ClJlOOl 
CJ~()/:S 

CEoS!;JS 

C[)82!S 
liD 
EllIO,] 
CllIO\ I 
CB I53S 
MF7C 1'-0 

CES1l5 

CB3U2 S 

oW 

obd 

Oi~. i 

obd 

obd 
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Model 652A 

CIIANGE No.8 Pa~c 5-9, Figure 5-7: 
Change A2 adjustments as in Flgure C-6. 

®t.2RI? 

.~t~,. .'~T~ 

~A2C5 

Figure C·6, A2 Adjustments, 

Page 5-11 : 
Replace Paragraphs 5-29(d), (h), (i) and 5-30(c), Cd), and 

(e) with the followlng : 

5-2!l. Frequency Dial Calibration. 

d. Record A2TP2 volt~ge . This vollage should be 
between · 0,12 V to ·0.40 V in a ~libratcd insllurnent : 
however, at this point in the Call1lla tion Procedure, 11 could 
be up to 200 mV OUlSlde this range. It is nOI ncccssalY to 
corr~ct the voltage as Ihls WIU be dOlle latcr In lhe 
procedure (paragraph 5-30). 

h, Record A2TP2 voltage. 

I. Set 652A FREQL £NCY dial to 10. Readjust S I C~ 
and SIC? alternately until counter lnlilcalcs frequency of 
10kHz and A2TP2 voltage equals voltJge rCClJrued 111 Step 
h. 

5-30. Xl K Range Adjustments. 

C. AC Volrmeter should indic:olc 110 ± 10 mV [1115 . If 
A2TPI voltJgc is not H\ tolerance, change value 0f A:R 16· 
to b nng vollogc wi thin speei fled IHoi ts (I n c re a s.e V:I '·JC of 
A2 R 16 * to dCOCJSC A2T!' I voltage . Jild Vice vcrSJ). Do not 
solder A2R16- in pbcc at (his InllC. 

d, Note de vc>llnsr on A2TP~. whl~h ,hould bc wi Ihln 
-400J\1V to -J10H1V. If nol. c:hJngc the v~lue of SIRS· 
and SIR I 8- SJmult~lI1cou~ly (See Table 5-6) ufllJl A~TP2 
voli~ge i~ within (olcrJnec and f[~qucncy IS I kHz. Llo nOI 

sol der th e resis tors ill pi JCe. 

e. I~epeat Slep!> c alld d of this par~gr"l'h (if nC~CS\'ITY) 
untL! A2TI'1. A2Tl'2 Jnu the frequency arc all within 
tolcr;Jnce, Solder A2R 16', SI R5· lnd 51 R18- III plJce , 

Appendix C 
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Appendix C 

l"l~e 5-18-
Replace Paragraph 5-53(c) wilh the following. 

!}-5J. Troubleshooting the Oscillator Ci rcull 

c. Ir Ihere is n(\ sig,na l 31 A2 Pin S, is()I3l~ 'the f'e<Jk 
DcteclLlj" by lif ling one si de of A2Cl \ 3[ld Ute errutler of 
A2Qi. If the oS(; il\alO( cOllles on. check the Penk D~ICClor 
cumponcn ls. If there is no apparent fa ult in the t\,ak 
De tec tor, 111.\ possible 111:11 A~R I 6* (Hay hJVr. an mcorrect 
va lue, this IS ikely 10 occlir If olhe r componeil is (such as 
A~CR6, A2CR7. A2 Q:: , Jnd A103) have been replaced. To 
('heck this reconnecl llie peak dele clor , repl..ce A2R16· 
lI' ilh ;1 500 ohm potcnlromclCi . sW lLch tile 652A to lhe 
XI K lan ge and vary IJlC volue of Ihe potenllolnetcT. while 
tun in g Ute oial over its entire range . 

Page 64: 
Change A2 Component Locator draWIngs as in l-tgurl' r-7. 

r;;;;:====--==-----..:==-=====A2 ASSEM8LY = ============t 

'2 5 6 7 s 
04 012 

A 

REO 

B 

c 

o 

E 

WHTlBRN /Gfl''; 

F 
all 

Figure C-7. A2 Component Locator, 
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Model 652A Appendix C 

L" 

Page 6·5/6·6, Figure 6·2: 
Oscillator Schematic and Component Locator as in 

C·8. 

, ,;; 
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Figure CoS. Oscillator &:hemiltic. 

Table 7·' : 
A2RI6 from 2100·2604 10 0757-0410. 301 fl. 

t 1/8 W. 
Add A2RI8*0684·1011, IOOn,± I 1/4W. 
Delete A2R47. 
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