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AfTE-NTION 

PLEASE SAVE THIS SHIPPING 
CARTON AND ALL PACKING MATE
RIALS. THEY HAVE BEEN SPECIFI
CALLY DESIGNED TO PROTECT 
YOUR SOUND TECHNOLOGY 
INSTRUMENT. 

IF, AT ANY TIME, YOU HAVE 
REASON TO TRANSPORT YOUR 
EQUIPMENT, USING THIS CARTON 
WILL HELP PREVENT DAMAGE. 

NEW CARTONS AND PACKING 
MATERIALS ARE AVAi LAB LE AT A 
NOMINAL CHARGE FROM SOUND 
TECHNOLOGY. 
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s SOUND TECHNOLOGY 
1400 DELL AVENUE 
CAMPBELL. CALIFORNIA 95008 
Telephone: (408) 378-6540 
Telex: 357445 -I 

1700 SERIES METER ZERO ADJUSTMENT 

The meter is correctly zeroed w~~n the pointer rests directly 
over the zero calibration mark on the meter scale. IMPORTANT: 
if the meter is not proper(j,.i.iiroed, calibration accuracy will be 
affected. To set met er ZJ!Wt:,~ ~ , · 

a. Turn on unit. ~ ,~t~) B,RPT swi-tch : to: 300 VOLTS (lOOv for 
1710A) and FUNCrION.~S.,W..iich to VOttS/POWER. (Make sure 
Analyzer Select bu~~~ is out for 1710A). 

b. BALANCED INPUT terminals should be shorted together and 
grounded to chassis ground. 

c. Rotate meter zero adjustment screw (located just below 
meter on front panel) until p9inter moves up scale when 
turned cw and down scale when turned ccw. Turn screw cw 
or ccw until pointer rests directly over the zero 
calibration mark, then back off screw a very slight 
amount in the opposite direction to relieve tension on 
the pointer while maintaining · the zero calibration. 
Repeat adjustment if necessary. 

If you have any questions, p1ease c~ntact Sound Technology 
Customer Service at (408) 378-6540. 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

• 

• 
SOUND TECHNOLOGY 
1400 Dell Avenue 
Campbell, CA 95008 
Tel : (408) 378- 6540 
Telex : 357445 

5- T 1700 Ser ies U. S . Patents : 
3940715, 39781101, 4032857. 

anual Part Number: 7900 -00 11 

• 

Manual printed in U. S.A . 
Copyright Marc:h 1979 

Pr ice: $ 20 . 00 

SOUND TECHNOLOGY 
MODEL 1710A 

DISTORTION MEAS~REMENT 
SYSTEM 

wigfi
Stolen 2 Line Transparent

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

, .. ', 

WARRANTY 

All new Sound Technology products are warranted against defects in materials 
and workmanship for two year~ from the date of delivery. Any instrument or 
component that is found to be defective within the warranty period after exami
nation by Sound Technology or'.an, authorized representative thereof will be 
repaired or replaced without c~arge for labor or material. No other warranty 
is e,cpressed or implied. We are not liable for consequential damages. 

Before returning a product. to S9Und Technology for service, authorization 
must be obtained from the factory. For products not covered by the warranty. 
a purchase order should be forwarded to avoid unnecessary delay. Please 
include instrument model number and serial number with all requests for 
parts or service to facilitate the fastest possible response. 

All products returned to the fact9"y must be shipped prepaid. For produc ts 
under warranty, Sound Technology will pay for shipment back to the customer. 
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1-1. SCOPE OF SECTION 

SECTION 1 
OPERATION 

This section contains information and instructions necessary for the operation of the 

Sound Technology Model 1710A Distortion Measurement System. Included are power requirements, 

cabling information and operating instructions. 

1-2 . I~TROOUCTION 

The Model 1710A Distortion Measurement System co111>1nes a flexible ultra-low-distortion 

sine-wave signal generator, a high-resolution automatic-measuring total harmonic distortion 

(THO) analyzer, and an accurate ac- level meter in one instrument. Pushbutton operation 

permits the operator to quickly measure voltage or power levels, set level, and then 

measure distortion. 

The generator section provides a pure sine-wave oscillator signal for testing from 10 

Hz to 110 kHz. The generator output is direct -coupled (no transformer) and is balanced 

and floating with respect to ground. Either side can be grounded without any level change. 

The output impedance can be set to either 150 ohms or 600 ohms (except for levels greater 

than +21 dBm), and discrete calibrated levels in 0.1 dB steps can be selected from +27.0 

dBm to -90.9 dBm(decibcls relative to 1 milliwatt into 600 ohms) into 150-ohm or 60Q-ohm 

loads (17.32 V rms maximum). The level across any load used can, in addition, be directly 

measured within the instrument. An indicating off switch disables the generator for 

convenient signal-to-noise ratio (SNR) measurements. 

The analyzer section contains a tracking notch filter which is always tuned to the 

generator's frequency. The analyzer measures total harmonic distortion with a sensitivity 

ranging from 100 percent to .01 percent full scale , with automatic nulling on all ranges. 

Active filters may be selected for hum and noise suppression, enhanci ng the measurement 

resolution. A differential front end rejects c011100n-mode noise. 

The ac signal-level meter in the analyzer measures ac voltage, or power in dBm. The 

measurement range for ac voltage is 0.1 millivolts to 100 volts full scale (30 microvolts 

using the RATIO switch described in paragraph 1-25) . and for power i~ -80 dBm to +40 dBm 

full scale (-90 dBm using the RATIO switch described in paragraph 1-25) . Ratio measure

ments with 100 dB or more of dynamic range can also ·be made . 

1-3. INPUT POWER REQUIREMENTS 

The Model 1710A System may be operated from nominal 115-volt (90 to 130) or 230-volt 

(180 to 260), 50 or 60-Hz power sources. A two-position selector switch on the rear panel 

selects the nominal voltage; before connecting the instrllllent to the power outlet, check 

that the selector switch setting matches the voltage of the source . 

The Model 1710A System is protected from ac power overloads by a fuse (lA, fast-blow) 

located in a cartridge-type fuse holder on the rear panel. 

1-4. POWER CABLE 

The International Electrotechnical Commission (IEC) recommends that instrument panels 

and cabinets be grounded to protect operating and servicing personnel. The Model 1710A 

system is equipped with an !EC-approved three- conductor power cable assembly which, when 

plugged into an appropriate outlet, effectively grounds the unit. 

1-5. CONTROLS ANO INDICATORS 

The data sheet at the front of this manual illustrates and describes briefly the Model 

1710A Distortion Measurement System's front panel controls and indicators . The following 

provides additional explanatory information . 

1-1 
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1-6 AC INPUT 

a. 

1- 7 

POWER ON switch -- Connects ac Power to Model 1710A System. 

SINE WAVE GENERATOR 

a. FAST RESPONSE/LOW DISTORTION switch -- Selects operating mode of oscillator. FAST 
RESPONSE causes oscillator amplitude to settle quickly after a frequency change. 
This mode is recorrrnended when ultra-low distortion measurements are not required. 
for example when making frequency response measurements. LOW DISTORTION selects 
full ultra-low dis tortion capability of oscillator. The settling time in this mode 
is less than 5 seconds. Actuation of the FREQUENCY pushbuttons generally causes the 
oscillator to go first to the Fast Response mode and then settle in Low Distortion 
mode. This switch controls only the oscillator and is not connected to the analyzer. 

b. OSC FAST RESPONSE indicator -- Indicates operating roode of oscillator . When lit. 
oscillator is in Fast Response mode and does not have ultra- low distortion. 

c. FREQUENCY pushbuttons - - Simultaneously select generator and total harmonic distortion 
analyzer frequency. Four multiplier switches and 30 digit switches pennit 3-digit 
resolution within each range. Frequency range of Model 1710A system is 10 Hz to 
109. 9 kHz. One button on each row roost be pressed at all times . 

d. OFF switch -- Disconnects the generator while maintaining the source termination of 
the output tenninals at 150, 600 or zero ohms (+26 dBm position on lOdB switch) 

e. GENERATOR LEVEL switches - - Allow selection of calibrated output levels into 150-ohm 
or 600-ohm loads when VERNIER control is at mid-rotation. These levels are from 
+ 26.0 dBm to - 89.9 dBm (Note that since the VERNIER controls has a range of 
~ 1 dBm from this midpoint setting, the full range is from+ 27.0 dBm to - 90.0 
dBm.) For other load impedances, output levels are not calibrated but may be 
measured directly across the load by placing the ANALYZER SELECT switch in the 
OUTPUT position while using the analyzer in the VOLTS/PC1,IER function. Signal 
clipping can occur for loads of less then 150 ohms in the +26 dBm position on the 
10 dB switch (the generator source impedance is fixed close to zero ohms). 

f. VERNIER control -- Varies the output level linearly i 1 dB from nominal . 

g. OSC 1F control -- Varies the oscillator frequency by t 3/4 of the least sionificant 
disit . This setting does not affect the nominal center frequency of the total 
harmonic distortion analyzer, nor its ability to null on the generator signal. 

h. GENERATOR OUTPUT tenninals -- Provide direct-coupled and balanced generator output 
with a mid-point reference (CT) tenninal . Output floats with high isolation with 
respect to chassis ground. Generator GND tenninal is fused on rear panel (1/32 A, 
fast-blow). 

i. SOURCE IMPEDANCE switch -- Provides 150-ohm or 600-ohm source impedance as selected. 
except that source impedance is near zero ohms when+ 26 dBm position of most
significant GENERATOR LEVEL switch is selected . 

1-8 TOTAL HARMONIC DISTORTION (THO) ANALYZER 

a. INPUT tenninals -- Provide connection for external signal being measured. 

b. VOLTS/POWER pushbutton -- Selects ac level measurement funct ion. 

c. SET LEVEL pushbutton -- Selects Set Level function whereby meter displays reference 
signal level for Total Harmonic Distortion or Ratio measurements. 

d. THO pushbutton -- Selects Total Harmonic Distortion measurement function. 

e . dB VOLTS pushbutton -- Selects Ratio measurement function. 

1- 2 
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f. ANALYZER SELECT/GENERATOR OUTPUT switch -- Selects the input to the analyzer circuits 
from the ·INPUT terminals or the GENERATOR OUTPUT TERMINALS . 

g. INPUT switch -- Selects full-scale meter range for ac level measurement function. 
Readings are in volts rms or dBm (600 ohms). Also selects input range for Total 
Ha rmoni c Di stortion and Ratio measurement functions. 

h. RATI O swi tch -- Selects full scale meter range for Distortion and Ratio measurement 
funct i ons. Readings are in percent or dB. 

i . OVERLOAD indicator -- Lights when INPUT switch setting is too low or when ADJUST 
control is set too far clockwise. This warns operator that measurement is no 
longer accurate. 

j. SET LEVEL ADJUST control -- Adjusts reference signal level for Total Hanoonic 
Distort ion or Ratio measurement. When control is set to CAL position (maximum 
counterclockwise, before selection of Auto Set Level, if provided) RATIO ranges 
extend level measurement to 30 Microvolts or -90 dBm full scale (refer to paragraph 
1-25 ) . 

k. FILTERS -- HUM pushbutton selects a filter which suppresses low-frequency siqnals 
THO/ VOLTS (such as 60-Hz hum) bel ow 400 Hz. NOISE pushbutton selects a fi l ter wh ich 
suppresses hiqh-frequency no ise above 30 kHz or 80 kHz, as selected . The NOISE fi lter 
helps reduce effect s of Al•l radio station pickup. The HUM filter is usable with fun 
damenta l frequencies down to 400 Hz when mak ing distort ion measurements . Both f il ters 
affec t readi ngs onl y on Di stort ion and Ratio measurement functions. They do not 
af fect meter readi ngs on VOLTS/ POWER, and Set Level measurement functions. 

1 . 

m. 

NOTCH frequency indicators -- Facilitate analyzer tuning when using an external 
oscillator. When LOW indicator is lit, analyzer frequency is low with respect to 
incoming signa.l; when HIGH indicator is lit, analyzer frequency is high with 
respect to incoming .signal. Analyzer is correctly tuned when both indicators are 
extinguished. (It is normal for one of these indicators to glow when there is no 
signal input to the Model 1710A.) 

METER - - Indicates signal level of measurement selected by ANALYZER function pushbutton. 

n. INPUT f,()NITOR BNC connector -- Provides replica of input signal being analyzed. 
This signal is referenc~d to ground and intended to be connected to an oscilloscope. 
Outout is 316 millivolts for full - scale meter deflection in Set Level mode with 
INPUT range switch equal to or more than 0.3 V. 

o. OUTPUT MONITOR BNC connector -- Provides replica of distortion products of signal 
being analyzed (suitable for viewing on oscilloscope) on VOLTS/POWER, SET LEVEL 
and DISTORTION measurement functions. On Ratio measurement function, this output 
provides a scaled version of input signal. Output is 31 .6 mi ll ivolts for full
scale meter deflection, and is referenced to ground. 

· 1-9. AUTO SET LEVEL 

Re fer to Appendix A for a description of th is contro l. 

1-10. INTERl,ODULATION DISTORTION (IMO) ANALYZER 

1- 11. 

Refer to Appendi x B for a descr ioti on of the IMO Anal yzer control s . 

TEST SETUP 

In order to take full advantage of the ultra-low distortion measuring capabilities 
of the Model 1710A system, it is extremely important that the cabling between 
the Model 1710A, the device under test, and other test equipment be connected in 
compliance with the arrangement shown in Figure 1-1 and described in the following 
paragraphs. The connections and controls numbered in Figure 1-1 are similarily 
i denti fied in the text. These connections have been found to provide the optimum 
test setup in most cases. 

1- 3 
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1-12. POWER CONNECTIONS 

a. 

b. 

Check that the power slide switch on the rear panel of the Model 1710A is set to 
the correct position for the available ac power (see paragraph 1-3 for details) . 

Do not float the earth ground of the power cord of the ft>del 1710A. (The analyzer's 
differential input makes this steµ unnecessary for breaking ground loops.) 

c. Plug the Model 1710A, the device under test, and the oscilloscope (if used) into 
the ac power bus as closely together as possible. 

1-13. GROUND CONNECTIONS 

a. Connect the Model 1710A GND tenninal at the analyzer input (1) to the ground 
terminal, or chassis ground, of the device under test using as short a lead as 
possible of at least No. 18 AWG stranded wire. This reduces conmon-mode potential 
between these two devices. In a strong hum or RF field, this connection is essential. 

~. Connect the oscilloscope (if used) to the INPUT l()NITOR BNC connector (2) on the 
Model 1710A via cable (3) . 

NOTE 

(1) This cutput is from the differential to single-ended converter in the Hodel 
1710A which provides a replica of the input signal . This signal is referenced to 
ground. 

(2) If a BNC cable is not used for this connection, the oscilloscope conmon (low) 
terminal must be retumed to the Model 1710A GND terminal (1) via a direct connection 
(4). -

1-14. SIGNAL CONNECTIONS 

Connect the oscilloscope (if used) to the OUTPUT P()NITOR (5) via cable (6) . 
This permits monitoring the distortion products of the signal being analyze~. 

1- 15. GENERATOR 

a. Set the OUTPUT IMPEDANCE selector switch (13) to 150 ohms or 600 ohms as desiTed 
for the device under test. 

b. Set the 10 dB level switch (7) of the GENERATOR LEVEL controls to -80 dBm or to a 
known safe operating input level for the device under test. The other level switches, 
as well as the VERNIER control and the OFF switch, can be at any setting at this time. 

c. Connect the shielded twisted-pair cable (8) between the GENERATOR OUTPUT terminals 
(9) and the input tenninals of the device under test. The shield (10) of this cable 
should be connected to the GENERATOR OUTPUT GND terminal (11) only, and not to the 
chassis of the device under test (12). 

NOTE 

(1) In environments with high electrical or radio-frequency noise, it may be 
necessary to use a shielded dual bananna-plug connector such as the Pomona Type 1921 
at the GENERATOR OUTPUT terminals, as well as an appropriate shielded connector at 
the input to the device under test. 

(2) If the input to the device under test is single-ended ,convert the balanced 
output to unbalanced by connecting a short wire (about 1 inch) between the generator 
GND terminal and the adjacent output terminal. Once this ground connection is 

( 3) 

made, a single conductor shielded ·cable can be used to feed signal into the device 
under test . 

ie certain that no significant voltages will be presented to the GENERATOR 
OUTPUT terminals from the device under test. Voltages greater than 7 volts rms 
across the balanced output, greater than 5 volts rms from either balanced output 
terminal to the CT terminal, or greater than 200 volts rms between any of the output 

1-5 
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terminals and chassis ground may lead to permanent attenuator resistor and/ or 
semiconductor damage. No fusing of these signal lines is provided so that si£~al 
distortion can be kept to a minimum. 

1- 16. ANALYZER 

a. Set the INPUT switch to 100 V or expected range and select the VOLTS/POWER function. 

b. Set the ~ALYZER SELECT switch to INPUT (out position). 

c. Connect the output of the device under test to an appropriate load resistor, if 
required. 

NOTE 

This load resistor and the output connections should be made in a location free 
from any ac magnetic fields, such as caused by power transformers, to avoid hum 
pickup. · 

d. Connect the output of the device under test to the analyzer INPUT terminals (14) 
with the shielded twisted-pair cable (15). Connect the shield (16) of this cable 
to the INPUT GND terminal ( l); do not connect the shield (17) at the device under 
test . 

NOTE 

(1) In environments with high electrical or radio-frequency noise it may be 

(2) 

necessary to use a shielded dual bananna-plug connector such as the Pomona Type 
1921 at the analyzer INPUT terminals, as well as an appropriate shielded connector 
at the output of the device test. 

Each INPUT terminal has its own input attenuator and buffer amp'if ier. 
Input impedance is 100 Kilohms from each terminal to the Model 171UA Sys tem grounc. 
The true differential input circuits of the Model 1710A System help break the 
ground loop that causes 60-Hz pickup on the input leads of most measur~ng equipment. 

(3) Do not connect one channel of the oscilloscope directly to the output of the device 
under test as this can reduce the noise rejection capability of the Model 1710A 
System differential input circuitry. If it is absolutely essential to monitor this 
signal, leave the ground lead of the scope channel disconnected from the device 
under test. 

1-17. OPERATING PROCEDURES 

tAUTION\ 

DO NOT EXCEED THE FOLLOWING ANALYZER INPUT VOLTAGES, TO PREVENT RLOWING FUSES 
Fl and F2, located inside the 1710A. With INPUT range switch set to 3V or lower: 

(1) 300 V below 60 Hz 
(2) 50 V above 1 kHz 

1-18. TEST CONNECTIONS 

Before making measurements with the Model 1710A System, ensure that the 
equipment has been connected as shown in figure f-1 and following the instruct ions 
given in paragraphs 1-13 through 1-16. 
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1-19. METER MECHANICAL ZERO ADJUSTMENT 

1- 20. 

a. 

The meter is correctly set when the pointer rests over the zero calibration 
marks on the scale when the Model 1710A INPUT switch is set to 100 V, the SET LEVEL 
pushbutton is pressed, and there is no input signal (input leads disconnected). 
To adjust the zero set: Rotate the zero adjustment screw (located on the front 
panel below the meter) until the pointer is left of zero. (This may require either 
CW or CCW rotation.) Reverse rotation until the pointer is exactly at zero . 

FREQUENCY ADJUSTMENT 

Four Multiplier pushbuttons (Xl , XlO, XlOO XlOOO) and 30 Digit pushbuttons permit 
3-digit resolution of frequency selection. For example, 453 Hz is selected by 
pressing the fo 11 owing pushbuttons: 

Multiplier 1st Digit 2nd. Digit 

XlO 40 
5 

3rd. Digit 

.3 

Frequency 

40Xl0=400 
5XlQ: 50 

. 3Xl0= 3 

453 Hz 

The "100" Digit pushbutton provides a 10 percent overlap in range. For Example, 
1010 Hz can be selected in two ways: 

Multiplier 1st. Digit 2nd. Digit 

XlO 100 
1 

XlOO 10 
0 

3rd. Digit 

0 

.1 

Frequency 

lOOX 10= 1000 
lXlO= 10 
OXlQ: 0 

1010 Hz 

10Xl00=1000 
OXlOO= 0 

. lXlOO= 10 

1010 Hz 

b. In the Xl range, operation of the frequency pushbuttons may not always cause the 
oscillator to go through its automatic stabilization cycle. If the oscillator 
amplitude appears to be unstable, momentarily set the FAST RESPONSE/LOW DISTORTION 
switch to the FAST RESPONSE position and then return it inmediately to the LOW 
DISTORTION setting. 

c. The OSC~F control can be used to provide frequency resolution between digitally
selected values. 

1- 21. IMPEDANCE/LOAD CONFIGURATION 

With the SOURCE IMPEDANCE select switch set to 150 ohms or 600 ohms, the 
generator is matched to either of these load impedances except when the most 
significant GENERATOR LEVEL control is set to +26 dBm. The matched condition wil l 
exist for balanced or unbalanced loads, as long as the signal connections of 
paragraph 1-13 through 1-16 are used. For load impedances other than l~O ohm~ or 
600 ohms. source matching can no longer be achieved and the output conf1gurat1on 
must be considered as a voltage divider with a source impedance as selected; the 
degree of b~lance will not be affected by other load impedances. 

1- 22. LEVEL ADJUSTMENT 

a. For 150 or 600 ohms 
(1) Center the GENEqATOR LEVEL VERNIER control. 
(2) Set the GENERATOR OFF switch to the on (out) oosition. 
(3) Adjust the GENERATOR LEVEL switches for the desired level. 
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NOTE 

The 1 dB/ step and 0.1 dB/ step switches always subtract numerically fr om 
the level indicated in the most-sign i ficant leve l switch ; i.e.: 

+20 
-50 

-3 
-4 

-.7 
-.2 

= +16.3 dBm 
= -54 . 2 dBm 

b. To confirm the actual signal level presented to the load, set the ANALYZER SELECT 
switch to GENERATOR OUTPUT, and using the VOLTS/ POWER function, di rectly measu re 
the output level in volts or dBm (600 ohms). 

1-23. DISTORTION MEASUREMENT 

To measure the total hannonic distortion (THO) of a device under t est, proceed 
as foll ows : 

a. Set the FAST RESPONSE/LOW DISTORTION switch to LOW DISTORTION and select t he 
fundamental test frequency in Hz by depressing the appropriate FREQUENCY pushbuttons. 

b. Press VOLTS/ POWER pushbutton and set the ADJUST control fully CCW to CAL posi t ion. 

c. Set the INPUT switch to the expected range. 

d. Set the ANALYZER SELECT switch to INPUT (out position). 

e . Adjust the GENERATOR LEVEL controls for the des i red input level to the device under 
test.or for the desired output level as indicated on the Model 1710A meter. Up 
range the INPUT switch when the meter pointer passes full scale and down range 
when the meter pointer goes below 1/3 of full scale . An input l evel of at least 
0. 1 Vis needed for THO measurements. 

f . For percentage THO measurements, press the SET LEVEL pushbutton and rotate the 
ADJUST control until the meter pointer rests on the full-scale mark. (If auto 
set level is to be used , replace this step with rotation of the ADJUST control 
fully CCW past the click to AUTO.) 

NOTE 

If distortion is to be measured in dB, the ADJUST control should be rotated 
until the meter pointer rests on the OdB mark; this will require uprang i ng of 
the INPUT switch one step if the initial level reading is above this scale point. 
(Auto Set level always adjusts for full-scale reference, and requires t he addit ion of 
2dB to dB THO readings made using thi s feature.) 

g. Press the DISTORTION pushbutton and rotate the RATIO switch until the meter pointer 
reaches the upper 2/3's of scale . If desired, press the HUM or NOISE (30 Hz or 80 
KHz FILTER pushbuttons to filter noise from the input signal. 

h. Observe the distortion either in percentage or dB, as indi cated by the meter 
deflection and the RATIO switch setting. 

1-24. DISTORTION MEASUREMENT WITH EXTERNAL OSCILLATOR 

a. Connect the equipment as shown in Figure 1-1, with the fol l owing except ions: 

(1) If possible, connect the power cord of the external oscillator to a main power 
source close to the source used by the Model 1710A, the device under t est , and 
the oscilloscope. 

(?.) Connect the output of the oscillator to the input of t he device under test. The 
oscillator output may be floated if this gives better t est results . 

( J) If poss ibl e, connect the chassis of the oscillator to the ana lyzer GNO terminal 
. of the Model 1710A. 
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b. 

c. 

d. 

e. 

f. 

g. 

h. 

i . 

j. 

K. 

1-25 . 

a. 

b. 

c. 

d. 

Set the external oscillator to the desi red frequency. 5et its output level to 
minimum. 

Preset the Model 1710A FREQUENCY pushbuttons to the approximate frequency of the 
external oscillator. · 

Set the ADJUST control fully counterclockwise (CCW) to the CAL position and press 
the VOLTS/POWER pushbutton. 

Set the INPUT switch to the desired input level. 

Set the ANALYZER SELECT switch to INPUT . 

Adjust the external oscillator amplitude control for the desired input level to 
the device under test or for the desired output level from it, as indicated on the 
Model 1710A meter. Input l evel must be in the upper 2/3 of meter scale and at 
least O. lV. 

Press the SET LEVEL pushbutton. Rotate the ADJUST control until the meter pointer 
rests at full scale. (If auto set level is to be used, replace this step with 
rotation of the ADJUST control fully CCW past the click to AUTO position .) 

Set the Model 1710A frequency or the external oscillator frequency so both NOTCH 
FREQUENCY indicators are off and the tuning is approximately centered. 

Press the DISTORTION pushbutton and set the RATIO switch for an on-scale meter 
reading as high as possible . If desired, press the HUM or NOISE (30 or 80 kHz) 
FILTER. 

Observe the distortion in either percentage or dB, as indicated by the meter 
deflection and the RATIO switch range setting. 

AC SIGNAL LEVEL MEASUREMENT 

The Model 1710A is an accurate ac level meter over its entire frequency range. 
The power scale is calibrated in dBm across a 600-ohm load. Voltage may be 
measured directly from 0. 1 millivolt to 100 volts full scale and power from -ao 
dBm to +40 dBm full scale. To measure ac voltage or power, proceed as follows : 

Ensure that the power and ground connections are as described in paragraphs 1-1 2 
and 1-13 respectively. 

Connect the signal to be measured as described in paragraph 1-16. 

Set the ADJUST control to CAL position and press the VOLTS/POWER pushbutton. 

Rotate the INPUT switch for an on-scale reading with the pointer in the upper 2/3's 
of the meter scale. 

NOTE 

The HUM and NOISE FILTERS do not affect readings in the VOLTS/ POWER measurement 
mode. 

e . The sensitivity of the ac voltmeter can be extended to 30 microvolts full scale 
through the use of the RATIO switch. To obtain this increased sensitivity, carry 
out the following steps: 

(1) Set the Model 1710A controls as follows: 
dB VOLTS switch -- --------------------- in 
INPUT switch-------------------- ------- .3 V 
ADJUST control --- ---------------------- CAL 
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(2) Meter full scale sensitivity is now controlled by the 
RATIO switch as follows: 

RATIO switch 
-80 dB 
-70 dB 
-60 dB 
-50 dB 

NOTE 

Full Scale Sensitivity 
30 u V 

100 u V 
300 u V 

1 mV 

The HUM and NOISE FILTERS will affect meter readings in this mode of 
operation. 

1-26. LEVEL RATIO MEASUREMENTS 

The dB Volts function facilitates the measurement of voltage ratio, signal
to-noise ratio, and frequency response, in dB or percent. The signal-to-noise 
ratio measurement using the internal sine-wave generator of the Model 1710A as 
described below provides an example of the use of this function. 

a. Ensure that connections are as described in paragraphs 1-13 through 1-16, and 
Figure 1-1. 

b. Set the ADJUST control to the CAL position and press the VOLTS/POWER pushbutton. 

c. Set the INPUT switch to the expected signal range and adjust the appropriate signal
level controls for the desired output signal, as indicated on the meter. 

d. Press th~ SET LEVEL pushbutton and rotate the ADJUST control until the meter 
pointer rests on the O dB mark for dB ratio measurements or on full scale mark 
for percentage ratio measurements. 

NOTE 

For proper O dB or 100 percent set level, the reference signal must be at 
least 0. 1 V and not exceed 100 V. 

This step must be carried out manually; Automatic Set Level cannot be used 
for this measurement. 

e. Remove input signal to the device under test by pressing the OFF pushbutton . 

f. Press the dB VOLTS pushbutton. Select the RATIO switch range which places the 
meter pointer in the upper 2/3's of scale if possible. Read signal-to- noise 
ratio (SNR) as indicated by the meter deflection and the RATIO switch range 
setting. 
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SECTION I I 
• PRINCIPLES OF OPERATION 

• 

• 

2-1. INTRODUCTION 

The Model 1710A nistortion Measurement System consists of a flexible ultra-low
distortion sine-wave signal generator, a high-resolution automatic-measurin9 total harmonic 
distortion (THO} analyzer, an accurate ac-level meter, and de power supplies. Pushbutton 
operation permits the operator to quickly measure voltage or power levels, set level, and 
measure distortion. 

The system makes total harmonic distortion measurements by applyil'g a sine-wave of 
ultra-low distortion from the generator to the input of the device under test while the 
distortion analyzer measures the output from the device under test. A tuneable notch 
filter in the analyzer, mechanically ganged to the generator by the front panel frequency
select switches, suppresses the fundamental signal. Automatic nulling circuitr_y fine 
tunes the notch filter and ensures that the null is retained. The signal remaining at the 
output of the notch filter consists of the distortion products and noise. This is displ3yed 
by the average-reading volt-meter in the analyzer. The ratio of the measured distortion 
components to a previously set fundamental signal reference level is defined as the totJ l 
harmonic distortion and can be read out directly on the meter in percent or dB. Switchable 
hum and noise filters are porvided to enhance the readout of the hannonic products. 

2-2. DISTORTION ANALYZER 

2-3. GENE~L DESCRIPTION 

Refer to Section IV for a schematic diagram of the distortion analyzer assemt,ly. l\ote 
that the circuit is divided into the following circuit blocks: Buffer amplifier, overload 
detector, notch filter, distortion amplifier and attenuator, amplitude null filters, fur.~ tior. 
switches , and ac meter. The operation of the assembly is discussed first at a circuit t,loc~ 
level and is then followed by details of each block. 

In operation , the signal to measured from the ANALYZER SELECT switch is connected to 
the input of the buffer amplifier. The buffer amplifier has two inputs, a fixed output 
which may be connected to the ac voltmeter, and a variable output (controlled by the ADJUST 
control) which is connected to the notch filter. The voltmeter is an average reading type 
which measures the signal level selected by the appropriate function switch. 

The overload detector monitors the variable output of the buffer amplifier. If an 
excessively high output voltage is detected , the detector turns on the front panel OVERLOAD 
indicator. 

The notch filter is mechanically ganged to the oscillator frequency select switches 
and suppresses the fundamental from the output of the buffer amplifier. The output of 
the notch filter is connected to the input of the distortion amplifier through a step 
attenuator controlled by the front panel RATIO switch. The attenuator adjusts a signal 
level for the distortion amplifier for various percentages of distortion or ratio readings. 

The amplitude null control and phase null control circuits supply the notch filter 
with its automatic nulling feature. Both circuits monitor the output of the distortion 
amplifier and feed control signals back to the notch filter. 

The sum-point buffer supplies reference signals to the tuning indicator and to the 
amplitude null control circuit. 

The tuning indicator circvit, using frequency information from the notch filter, 
provides the operator with a visual indication of the frequency being analyzed versus the 
input frequency. This circuit operates the NOTCH filter HI and LO indicators . 

The switchable HUM and NOISE filters are connected to the output of the distortion 
amplifier. These filters are effective on DISTORTION and dB VOLTS measurements. 
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The function switches select the circuit to be measured by the ac voltmeter . 
when the VOLTS POWER switch is depressed, the meter monitors the fixed output from 
the buffer amplifier via a stepped attenuator and preamplifier. When the SET LEVEL • 
switch is depressed, the meter rronitors the va riable output fro~ the buffer amplifier . 
Operation of the THO switch routes the signal from the distortion amplifier via the 
HUM and NOISE filters (if selected) to the meter. When the dB VOLTS switch is depressed, 
it connects the variable output from the buffer amplifier directly to the attenuator at 
the input of the distortion amplifier and hence to the meter. 

2-4. BUFFER AMPLIFIER 

The input of the buffer amplifier contains a pair of step attenuators, one for 
each INPUT connector. The attenuators are controlled by Sections SlA, B, C, D of the INPUT 
switch. The attenuator outputs are connected to input signal preamplifiers UlOl and Ul02. 
The gain of these units is controlled by section SlE of the INPUT switch. Gain is unity 
on the 3 V range and above, 3.16 on the l V range, and 10 on the .3 V range and below. 
The preamplifier outputs are coupled to Ul03, a bridge amplifier circuit which effectively 
acts as a differential to single-ended converter with high co111110n-mode noise rejection. 
The gain of the bridge amplifier is controlled by ADJUST potentiometer R125 and provides 
the variable signal supplied by the buffer. The range of gain is 10 dB and full scale 
voltage is 3. 16 volts. The fixed output from the buffer is obtained between the wiper 
of R125 and ground. This signal remains fixed regardless of the setting of Rl25, except 
when the buffer overloads. 

2-5. OVERLOAD DETECTOR 

The overload detector signals an overload condition when the variable output of the 
buffer amplifier exceeds approximately 6.5 volts rms sine wave or 9 vo l ts peak. The 
ci rcuit consists of comparator Ul07, a half-wave rectifier and filter, a light-emitting 
diode driver, and OVERLOAD indicator CR120. 

2-6. NOTCH FILTER 

The notch filter consists of two 90-degree phase shifters connected in series, making 
the output 180 degrees out of phase with the input. By sunming the input and output at 
surrming ampl ifier U203, the fundamental of the input signal is cancelled out . Feedback 
from the output of the surrmi ng amp 1 i fi er to the input of the filter increases the Q of 
the circuit and narrows the rejection band of the filter. 

Tuning is controlled by changing a set of RC elements for each phase shifter through 
operation of the front panel Multiplier and Digit pushbutton switches . When the reactance 
of the capacitance equals the resistance at the incoming frequency, the phase shift is 
90 degrees. The RC components are contained in the frequency module (See section 
IV for schematic diagram). 

2-7. DISTORTION At-f>LIFIER ANO ATTENUATOR 

The output of the notch filter is coupled through a 7-step attenuator to the input 
of distortion amplifier U204. The attenuator is controlled by section S20 of the front 
panel RATIO switch and reduces the distortion product of the notch filter such that the 
full scale voltage input to the amplifier is 1 mV on ranges .03% through 100% and .316 mV 
on the .01 % range. 

Amplifier U204 is a wide-band high-gain unit with gain controlled by section S2E 
of the RATIO switch. The gain is 31.6 for ranges .03% through 100% and 100 for the .01 % 
range. This gives a full scale output voltage of 31.6 mV on all ranges. 

2-8. AMPLITUDE NULL CONTROL 

• 

The amplitude null control circuit controls the amplitude of the signal from the 
cascaded phase shifter so that exact balance occurs when it is summed with the input to 
the phase shifters. This ensures the total cancellation of the fundamental signal. The 
components which perform this function include phase detector U310 , floating integrator • 
and voltage follower U312, integrating amplifier U311, integrating capacitors, and a 
photocoupler controlling a variable resistor element in the summing network. 
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The reference input to phase detector U310 is a signal which is in phase with the fun
damental, and the signal input to U310 is the distortion product output of the distortion 
amplifier. With these inputs, the phase detector monitors the notch filter output for an 
in-phase signal. When this occurs.the output of the phase detector supplies drive to the 
integrator causing the charge on the integrating capacitors to change. This in turn causes 
the photocoupler to change the value of the variable resistor which in effect adjusts the 
summing current until the in- phase component is no longer there. 

The integrating capacitors are changed by the RATIO attenuator switch. This in effect 
maintains the automatic null control loop gain at a relatively constant level, resulting in 
high-speed nulling on all ranges. The capacitors are precharged to the integrator output 
voltage level through resistor R360. This avoids switching transjents and improves the 
speed of the circuit. 

2-9. PHASE NULL CONTROL 

The phase null control ci rcuit fine tunes the phase of the second phase shifter in the 
notch filter so that the overall phase shift is exactly 180 degrees. This ensures total 
cancellation of the fundamental signal. The components which perform this function include 
phase detector U307, floating integrator and voltage follower U309 , integrating capacitors, 
and a photocoupler controlling a variable resistor in the resistive branch of the second 
phase shifter. 

The reference input to phase detector U307 is a signal which is out of phase with the 
fundamental, and the signal input to U307 is the distortion product output of the 
distortion amplifier. With these inputs the phase detector monitors the notch filter 
output for an out-of-phase signal. When this occurs, the phase detector output supplies 
drive to the integrator causing the charge on the integrating capacitors to change. The 
integrator output drives the variable gain amplifier, U313, and the voltage to current con
verter, U314, which in turn causes the photocoupler to change the value of the variable 
resistor which in effect adjusts the phase angle until the out-of-phase component is no 
longer there . 

The integrating capacitors are changed by the RATIO attenuator switch. This in effect 
maintains the automatic null control loop gain at a relatively constant level, resulting 
in high-speed nulling on all ranges. The capacitors are precharged to the integrator 
output voltage level through resistor R344. This avoids switching transients and improves 
the speed of the circuit. 

A set of resistors that feed signal from integrator U308 to U313 , whi ch acts as a gain 
control, is switched by the front panel FREQUENCY switches. This maintains a relatively 
constant integrator voltage when frequency is changed and helps to achieve perfect nulling 
in less than 5 seconds. 

2-10. SUM-POINT BUFFER 

. T~e ~um-point buffer suoplies a sig~al from the notch filter sunming point to the 
tuning 1nd~cator and the amplitude null control, each of which uses the signal as the 
refer~nce i~put _of a phase detector. The buffer consists of unity-gain ampljfier U301 
and ~1gh-g~1n ~igh-speed amplifier U302. These components convert the sine wave at the 
surmnng point 1nto a square wave signal. 

2-11. TUNINr. INDICATOR 

T~e tu~ing_indicator mo~itors the phase relationship between the signal input to the 
notch f1lter _s first phase shifter and its output. The relationship is frequency de
pendent and is 90 degrees when the incoming frequency is exactly the same as the tuned fre
quency of the notch filter. The components performing this function include phase detector 
U303, high-speed amplifier/drivers U304, U305 and HIGH and LOW indicators CR301, CR302. 

. The reference ~nput to phase detector U303 is the signal at the input to the phase 
shifter (connec~ed via the sum-p?int buffer) and the signal input to U303 is the output 
of the phase shifter. When the incoming frequency is exactly the same as the tuned fre
quency of the notch filter (90-degree phase relat ionship), there is no output from the 
phase detector: Und~r t~ese conditions both indicators are off. However, if the frequency 
of_the notch filter is high compared with the input frequency, U303 produces a de output 
which turns on.the HIGH indicator. Conversely, if the frequency of the notch filter is 
low compared with the output frequency , a de output of the opposite polarity from U303 
turns on the LOW indicator. 
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2-12. FILTERS 

Each filter is an active 3-pole Butterworth having a flat response within its • 
passband an~ an attenuation slope of -1 8 dB/octave. The -3 dB point is switch selectable 
at 30 kHz or 80 kHz for the low-pass NOISE filter and at 400 Hz for the high-pass HUM filter. 

2-13. FU~CTION SWITCHES 

The function switches select the circuit to be measured by the ac voltmeter. When the 
VOLTS POWER switch is depressed,the meter monitors the fixed output , via a step attenuator, 
from the buffer amplifier. When the SET LEVEL switch is depressed, the meter monitors the 
signal from a divider connected to the variable output of the buffer ampl ifi er. Operat ion 
of the THO switch routes the signal from the distortion amplifier via the low-frequency and 
high-frequency filters (if selected) to the meter. This connection is not made directly by 
the THO switch but by the release of the SET LEVEL and VOLTS POWER switches which occurs 
automatically when the THO switch is depressed. When the dB VOLTS switch is depressed, it 
connects the variable output from the buffer amplifier directly to the attenuator at the 
input of the distortion amplifier and hence to the meter. 

2-14. METER PREAMPLIFIER 
The ac meter preamplifier has a gain of 30 db and is in use only when the VOLTS/POWER 

measurement function is selected. This provides an overall sensitivity for the VOLTS/POWER 
measurement of 100 microvolts (-80 dBm) full scale. 

2-15. AC METER 
The ac meter circuit consists of high-gain wide-band amplifier U104, a full -wa ve 

bridge rectifier circuit, and de millialllTleter Ml. It indicates the average value of an ac 
signal. The input sensitivity is 31.6 mV full scale. The gain of the meter i5 adjusted 
by potentiometer Rl57. 

~- 16. GENERATOR 

2-17. GENERAL DESCRIPTION 

The generator provides a pure sine-wave oscillator signal for testing from 10 Hz to 
110 kHz. The generator output is di rect-coupled, balanced, and floating with respect to 
chassis ground. The output impedance can be set to either 150 ohms or 600 ohms (except 
for levels greater than +21 dBm) , and discrete calibrated levels in 0.1 dB steps can be 
selected from +27.0 dBm to -90.9 dBm (decibels relative to l milliwatt into 600 ohms) into 
150-ohm or 600-ohm loads (17.32 V rms maximum). The level across any load used can be 
directly measured within the instrument. An indicating OFF switch disables the generator 
for convenient signal-to-noise ratio (SNR) measurements. 

The oscillator is basically a Wein bridge type with a unique ultra-low distortion 
amplitude control circuit. This control circuit provides (1) wide frequency range (2) 
fast settling (3) flat frequency response and (4) ultra-low distortion. No one of these 
chara~teristics is sacrificed in order to achieve an improvement in the others. 

The oscillator has two operating modes - Fast Response and Low Distortion. When Fast 
Response is selected,the oscillator amplitude settles quickly after a frequency change; when 
Low Distortion is chosen, the oscillator settling time to .002% distortion is less than 
5 seconds. Built-in control circuitry automatically guides the oscillator through these 
modes whenever there' s disturbance to the amplitude, for example, a change of frequency 
setting. 

2-18. OSC ILLATOR CIRCUIT 

The basic Wein bridge oscillator consists of a reactive positive feedback network and 
a resistive negative feedback network, both of which are tied to the output of oscillator 
amplifier Ul . The positive feedback network feeds back to the positive terminal of the 
amplifier and the negative feedback network is coupled to the negative terminal of the 
amplifier. Frequency of oscillation is determined in the positive feedback network by 
the relationship: · 

f:----
2 n RC 
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Where front panel Multiplier switches change a set of capacitors for each frequency 

range and the Digit switches change the resistance value. These components are located in 

the frequency module (See Section 4 for schematic diagram) . 

2-19. AMPLITUDE CONTROL 

The ultra-low distortion amplitude control circcit consists of two control loops : 

a high-speed loop and a low-speed loop. These two loops, acting together, effectively 

vary the negative feedback ratio to regulate the oscillator amplitude. 

Now assume that the oscillator has been set for Low Distortion operation and it is in 

a steady state condition. At this time, relays Kl and K2 are energized resulting in the 

following circuit conditions: 

a. The time constant for active RC filter U2 is now longer. This filters the sawtooth 

voltage driving VCR Ql to almost a de level, minimizing its distortion effect. 

b. The time constant for integrator U3 is now longer. This ensures that the stability 

of the control system is maintained. 

c. Resistor RS is shunted in parallel with VCR Ql. This greatly limits th~ control range 

of the VCR, reducing its distortion effort. 

The oscillator remains in this state until a disturbance to the oscillator amplitude 

occurs. At this time, the high-speed loop, in an attempt to maintain the oscillator amp

litude, creates an abnormal bias level for VCR Ql. This level is sensed by level detector 

Q4, QS which in turn triggers one-shots U6A, U6B with the result that relays Kl and K2 are 

de-energized. This places the amplitude control system in the Fast Response mode previously 

discussed. The system remains in this state for 2~ seconds. 

At the end of the 2~ second interval, relay Kl is energized. This causes the following 

circuit action: 

a. A shunt is placed across VCR Ql to limit its control range. 

b. The time constant of integrator U3 is increased to maintain circuit stability. 

c. A large capacitor is allowed to charge to the steady state output value of active RC 

filter U2. 

d. A large capacitor is allowed to charge to the steady state output value of integrator 

U3. 

During this intermediate state, which also lasts 2~ seconds, the oscillator settles 

to a steady state condition. At the end of this interval, relay K2 is energized. This 

causes the following circuit action: 

a. The precharged capacitor is connected across RC filter U2. 

b. The precharged capacitor is connected across the integrator U3. 

Thus after 5 seconds, the control system is back in the ultra-low distortion mode 

with relays Kl and K2 energized. 

The high-speed loop, composed of the following major components, stabilizes the os

cillator from cycle to cycle. 

a. Peak Detector Q2, Q3. 

b. Active RC filter U2 and associated RC element. 

c. Voltage-controlled resistor (VCR) Ql . 
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The low-speed loop, consisting of the following major components, monitors the bias 
applied to the VCR and ensures that the bias is always at an optimum value for low dis
tortion. 

a. Comparator R17, R18 (these components are also input resistors for integrator U3). 

b. Integrator U3 and associated integrating capacitor. 

c. Photocoupler U7. 

In the following circuit description, assume that the oscillator has been set for Fast 
Response operation . In this mode relays Kl and K2 are de-energized, r~sulting in the fol
lowing circuit conditions: 

a. The time constant for active RC filter U2 is relatively short. 

b. The time constant for integrator U3 is relatively short. 

c. A high value of resistance is connected in parallel with the· VCR section of the nega
tive feedback loop. This allows the VCR to have a wide coRtrol range. 

In operation, when power is first applied to the unit, there is no input from the os
cillator. This causes the output of RC filter U2 to be ze-ro and VCR Ql to be at its lowest 
resistance. At the same time, the output of integrator U3 is also zero, which cuts off the 
drive to the light source in U7. This causes the photoresistor to have a very high resis
tance . These conditions result in a very low negative feedback ratio in the oscillator, 
causing it to start inmediately after power is applied. 

• 

When the oscillator amplitude passes · a reference voltage (voltage V2 across Rl5) at 
peak detector Q2, QJ, the detector produces an output current which starts to charge up 
RC filter U2. This in turn creates a large bias voltage (Vl) to the VCR which increases 
its resistance. This tends to lower the amplitude of the oscillator. At the same time, 
comparator Rl7, R18 detects that voltage Vl is increasing.and when it becomes greater than • 
its' reference voltage (VJ), the comparator produces a current which drives integrator UJ 
to turn on the light source in U7. The photoresistor responds by decreasing its resis-
tance, tending to further dampen the amplitude of the oscillator. This action continues 
until (1) the oscillator amplitude equals the reference voltage (V2) and (2) the VCR bias 
voltage (Vl) equals the reference voltage (VJ). 

After the oscillator has reached a steady state condition, the circuit continues to 
operate as follows: Any time the oscillator amplitude is lower than the reference voltage 
(V2), the ac peak detector Q2, QJ reduces drive to the RC filter and VCR. This in turn 
causes the VCR to decrease its resistance, bringing the oscillator amplitude back to the 
reference level (V2) . If the oscillator amplitude is higher than the reference, a reverse 
action increases the VCR resistance. This operation occurs once per cycle and is performed 
by the high-speed loop. 

The bias (Vl) on the VCR is constantly monitored by comparator Rl7, Rl8 against refer
ence voltage VJ. Any difference in voltage level results in a current qf corresponding 
polarity. This current is integrated constantly by integrator UJ. Over a given period of 
time, if there is an average net increase of VCR bias, there will be an increase of drive 
to the light source of U7. (The opposite is true for a net decrease of VCR bias). This 
increase in drive to the light source will result in a decrease of resistance in photo
resistor U7. When this occurs, the VCR is no longer required to have such a high resistance 
and hence high bias voltage Vl. Therefore, the bias voltage (Vl) for the VCR will gradually 
return to its predetermined value, the reference voltage VJ. This action which provides a 
constant optimum bias for the VCR, is perfonned by the low-speed loop. 
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2-20. ATTENUATOR 

The principle components of the attenuator are as listed below : 

• l dB-per-step attenuator 
• 0. 1 dB-per-step attenuator 
• Vernier attenuator 
• 10 dB-per-step attenuator 
• Generator Off switch 
• Generator Impedance Sel ect switch 

The l dB-per-step attenuator, the 0.1 dB-per-step attenuator, and the vernier attenu
ator are connected between the output of the low-distortion oscillator and the input of the 
balanced ampl ifier. Each attenuator consists of a single-ended section. 

The 1 dB-per-step attenuator is a voltage divider with constant output impedance of 
665 ohms. This contant output impedance is then used as a source for the vernier and the 
0.1 dB-per-step attenuator . The l dB-per-step attenuator provides a total attenuation range 
of 9 dB . 

The vernier attenuator operates over the upper 2-dB range of the oscillator output. 
Potentiometer R12 is used to adjust the range of the front panel vernier control q10 . 

The vernier attenuator is followed by a single section of the generator OFF switch. 
In the Off position, the switch removes the drive to the 0.1 dB-per-step attenuator and the 
balanced amplifier. 

The 0. l dB attenuator is a series-resistance string. It provides a total attenuation 
range of 0.9 dB to the input of the balanced amplifier. 

Between the balanced amplifier and the balanced attenuator are two additional poles 
of the generator OFF switch. In the OFF position, the switch provides a short to circuit 
conmon as the drive to the balanced attenuator. These two sections of the switch in com
bination with the section between the vernier and the 0.1 dB-per-step attenuators result 
i n a very low residual output signal from the generator when in the OFF position . 

The 10 dB-per-step attenuator is balanced and is located electrically between the 
output of the generator off switch and the generator output tenninals on the front panel 
of the instrument. The attenuator is made up of six discrete sections. The first is a 
6-dB matching section which provides a 150-ohm balanced output impedance from the amplifier 
in all positions except the 26 dBm step position, where the output impedance of the amplifier 
is two ohms or less. 

The attenuator operates as a 150-ohm balanced attenuator from the 6 dB section source 
with the remaining five sections coded as the attenuator schematic . 

The output from the attenuator is connected to the SOURCE IMPEDANCE select switch. 
With the switch in the 150-ohm pois iton it provides a straight through connection to the 
balanced output terminals to provide a 150-ohm source impedance . In the 600-ohm position, 
it switches in two 225-ohm res istors , one on either side of the line for a balanced 600-ohm 
source impedance at the output tenninals. 

The output line (no. 4) from the balanced attenuator is used to provide a signal in 
the +26 dBm position only to the output tenninals of the SOURCE IMPEDANCE select switch so 
that the 225-ohm resistors, if selected, are bypassed. 

The circuit COllffl)n is brought out to the center tap (CT) terminal. A ground (GNO ) 
terminal which goes to the chassis through a sensitive fuse is also provided to the front 
panel at the generator output. This ground line is bypassed by a one microfarad capacitor 
and a 500 picofarad capaci tor for electromagnetic interference protection of the instrument 
from outside sources . 
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2-21. BALANCED AMPLIFIER 

The balanced amplifier is comprised of two separate amplifiers whose outputs are 
combined to deliver a balanced signal. One amplifier is non-inverting and the other is 
inverting. 

Each amplifier consists of an operational amplifier and a current booster. The 
components of the non- inverting amplifier include operational amplifier Ul and current 
booster Ql through Q4; the inverting amplifier is made up of U2 and current booster QS 
through Q8. 

The current booster of each amplifier is capable of driving loads down to 75 ohms so 
that the combined total of the two amplifiers is capable of driving loads down to 150 ohms. 
Fo r loads less than these impedances, internal protection circuitry limits the peak current 
i n the current booster stages of each amplifier , preventing overheating of the output 
transistors and stress on the power supplies. 

Potentiometer R12 in the non-inverting amplifier feedback loop provides adjustment 
for balance of the two amplifiers. 

Overload protection circuits in each of the two amplifiers consists of two separate 
sections. First, diodes CR7 , CR8 {CR15, CR16) prevent excessive output current through 
transistors Q2 , 04 {Q6, 08) by limiting the voltage drop across the collector resistors 
RS, R9 {R18, R22). Second, diode pairs CRl, CR3 and CR2, CR4, {CR9, CRll, and CR12, CR14) 
limit the reverse base- to-emitter voltage across transistors Q2, 04 , {Q6, Q8). Inductor 
and resistor pair Ll, R27, {L2, R28) maintains amplifier stability with reacti ve loads. 

Zener diodes CR17, CR18 (CR19 , CR20) 9revent the peak- to peak voltage across either 
half of the amplifier to the co11100n of the amplifier circuits from rising above approxi
mately 15 volts. The sensitive fuse is used to cut off excessive current of long duration 
through the zeners. The resistor in series with the fuse is used to protect the fuse from 
accidental blow-out by a high generator output level. 

2-22. POWER SUPPLIES 

2-23. GENERAL DESCRIPTION 

There are two separate power supplies in the Model 1710A -- one provides +15 and 
-15 Vdc to the amplifier section, and the other +17 and -17 Vdc to the generator section. 
All supplies feature current foldback and current limiting. 

2-24. INPUT CIRCUIT 

Main power is coupl ed to the primary of transformer Tl via PO\iER switch SJ , 115/230 
Vac select switch S5, and fuse Fl. Transformer Tl steps the main voltage down to the 
appropriate level for the individual power supply circuits. 

2-25 . +15.Vdc SUPPLY 

Full wave rectifier CR601-604 and filter capacitor C601, connected to 
winding on Tl, produce an unregulated output of approximately +25 Vdc. The 
circuit includes pass element Q601, and integrated circuit regulltor U601. 
R603 allows the output to be set to exactly +15 Vdc. 

2-26. -15 Vdc SUPPLY 

a secondary 
reguliltion 
Potentiometer 

The -15 Vdc supply is similar to the +15 Vdc supply described above except that the 
outputs are reversed, resulting in a negative potential with respect to power supply ground. 

2-27. +17 Vdc SUPPLY 

Rectifier CR603 , CR604 and filter capacitor C601, connected to a center-tapped 
secondary winding on Tl produce an unregulated output of approximately +26 Vdc. The 
regulation circuit includes pass element Q601 and integrated circuit regulator U601. 
Potentiometer R603 allows the output to be set to +17 Vdc. 
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2-28. -17 Vdc SUPPLY 

The -17 Vdc supply is similar to the +17 Vdc supply described above except that the 
outputs are reversed with respect to power supply ground (generator coll1ll0n). 

2-29. FLOATING GROUND SYSTEM 

The complete generator is isolated from chassis and ac line ground through separate 
sheet metal enclosures within the main chassis and a system of shields in the power trans
fonner. The total capacitance of the shielding of the generator system to the chassis 
airounts to approximately 600 picofarads. This allows full floating and/or unbalanced 
grounding of the generator without adverse effects of injected currect from either the ac 
power line or internal signal generators. 

2-30. ELECTROMAGNETIC INTERFERENCE CONSIDERATIONS 

The analyzer is protected against external radio frequency interference sources by 
the following: 

a. AC line filtering through an in tegral shielded line filter . 

b. A complete chassis- system using conductive joints between all chassis elements and 
complete metallic convering of the analyzer. 

c. A pi-section RC filter on the input to the analyzer at the input terminals. 

d. Capacitors across the generator grounding line to the generator ground fuse on 
the rear panel . 
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SECTION III 

• MAINTENANCE 

3-1. INTRODUCTION 

This section provides performance checks, adjustment and calibration procedures, 
troubleshooting techniques, and repair instructions for the Model 1710A. The section is 
divided into four oarts. Part l is a test of basic operation and can be used to check general 
system operation and as an aid in troubleshooting. Part 2 is a complete system check and can 
be used for a more detailed check of individual portions of the system. Part 3 provides ad
justment and calibration procedures. Part 4 supplies information on repair and replacement 
of parts and modules. 

PART 1 

3-2. PERFORMANCE CHECK 

CAUTION 

Due to the ultra- low distortion characteristics of the Model 1710A, only 
test equipment with the specifications described in table 3-2 is capable of making 
the distortion measurements called for in this check. Use of test equipment with 
equal or higher residual distortion to measure, for example, the characteristics 
of the low distortion oscillator, will result in erroneous readings due to: 

a. Residual distortion of measuring equipment, 

b. Reinforcement or cancellation effect of distortion products. 

• NOTE 

• 

l. Before beginning the test, ensure that all external equipment is com
pletely disconnected from the Model 1710A. 

2. This test measures the overall distortion of the system, with distortion 
from both the generator and the distortion analyzer contributing to the result. 
To measure the distortion of the analyzer, an extremely pure source, with a dis
tortion of .0002 percent is required. 

a. Place ANALYZER SELECT pushbutton in GENERATOR OUTPUT pos ition. 

b. Set Model 1710A controls as follows: 

INPUT switch --------------------~---- 3V 
ADJUST control ---------------- ------- CAL 
GENERATOR LEVEL controls -- ----------- +4 dBm, VERNIER centered 
GENERATOR OFF switch ------ -- --------- out 
FAST RESPONSE/LOW DISTORTION switch -- LOW DISTORTION 
FREQUENCY pushbuttons ---------------- XlO} lOOO Hz 

100 
FILTER pushbuttons ------------------- NOI SE , 80 kHz on 
POWER switch ------------------------- ON 

c. Press SET LEVEL pushbutton and rotate ADJUST control until meter pointer is over 
1.0 mark. 

d. Press THO pushbutton and set RATIO switch to .01 range. Check that distortion read
ing is less than .004% . 
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e. Select following oscillator frequencies and check that disto,·tion reading for each is 
less than the percentage given. 

Mul t'i el i er OiT6t Frequency Distortion {Percent ) 
XlO 100 Hz .004 
Xl 10 10 Hz .0045 
Xl 100 "1 00 Hz .004 
XlOO 100 10 -H z .ooa 
XlOO 10 1 · Hz .004 
XlOOO 10 10-Hz .004 

f. Set RATIO switch to .03 range and change oscillator freq~ency to 100 kHz (X lOOO and 
100 pushbuttons) .· 

g. Relase NOISE FILTER pushbutton. theck that distortion reading is less than .35 

3- 3. TROUBLESHOOTING 

Check the JAG 1-ampere LINE and 1/32-ampere GEN fuses located on the rear oanel of 
the instrument . 

Before attempting to troubleshoot the Model 1710A, ensure that the fault is with the 
Mor:lcl 1710A and not caused by the test setup or associated equipment. The perforP•ance 
check (Paragraph 3-2) enables this to be determined without having to remove the covers 
from the Model 1710A. 

If abnormal condition is observed during the Performance Check, Table 3-1 will 
suggest remedies. However , before proceeding with detailed troubleshoot ing , n,, te the fol 
lowing suggestions: 

a. 

b. 

A good understanding of the principles of operation of the Model 1710A will assist the 
troubleshooter and it is recolTlllended that the reader be familiar with the contents of 
Section II of this manual. 

Any suspected JT1alfunction should first be tested with the Perfonnance CheLk. ·This 
need not be carri ed out in its entirety---- only the portion applicable to the sus
pected malfunction need be performed. 

c. Verify proper power supply operation by measuring the +15 Vdc , - 15 Vdc, +1 7 Vdc , and 
- 17 Vdc voltages. Check a 1 so that the + 12, -6, and -8 Vdc supplies wh ich operate c11e 
null control circuits on the analyzer board. 

d. Many measurement problems or bad readings can be related to incorrect grounrli 'l'). Refer 
to Paragraph 1-13 for correct grounding instructions . 

e. The differential input circuitry of the Model 1710A requires a return to circuit common. 
Check the input cabling for proper connections. 

f. Attempt to isolate the malfunction to either the generator or the distortion analyzer. 
After this, try to isolate the fault to a circuit block within the su~pected unit. 

g. Determine component failure within the analyzer by operating the Model 1710A without 
an input signal and then comparing de levels with those marked on the schematic. 

h. Since the instrument contains a number of identical components mounted in plug-in 
sockets, it is permissible to switch these units in order to isolate a malfunction. 
However, known good components must always be returned to their original locations. 

i. Phase detector U303 in the tunin9 indicator need not be in position for proper notch 
filter operation. This component can therefore be used to isolate a malfunction in 
the null control circuits. But be sure to return the original I.C. to U303 when done. 

j. Abnormally large potentials {roore than t 15 mV) measured between the + and - inpu t 
terminals on operational amplifiers ~enerally indicate a defective amplifier . 

k. When a malfunction occurs try first to find out if the trouble relates to any particu
lar pushbutton. If it does, it may be possible to cure the problem by depressinq and 
releas ing the defective button several times. 
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3-4. SYMPTOM/CAUSE TABLE 

Table 3-l contains symptoms of Model 1710A malfunctions and provides diagnostic tests 
for the location of these faults. Before beginning detailed troubleshooting, the reader 
is advised to study notes a. throu')h k. in Paragraph 3-3. 

Following the replacement of a defective component, refer to Paragraph 3-37 for in
structions regarding any necessary calibrat ion and/or adjustment procedures. 

3-5. TEST EQUIPMENT 

Reconrnended test equ ipment for performance checking and troubleshootin9 is listed in 
Table 3-2. Test instruments other than those described can be used provided their soec
ifica t ions equal or exceed those listed. 

3-6. INTRODUCTION 

The following is a complete system check for the Model 1710A. The check can be used 
for incoming inspection, verifying system performance, and the individual tests can be 
used as an aid to troubleshooting. 

Before beginning the check, ensure that all external equipment is completely dis
connected from the Model 1710A, and that none of the fuses described in paragraph 3-3 
are blown. If the required test equipment for an individual test is not available, make 
a gross operational check and then proceed to the next test. 

3-7. CIRCUIT COMMON ISOLATION CHECK 

a. 

b. 

c . 

3-8. 

a. 

Set POWER switch to OFF. 

Measure resistance between GENERATOR OUTPUT GND and CT terminals. Check that readinq 
is greater than 10 megaohms. 

Set POWER to ON. 

FREQUENCY ANO LEVEL CHECK 

Set Model 1710A controls as follows: 

GENERATOR LEVEL controls ------------------------ +6 dBm, VERNIER centered 
FAST RESPONSE/LOW DISTORTION switch --- ---------- FAST RESPONSE 
FREQUENCY pushbuttons --------------------------- XlO} 

100 
= 1 kHz 

OSC.\F control ----- ------ ------------------------ centered 
GENERATOR OFF switch ---------------------------- out 

NOTE 

Do not load output or connect GENERATOR OUTPUT GND terminal to any other 
output terminal. 

b. Connect GENERATOR OUTPUT BALANCED terminals to frequency counter and wideband ac 
voltmeter. Measure amplitude of output. Check that it can be adjusted to 3.08 V 
with the GENERATOR LEVEL VERNIER control near the center of its range. 

c . 

NOTE 

The Model 1710A can be used to measure the ac voltage. If this is done , the 
drop in response at 10 Hz is caused by the characteristics of the voltmeter and 
not the oscillator. 

Select the following oscillator frequencies and check that (1) frequency is · 2 of set 
value and (2) frequency response is f l at within 0.2 dB. 
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TABLE 3-1 . MODEL 1710A SYMPTOM/ CAUSE TABLE. 

·-------·---- ---T·---·---·----·-----·- - .. - --------------
' SYMPTOM 

Genera t or cont inually 
(ycles between Fas t Response 
and Low Dis t or tion 

~enera tor has no output . 

~enerator has unstable di s tor
t ion readi ngs . 

Generator produces cl i pped 
waveforms . 

Generator output 6 dB low 
on all attenuator steps . 

Generator has no output 
on some frequenc ies and 
output on others 

Generator has hum in output . 

High distortion under all 
cond i tions (not null i ng ) 

POSS IBLE CAUSE 

a . R7 out of ad j ustment 

b. Oscil lator ampl i f ier Ul. 

c . Dual t ime r U6. 

d. Photocoupl er U7 . 

e . VCR 07 . 

a . GENERATOR OFF switch de 
pressed 

b. Generator power supply 
failu re . 

c . Osci llator amplifier Ul . 
d. Balanced amplifier out put 

short ed. 

e . Output attenuator open. 

a . Oscill ator amplif ier Ul . 
b. Photocoup ler U7. 

c . VCR 01. 

a . Ba lanced amplifier over
l oad on +26 dBm. 

b. Ba l ance ampl ifier pro
tection CRl thr u CR4 , 
CR7 thru CR12, CR15 , 
CR1 6. 

c . Oscil lator amplifier Ul. 

d. RC f i lter amplifier U2. 

a . Ha l f of ba lanced amp l i f ier 
inoperat ive . 

b. Ba lanced ampl ifier short . 

a . Bad contact in pushbutton 
switch . 

a . Improper ground connections 

a . Amplifier nu ll circuit 
(U302, U310, U31 l, U312} 

b. Phase null ci rcuit 
(U306 , U307 , U308, lJ309} 

c. Notch fil t er 
(U20 l , U202, U203, U301} 

3-4 

DI AGNOSTIC TEST 

a . Carry out osci llator 
integrator change adJ JS t
ment (See parag ra vh 3- , 5) 

b. Rep lace Ul. 
c. Replace U6. 

d. Replace Ui". 
e . Replace C7. 

a . Check posi t ion of swi t ch 

b. Check +l7 and - 17 Vdc 
supply vol t aqes . 

c . Rep lace Ul 
d. Check for shor ts be tween 

out pu t lines . i nc luding 
10 dB at tenuator . 

e . Check outpu t con t inui t y 
on affec ted ranqes . 

a . Rep lace Ul. 

b. Replace U7. 

c . Replace 01. 

a. Check tha t load> ISO w 
tota 1 . 

b. Check diodes fo r shorts. 

c . Rep lace Ul . 
d. Replace U2. 

a. Check output from each 
line to CT separate ly. 

b. Check for short from 
either output l ine to 
con-.non before and in 
10 dB attenuator. 

a. Refer to troubleshooting 
paragraph 3-3 k. 

a. Check tha t ground and 
connect ions are in co111-
pl iance with paragraph 
1- 13 . 

a. Check de voltaaes on null 
ci rcuit with1)ut input 
s igna I. 

b. Check de voltaaes on null 
circui t wi thout input 
signul . 

c . Open feedhack loop by 
l i fting up one end of 
R203. Check de voltages 
on notch fi lter ci rcuit 
withou t input s igna l. 

• 

• 

• 
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TABLE 3-1 (Continued ) 

SYMPTOM POSSIBLE CAUSE DIAGNOSTIC TEST 

• d. Photocoupler U2O5. d. Replace U2O5. 

e . Photocoupler U2O6 . e . Replace U2O6 . 

f . Leaky zener diode CR3O4 f. Disconnect zener from 
or CR3O5 . circuit while operating 

in distortion mode. 

Distortion reading contains a. Miss i ng ground return for a. Check that connections are 
excess i ve hum. Model 171OA differential in compliance with para-

front end . graph 1- 1 3. 

Ana lyzer had un~table a. Photocoupler U2O5 or U2O6. a. Make certain the symptom 
di stortion readings. is from the analyzer and 

not the oscillator . ~epl ace 
U2O5 or U2O6. 

Nul l ing becomes ex- a. Osei llator frequ·ency a. Check frequenci with 
cessively slow. drifted . counter . 

b. Photocoupler U2O5 or U2O6 b Check de voltage at TPS 
causing higher integrator with respect to TP7 . If 
voltage . greater than 6 Vdc , adjust 

R359 . If unable to adj ust 
be~ow 6 Vdc. replace U2O6. 

Not nulling on some a. Bad contact in pushbutton a. Refer to troubleshooting 
frequencies switch. paragraph 3-3 ._ 

• 
One of notch frequency a. R312 out of adjustment a. Carry out test described 
indicators stays on during in paragraph 3- 35 . 
~~asurement on all fre- b. Tuning indicator circuit b . Check de voltage on cir-
quencies. (U3O3, U3O4 , U3O5) cuit without input . 

c. Phase detector U3O3. c . Replace U3O3 . 

One notch frequency a. Oscillator frequency drifted a. Check oscillator frequency 
indicator stays on during b. R312 out of adjustment range b. Carry out test descrihed 
measurement on some fre-
quencies. 

in paragraph 3-35. 

c. Range capacitor(s) or digit c. Unsolder range capacitor 
resistor(s) drifted out of from pc board to measurf> 
tolerance in analyzer section value . Check suspected 

resistor(s) by activating 
proper pushbutton(s) and 
measure at analyzer pc 
board . 

• 
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TYPE 

AC Ca 1 i bra tor 

TABLE 3-2. REQUIRED TEST EQUIPMENT 

REQUIRED CHARACTERISTICS 

Voltages : .3162 mV. l. 000 mV. 
3. 162 V rms 

Accuracy: :: . l at 1 kHz 

------------------
USE RECO~~E ~DED MODEL 

- ···- - ------- -----
Adjustment and 
Calibration 

Opt i~at ion Model 
AC- 125 or 
Fluke Model 5200A 
(•See alternate 
method descr ibed 
be 101·1. ) 

----------------------
Dig ita 1 
Multi -Meter 

DC Voltage 

AC Voltage 

Resistance 

Range :. 

Range : 

Range : 

200 mV to 
200 V : . li~ 
200 mV to 
200 V -: . 5•, 
200 ohms to 
20 M ohms 
:: .2i 

Adjustment and 
Calibration 

Troubleshooti ng 

Fluke ~odel SOOOA 

--------------------·-----------··- ---·. ---··---. -- .. .. 

Frequency 
Counter 

Oscilloscope 

Osei l lator 
and 

THO Analyzer 

Attenuator 

AC Voltmeter 

Frequency Range: 10 Hz to 100 kHz 

Period Measurements : 10 Hz to 
1 kHz 

Accuracy: ~ . 1\ 

Bandwidth: DC to 10 mHz 

Vert ical: Dual Channel 

Adjustment and 
Calibration 

Troubleshooting 

Adjustment anc! 
Calibrat ion 

Troubleshooting 

Fluke Model 1900A 

Hewlett-Packud 
Mode 1 1220A 

or 
Philips Model 
PM3232 

---------------------- --- ... -· -
Frequency Range: 10 Hz to 110 kHz 

Residual Distortion: .002%, 10 Hz 
to 10 kHz 

150 or 600 ohms, balanced de 
to >100 kHz; +30 dBm. input; 
0 to 100 dB, 10 dB steps. 
Error at any step <.05 dB. 

100 Hz to :-100 kHz, flat to 
· .05 dB 
lOOuv· to 30 V F.S. 
Linear dB scale 
Attenuator error <. 05 dB 
Scale error <.01 dB over 
upper 11 dB 

Troubleshooting 

Performance 
Checking 

Performance 
Checking 

Troub leshooting 

Sound Technol ogy 
Model 1700A 

01' 
Mode 1 171 OA 

Hewlett-Packard 
Model 4436A"* 

Hewlett-Packard 
Model 400F0 

---·- -· - --·-······ . . 

• To produce fairly accurate AC voltages: For 3.162 V rms -- Monitor oscillator output 1-,it h 
Digital Multi-meter 

• 

• 

For 1. 000 mV rms - Set 1710A under tes t to i0/1 ·: 
range and set genera tor outp11r 
for a 31. 6 rnV r111s output 1-, i th 
Digital Multi-meter . 

For . 3162 mV rms - Same as above e,cept <; et 1 i' 111,, • 

under test to 300 V range . 
** The attenuator and AC voltmeter are used t o check performance of the Model 1710A generc1 to,· 

l evel controls. For this purpose the published specifications of the reco11111ended moc1c lc. 
are inadequate and indi vidua l un its will require further checking and/ or cal ibration to 
the stated accuracy before they can be used. 
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1 or. lOK 

" i A.A 

.015 )lf . 015 uf Correction F3ctors 

1(- ll 
Har•nonics: 

2nd. 2.8 
SK 

t J.030 :., f 3rd. 1 . 8 
4th l. 5 

I 
NOTE: All resistors are metal-film type,+ 11 tolerance 

Al l capacitors are polystyrene type-;-~ lt tolerance 

INPUT 
BRIDGING 

0 
GNO 

INPUT 
BRIDGING 

FIG. 3-1 

GENERATOR 
OUTPUT 

8Al.ANCE O GNO CT 
0 

3001! 3001! 1501! 

Figure 3-2 . Balanced Check Test Setup. 

BALANCED 
ATTENUATOR 

1..0AD 
RESISTOR 

GNO 

Figure 3-3. Balanced Load Test Setup. 
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Multiplier 
XlO 
Xl 
n 
XlOO 
XlOO 
XlOOO 

OiMt* 

10 
100 
100 

10 
10 

Frequency 
700 Hz 

10 Hz 
100 Hz 

10 kHz 
1 kHz 

10 kHz 

• set remai nino 
digits to 0-

3-9 . DISTORTION TEST 

a. Set Mode l 1710A controls as described in Paragraoh 3-8a , but se t FAST RESPONSE/LOW 
DISTORTION switch to LOW DISTORTION and set ADJUST control to CAL. 

b. Measure distort ion of oscilla tor at frequencies listed in Paragraph 3-8. Check that 
measurements are with in specifications listed in Model 1710A data sheet. 

NOTE 

The measurement technique for mak ing oscillator distortion measurements 
(and the accuracy of the reading) depends on the tyoe of test equipment avail 
able to the user . In general , this equipment will fall into the following 
three categories 1 isted below, in order of measurement accuracy: 

1. The Model 1710A. In the absence of a wave analyzer, the Model 1710A can 
be used to make a rough check of the oscillator's distortion. Carry out the 
Distortion Test described in Paragraph 3- 9. 

2. Wave analyzer with a res idual distortion of less than -60 dR. Set the '·lodel 
1710A to the 3 V range and adjust the GENERATOR LEVEL controls for a set level 
mark of -8 dB. Then use the wave analyzer, observing the signal from the INPUT 
f,()NITOR j ack of the Model 1710A t o sort out the harmonic distortion products of 
the oscil lator. This measurement is , in genera l , accurate to approximately 
.0005 percent. 

3. Wave analyzer with a residual distortion of less than -80 dB. Set the 
oscillator output as described in 2 above. Connect a twin- T filter, which 
must attenuate the fundamental by at least 40 dB, ahead of the wave analyzer. 
Then use the wave analyzer, observing the signal from the INPUT f,()NITOR jack of 
the Model 1710A, to sort out the harmonic distortion products . This method is , 
in general, accurate to .0001 pe r cent or 1 ppm. A suitable twin-T network for 
1.06 kHz is shown in Figure 3-1 . 

NOTE 

To obtain therms THO level from the measured data of 2 and 3 above, square 
each harmonic amplitude value, sum these squared values, and take the square root 
of that sum. 

3-10. BALANCE CHECK 

a . Set Model 1710A contro ls as follows: 

b. 

SET LEVEL pushbutton ----- ------ ---------- in 
FILTER pushbuttons ----- -------- - --------- out 
FREQUENCY pushbuttons ---- ----- --- -------- XlOOO} s 20 kHz 

20 
INPUT switch ----- - -- - --- - ---- ------- ----- 10 V 
ADJUST control --- ------------------------ CAL 
ANALYZER SELECT switch --- ---------------- GENERATOR OUTPUT 
FAST RESPONSE/ LOW DISTORTION S\oii tC'h ------ LOW DISTORT ION 
GENERATOR LEVEL controls ----------------- +20 dB~. VERNIER centered 
GENERATOR OFF switch --------------------- out 
SOURCE IMPEDANCE switch ------------------ 600 n 

Connect a 600-ohm, 1-watt center-tapped load to GENERATOR OUTPUT terminals as shown 
in Figure 3-2. The two 300-ohm sections must be matched to each other within .005 oer
cent (i.e., each must fall in the range 299.98 to 300.02 ohms) to give the required 
accuracy in the following measurement. 

c . Connect a cable from analyzer INPUT terminals to a 150-ohm resistor, as shown 1n 
Figure 3-2. 
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d . 

e. 

f. 

g. 

h. 

i. 

j. 

k. 

Adjust GENERATOR LEVEL VERNIER control for an exact 0-dB read i ng on meter. 

Set ANALYZER SELECT SWITCH to INPUT position. 

Press dB VOL TS pushb1Jtton and rotate RATIO switch for a reading between -10 dB and O dB 
scale marks (no greater than O dB ) if possible. 

Check that RATIO switch setting is -70 dB or -80 dB. 

Set FREQUENCY pushbuttons to XlOOO, 100 for 100 kHz operation. 

Press SET LEVEL pushbutton. 

Set ANALYZER SELECT switch to GENERATOR OUTPUT position. 

Repeat steps d, e, and f. 

1. Check that RATI O switch setting is less than - 50 dB . 

3-11. VERNIER LEVEL CONTROL RANGE CHECK 

a. Set Model 1710A controls as follows: 

SET LEVEL pushbutton ---------------- --- in 
FILTER pushbuttons - -------------------- out 
FREQUENCY pushbuttons ------------------ XlO} = l kHz 

100 
INPUT switch --------------------------- 30 V 
ANALYZER SE.LECT switch ----------------- GENERATOR OUTPUT 
FAST RESPONSE/LOW DISTORTION switch --- - FAST RESPOtlSE 
GENERATOR LEVEL controls --------------- +20 dBm, VERNIER CW limit 
GENERATOR OFF switch --- ------------ ---- out 
SOURCE IMPEDANCE switch --------------- 600 n 

NOTE 

Do not make any external connections to the GENERATOR OUTPUT or ANALYZER 
INPUT terminals. 

b. Rotate ADJUST control fo r a meter reading of exactly +1 dB . 

c. Rotate GENERATOR LEVEL VERNIER control to its CCW 1 imit and check that meter reading de-
creases by 2.0 to 2.2 dB . 

d. Repeat steps a through c, setting the FREQUENCY pushbuttons for XlOOO, 100 = 100 kHz. 

3- 12. 1 ANO 0.1 dB-PER-STEP LEVEL CONTROLS 

a. Set Model 1710A controls as follows: 

o. 

VOLTS POWER pushbutton ---------------
FILTER pushbuttons - ------------------
FREQUENCY pushbuttons -----------------

INPUT switch -------------------------
ANALYZER SELECT switch ---------------
FAST RESPONSE /LOW DISTORTION switch ---
GENERATOR LEVEL controls ------- - - ----
GENERATOR OFF switch -----------------
SOURCE IMPEDANCE switch ---------------

in 
out 
Xl OOO} = 100 kHz 
100 

10 V 
GENERATOR OUTPUT 
LOW DISTORTION 
+20 dBm 
out 
600 n 

Connect a 600-ohm, 'rwatt balanced and floating load across GENERATOR OUTPUT RALAr!CEO 
terminals, and short GENERATOR OUTPUT GNO and CT terminals together . 

c. Connect an AC voltmeter as specified in Table 3-2, to INPUT MOtllTOR jack. Set volt
meter range to 0.3 V full scale . 
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d. 

e. 

Rotate GENERATOR LEVEL VERNIER control for a reading on ac voltmeter of +0.20 dB 
exactly. 

Step 1 dB- per-step GENERATOR LEVEL switch through its range to -9 dB wh ile checking 
that ac voltmeter indicates each step with an absolute level tolerance of 0.05 dB. 

f. Return 1 dB- per- step GENERATOR LEVEL switch to O dB. 

g. Repeat steps d through f for 0. 1 dB-per-step GENERATOR LEVEL switch. 

3-13. +26 AND +20 dBm LEVEL CHECKS 

a. Set Model 1710A controls as detailed in Paragraph 3- 12. 

b. Connect a 600-ohm, 0. 11 , 12-watt balanced and floating load across GENERATOR OUTPUT 
BALANCED terminals and short GENERATOR OUTPUT GND and CT terminals together. 

c. Connect an ac voltmeter as specified in Table 3-2 to INPUT t-ONITOR jack. Set volt
meter range to 0.3 V full-scale. 

d. Set 1 dB-per-step GENERATOR LEVEL switch of Model 1710A to -6 dB and adj ust GENERATOR 
LEVEL VERNIER control for a reading on ac voltmeter of -5.80 dB exactly. 

e. Set the 10 dB- per-step GENERATOR LEVEL switch to +26 dBm and check that ac voltmeter 
reads +0.20 dB within 0.05 dB. 

3-14. 10 dB- PER-STEP LEVEL CONTROL, BALANCED LOADS 

a. Set Mode 1 171 OA contra 1 s as fo 11 ows: 

b. 

c. 

d. 

e. 

f. 

g. 

dB VOLTS pushbutton ----- - --- ------- ---- - in 
FILTER PUSHBUTTONS ----- ----------- -- ---- HUM in 
FREQUENCY pushbuttons ------------------- XlOOO} = lOO kHz 

XlOO 
INPUT switch -- --------- --- - - ------------ 0.3 V 
RATIO switch --------------------- --- - --- -70 dB 
ADJUST control - ------------------------- CAL 
ANALYZER SELECT switch ------------------ INPUT 
FAST RESPONSE/LOW DISTORTION switch - -- - - LOW DISTORTION 
GENERATOR LEVEL controls - -------------- - +20 dBm 
GENERATOR OFF switch ----- - ------ - ------- out 

Connect balanced attenuator specified in Table 3-2 between GENERATOR OUTPUT BALANCED 
tennina l s and INPUT BRIDGING terminals as shown in Figure 3-3. Be sure of ground 
connections as shown and provision of a balanced and floating load across output of 
attenuator which matches attenuator impedance within 0. l i . Shielded connectors, such 
as t he Pomona Type 1921, shoul d be used fo r these connections. 

Set Model 1710A SOURCE IMPEDANCE switch to impedance of balanced attenuator. 

Set attenuation of the balanced attenuator to 100 dB and note that this gives a 
meter reading on the Model 1710A of approximately 78 microvolts. 

Connect the ac voltmeter to OUTPUT MONITOR jack and set the sensitivity to 30 milli 
vol ts full scale. Preferably, use a shielded connector at the voltmeter input. 

Adjust GENERATOR LEVEL VERNIER control for a meter reading on ac voltmeter of +0.50 dB 
exactly. 

Set Model 1710A 10 dB -per- step GENERATOR LEVEL switch to +10 dBm and balanced attenuato·· 
to 90 dB. Check that ac voltmeter reading is different from +0.50 dB by less than 

• 

• 

h. 

0.10 dB. • 

Continue to decrease Model 1710A output level in 10 dB steps to -80 dBm with correspond-
ing decreases in attenuation of balanced attenuator, each time checking that ac volt-
meter reading differs from +0.50 dB by less than 0.15 dB. 
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3-15. 10 dB-PER-STEP LEVEL CONTROL, UNBALANCED LOADS 

a . Set Model 1710A controls as follows: 

FREQUENCY pushbuttons -------------------

ANALYZER SELECT switch -- ----------------
FAST RESPONSE/LOW DI STORTION switch ------
GENERATOR LEVEL controls ----------------
GENERATOR OFF switch --------------------
SOURCE IMPEDANCE ------ - ---------- ------ --

XlOOO) = 100 kHz 
100 

INPUT 
LOW DISTORTION 
+20 dBm 
out 

600 '.: 

b. Connect a 600-ohm, 0.11., \-watt balanced and floating load <lcross GI NERI\TOR OllTl'llT 
BALANCED terminals and then connect ac voltmeter across load using ·.hiPlded con11Pctor~ 
such as Pomona Type 1921 or Type 1845, and appropriate shielded cablt•. 

c. I f inµut of ac voltmeter i s not unhalanced to ground, connN·t GNO t ,-,,11in,tl ilt 11t•1wr,1tnr 
out.put to ildjacent terminal of GENERATOR OUTPUT BALANCED te1111i nal p.,il·. 

d. Set ac voltmeter sensitivity to 10 V full-scale. 

e. Adjus t GENERATOR LEVEL VERNIER control for a meter reading on ac vo ltmc-tc r of • 0.~10 
dB exactly. 

f. Set 10 dB-per-step GENERATOR LEVEL switch to +10 dBm and ac voltmetPr <;l:'nSitiv1ty to 
3 V full - scale. Check that ac voltmeter reading is different from •O.!'>O dB hy I,.,s 
than 0.10 dB. 

g. Continue to decrease Model 1710A output level in 10 dB steps to -80 dRm 1vith 1111-rL•s1111n,l
ing increase in sensitivity of ac voltmeter, each time checking that ac voltmC't1•1· rp,1d
ing differs from +0.50 dB by less than 0.20 dB. 

3- 16. dB VOLTS TEST 

a. Set Model 1710A controls as follows: 

b. 

C. 

d. 

e. 

f. 

g . 

INPUT switch ------------------------- 30 V 
ADJUST control ----------------------- CAL 
GENERATOR LEVEL controls ------------- -50 dBm, VERNIER centered 
GENERATOR OFF switch - ---------------- out 
FAST RESPONSE/LOW DISTORTION switch -- LOW OISTORTION 
SOURCE IMPEDANCE switch -------------- 600 ii 

FREQUENCY pushbuttons ---------------- XlO} = lOOO Hz 
100 

RATIO switch ------------------------- .01 
ANALYZER switch ---------------------- GENERATOR OUTPUT 

Connect 600- ohm load across GENERATOR OUTPUT BALANCED terminals. 

Press dB VOL TS push but ton and adjust GENERA TOR LEVEL VERN I ER contro 1 for a O dh 
reading on meter. 

Set RATIO switch to next higher range and check that signal drops by approximately 10 cm. 

Set GENERATOR LEVEL switches to - 40 dBm and VERNIER control for a O-c1R readinq . Now <,pt 

RATIO switch to next higher range. Check that signal drops by appr oxi111;1tely 10 di\. 

Repeat this operation until a -10 dB reading on 30'.1. range is reached . Rotate AIJ.11I'> 1 
control for a O dB reading. 

Set RATIO switch to 100·:. range and check that signal drops approximat1?ly 10 dR . 
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3-17. VOLTS POWER TEST 

a. Se! Model 1710A controls as follows: 

INPUT switch ------------------------- . 1 mV 
ADJUST control ----------------------- CAL 
GENERATOR LEVEL controls ------------- -80 dBm, VERNIER centered 
GENERATOR OFF switch ----------------- out 
FAST RESPONSE/LOW DISTORTION switch -- FAST RESPONSE 
SOURCE IMPEDANCE switch -------------- 600 0. 
FREQUENCY pushbuttons ---------------- XlO} = lOOO Hz 

100 
ANALYZER SELECT switch --------------- GENERATOR OUTPUT 

b. Connect a 600-ohm load across GENERATOR OUTPUT BALANCED termina ls. 

c. Press VOLTS/POWER pushbutton and adjust GENERATOR LEVEL VERNIER control until meter 
pointer indicates O dB. 

d. Set INPUT switch to next higher range and check that signal drops by approximately 10 dB. 

e. Again adjust GENERATOR LEVEL controls for a 0-dB reading and then set INPUT switch to 
next higher range . Check that signal again drops by approximately 10 dB. 

f . Repeat this operation until 10 volt range (+20 dBm) is reached. Now up range INPUT 
switch through remainder of its ranges, checking that signal drops by approximately 
10 dB on each range. 

3-18. FILTERS TEST 

a. Set Model 1710A controls as follows: 

INPUT switch - --------------------------- 3 V 
ADJUST control ----------------- --------- CAL 
GENERATOR LEVEL controls ---------------- +10 dBm , VERNIER centered 
GENERATOR OFF switch -------------------- out 
FAST RESPONSE/LOW DISTORTION switch ----- LOW DISTORTION 
SOURCE IMPEDANCE switch ----------------- 600 n 
FREQUENCY pushbuttons ---------- --------- XlO} = 400 Hz 

40 
ANALYZER SELECT switch ------------------ GENERATOR OUTPUT 

b. Connect a 600-ohm load across GENERATOR OUTPUT BALANCED terminals. 

c. Press dB VOLTS pushbutton and adjust GENERATOR LEVEL VERNIER control -for a 0-dB meter 
reading. 

d. Press HUM FILTER pushbutton. Check meter for a -3 dB reading. 

e. Release HUM FILTER pushbutton. 

f . Set frequency to 80 kHz (depress XlOOO and 80 pushbuttons). Press NOISE FILTER push
button and set 30/80 kHz switch to 80 kHz . Check that signal attenuation is 3 dB or more. 

g. Release NOI SE FILTER pushbutton. 

h. Set frequency to 30 kHz (depress XlOOO and 30 pushbuttons ). Press NOISE FILTER push
button and set 30/80 kHz switch to 30 kHz. Check that signal attenuat ion is 3 oB or more . 
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3- 19. RESIDUAL NOISE TEST 

a . Set Model 1710A controls as follows: 

INPUT switch ----- ------- ------------- 3 V 
ADJUST control - ----- - ------ --------- - CAL 
GENERATOR LEVEL controls - ------------ +12 dBm, VERNIER centered 
GENERATOR OFF switch -- -------------- - out 
FAST RESPONSE/LOW DISTORTION switch - - LOW DISTORTION 
SOURCE IMPEDANCE switch -------------- 600 ~ 
FREQUENCY pushbuttons ----- --- ------ - - XlO} = lOOO Hz 

100 
ANALYZER SELECT switch --------------- GENERATOR OUTPUT 
FILTER Pushbuttons ---- --------------- NOISE, 80 kHz on 

b. Connect a 600-ohm load across GENERATOR OUTPUT BALANCED termina l s. 

c. Depress SET LEVEL pushbutton and adjust GENERATOR LEVEL VERNIER control until meter 
pointer is at 1 .0 mark. 

d. Press THO pushb1Jtton and set RATIO switch to .01 range. (This read i ng is noise and 
distortion of oscillator and analyzer.) 

e. Press SET LEVEL pushbutton and adjust GENERATOR LEVEL controls for a meter reading 
of -15 dB . • (This greatly reduces the level of the signal input to the analyzer 
with the result that almost all of the distortion products are eliminated and only 
the residual noise of the analyzer remains . ) 

f. 

g. 

h • 

i. 

Press THO pushbutton. Check that meter reading is less than .0025%. 

Place ANALYZER SELECT switch in INPUT position. 

Place a shorting link between INPUT BRIDGING terminals and connect to INPUT GNO 
termina 1. 

Press dB VOLTS pushbutton and set controls as follows (meter fu l l - scale sensitivity 
is now 30 microvolts). 

INPUT switch -------------- .3 V 
ADJUST control ------------ CAL (full CCW) 
RATIO switch - ---- --- -- --- - .01% 

j. Press NOISE FILTER pushbutton and set 30/80 kHz switch to 80 kHz. Check that reading 
is less than 8 microvolts. 

k. Release NO ISE FILTER pushbutton and check t hat reading is l ess t han 15 microvolts. 

3-20. COMMON r-()OE REJECTION TEST 

a. Set ANALYZER SELECT pushbutton to GENERATOR OUTPUT a"d set oscillator f requency to 
60 Hz (depress Xl and 60 pushbuttons). 

b. Press VOLTS POWER pushbutton and adjust GENERATOR LEVEL control s for a meter reading 
of 1 volt with the INPUT switch set to 1 V range. 

NOTE 

A load need not be used across the GENERATOR OUTPUT BALANCED terminals . 

c. Set ANALYZER SELECT switch to INPUT position and short INPUT BRIDGING terminals 
together. 

d . Connect input cable from GENERATOR OUTPUT, BALANCED terminals to INPUT BRIDGING and 
INPUT GNO terminals. (In this connection, the generator signal is connected between 
ground and the shorted analyzer inputs, establishing a conmon-mode signal.) 

e. Set RATIO switch to -20 dB range and ADJUST control to CAL position. 

f . Press dB VOLTS pushbutton. Check that meter reading is -20 dB or lower. 
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NOTE 

The distortion spec ifica t ions of the analyzer are Much lower than those of • 
the generato r . Therefore, i f it is desired to check the specifications. a clean-up 
fil ter can be made fo r use bH1~een the generator and the analyzer. Information 
regarding such a filter will be supplied by Sound Technoloqy upon reouest . The 
method used in the perfomance test section is suitabl e for determinino proper 
system operotion. The clean-up filter is only necessary for a deta iled systern 
analysis. 

PART 3 - ADJUSTMENT ANO CALIBRATIOrl PROCEDURE 

3-21. !__I_T_R90UCTION 

The follo1~ing is a complete adjustment and cal ibrat ion procedure for the Model 1710A. 
The procedure shoul d be carried out only when the Performance Check (Paragraph 3-2) indicates 
that adjustments are required. If the Model 1710A does not meet the test limits specified in 
the following steps, consult the troubleshooting data provided in Paragraph 3-3. The locc1t1on 
of the adjustment controls for the analyzer, oscillator, balanced amplifier, attenuato rs. and 
power supplies are shown in the parts locat ion diagrams contained i n Section IV. 

3-22. -17 VOLT ADJUSTMENT 

a. Connect HI terminal of digital voltmeter (OVM) to -V terminal and LO lead to GNO 
terminal on generator power supply assembly . 

b. Adjust potentiometer R614 on generator power supply assembly for a OVM reading of 
-17.000 ! .010 V. 

NOTE 

The generator power supply is located in the bottom section of the unit. 

3-23 . +17 VOLT ADJUSTMENT 

a . Set Model 1710A controls as follows: 

GENERATOR LEVEL controls ----- --------- - -------- +26 dBm, VERNIER fully CW 
GENERATOR OFF switch ------------ - --- --- -------- out 
FAST RESPONSE/LOW DISTORTION switch - ----------- LOW DISTORTION 
FREQUENCY pushbuttons --------------------- - ---- XlO } :: 1000 Hz 100 
ANALYZER SELECT switch - -------- - ------------ - - - INPUT 

b. Connect DVM in AC mode across GENERATOR OUTPUT BALANCED terminals. Do not connect 
another load or ground to these terminals or the GENERATOR OUTPUT CT terminal . 

c. Adjust potentiometer R603 on generator power supply assembly for a DVM reading of 
17.3: .01 V: 

3-24. OSCILLATOR PHOTOCELL ADJUSTMENT 

a. Set Model 1710A controls as follows : 

FREQUENCY pushbuttons ------------------------- XlO} = lOO Hz 
10 

FAST RESPONSE/LOW DISTORTION switch ----------- FAST RESPONSE 

b. Connect HI lead of DVM to junction of R3 and R4; connect DVM LO lead to "O" terminal 
(oscillator output) on oscillator board. 

c. Adjust RS for AC voltage reading of .20 V. 

NOTE 

Clockwise rotation of RS decreases voltage, counterclockw ise rotat ion increases 
voltage. 

• 

• 
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3-25. OSCILLATOR INTEGRATOR VOLTAGE CHANGE ADJUSTMENT 

Set Model 1710A controls as follows: 

FREQUENCY pushbuttons 

FAST RESPONSE/LOW DISTORT ION switch 
X ~ ~ } = 100 Hz 
FAST RESPONSE 

b. Connect DVM HI lead to TP6 and LO lead to GND. 

c. Connec t TP3 to GND with clip lead. Note de voltage reading on DVM. 

d. Remove clip lead from TP3. Adjust potentiometer R7 for same de voltage noted in Step c. 
~ . OOS V. 

VTVM: 

NOTE 

The followinq is an alternative method of measuring the TP6 voltage with a floatin9 

Connect LO terminal of VTVM to positive terminal of C603 on the generator power 
supply board and the HI terminal to TP6. (In this case. the de ootential at C603 is 
used as a bucking voltaqe so that the VTVM can be set to a lower (mo1·e sensitive) 
ran~e to resolve the reauired 5 mV). 

J 

3-26. OSCILLATOR INTEGRATOR OUTPUT ADJUSTMENT 

CAUTION 

a . 

If the photocoupler has been replaced, allow at least 10 minutes to elapse before 
proceeding with this adjustment. This is to allow the unit (and the technician!) to cool 
off after soldering. 

Set Model 1710A controls as follows: 

FREQUENCY pushbuttons ------------------------- X 10} = 100 Hz 
10 

FAST RESPONSE/LOW DISTORTION switch ----------- FAST RESPONSE 

b. Connect DVM HI lead to TP6 and LO lead to GND. Adjust R20 for +6 .5* volts de at TP6. 

• The 6.5 V settinq is for a dark adapted photocoupler: This is a photocouple~ which has 
been in the off state for the last 24 hours (i nstrument power off). It is normal for the 
voltage at TP6 to gradually increase with time . 

If the de voltage at TP6 is greater than +8 V after the instrument has been on for 24 hours 
or more, readjust R20 for +8 Vat TP6. 

3-27. OSCILLATOR XlOOO FREQUENCY RANGE ADJUSTMENT 

a. Press Model 1710A XlOOO Multiplier and 1st Digit 10 FREQUENCY pushbuttons. Set 2nd and 
3rd Digits to zero. 

b. Monitor (1) de voltage between TP6 and GND and (2) frequency of oscillator. 

c. Adjust tril1lller capacitors across C33 and C38 with an insulated trinrner tool until (1) de 
voltage is in range of 6.5 V to 8 volts and (2) frequency is 10.0 kHz! 1.5%. 

d. Depress 100 Digit FREQUENCY pushbutton. Check that (1) de voltage is in range of 6.5 to 8 
volts and (2) frequency is 100 kHz~ 1.5% 

e. Repeat Steps c. and d. until voltage and frequency readings are within specifications 
stated . 

3-28. AMPLIFIER BALANCE 

a. Set Model 1710A controls as follows: 
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dB VOLTS pushbutton ----------- ---------------
FILTER pushbuttons -------- • ----------------- - 
FREQUENCY pushbuttons -------------- -- - - -------

INPUT switch ----- ----------------------------
RATIO switch ----- ---- - - ----------------------
ADJUST control -- ------------- -- --------------
ANALYZER SELECT switch - ----------------------
FAST RESPONSE/LOW DISTORTION switch -----------
GENERATOR LEVEL controls ----- ----------------
GENERATOR OFF switch ---- ------------ ------ ---
SOURCE IMPEDANCE switch ------- ----------------

in 
out 
X 1000 

100 
lV 
.01 
CAL 

J 100 kHz 

GENERATOR OUTPUT 
LOW DI STORTI ON 

-80 dBm VERNIER centered 
out 
600 

b. Connect a 600-ohm balanced load across GENERATOR OUTPUT BALANCED terminals. Make no 
other connections to these or CT terminal. 

c. Adjust GENERATOR LEVEL VERNIER control for a meter reading of 0.850 exactly on the meter 
scale. 

d. Connect a short lead between GENERATOR OUTPUT GND terminal and one of the BALArlCED 
terminals. 

NOTE 

In strong RF fields, significant energy may be induced into the analyzer input with 
this procedure, thereby making measurements difficult. Use of a shielded 600-ohm 
load and a short grounding lead together with observation of the signal from the 
OUTPUT MONITOR jack will help alleviate this problem. The operators hands and body 
should.be kept as far as possible from the output terminals and in the followinq 
adjustments from the interior generator shields and comoonents. 

e. Note Model 1710A meter reading deviation from 0.850. 

f. Shift short lead so that it goes between GENERATOR OUTPUT GND termi nal and other 
BALANCED terminal. 

g. Note Model 1710A meter reading deviation from 0.850. 

h. Connect lead from GENERATOR OUTPUT GND termina l to BALANCED terminal giving greatest 
deviation (positive or negative) as noted in steps e. and g. 

i. Adjust potentiometer R12 on balanced amplifier board to br ing meter indication within one 
minor scale division of 0.850 . Gain access to control through cover of attenuator 
assembly using an eight-inch or longer plastic tuni ng screwdriver. 

j. Remove lead of step h from BALANCED terminal and again , if necessary adjust OSCILLATOR 
LEVEL VERNIER control for a meter readinq of 0.850. 

k. Repeat steps d through j until reading noted in steps e and g are both between 0.850 and 
0.860. 

1. Make the Balance Check of paragraph 3-10. 

3-29. VERNIER ATTENTUATOR RANGE 

a. Carry out steps a through d of Vernier Level Control Range check, Paragraph 3-11. noting 
either 1 kHz or 100 kHz as frequency which gives highest signal level with GEN[RAT0R 
LEVEL VERNIER control at its CCW limit. Set Model 1710A to this frequency and with 
GENERATOR LEVEL VERNIER control at its CW limit, set ADJUST control again for a meter 
reading of +1 .0 dB exactly. 

b. Rotate GENERATOR LEVEL VERNIER control to its CCW limit. 

C. Adjust potentiometer Rl 2 above the GENERATOR LEVEL VERNIER control for a readinq of 
exactly -1.0 dB. 
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NOTE 

R 12 may be reached through the top cover of the attenuator assermly near the edge 
nearest the front panel . 

3-30. +15 VOLT ADJUST 

a. Connect HI lead of digital voltmeter (DVM) to +V tenninal and LO lead to GND terminal on 
analyzer power supply assembly. 

b. Adjust potentiometer R603 for a DVM reading of +15.000 ! .010 V. 

3-31. -15 VOLT ADJUST 

a. Connect HI lead of DVM to -V terminal and LO lead to GND tenninal on analyzer power 
supply assembly. 

b. Adjust potentiometer R6l4 for a DVM reading of -15.000 ! .010 V. 

3-32. DC ZERO ADJUSTMENT 

a. Connect a short between both INPUT BRIDGING tenninals and INPUT GNO terminal. 

b. Set Model 1710A controls as follows: 

INPUT switch 
ADJUST control 

. 3V 
fully CW 

c. Connect DVM HI lead to TPI and LO lead to TP2. Adjust potentiometer Rl29 for a OVM 
reading of zero vol ts ! 10 mV. 

d. 

e. 

Connect DVM HI lead to negative side of capacitor C209. Adjust potentiometer R217 for 
OVM reading of zero vol ts ! 10 mV . 

Connect OVM HI lead to TP13 (located at rear of board). 

f. Set Model 1710A controls as follows : 

INPUT switch 
ADJUST contro 1 
RATIO switch 

3V 
CAL ( fully CCW) 
.01 

g. Adjust potentiometer R234 for reading of zero vol ts ! 10 mV. 

3-33. NULL ADJUSTMENT 

a. Set Model 1710A controls as follows: 

INPUT switch ---------------------------------
ADJUST control -------------------------------
RATIO switch ----------------------------------
THO pushbutton --------------------------------
FREQUENCY pushbuttons -------------------------

GENERATOR LEVEL controls 

FAST RESPONSE/LOW DISTORTION switch ----------
FILTER pushbuttons ----------------------------

NOTE 

3V 
CAL (fully CCW) 
10% 
in 
X lO } 100 Hz 

10 
+ 6 dBm, VERNIER 
centered 
LOW DI STORTI ON 
NOISE, 80 kHz in 

b. 

Do not load output or connect GND tenninal to any other output terminal • 

Place ANALYZER SELECT switch in GENERATOR OUTPUT position . 

c. Connect one channel of oscilloscope to INPUT l«>NITOR jack. 

d. Adjust oscilloscope so that waveform is synched to input signal . 
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e. 

f. 

Monitor wavefonn at pin 6 of U312 with the other scope channel. 

Adjust R351 for minimum fundamental signal at pin 6 of U312. 

g. Now, monitor wavefonn at OUTPUT MONITOR jack. 

h. Adjust potentiometers R337 and R354 until Distortion output waveform contains no 
fundamental signal. 

3-34. PHASE NULL INTEGRATOR VOLTAGE ADJUSTMENT 

a. Set Model 1710A controls as described in Paragraph 3-2, Steps a, through d. 

b. Connect · DVM HI lead to TP9 and LO lead to TP6. 

c. Adjust R364 for a de voltage readi~g of 2.8V*. 

*The 2.8V setting is for a dark adapted photocoupler. This is a ohotocoupler which 
has been in the off state for the last 24 hours (inst rument power off). It is 
normal for the voltage at TP6 to gradually increase with time. 

If the de vol tage between TP9 and TP6 is greater than 3.0V after the instrument has 
been on for 24 hours or more, readjust R364 for 3.0V 

3-35. TUNING INDICATOR ADJUSTMENT 

a. Set Model 1710A controls as follows: 

INPUT switch ---------------------------------- 3V 
ADJUST control -------------------------------- CAL (fully CCW) 
RATIO switch ---------------------------------- l t 
FREQUENCY pushbuttons ------------------------- X 10 (2nd. and 3rd . digits to 

zero) 
GENERATOR LEVEL controls ---------------------- + 6 dBm, VERNIER 

centered 
FAST RESPONSE/ LOW DISTORTION - ----------------- FAST RESPONSE 

NOTE 

Oo not load the output or connect GND terminal to any other output terminal. 

b. Connect OVM LO lead to green wire connected to NOTCH FREQUENCY indicators and HI lead to 
junction of R320 and pin 6 of U305. 

c. Press in turn each FREQUENCY 1st digit pushbutton and observe OVM voltaae readinqs. 
Record (1) digit giving most positive reading and its value and (2) digit giving most 
negative reading and its value. 

d. Press Xl Multiplier FREQUENCY pushbutton, and repeat orocedure described in Step c. 

e . Press XlOO Multiplier FREQUENCY pushbutton and repeat orocedure described in Steo c. 

f. Review all readings recorded and determi ne (1) most positive value and (2) mo~t neqative 
value . Add these two values together (to determine voltage range) and then divide 
number by 2 (to detennine mid-point) . 

g. Press digit previously detennined to have most positive reading and adj ust potentiometer 
R312 until DVM indicates mid-point value determined in Step f. See example be low: 

Multi e 1 i er Most Pos. Digit Most Neg. Digit 

X 10 60, + 1.0 V 50, + .20 V 
X l 60 , - .20 V 50, - . 70 V 
X 100 60, + .01 V 50, - .60 V 
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h. 

Overall most oositive = X 10. 60 = + 1.0 V 
Overall most negative= X 1. SO= - .70 V 
Range= 1.70 V, mid-point= .8S v 
Adjust X 10, 60 for+ .8S V 

Press X 1000 Multiplier pushbutton and repeat Steos c. and f. 

i. Now press digit giving most positive value and using a non-metallic sc rewdriver. adjust 

tri111ner capacitor accessible through hole in shield on right-hand side of instrument 

for mid-point value determined in repeat of Step f. 

3-36. CALIBRATION AT 1 KHZ 

a. Set Model 1710A controls as follows: 

VOLTS POWER pushbutton -----------------------
FILTER pushbuttons -------------------------- -
FREQUENCY pushbutton - - ------------------------

! NPUT switch 
ADJUST control 
RATIO switch 

depressed 
out 
X l O I - l kHz 
100 ' -

3 V 
CAL {fully CCW) 
. 03". 

b. Set meter mechanical zeroing as described in paragraph 1-19. 

c. Apply an accurate 3. 162 V + 0. 11 or better 1 kHz signal between INPUT BRIDGING terminals 

(refe r to table 3-2). Connect low side of test signal to right-hand INPVT BRIDGING 

termi na 1 . 

d. Connect chassis of precision ac source to INPUT GND terminal on Model 1710A 

e. 

f. 

Adjust Heter Sensitivity potentiometer R1S7 for an exact full-scale read ing (1.0 mark on 

VOLTS scale) on meter . 

Press SET LEVEL pushbutton. Adjust Set level potentiometer R146 for an exact fullscale 

r~ad i ng. 

g. Change input signal level to 1.000 mV. Press dB VOLTS pushbutton and adjust Distortion 

Amplifier Gain potentiometer R237 for an exact full-scale reading. 

h. Change input signal level to .3162 mV and set RATIO switch to .01%. Adjust Distortion 

Amplifier Gain potentiometer R239 for an exact ·full-scale reading. 

3-37. COMPONENT REPLACEMENT - CALIBRATION AND ADJUSTMENT 

a. 

b. 

c. 

d. 

e. 

Portions of the Mode 1 171 OA Adjustment and Cali brilt ion Procedure (Pa ragraph 3- 21) 

and other ad.iustments must be completed following the replacement of certain components 

in the instrument. These components, and the applicable Adjustment/Cali bration 

Procedures are as listed below: 

Component 

Photocoupler U7 
{ Osei 11 a tor) 

Voltage - controlled 
resistor Ql 
(Oscillator) 

Operational Amplifier 
Ul (Oscillator) 

Operational Amplifier 
Ul , U2 {Balanced Amplifier) 

Operational Ampl i fiers 
2605. 2625 
(Analyzer) 

Required Adjustment/Calibration Procedure 

Oscillator Integrator 
Output Adjustment (Paragraph 3-26) 

Oscillator Integrator Voltage 
Change Adjustment (Pa ragraph 3-25) 

Oscillator X 1000 Frequency Range 
Adjustment (Paragraph 3-27) 

Amplifier Balance 
(Paragraph 3-28) 

DC Zero Adjustment - related 
Adjustment (Paragraph 3-32) 
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f. Meter Ml 
(Analyzer) 

g. Phase detectors 
U307, U310 
(Analyzer, null control) 

h. Phase de tee tor 
U303 
(Ana lyzer, tuning indicator) 

i. Photocoupler U205 
(Ana lyzer, phase null 
control ) 

j. Photocoupler U206 
{Analyzer, ampl itude null 
control) 

Calibration at 1 kHz. 
(Paragraph 3-36 ) 

Null Adjustment 
{Paragraph 3-33) 

Tun inq Indicator Adjustment 
(Paragraph 3- 35) 

Allow 10 minutes for the photocoupler to cool off 
after soldering. Phase Null Integrator Voltage 
Adjustment (Paragraph 3-34). 

Allow 10 minutes for the photocoupler to cool 
off after soldering. Set controls as described 
above . Connect OVM HI lead to TPU and LO lead to 
TP7. Reading is de voltage across RJ59. Calcula te 
cu rrent through i t. If necessary, select new value 
fo r R359, sucn that 1.4 ~ .2V is developed across it. 
Replace R359. 

PART 4 - REPLACEMENT ANO REPAIR 

3-38. SPECIAL PRECAUTIONS 

The performance of the Model 1710A wi 11 be greatly degraded by contamination of the 
circuit-board surfaces or components. Finger marks and oil droplets are contaminants to 
be especially avoided . To minimize the possibility of contaminations, observe the following 
precautions : 

a. Do not disassemble any portion of the Model 1710A unless absolutely necessary (for 
example, to replace relays on oscillator board or to service frequency modules .) 

b. Avoid any unnecessary handling of the printed-circuit boards or components. Replace 
components from the top side of the boards only. 

c. Employ only the soldering and component replacement techniques described in Paragraphs 
3-40 through 3-43. 

3-39. WIRING 

Lead dress within the instrument should not be altered. This i s especially important 
with the wires running between the rotary switches and the distortion analyzer assembly. 
Before removing an assembly with wires attached, make a sketch showing the exact arrange
ment of the wires so that they may be replaced in the same manner . 

3-40. SOLDERING TECHNIQUES 

a. Use a low-wattage iron with a pencil-shaped tip and allow it to reach full operat ing 
temperature before use. A fully-heated iron ensures the quick completion of sold~ring 
and minimizes the chance that the etched wiring on the printed-circuit boards wi 11 be 
damaged by excessive heat. 

b. Before using the solering iron, wipe it off to remove excess solder and oxi de . 

c. Use only a solder with non-corrosive non-conductive flux. Do not use acid-cored solder. 

d. Do not cl ean off the rosin around the soldered joint with a wi re brush or metal scribe. 
This will destroy the high electr ical resistance of the board. 
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3-41. COMPONENT REPLACEMENT 

CAUTION 

The use of Soder-Wick• (rosin-impregnated copper braid) or a similar product is 

high ly recommended for the removal of solder during the de-soldering operation. If 

it is not available, and a vacuum-type de-soldering tool is employed. ensure that it 

is cl eaned before use. This is to prevent the possibility of conductive debris being 

sprayed on the board during the de-soldering process . 

3-42 . MULTI-LEAD DEVICES 

Foll ow the instruct ions given below when replacing multi - lead components on the 
printed-c i rcuit boards: 

a . Cut all leads to remove device from P.C. board . The pieces of the leads that remain 
can then be unsoldered from the board . 

CAUTION 

Be sure to hold each lead with needle-no~e pliers when it is unsoldered. Th is is 
to prevent the possibi l ity of a lead dropping through a hole and short i ng traces he low 

the board. · 

b. Using Solder-Wick, remove remaining solder from component holes . 

c. When replacing a device, ensure that the length of its leads match the length of the 
leads on the device removed . Do not push the new device too far down into board ~s 
this may cause a short to the meta 1 deck below. The clearance between the boards and 

the metal deck is 1/4 inch. 

3-43. POTENTIOMETERS 

The small black rectangular potentiometers are attached to the printed-circuit boards 
by three small leads projecting from their lower surface in line with the numhers "l " . "2" ,. 

"3" marked on top . To remove thi s type of potentiometer, proceed as follows: 

a . Carefully raise side of potentiometer opposite numbers until leads below are vis ihle . 

b. Continue bending leads until there is sufficient clearance for tip of solderinq iron. 

c . Unsolder potentiometer following instructions given in Paragraph 3-40 . 

d. Install replacement component foll owi ng reverse procedure . 

3-44. ANALYZER POWER SUPPLY 

The majority of the components on the power supply assembly may be replaced without 
removing the board from its location under the analyzer deck. However. if additional 

access is required. remove the retaining screws securing the power supply to the anal .vz,-, 

deck. 

3-45. OSCILLATOR ACCESS 

To gain access to the oscillator, proceed as follows : 

a. Remove 12 scre;·,s on top cover of instrument and carefully lift off cover 

b. Loosen set screw in VERNIER attenuator shaft extension and separate from ~haft h y 

pull i ng forward through front panel . 

NOTE 

Knobs and shaft extension need not be removed from instrument to gain acccc;,:, 
to generator sections . 

*Soder-Wick may be obtained from Solder Removal Company. Covina. CA.US .A. 
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c. 

d. 

Loosen bo~ set screws in GEMERATOR OFF switch coupling. Slide coupling fo rward 
on shaft using care not to damage pushbutton indicator mechan ism. Restrain push
button from forward movement out of f ront panel. 

Rel ease three attenuator switch extensions by pulling extension fo rward against spring 
until extension separates form shaft. Tip extension to one side and slowly relase 
spring p,·essure until knob rests against front panel. 

e . Remove two screws securing attenuator housing to left and r ight sides of generator 
housing. (The screws are located in clearance holes in center divide r and right sid~ 
brace.) 

f. Tip attenuator housing up and back towards rear panel . 

NOTE 

If floating operat ion of generator is necessary with attenuator in raised position. 
do not allow attenuator to contact rear panel. 

g. Reassemble instrument following reverse procedure . 

NOTE 

When reconnecting three attenuator switch shaft extensions. check f ront panel 
for proper switch indi cat ion . (Extens ion can be installed 180 degrees from correct 
posit ion.) When switches are turned ful ly clockwise, indications should be: 
+26, o. 0. 

3-46 . FREQUENCY MODULE REPAIR 

• 

The following procedure deta ils step by step instructions for disassemb ly and repair 
of the instrument• s frequency modu 1 e . It is recorrmended that this procedure he close l .Y 
followed and preformed only by personnel familiar with electronic equipment disassembly/ 
assembly techniques . • 

3-47 . REPAIR ANO REPLACEMENT 

CAUTION 

Certain subassemblies in the instrument are secured with hardware which includes 
insulat i ng washers . Note the locati on of these washers when disassemblinq the unit 
and replace them in the same locations on reassembly . Failure to observe this pre
caution will result in improper operation of the instrument . 

· a . Remove top and bottom covers (12 screws each) and place instrument on clean work 
surface. 

b. Refer to Paragraph 3-45 for procedure to be followed to gain access to oscilla tor 
section . 

c. Remove two screws securing top cover over frequency module switches and remove cover. 

d. If oscillator section of generator is to be removed, disconnect all external wiring 
and remove four mounting screws from top of low-distortion oscillator pri nted-c i rcuit 
board. If repair of only the analyzer section of the frequency module is required, 
disregard this step. 

e. loosen set screw securing coupling to OSC6F potentiometer and pull extension shaft 
toward front nanel . 

f. Remove four screws securing generator power supply cover to bottom side of osci l lator 
housing and remove cover. 

g. Remove two screws securi ng generator housing to center divider (one screw is located 
above andlyzer deck and one is located below deck). 

h. Rest instrument on left side . 

3- 22 

• 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

• 

• 

• 

i. 

j. 

k. 

1. 

Remove two screws securing generator housing to right side brace. 

Move generator section toward rear panel and top of instrument as far as cables will 
allow. (Rotation of entire section may facilitate movement . ) 

If oscillator section is not being removed, proceed to step 0. 

Remove two screws securing generator face plate to housing. (Screws are located 
in lower flange of faceplate.) 

m. Slide oscillator section out of housing . 

n. Rep lace osc i llator section and reassemble instrument following reverse procedure 
observing notes and cautions found at the end of this sect ion . 

o. If removal of analyzer section of frequency module is desired remove four nuts securing 
section to front panel . Slide assembly back for access . If complete removal is 
required disconnect wires from main analyzer printed-circuit board and push connector 
receptacles back through plastic bushings in di vider noting routing for reassembly . 

p. Replace analyzer frequency module and generator module, and reassemhle i nstrument 
foll owing reverse procedure. 

NOTE 

l. The wires are color-coded for attachment to the numbered holes in the pri nterl 
ci rcuit board: ·black= 0. brown= l, red: 2, orange= 3, yellow: 4, etc . 

2. When replacing analyzer portion of frequency module, line up pushbuttons with 
openings in front panel. 

3. When replacing generator module, test operation of all pushbutton switches prior 
to final tightening of the screws securing oscillator housing in instrument . Unusual 
stiffness of any switch indicates improper alignment of one or both modules . 

3-48. REPAIR INSTRUCTIONS 

CAUTION 

Field repair of the frequency module is limited to repleacement of defective P.C 
components on the switch boards . Replacement of pushbutton switches is not recom
mended -- order a replacement switch board from the factory . 

a. Remove bus wires running between boards, using multi-lead component desoldering tech
nique described in this section of the manual. (Paragraph 3-40) 

b. Detach board containing defective components from switch bracket and replace component . 

c. Reassemble module, replacing bus wires removed in Step a. 

NOTE 

l. Spaci ng between boards must be 25/32 inch (inside to inside dimension ) to ensure 
proper alignment. 

2. When replacing oscillator frequency module, ensure that there is a .015 inch 
clearance between the analyzer and oscillator pushbars, with the pushbuttons in 
undepressed position. 

3. Boards must be perpendicular to switch mounting bracket . 
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4-1. INTRODUCTION 

SECTION IV 
DIAGRAMS 

This section contains the cit'c..iit diagrams necessary for the operation and maintenance 
of the Model 1710,'\. !n(iur!ed are sc hematic diagrams and component location diag,·ams. 

4-2. SCIIEMAT IC fl!AGRA'IS 

The circuitry contained within each assembly is shown in the sche111atic diagrams . As 
an aid to isolat ing malfunctions , the diagrams also provide typical operat i ng voltages and 
wave- forms. 

4-3. COMPONENT LOCAT ION DIAGRAMS 

The component location di agr ams show the physical location of parts mounted on each 
ac;se111bly. Eac.h pa r t is identified by a reference designator , si111ila1·ly identified on the 
schema t i· di agrams and in the parts 1 ist . 
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ECTION S - PARTS LIST 

- 1 . GENERAL 

- 2 . This section conta in s the following infor mation for 
r dering r e placement parts for this ins trume nt : 

a . Sound T echnology part number. 

b . Circuit d iagra m refe r e nce number. 

c . Ge ne r a l descr ipt ion of part. 

- 3 . ORDERING INFORMATION 

- 4 . When order ing . each part s hould be ident ifi ed by a 
ound Technology Pa rt Number . To order parts not li s ted 
erein, be s ure to provide the foll owing informa t ion: 

a . Instrument mode l numbe r . 

b . Instrument serial numbe r . 

c . Description of part. 

d . Function and location of p a rt. 

e . Address your orde r or inq uiry to: 

Sound Techno logy 
1400 Dell Avenue 
Campbell, Ca lifornia 95008 
Telephone: (408) 378 - 6540 

r NO 
300-8000 

300-0800 
808-0225 

995-:1787 

805-21.58 

100-0:100 

:100-2220 

1.:l0-:?002 

400-0009 

400-001.2 

400-00:15 
400-00:16 

000- 01.80 

0 2 0-0005 

.050-0002 

:000-0001. 

005- 0000 

005-0001. 

',005-0002 

:100-0000 
1.00- 0001. 

::1:10-0001. 
1.1.0-0005 
'1.20-5000 
:120 - 5 00 0 
:200- 0007 
r200- 000 a 
U20-0 0('t2 

DESCRI PTION 
OtOD£-LED RED 
CR7, 1.20, :?0:1., :?02 
DIOIIE-LEO RED 
~ 225 0 . :1% :l/ 8W MF 
R67,68 
RES-F><O 7 . 87K 0 . 25"/. 1./ 8W MF 
R32 
REs-f"><O :15. 8K 0 . 2 5% 1./8W MF 
R27 
RES-FXD 100 5 % 1 / 4W 
R1-, 2 
RES-FXD 22 K 5% 1./ 4W 
R57 
RES-FXO 750 5 % :l/ 2 W CARRON 
Rt 
RES-VAR 2K :10:~ 2 ~1 SPS T S WITCH 
R~ 
R~R :1.K 10% CCW MOO. LOG. CAR 
RS 
RES-VAR DUAi. 250 . 1.0% MODPOT 
RES-VAR SK 1.0% MODPOT 
RJ:1 
CAP- FXO :l80PF 5 % 500V MI CA 
C:l-4 
CAP-FXD :1.UF 10% 400'✓ TUBULAR 
C181. 1.02. :1:10 
CAP-STANDOFF, 5000PF MIN 
C9 
SWITCH-TOGGLE 
S:1.8 
SWJl'CH-SLIOE DPDT 
S6. 7 
S WITCH-SL I OF., LI NE SELF.CT 
S 5 
SMJTCH-SLIOE OT'.>T PC Tl"RM, MINI 
59 
CONNECTOR- BNC J ACI(, SHORT 
CONNF.CTOR-BNC JACK. LONG 
COHNF.C TOR-B I NO JUG POS T, P.RmlN 
CONUFCTOR-AC RECEPTACLE/ F I LTER 
CONI-•?, I NGL.I" CONTC.T, 0 9:0: SOCKET 
CClt..,-S HIGLE' CONTCT, e,9;. ':.0CK£T 
TRf<NSFORMF.R-PO~JF.R 17 l.GH 
Et«> CAP, XFr-lR J 7 l.0A 
1'1FTER- l.r1A. '✓RMS. OP.M. 600 OHMS 

J◄40-0000 

J 445-000l 
344S-00 1c12 
J 480-000? 

348 '5-001'10 

8000-00('10 
8000-000•) 
8000-000? 
8000-0006 
8 000- 0008 

8 01.'10-0@@9 
3000- 0010 
3000-00:1 2 
8000 - 001 3 
8005-0000 
8005- 0002 
8005-000] 
8 0 05-0004 
8005-00 05 

LAMP- NEON, AMBl"R 
DS:l 
CONNECTOR-LAMP 
RF. TAI NI NG CL I P- LAMP 
FUSE-1 AMP, 3AG 
F·J 
FUSE- l./:02 AMP :!AG FAS T BLml 
F2 
FUS E HOLDER, 3 AG 

PlJSHBUTTON- RECT, WH ITE 
KNOB-ROUtlD 0 7 DI A BE ! GI" 
KNOB- BAR & SK IRT 0 7 D IA BF IGE' 
KNOB-POUNO 1 /2 OD, :J /8 ID BE' I GE 
Kt JOB- Cl f AR SK I RT . '-71 1 OP. $TF PS 

~.NOB-CLF.AR S ~, I RT, JC•B STEPS 
r.:r-1m=:-Cl E'AR q ,: l RT, 'l 0 [•B S TEPS 
KNOB- ROUND J /2 OD.J / 4 10 BEIGE 
PLIS HBUTTON- BLI( WITH ORN INSERT 
BA I L- ·J4 INCH 
FEET- P.AIL LfF T 
FE'FT-BAIL RI GHT 
FFET-RUP.Bl"R 
HANDLE- Hi INCH 

S U B A S S EMBL Y P ARTS 
PART NO DES CRI PTION 
0:17 0 0 - :00 00?. ASS Y-PC, OSC FREQ-MS O 
0:1700-3000 3 ASS','-PC, OSC ILLATOR 
0:1700-30004 ASS ','-PC. ANAL FREQ MSD 
0:1.700-30005 ASSY- PC, ANAL MULTIPLIER 
0:1.7 00-30006 ASS','-PC. ANALYZER 
0:17 00-3001 0 ASS','-PC. ANAL FRFQ 2 ND DIG! T 
0:1.700 - 3001'1 ASS','-PC. ANAi. FREQ 3 RD DIGIT 
0:1700- :?001.2 ASSY-PC. OSC FREQ 2 ND DIGIT 
0:1700- 3001.3 ASSY- PC, OSC FREQ 3 RD DIGIT 
0:1700-:00 01.5 RATI O SW I TCH ASSEMBLY 
0:1700-30016 ASSY-PC AUTO SET LEVEL 
0:1700-3001.7 
0:17 1.0-3000:1 
01.71.0 - 3000'.> 
01.7:1.0-30008 
01.710-30 00 9 
0:1710- :0001.0 
0 ·1710- 30 01.:1 
0 1.7:10 - 3:0012 

PART NO 
1.0 05-:1176 

:1005- 11.98 

:1005-:1226 

1.005-1264 

:1005-1.:01.6 

1.005-1.39 7 

:1005-1.5 :00 

'1005-·1787 

1.005-2158 

3015-0003 
31.50-0002 

ASS','- PC, IM ANALYZER 
INPUT SWITCH ASSEMBLY 
ATTENUATOR ASSEMBLY 
ASSY-PC, PWR SUP, GENERATOR 
ASSY- PC, PWR SUP. ANALYZER 
ASSY- PC, 30 KH2' FILTER 
ASSY-PC, SYNC S I GNAl. 
ASSY, METER SELECT 

O SC: FREQ 

DESCRIPTION 
RES-FXD :1 76K 0 . 25r. 1 / 8 W MF 
R:101 , 110 
RES-FXD :I 98K 0 . 25;,; 1./8W MF 
R1 09, :11.B 
RES-FXD 2. 26 K 0 . 25% :1/ 8 W r1F 
R1 08, :l:l7 
RES-FXD 2 . 6 4K 0 . 25 ;,; :l/8W r1F 
R1 07, 116 
RES-FXD 3 1 6K 0 25r. 1. ... ·a~J MF 
R:1.06 , 11.5 
RES- FXD 3 . 9 7 K 0 . 2 5r. 1./ 8 W r1F 
R105. 1..1 4 
RES- FXD 5 . 3 0K 0 . 25;,; :1/ 8 ~1 MF 
R1 04 . 1.1.3 
RES-FX[> 7 . an: 0 . 25% 1 /81J MF 
R1 0 :0, 1.1 2 
RES-F XO :1.5 SK 0 . 25;,; 1./8~J MF 
R102.:11 1 
SWI TCH- P~ :1 0 S TA- 4 P 
SPACER-PUSHBUTTON S W, DOGBONE 

0:1.700-3:000 3: 

PART NO 
0000- 000:1 

0005-0000 

A S S Y - P C~ O S C: T. l _ l _ ATOR 

[JESCR I.PT I ON 
TRANS 2 N3644 PtlP SI 
Q2, 3, 5 
TRAP~$ 2 N3053 NP PI 5 I 
f.l4 

0fJ?5-00l'l0 

El100- 000l 

0100- 00('17 

02('10-0000 

0 305-00('1:? 

1JH5 - 0:11 6 

111115-11('10 

1.0 :15-1.232 

•J 01 5-1 ?92 

1.01 5 - :1.422 

1 01.5-:1 422 

:10:15-:146 4 

:10:15-2:100 

:10 :15-2 :10('1 

:10 1 5 - 2 :1.1 0 

1.0:15-2332 

:101.5- 2511. 

:1015- 41.00 

:1:100-0051 

:11 00-01.00 

:l:100- 0 560 

:11.00-1.100 

:1:100- :13:?0 

:11.00-:1680 

:11.00- :19:10 

:11.00-2100 

:1:100-2:12 0 

:11.00-25 :10 

:l:100-31.00 

:1:100-:?:15 0 

:11.0 0-3390 

1.1.00- 3820 

1.1.00- 4 2 00 

1.41.0-0002 

141.0-0004 

1.4:10-0006 

TRANS- FET '✓CR:2N N-CHAN 
Q'l 
IC-OP AMP 7 4J 
U2-'5 
! C-OI' AMP 260!5 GRAOE 2 RED 
U.L 
I C-T IMEP 556 
U6 
D IOOE -GE'P~ •J N9 '.L4A 5 1 
CP.,-6, 8 - J J 
PHOTO(ELL -LED GRADE 2 l':FL• 
U 7 
RES-F>:P 4 3 11. 0 25:,; ·J / 8 1-1 MF 
1?1 5 
RES-F>D 1 3 :SI·'. 0 25'.•; 1 / 8 W MF 
RJ 4 
P.ES-F'.fD ·15 8~~ 0 25;~ l /8~J MF 
Rl ,? 
RES-FW 100 1 : ; 1 /BlJ NF 
RJ ? 
RE5-FXO 3 :16 1 ;: 1/8W rlF 
R25 
RE5-F)<:0 l K ,L;-; J /8~1 MF 
R23 
RES-F>D 2 32K l ;,; 1 /BW MF 
R6 1j 
RES-F>D 3 92K l ;,; :1/3W MF 
RJ 
RES- F'.kD 4 22K ,L;,; 1 /8~1 MF 
Rl.S 
RES -F>D 4 22K :1;,; :I / S W MF 
R:15 
RES-FXO 4 64K 1 % 1 /8W MF 
R1 '.> 
RES-FXO 10K 1 ::, 1./8W MF 
R:14 
RES-F:<O 10K 1.::~ ·1 /8W MF 
R·1 4 
RES-F:4:0 1.1K ·l ::, 1 /8W MF 
R2 4 ,26 
RES-F:.D 33. 2K 1.;,; 1.,,'8 W MF 
R1.0 
RES-Fl(!) 5 '1. :1 K 1.% 1. ... ·aw MF 
R1.7 
RES-F:-.'I) 1M 1.% 1 / SW MF 
R18 J 

RES-F:tt> 5 1. 5r. 1/ 4~1 
RS, 40 ) 41. 
RES-F~ 100 5;:, :l/ 4W 
R:11., 11 

RES-~- '560"""5:~ :1/ 4W 
R21. . r 
RE:S-F:<O :1.K 5 ;,; ·1/ 4W 

R9,38 r :l 
RES-F 3 . 3K ::,;,; :l/ 4W 
R2 9 , 3 
RES-Ff D 6 . 8K !5% :l/4W 
R3:l f 
RES- Fi D 9 . :1.K !5% :l/ 4W 
R42 
RES-F>fD 1.0K S:~ 1./4W 
R:16,22 , 4 3 
RES- f:«> 1.2K 5 ;,: 1 / 4W 
R27,28 
RES-FXD 51.K s;,; :l/ 4W 
R33 
RES-F:<D 1.00K !5"/. :l/4W 
R32 I 
RES-FXD 150K S % 1./ 4W 
R:?9 
RES-F1D 390K !5r. :l/ 41J 
R3 4 
RES-F:,CD 8 20 K !5% 1./ 4W 
R35 
RES- FXD 2M 5 % :1/ 4W 
R44, 4 ~ 
RES -VFIR 500 TIHMPOT CERMET 
RS 
RES-VAR 5K TRJ MPOT CERMET 
R20 
RES-V"IR :I.M TR:I MPOT CERMET 
R7 

2000-0005 

2000 - 002 2 

2000-0033: 

200 0 - 0056 

20 2 0 -0000 

20 20-0003 

20 2 5 -0000 

2 0 2 5-0003 

2025-0006 

2 025- 0 009 

28 25-001 6 

2025-00 :18 

2025-00·19 

2025-00:19 

20 25-0023 

2 040-0000 

2:100-0000 

2:100-000:1 

2:100-0003 

2:100-0004 

2:100-0005 

21.00-0008 

2:100-00:16 
2205-000◄ 

30 :15-.0002 

31.05-0000 
:?:105-000:l 
3120-0000 
'.>:15 0-0002 
3400-0000 

:?600 - 0000 

CAP-FXD SPF :1 0 % 5 00V MI CA 
Cl 
CAP - F XD 22PF 5% 500V MI CA 
C4 0 
CAP-FXD 33PF 5% 5 00V MI CA 
C37 
CAP- FXO 56PF 5 ;,; 500 V MI CA 
C2 
CAP-FXD 0 01LIF 10% 1 00V MYLAR 
C7, 1 J 
CAP-FXO 0 1.UF 1 0% 100V MYLAR 
C1 6, 1 7 
CAP- FXD 0 001.UF :1% 3 '.>V PLYSTR 
C33 
CAP- F:-:D 0 01.UF 1% T N PLYSTR 
C32 
CAP-FXD 0 1 UF 1% 33:V PLYS TR 
C31. 35 
CAP- FXD :l 007 UF l.% :1 00V FILM 
c 30. :,4 
CAP-FXD 0068UF 2 . 5% 63V PYS TR 
C30A, 3 4A 
CAP-FXD 0 0099UF :1% 63V PLYS TR 
C36 
CAP-FXD 680PF 2 . 5% 63V PLYS TR 
C3:I.A,3SA 
CAP- F XO 680PF 2 . 5 % 63V PLYSTR 
C:?1.A,35A 
CAP-FXD 820PF 1.% 63V PLYSTR 
C3B 
CAP- FXD 0 . 01.UF 1.00V CERAMIC 
C1.1., 1.2, 21.- 29 
CAP-FXD 4 . 7UF :10 r. 35V TANT 
C9, :10 
CAP-FXD :I.UF 25V ELECT AL 
CS, :I. 4 , :15, :18 
CAP-FXD :10UF 2SV ELECT AL 
C:?, :19 
CAP-FXD 35UF 25V ELECT AL 
C20 
CAP-FXO 50UF 25 V ELECT AL 
C4 
CAP- FXD 3 90UF 1.2V ELECT AL 
C5, 6 
CAP-FXO 1.UF 35V ELECT TANT 
CAP-VAR 7-:?5PF TRIMMER CERAMIC 
C39. 4:1 

SWITCH-PB. 4 STA(2 SPACE) -6P 
S7 
SOCKET-IC 8 PIN ROUND 
SOCKET-IC :14 PIN DIP 
CONN-SINGLE •CONTACT, . 09:? PIN 
SPACER- PUSHBUTTON SW, DOGBONE 
RELAY-2 FORM C 
K:l, 2 
HEAT S INK-ROUND FINNED TOS 

0:1.7'00-3 0004 
AS S Y - PC> ANAL 

DESCR I PTION 
FRE Q 

PART NO 
:1005 -:1:176 

:1005- 1.:198 

1.005-:122 6 

1005-:1.264 

1.005 -:131.6 

:1005-1 :097 

:1005 - :1530 

:1005-:178 7 

:1005 - 1.887 

RcS-FXD 1.. 76K 0 . 25r. 1./8W MF 
R:19 
RES-FXD :1. 98K 0 . 25% :1/ SW MF 
R27 
RES-FXD 2. 26K 0 . 25% 1./ SW l'1F 
R26 
RES-F XD 2 . 6 4K 0 . 25% 1 / SW MF 
R2S 
RES- FXD 3. :16K 0 . 25% :1/8W MF 
R2 4 
RcS-FXD 3 . 97K 0 . 25% i / SW MF 
R23 
RES-FXD S . :?0 K 0 . 2 5 % :1/ SW MF 
R2 2 
RES- FXD 7. 87K 0 . 25% 1 / SW MF 
R2 1 
RES-FXD 8 . 87K 0 . 25% :1/ 8W MF 
R:l 

1.0 0 5-2100 

:1005-2:1.:14 

100s-21:.:. 

:1 005-21 58 

:1005-2160 

1 00 5-220 0 

1.005-2 26 7 

1.00 5-2:097 

:10 0 5-2796 

1:100-0680 

11.00- 0 750 

1100- 09:10 

:l:l 0 0-:l:120 

1.:10 0-:1:150 

1.:100- :12 00 

:1:1 00- :1270 

1:100- :1470 

11.00-2 100 

:?0:15-0004 

RES-FXD 1.0K 0 . 25;,; 1 /SW MF 
R9 
RES-FXD 1 ·1 4K 0 . 25r. 1 /8W MF 
RS 
RES-FXD :13 . 3K 0 25% :l./81J MF 
R7 
RES-F XO 15 8K 0 25;,; v ·sw MF 
R2 0 
RES-FXO :16 0 K 0 25;,; 'l./8W MF 
R6 
RES -FXD 20 0 K 0 25;-; 1/ 8 ~1 MF 
RS 
RES-FXD 26 7 K 0 25% 1./ 8 W MF 
R4 
RES-FXD :09 7K 0 2 5 % 1 /8W MF 

RES-FXD 79. 6K 0 . 25 ;,; :l/8W MF 
R2 
RF.S- FXD 680 5% 1/4W 
R1.0 
RES-FXD 75 0 5% :l/ 4W 
R:l.8 
RES- FXD 9 :10 5 % 1./ 4W 
R:17 
RES-FXD 1. 2 K 5% 1./ 4W 
R:16 
RES-FXD :I.. 5K 5% :1/ 4W 
R:15 
RES- FXO 2K 5;,; 1 / 4W 
R14 
RES-FXP 2 . 7 K S-/. :1/ 4W 
R:13 
RES-FXD 4 . 7K 5 % :l/ 4W 
R:12 
RES-FXD 10K 5% :l/ 4W 
R1.1 
SWITCH-PB, :10 S TA-6P 
59 

0:1.700-3'0005 
ASS Y - PC:> ANAL MULTIPL 

PART NO 
2 0 25-000:1 

20 25-00 0 2 

2025- 0004 

2025-00 05 

2 025- 0007 

202 5-0 008 

2 025-0020 

2 0 25-002:l 

2 0 25-0022 

2205-0000 

:00 1.5 -0002 

5-1 

DESCRIPTION 
CAP-FXD 0 . 00 2UF 1.% 33V PLYSl 
C3 
CAP -FXD 0 . 0082UF :tr. 33V PLYS 
cs 
CAP -FXD 0 . 0 2 UF :Lr. 33V PLYSTI 
C4 
CAP - FXD. 0 . 082UF 1.% 33V PLYST 
C9 
CAP- FXD 0 . 2UF 1.r. 1.00V FILM 
C5 
CAP- FXD El. 82UF 1.% 1.00V FILM 
C:10 
CAP-FXD 200PF :lr. 63V PLYSTR 
C2 
CAP-FXD 220PF 1.% 6 :?V PLYSTR 
C6 
CAP-FXD 560PF :1.r. 63V PLYSTR 
C7 
CAP-VAR 4. 5-20PF TR IMl'IER CEI 
C1. 
S~J ITCH-PB, 4 S TA( 2 SPACE>- 61 
58 
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vt:1. 7 ,-, ...... -__:E:~.--• ...-."-" .S 
A SSY - P C. ANHlY7E R 
PAR T NO l •F:.L.R !PTI OIJ 

Ofllil5-0 0 1i16 

0'105-00 0 2 

0 ·J06- 00(ilJ 

0l('lfl-00 0 J 

0100- 00,,:; 

0100-00'-"€. 

0100- 001'iEI 

0 ·100- 00(';" 

0100-0011:1 

0100-0014 

0100- 0014 

0200-0008 

0200-0000 

0205-0000 

0205-000·1 

0305-0081 

0305-0004 

1.005-0909 

1005- 1422 

1.005-2 100 

1.005-2158 

1005 - 2280 

1005-2796 

1..015-0010 

1015-002 1 

1.015-0056 

101.5-0090 

1015-0316 

HHS-0 40 2 

1015-1100 

1015- 112 1 

1..015-1200 

101S-1 ?80 

101 5-1 392 

1015-146 4 

TRANS" 2 11 :.E.44 F'PJP 'c, l 
()J,('IJ . 3 1;13, 1 0 5 
TRAIIS 2 1l3 0 5:' IJPII 'c, l 
01 lH . ~ l12~ l \ZI~ 
TP.HNS 2 1'4?96 t4F'r~ '?- I 
0 10 4 
TRANS-FF T MFM<; J I ( r,us P-CHHtl 
0 1 02, H G 
I C-COMPHRH fuf-- lJ '-' 
Ul07,:i.0 ?,30 6 
I C-OP AMP 7 41 
U J 0 8 - 31:14, , 1;15. } 0 8 , :<C,? . J·l 1 - ? l 4 
I C-(1P ArtP 74J 

1 C- BAL r100,•'DFM0 l' l 4 '.::lt:
U3 0 3 , 3 0 7 , 310 
I C-OP AMP 2 6 2 5 
U'.104 ,204 
I C-OP AMP 2605 GRFtf)f 1 BROWN 
U:103 
I C-OP AtlP 260 5 GRAOF. 3 ORANGF 
Ul0:1 , 102 
TC- OP AMP 2 605 GRAOF 4 '<'Fl .1.0 ~J 
U20L 202 
IC-OP Al'lP 2 605 GRADE 5 GRl:FN 
U203, 301 
IC-OP AMP 2 605 GRADE 6 BLUI: 
U10::'o 
I C-OP AMP 2605 GRADF 6 BLUE" 
U11?18 
DIODF-GEN 1N914A S I 306 
CR101-108,109-116, 119, 121,201-206, 3C'i3 
C.'1 ODE -Gl:N 1.N91 4A S I 
CR1 2 2 
D I ODE-ZENER 1N7 55 7 SV 
CR11 7, 1.1 8 
DIODE-ZENER 1N96:SA 12V 
CR 305 
PHOTOCEl l . -LED GRADE" 1 BROWN 
U205 
PHOTOCELL-LED GRAOF 4 Yl:LLOI~ 
U206 
PHOTOCl:LI. -LED GRAOF 6 BLUE" 

:!1t!F~~909 0 . 2 5;-; 1/8W MF 

R:~72 
Rl:S -FXD 4 22K 0 2 5 % '.l /81,J MF 
R:11.5, 116 
RF:S-FXO 10K 0 2 5 % :1 / 8W MF 
R1.21-·124 
RES-FXO :15. BK 0 . 25;,; 1 / 8W MF 
R209 

RES-FXD 28. 0K 1:1. ;l::,,a 1 r t1•• Mt

R:1. 7 1 
RF.S-F XD 79 6K 0 25% 1 / 8W MF 
R206 
RES- FXO :10 1.% :1 / 8W MF 
R:158,159 
P.ES-FXO 21 5 :1% :1/ SW MF 
R147, 2J6, 2 J8 
RFS-FXO 5 6 2 1 .,. :I / SW MF 

R2 40 
RES-FXD 9 0 9 1 % 1 / SW MF 
R148 
Rl:S-F XO 3 16 V •; :1/8W MF 

P.3 6 2 
RF.S-F x r, 40;, l ;,; l . •'8 W r11=

R323 
RES-F:-;r_, l ►'. i:,; 1 / 8 W MF 
R'.126,1 28,201, 3:25,33:2,349 
RF-';-F ~c:(> J ? .l K J ~~ 1 / S W MF 

R2 0 2 .. 326 
RFS-FXD 2 K 1 % 1 / SW MF 
R235, 3?4 
P.i,S-F XO 2 3 1, l ;,; l / 8 ~J rtF 

R.L.SS 
RFS-F:-:o :;: 9.°'~- l '.·: J. / 8 1,J rtF 
R~ll, 3 J l , 33~-J38,3SJ,355 
RF S -F~:D 4 ,541: l ;-; l /8W MF 

P 1 J2 

l(-U 5-1 7 1 5 

J (-1 15 -24 75 

1015-24 9 '? 

l 100- 00-Hi 

l 100- 0112?. 

·11 00- 0 'J 00 

1 1 00-0:1 2 0 

1108- 0:1 8 0 

ll00- 0 2 70 

'11.00- 0 3:3:0 

:1100- 0 5 :10 

U .00- 0750 

1.:100-U00 

1100- 11.50 

:1.:100--1200 

1:100- 1.220 

1100-1.27 0 

:11.00-:133 0 

:11.00- 1390 

1.1.00-15:10 

1.·100-2:100 

1100-2158 

'11.00-2180 

11.00-227 0 

1.100- 2 3 30 

1100-31.00 

1100- 4:100 

1100-4100 

·1 2 00- 2000 

1410-0001 

141(1- 0003: 

1410- 008::'o 

L 41.0-0007 

·14;1.'.1- 0000 

1.41 ·1 - 000:1 

2 01il0- 00l0 

2 0011- 0 0 1? 

QF.S-F :•<r> ,, l :::.K :I % l / tiW MI-

R 3 1.~ ,3)5. ~52 
PFS - F :<r, 7 5 1,; J ;-; J ✓-8~J MF 

Pl ~3". 1.6 J - 1 .;:1 
!<FS-F :-;O •:. 09K l ;,; l /Ell-J MF 

RJ 77.2 22 
!<FC:-F :•:0 I o ~· i;:-; l /8~J MF 
P.145.204 ,20 5,207, 2 0 8,21 6,34 2 

RFS-F XO I J I.. J :-; 1 /Sl-J MF 
Rl :i.4 
PF-:;-F:,r,> 4 7 S I- 1 :-; l / 8 ~J MF 
R2 :1 5 
RFS-FXO 4 9 9K l % ·t / 8~1 MF 

RFS-F :<:O J0 5;-; :1 / 4~1 
R~ 4 3'. 36B 
RES-F x r, 22 ~;,: :1. / 41,J 
R15.; 
RFS-FXD :1 0l'I 5 ;,; 1 / 4W 
P.150 - 152, 1.~3- 3 0 3 , 3 0 4 ,327 
RE"S -F:..;o ·1 2 0 5 % :1/ 4W 
R203 
RF.5 - F XO 1 8 0 s•,• l / 4W 
R'.155 .. 3'6 5 
Rl:5 -FXD 270 5% 1./ 4W 
R3 1 8 
RF.5-FXO 3 3 0 5% J./ 4W 
R246,247, 3 2 0 
RES-FXO 510 5% 1 / 4W 
R:1 3 9,366 
RF.S -FXD 7 50 5% 1./4W 
R 359 
RF.5 -FXD 1.K S % :1./4W 
R136, 1.51., 167, 2 4 3 , 245,3:18, 316,344,360 
RES-FXO 1 . SK 5;,; 1 / 4W 
R2 14, 333, :S:.4 
RES-fl<D 2 K 5 ;,; :1 / 4W 
R339 , 357 , 3 61. 
RES-FXD 2 2K 5% 1./ 4W 
P.211 , 305,3:06, 328,329,34 5, 3 46 
RE"S-FXD 2 . 7K 5% 1./ 4W 
R3 22 
RES-FXO 3 3K 5% 1 / 4W 
R321. 
Rl:S-FXD 3 . 9K SY. 1/4W 
R:?-15, 3 40, 356 
RF.S-FXO 5 1.K 5% 1 / 4W 
R113, :1:14,137,350 
RES-FXO :10K SY. 1/4~J 358, 363, 367 
R168,307 , 3 08,317,31.9,330,331.,347,348 
RF.S-FXO 1SK 5% 1./ 4W 
R24 2 ,244 

RF.S-FXD 1.8K 5% 1 ✓4W 

RES-FXD 27K 5% 1./ 4W 
R3 41 
RF.S -FXD 33K 5% 1 / 4W 
R210 
RES-FXO 100K 5 ;,; 1 / 4~J 
P.1.30, ·1 :u , 1 3a, 301., 3 0 2 
RFS-F XO 1.M 5 ;,; :1 / 4U 
R149, 1.54, 1 69 
RES-FX f> 1.M 5;,; :1 / 4~1 
R1.70 
RES-F XO 500 3 W WW 
R:11.1 , 112 
RE"S -VAR 100 TR IMPOT CERNFT 
R1 57.2S9 .~1 2,337. J59 
RF.S-VAR :11-: TRIMPOT CERMET 

R·146, 237 
RFS - VAR J.01:!K TR H1POT CERMF T 
R:1 29,21 7,23:4 
RES-VAR 2 0 K TRIMPOT Cl:RME T 
R :SS·l 
RES - "JAR l ►: TR I MPO r WI REUOLINI) 
R364 
RF.5- VA R 5 K 5;,; TR I MPOT WI RnJNO 
R369 
CAP - F XD 10PF 5% 500V MI CA 
C-103, 106, ·1 08, ·J '.1:l , 2 0'1 , 2 0 5, 2(16, 3(';9 
CAP - F XO 'l 2 PF 5 ;~ 5 00\/ MICA 

2000 - 0(127 

2 1il00- 0047 

2 01'10- 005 ] 

2000- 005 1 

2 000- 0056 

201il0- 0068 

2 000- 010 0 

2 000-0270 

2 000- 0 360 

CRP-F XO 22PF 5 ;,; 5 1'10'·/ M 1 L R 
C.'0 7 
CAP-FX[' 27PF 5;,; 50A'./ MIC A 
c ·107 
CAP-F:..:D 4 ,PF 5 '.•: 5 1.11.1'·/ M I '- A 
C320 
CAP-1 :<1:, 5 11-'F 5 ;,; 5 G0V MI C:A 
C1 28 
CAP-F:<O S l PF 5;,; 5130\/ MI ( A 
C·J?8 
CAP- F XD 56PF 5:-; 5 130\/ M I CR 
C104, 105. ~10, 1 2 4 , J43.202 .?04,.2~ 1.~J / 
CAP- FXO 6 8 PF 5;,; 500'✓ MI CA 

C2 l:l 
CAP - F .xr, 1('l0PF 5 :,; S00 'J MI CA 
C1 4 5 .. 3 4 6 
CAP-fl<D 270PF s·,• 5 00V Ml CA 

Cl:12-:1"1 5 
CAP-FXD 360PF 5 ;,; 500V rt I CR 
C1 3 0 

2 000-036 0 CAP- F XO 360PF 5 ;,; 5 00V MI CA 

Cl 3 0 
2 000-0910 CAP-FXD 910PF 5 ;,; 500'✓ MI CA 

C129 
2 000-0910 CAP-FXD 910PF 5 ;,; 5 00V Ml CA 

C1 2 9 
2020-0001 CflP-FXO 0 0 22UF 10;,; '.100V MYLAR 

C 311,322 
2020 - 0003 CAP-FXO 0 . 1UF :10;,: :100V M'<'LAR 

C121 
2025-0010 CAP-FXD . 0 39UF 2 . 5 % 3 3 V PLYSTR 

C131-133 
2025-0012 CAP-FXO . 00:15UF 2 5% 6 3 V PYSTR 

2025- 00:14 

2025-0021. 

2025-0022 

2040-0000 

2040-0002 

2100-0001 

2100- 0004 

2100- 0006 

2:1.00-0007 

301.5-0000 

3 0:15 -0001 

3105-0000 
3105-0001 
3 1..20-0000 
3150- 0002 
3 400-001il:I 

3 4 8 0-0000 

CAP-FXD 0(H3UF 2 5% 6 :N PYS TR 

CAP-FXO 220PF 1 % 63V PLYSTR 

CAP-FXO 560PF :1% 6 3 V PLYS TR 
Cl. • 
CAP-FXD 0. 01.UF 100V CERAt11 C 331-334 
C134-1.3 9 , :142-:147 , 2 :1.3-220, 3 21. 327, 3 2 8, 
CAP-FXO 0 . 1UF 25V CERAMIC 
C140, 141, 2:l.9, 2 2 0 , 325, 326, 3 29, 338 
CAP-FXO 1UF 25V ELEtT AL 
C310 
CAP-FXO 3 SUF 25V ELF.CT AL 
C120,1.27,30 2 ,303, 306, 3 0 7,31 6,~J8 

CAP-F XO 100UF 25V ELECT Al 
C125,126,304, 3 0S, 3:0 8 ,3:19 
CflP-FXO 200UF 25V ELECT Al. 
C20B,209 
SWITCH-PB, 2 STA- 2P, P - P 
5 101, :1.02 
SWITCH-PB 4 STA(1 SPACE)-2 P 
5 103 -:106 
SOCKET-IC 8 PIN ROUND 
SOCKET-IC 14 PIN DIP 
CONN- S INGLE CONTACT, . 093 PIN 
SPACER-PUSHBUTTON S ~J, DOGBON F 
RF.l AY- 1 FORrl C 
Kl 
FUSE-1./8 AMP, J AG 

0'.1. 700-3:00:1..0 
A S SY- P C . ANAL FREQ 2 ND 

P ART NO 

1005-21 7 4 

1005-2226 

10A5-2887 

'1005-31 0(1 

DESCR I PT I Qri 

RES-FXD ·1 7 4K 0 . 25:,: J /SU MF 
RS4 
RE"S-F XD 
R53 
RES-FXD 
R52 

R36 

l /8U MF 

22 6 K 0 1 /8~1 MF 

RES-FX(.I 1 er:,J,: G ;,5;,; 1 /8ltl MF 
RJ5 
Rl:S-FXC.' l l SI~ 0 ?.5 ;,;;,; 1 / 8 1J r1F 
Rs 4 

1 0 J 5-23 J6 

.lAlS-2787 

101 5-3 J S8 

:t 0 15-3200 

1015-3267 

1 0 :15-3 4 0;> 

:1 0 ·l S - 38l't6 

1100-2100 

:I :1.00-2·1:?0 

J :100-21 6 0 

11.00-2:180 

1.:1.00-2220 

1:100-233 0 

1.1.00-251.8 

1100-2820 

3 0:1.5- 0004 

R S l 
RF~--P.,D : J 6 1 J ·! J . 'B l-l r1F 
PS@ 
RES-F'.<:O 3 ? ~•: l •,• J ,.-:::,,.1 Mf-

RES-F}.:[ , 52 1 1.. I . ' J / 8 l•J NF 
R48 
RFS - F >;(.1 78 7 ~. J :-; J / 8 l•l r1F 
P 4 ? 
Rl:~--F :,r, J E l J • . .l /8~l MF 
R37 
RF~.-F :,:r, :1531( J ;:,; 1 / 8 L,J MF 
R3? .. 46 
RE"5-F XO ? llOK l ,. 1 ✓'8kl MF 
R31 
RFS-F XD 2671( J ;,; :I /8L,J MF 
R3 0 
RES-F>•:D 41321" J ;,; ·J ...-ew MF 
R29 
Rl:S-FXO 8MK :I ;,; •J /8~J MF 
R28 
RF.S-F XO 10K 5;,; J .,-4~J 
R4 5 
RES-FXO J.2K 5;,; J / 41J 
R44 
RFS-FXD 15'( 5;~ :l ,-' 41,J 
R43 
RES-FXD 1 6K s;,; 1 / 4kJ 
R42 
RES-FXD 18K 5% 1 / 4W 
R4:I 
RES-FXO 2 2K 5% 1./ 4 ~J 
R40 
RES-FXO 3 3K 5% 1 / 4W 
R39 
RES- FXO 51K 5% l / 4kl 
R38 
RES-FXD 821( 5 % :1/ 4~1 
R37 

SWITCH- PB, :1 0 STA - 6P 
S·lO 

0:1. 700-3 00:1., 
A NAL FREQ 3 RD OTGTT 

I 
PART NO 

1015-3:178 

1015-3200 

10:15-3226 

·1015-3267 

1.01.5-3324 

1.01 5 - 3887 

:I 0 'l .5 - 41.01il 

1.100-3390 

1100-3560 

J.1 0 0 - :i.82(1 

1 J ('l(1-4J I'-" 

:1.1 0 0 · 4J '.A 

1.100- 4 20('1 

11.0ft - 4 27(t 

l 100- 48?0 

3 A15 - 00ft4 

OESCR I PTI 04 
RFS-F XO J 78K ·1 ;,; 1 /81J NF 
R72 
RES-FXO 2 001< 1 % l / 8 W r1F 
R7l 
RFS-F XO 2761( :I % 1 /SW MF 
R70 
RFS-F XO 267K 1 ;,; 1✓8W MF 
R69 

RES-F XD 324K 1 % J / 8 ~J MF 
R68 
RES-F XO 8871( P' l / SW r1F' 
R63 
RFS- F XD J M 1% l /(:;W NF 
P62 
RE<;-F;,D 39~ 5% l ,•'4W 
P67 
RES- F :<O 5 6 0K 5 % l / 4W 
R6,;: 
RFS-FXI> 8 70K 5% J / 4 W 
R65 
PF-C:-FXf; l M 5 ;,: l. '41,1 
P6:1 
PF<;- F:<D :I :tl'I 5:; l, '4 kl 
R60 
Rl:5-F'.(I' l ~N ~;,; l .'4W 
R~,9- ,:,4 
RES-FXO 2M 5 ;.; 1./ •ll-J 
R5B 
1-'FS-Fxr , :J 7M ~.:. I !lW 
f.<57 
PF5-F'.(I• :; 9M 5:-; 

PF ':-Fl<(, 8 2 r1 ~:-; J / -11,J 
RS'-. 
S~J I TLl➔-PE:. 1 0 S TA - ~.P 
-:; , J 

l.....,:.1-. .-· ~J.t'"l -...::: t,.--:,i'-.--t:1. :.::.~ 
,- ,•=: c~ F R F:Q ? t •~ C> I :, Y C , X T 

F AF' f rlO 
tnl'l~-2 1 7 4 

J 01 5-226 1 

H?U 5-23J €. 

11.'11 5-2787 

1 1'115-3 1 '53 

uf''.:-L R I Pl I Oil 
RtS - F :.<r, J ; · 4♦-. 0 ;>5;: 1 /8t,J 

Rl :?7, :I :;:,; 
RtS-F XO J 9 €J- l1 2.5/: J .•'8 1,I 

Rl ~6,1::S5 
RF.S-F:-SD 22 61'. 0 25:•: 1/814 
R t.Z-5, 1 3 4 
RE"S-F XO 2 6 l K :I ;,; 1 /8~J MF 
P l 2 4,133 
Rl:S-Fl•:O 3 1 6K v ; 1 / 8W MF 
R:123, :1 32 
Rl:S-FXO 39 2K 1 ;.: 1 /8l-J MF 
R1 22, :I 3 :1 
RF S- FXO 52 3 1-: 1:-; 1 /3U r1F 
R:! 2 1,:13 0 
RES-FXO 73 7K 1 ;,; :1/8W r1F 
R'1 ? 0 , 1 29 
RF.5-F XO 1 58K '1 % l /8~1 MF 
R1.19, 1 28 
StJ ITCH-PB, ·10 STA - 4P 
5 1 3 

0:L 700-3:00:1.3 
OSC FREQ 3 RD DTGXT 

PART NO 
101.5-3 :178 

101.5-3200 

:101 5 - 3 2 2 6 

1.015-3 267 

:18:15-3324 

:11.00-33 90 

:1100-3560 

1.100-3820 

11.00-4160 

3 0:15- 0003 

OESCRIPTION 
RES-F><D 1.78K :I.% 1 / SW MF 
R:145, 1.54 
RES-FXD 200K :1;,; 1 / 8W MF 
R1 44,:153 
RES-FXO 2 26K :1¼ 1 / BW MF 
R143,152 
RFS-FXO 267K :1.% 1 / BW MF 
R14 2 ,:1.51 
RES-FXD 324K 1 % :L/8W MF 
R:1.41,150 
RE"S-FXO J 90K 5 ;{ 1./4W 
R140,149 
RFS-FXO 5601< 5'"/. 1./ 4W 
R:139,14 8 
RES-FXO 8 2 0K 5% 1./ 4W 
R:1 3 8, 147 
RES-FXO :1. 6M 5% 1 / 4W 
R:I 3:7, :146 
SWI TCH-PB, 1.0 STA-4P 
514 

0::1... 700-300::1.:S 
RATIO S WTTC H A SSEM , 

PART NO DESCRIPTION 
:1005-0475 RES-FXO 4 75 8 . 2.5% 1/8W l'1F 

R23 2 
1.005 -0690 RES- FXD 690 0 . 25% :1 /8'-I l'IF . 

R226 - 231 
·11il05-1102 RES-FXO 1 0 2 K 0 . 25% :1✓8W 

R219-22 5 
1.015-2681 RES- FXO 68. :1K 1 ¼ 1.✓BW l'IF 

R233 
:11.~0- 0 360 RES-F XO 360 5% 1./ 4W 

R218 
2 180- 0001 CAP- Fl<D 1UF 25V ELECT Al 

C31 2, 3 2 3 
2 100-0003 CAP-FXD 10UF 25V ELF.CT Rl 

C31.3, 3:24 
2100-0006 CAP- FXO 100UF 25V ELE"CT AL 

C314, 3 ·15 
2 :llil0- 0 0 J 7 CAP- FXO 33UF :1::\V ELECT L 0 

c.325 
2 100- 001 8 CAP-FXD 100UF 25V FLEC LO 

C326 
J 0 l0-0001il SWITCH-ROTARY, RATIO 

S2 

5-2 
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0:1.. 7':1.0-3:000:l 
I NPl.lT Sl-1 J: TC:H A SSEMBL',., 

PART NO 
1000-0001 

1000-0002 

1000- 000:; 

1000- ~ 

1~-0221 

1005-0698 

1005-:1221 

:100~-1324 

:1005-:1698 

1007-2221 

:1888-2698 

:1015-410::) 

DESCR IPT IOIJ 
RF.S -FXD 102 0 1 .,. 1 /81J 
R22 
RES -FXD 9~3 0 . _.,; 1 ,··8 ~l 
R:l-1 
RES-FXO 3 92K 0 1 ;,; l /81J 
R12 
RES-FXD 110 0 . 1 ;-; 1 /SIJ MF 
R2:;: 
RES-F><.'O 2 21 0 2 5;,; 1 /SW MF 
R18,21 
RES-FXD 698 0 2s:,; 1 /SW MF 
IH7, 20 
RES-FXD 2 . 21K 0 2 S% :l/ 8W MF 
R16,19 
RES-FXO 3 . 24K 0 2s;,; 1 / 8W MF 
R4,9 
RES-F><.'O 6 . 98K 0 2s;,; :U8W MF 
R3, 8, 15 
RES-FXO 22 1K 0. :?S % 1 / 2W MF 
R2,7 
RES-F><.'O 69 8K 0 . 25% 1W ►1F 
R:1,6 
RES-FXO 2. 61.K 1% 1 / 8W MF 
R24 
RES-F><O 11'1 1;,; 1 / 8W NF 
R5, :10 

l:1.ee-~ RES-Fxo 56K 5% 1/4W 
R13 

:1:100-39:1.0 RES-FXD 9:1.0K 5% :1~·4w 
R14 

2800-0005 CAP-FXO 5PF 10% 500V MICA 
C116, US 

2800-00:12 CAP~FXO :12PF 5% 500V MICA 
391.0-8006 SWITCH ROTARY, INPUT :17:10A 

S1 
0::l...7"::t..0-:30003: 

ATTEN UATOR ASSEMBLY 

-~T NO DESCRIPTION · 
017'88-300:18 PC-ASSY IM SIGNAL GENERATOR 
0:1. 710-30002 ASSY-PC, BALANCED Ar1PL IF I ER 
81710-39004 ASSY, 0 108/ STEP ATTENUATOR 
01718-3880:'.I ASSY, VERNIER ATTENUATOR 
81710-30006 ASSY, 108/ STEP ATTENUATTOR 
8:17:10-30807 ASSY, 1008/STEP ATTENUATOR 

0:1.. 7':1.0-3:000:R 
ASS¥-PC# PWR SUP# GEN 

PART NO 
0005-0001 

01.00-0012 

0200-0001 

10:15-057<> 

10:1..5-0649 

1015-:1499 

10:1.5-:1.7:15 

:l.015-21.00 

1100-J'.<30 

1110-3001. 

~410-0(10?. 

2000-0Hl0 

2fl2 0-00et0 

DESCRIPTION 
TRANS-POWF.R 2N3055 NPrl SI 
0601,602 
IC-REGUL.ATOR 723 , DIP :14 PIN 
U:1.2 
DIODE-RF.CT Hl4003 St 
CR1-6 
RES-FXD 576 1 ;-; 1 / 8W MF 
R6:11 
RES-FXO 649 :1.;.; 1 /8~1 MF 
R610 
RES-FXO 4 99K 1.:, 1./ 8U MF 
R6:12, 613 
RES- FXD 7 . :I.SI( ·J ;-; J / 8W MF 
R606,607 
RES-FXD 10K 1 :,; 1 / 8W MF 
P.604.609 
RES- F XD 3 3K ~.;,; 1 / 4W 
R603, 603 
RES-FXO 1 OHM 5;,; 1 /2IJ 
R6 01,605 
RES-'-IAR 5 00 TRIMPOT CEl<MET 
R602,£14 
CAP-F~:D ·J 00PF s;,; 5 00'./ MI CR 
C604.609 
C.AP- F;,D 0 01UF 1\i!;, H,c,v M','LFIR 
C602,60 7 
C:AP-FXI) J:SLIF 25\/ FLFC.T AL 
C60 ~~6f18 
CAP-F>:O 3000- 4 2 00UF 40-50\/ El 
C£.01 , f..ehS 
CAP-FXI) J 00UF Fl F.C r TAIH A:,1. 
C60S, €-10 

0:J...7':10-3 0009 
Pl-lR S LJP, At--4Al_ 'Y'ZER 

PART NO 
0 0 05- 0001 

0200-00 01 

101.5- 1162 

:l.015-·1422 

J.015- 1464 

1015-2 ·J 58 

101.5-2200 

:1100-122 0 

·1110- 400:l. 

1 200-1000 

1410- 0002 

2000-0100 

2020-0000 

2 100-0004 

2 H!0-0006 

2 1.00-0009 

OESCR IPTI ON 
TRANS-POWER 2 N3 055 r~PN S 1 
0601, 6 0 2 
I C-REGULATOR 723, DIP 14 PIN 
u1. 2 
DJODE-RECT 1'N00:. S I 
CR60:1-61 2 
RE"S-F XD 1 SK :1;,; v·aw ~IF 
R61 2 
RES-F XD 1 . 6 2 K 1.;,; v·e~, MF 
R6 06 
RES-FXD 4 . 22K 1 % :U8W MF 
R6 04, 6:10 
RES-FXD 4 . t'AK 1 % 1 /81J MF 
R6 02.609 
RES-FXO 15. 8 K •1-;,; :1/ 8W MF 
R6 :13 
RF.S - FXD 2 0 . 0 K .1% :1/ 8 W MF 
R607 
RES-FXD 2 . 2K 5 % 1 / 4W 
R60::i, 6 ·11 
RES -FXD 6 2 5;.; 1W CARBON 
R608 
RF.S-FXD 5 2 W WW 
R601 
RES-VAR 500 TRINPOT CERMET 
R603,614 
CAP-FXD 1.00PF 5;,; 500V MICA 
C604,609 
CAP-FXO 0 . 01UF 1.0% 100V MYLAR 
C602,607 
CAP-FXO 3SUF 25V ELECT AL 
C603,60S, 608 
CAP-FXO :100UF 25V ELECT AL 
C610 
CAP-FXD 1800-2500UF 40-50V El. 
C601, 606 

0:1..7:1.0-300:1.0 
3:0KHZ FILTER 

PART rm 
0:100-00:14 

1015-1 487 

2 025-0012 

2025-0014 

2 02!5-002:1 

2025- 0022 

2 040-001'!0 

DESCRIPTION 
IC-OP AMP 2605 GRADE 6 BLUE 
U:l. 
RES-FXO 4 . 871< :1% 1./ 8W MF 
R1-3 
CAP-FXD , 0015UF 2 . 5% 63V PYSTR 
C:l. 
CAP-FXO . 0033UF 2 . 5% 63V PYSTR 
C2 
CAP-FXO 220PF 1.X 63V PLVSTR 
C4 
CAP-FXO 560PF 1% 63V PLYSTR 
C3 
CAP-FXD 0 . 01UF 100V CERAMIC 
CS,6 

0:1.. 7'::1...0-300:1..2 
ASSY# METER SELECT 

PART NO 
·1-100-00:10 

2040-0000 
:.a•J.5-00:10 

DESCRIPTION 
RES-FXD :10 5;~ :1/ 4W 
R3-6 
CAP-FXD 0 01UF 100V CERAMIC 
SWITCH-PB, 10POT P-P ORN IND 
S3 

0:1.7 :1..0-30002 
A SSY-PC# RALANC ED AMPL 

PART NO 
0 0 00- 0002 

0005 -0006 

0100- 0007 

0200- 0000 

0 200- 0000 

0 2 05-0003 

0 205-0005 

1005-'1 232 

1.E'l0S -1442 

1005-:1562 

1005-2 100 

1100-0002 

:1100-0010 

1100-00:15 

1.:1.00-0560 

11.00-:1:180 

1100-2:180 

:1410-00:1:1 

2000-0010 

2000-0056 

2000-0100 

2040-0002 

2040-0002 

3105-0000 
3260-0000 

3400-0000 

DESCRIPTION 
TRANS-2N2905A PNP S I 
01. 4 , 5 , ?. 
TRAN5-2N22·19 A NPN S I 
Q2 . 3.6, 7 
IC- OP AMP 2605 GRRDF 2 RFC• 
U1,2 
DIODE- GEN 1'~9:14A S I 
CR3- 8 , ·l ·1.- 1 6 
DIODE-GEN 1N914A S J 
CR17 
DIODE-ZENER 1.N749A 4 3 V 
CRL 2, 9 , 10 
DIODE-ZF.NER 1rN744 15V :10% 
CR:17-20 
RES-FXD 2 . 3 2K :l / 8W 25;,; MF 
R1.3, 25 
RES -FXD 4 42K 0 2 5;.; 1 / 8W MF 
R24 
RES-FXD S. 62K 0 . 25% 1 /8W MF 
R:1:1 
RES-FXO :10K 0 . 25% 1 / 8W MF 
R:1- 1.4 
RES-FXO 2 . 7 S'/. :1/4W 
R6, 10, 19, 23 
RES-FXD 10 5% 1 / 4W 
R27,28 
RES-FXD 15 5% 1/◄W 
RS, 9, 18, 22 
RES-FXD 560 5% :1 / 4W 
R4, 8, 17, 2:1 
RES-FXO 1 . SK 5% 1/4W 
R2,7,15,20 
RES-FXO 181< 5% 1 / 4W 
R3, 16 
RES-VAR 200 TRIMPOT CERMET 
R12 
CAP-FXD 10PF 5% 500V MICA 
C7 
CAP-FXD 56PF 5% 500V MICA 
C1,6 
CAP-FXD 100PF 5% 500V MICA 
CS,9 
CAP-FXD 0 . :1.UF 25V CERAMIC 

ca~-FXO 0 . 1UF 25V CERAMIC 
C10 
SOCKET-IC 8 PIN ROUND 
COIL-FXO 2 . 2UH 
L1, 2 
R£LAY-2 FORM C 
K1 

0:1..7:1.0-3:0004 
ASS'Y# 0. :1..DB/STEP ATTEN 

PART NO 
:1015-0127 

1015-0130 

1015-013 '..<: 

•J.015- 0137 

3 01.0-0007 

DESCRIPTION 
RES-F'.<D 127 , 1% 1 / 8W MF 
R1 , 2 
RES-FXD 130, 1.% 1 /SW MF 
R3 ,4 
RES-FXD 133, 1% 1 / SW MF 
RS-7 
RES-FXD 1 37, 1% 1 / BW MF 
R8,9 
S~HTCH-ROTARY :1710 . 1DB S TEP 
51 

0:1. 7:l.0-3 0005 
ASSY. VERNTER ATTEN 

PART NO 
101 5 -:1427 

1 400-00:14 

:1410- 00'1 2 

DESCRIPTiUN 
RES-FXD 4 27K :1 ::-: V '814 MF 
R:1:l 
RES-VRR :1K 10;, CARBON T'1'PE 1-l 
R10 
RES -VAR 2 0K TR HIPOT. S TANDUP 
R12 

0:1. 7' :"I 0 -3:0006 
A SSY, ~DB/ STEP ATT E N 

PAPT NO 
J "105- 0(<j 6 

1 005-002 4 

:10 05-0 0 2 7 

J.005-0(16·1 

J.005 -007·.l 

:1005 - 0:113 

100:C.-0126 

1005-0142 

1.005 - 0 :1.58 

1005-01.78 

:1005 -0200 

:1005- 022 3 

1005- 0 2 4 3 

1005 -0252 

:1005-0280 

1005-0417 

1.005-0665 

1005-0920 

3010-000B 

DESCR I P TJON 
RFS-F)<:D ·1 6' 9, 0 25% 1 / 8 ~1 MF 
R25 
RES-F XD 2 4 _,, 0 2 s ;-; 1 /81·1 MF 
R27 
RES-F:,o 27 L 0 2s;,: 1 / 8 1-J MF 
R'2:Z 
RF.5-F:-:c, 4 3'. 7, 0 2 5;,; 1./31J MF 
R2 9 
RES-F:<L) 6 1 9 , 0 2 5 ;,; -J /81J MF 
R21 
RES-FXO 7:1 S., 0 . 2 5 ;,; 1 /81,J MF 
R3 1. 
RES-FXD 1 :J.3, 0 . 2 5 ;,; .l/ 8 1-l MF 
R30 
RES - F>:O 1 2 6 , 0 . 2 5;,; •J./81,l MF 
R2 8 
RES-FY.D 1 3 0 , 0 . 2 5 % :1 /8W MF 
R19 
RES -FXD 1.42 , 0 . 2 5 ;,; 1 / SW MF 
R26 
RES-FXD 1 5 8, 0 . 25% 1 /8W MF 
R2 4 
RES-FXD 1 78, 0 . 25;,; 1 /8~1 MF 
R22 
RES -FXD 200, 0 . 25% 1 /SW MF 
R2 0 
RES-FXO 223, 0 . 25;,; :1/81J MF 
R18 
RES-FXO 243. 0 . 25% :1/ 3W MF 
R1.7 
RES-FXD 252, 0 . 25% 1 / 8W MF 
R16 
RES-FXD 280, 0 . 25% :1/ 8W NF 
R:14 
RES-FXD 417, 0 . 25% 1./ 8W MF 
R1S 
RES-FXD 665, 0 . 25% 1./ BW MF 
R13 
RES-FXO 920, 0 . 25% 1./ 814 MF 
R32 
SWITCH-ROTARY 171.0 10B STEP 
52 

0:1.7::1...0-3:0007 
ASS'Y'# :L0DB/STEP ATTEN 

5-3 

PART NO 
1000-001s 

1.000-0016 

1000-0018 

1.000-0019 

1000- 002 0 

1080-0021 

1 0 00- 0 022 

DESCRIPTION 
RES-FX0:106. 7, 0 . 1% 1 / BW NF 
R35, 38 
RES-FXD :1-J 85, 0 , 1 ;,; 1 / 8W MF 
RS9,62 
RES-FXD 371. 3, 0 . 1% 1 / 8W MF 
R41., 44, 47,50, 5 3, 56 
RES-FXD 79. 90, 0.1% 1 / 4W NF 
RS7, 58, 60, 61. 
RES- FXD 9:1. 65, 0 . :1 % 1 / 4W MF 
R39, 40, 42, 43, 45,46, 48,49, 51,52, S4, 55 
RES -FXD 144. 4 , 0 . 1% :1/ 4W MF 
R33,34,36, 37 
RES- F XD 150 . 0 , 0 1 ;.; :1 / 41·1 MF 
R€3-66 
RES-F><:D 6 . 81K 1% 1 / 8W NF 
R67, 68 
S WITCH-ROTARY 17:10 1008 S TEP 
53 
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• 
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APPENDIX A 

USER'S MANUAL 

MODEL 1710A OPTION 003 

AUTOMATIC LEVEL SET 

Specifications 

Model 1700B specifications apply with the following additions: 

Capture Range: 10 dB. INPUT switch must be set for meter reading in upper 2/3 scale in VOL TS/POWER function. 

Harmonic Accuracy: Add to 1700B specification 

Noise: 

Fundamental 
Frequency 

10 Hz - 20 kHz 
20.1 kHz - 50 kHz 

. 50.1 kHz - 110 kHz 

2nd through 5th 
Harmonic Accuracy 

:t .2 dB 
:t .5 dB 
:t 1 dB 

(worst case with 80 kHz filter in) .007% to 20 kHz with the measured signal greater than 0.3 vrms. 
Noise decreases to the standard 1700B specification as input voltage approaches full scale. Automatic 
Set Level can be disabled to reduce noise for high resolution readings. 
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a. 

OPERATING INSTRUCTIONS 

Complete normal signal connections to the. device under test as described in Section I 
of the Model 1710A User's Manual . 

b. Rotate the ADJUST control fully counter-clockwise, past the CAL posi tion until a "click" 
is heard. This activates the auto set level circuitry. 

c. Press the VOLTS/POWER pushbutton and adjust the INPUT range switch so that a volta9e 
(or power) reading is obtained with the meter pointer in the upper two- thirds of the 
meter scale. 

NOTE 

Levels less than one-third and much greater. than full scale will cause errors 
in distortion readings. 

d. Press THO (distortion) pushbutton and take the distortion reading in the normal manner . 

NOTE 

1. The OVERLOAD indicator will glow whenever the VOLTS/POWER meter is being 
overloaded by more than 10 percent during distortion measurements. This is m~?~t to 
inform the operator to up- range (advance the INPUT switch) while monitoring the 
distortion figure . 

2. It is normal for the -residual noise to increase slightly with the Auto Set 
Level circuit in operation. The error in distortion reading due to this figure 
is, in general, insignificant when the distortion figure is 0.02 percent or greater. 

PRINCIPLES OF OPERATION 

• 

The signal input to the Notch Filter (or the variable output of Buffer) is fed to the • 
AC to DC Converter (Ul , U2). The DC signal out of this converter, which is directly 
proportional to the Notch Filter input signal level, is in turn dr ivi ng a Voltage to Current 
Converter (U3), which regulates the controlling current to the Multiplier . The Multiplier is 
used as a variable gain amplifier (ga in range from 1 to 3.16). Its gain is inversely pro-
portional to the controlling current and the magnitude of the AC signa l to the Notch Filter. 

In the manual distortion-measurement mode, whenever the input signal is below full
scale (but more than 1/3 on VOLTS scale), Buffer Amplifier gain has to be increased with 
the use of the ADJUST control to make up for the lower amplitude. In the automatic mode, 
the distortion signal level is increased to exactly the required amount through the Multiplier 
before it goes to the AC meter. The net effect is the same as increasing the Buffer Ampli
fier gain, and the distortion readings obtained inthismanner will always be accurate. 

Since the Multiplier is processing s ignals after the Notch Filter, it is not addi ng 
distortion to the signal being analyzed. As a matter of fact, this scheme actually reduces 
the residual distortion noticably above 50 kHz when the i nput signal is significantly below 
full-scale. However, there is some degradation of signal-to-noise ratio whenever the Not ch 
Filter is operating with a smaller signal . 

PERFORMANCE C~ECK 

a. Connect cable between GENERATOR OUTPUT BALANCED terminals and INPUT BRIDGING terminals. 

b. Set Model 1710A controls as follows: 

INPUT switch -------- --- --------------- 1 V 
ADJUST control ------------------------ CAL 
VOLTS POWER pushbutton --------- ----- -- in 
FAST RESPONSE/LOW DISTORTION switch --- FAST RESPONSE 
FREQUENCY pushbuttons ----------------- xlOO} l kHz 

10 
FILTER pushbuttons -------------------- NOISE; 80 kHz in 
GENERATOR OFF switch ------------------ out 

A-1 
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c. Adjust GENERATOR LEVEL controls for 0.95 V nns, as indicated on meter. 

d. 

e. 

Press SET LEVEL pushbutton and rotate ADJUST control until meter pointer is exactly 
over SET LEVEL mark . 

Press THO pushbutton and set RATIO switch to proper range (.03% or .1%} to obtain 
a good reading (meter pointer in upper two-thirds of scale}. Note this distortion 
reading. 

f. Now rotate ADJUST control counter-clockwise until a "cli ck" is heard (AUTO position}. 

g. Note distortion reading on meter. This should be the same as the one noted in step 
e, with an error no greater than 2 minor divisions on the 0-1 scale. 

h. Change INPUT switch to 3 V range (set level is now reduced by 10 dB} and note 
distortion reading on meter. This reading should be the same as the one noted in 
step e, with an error no greater than 2 minor divisions on the 0-1 scale. (Low Level 
light may or may not come on.} 

i. Set FREQUENCY pushbuttons to xlOOO, 100 (100 kHz) and adjust GENERATOR LEVEL controls 
for a 3 V nns reading on meter. 

j . Release NOISE filter pushbutton and manually adjust SET LEVEL control to obtain 
a distortion reading. Note this reading on dB meter scale. 

k. Rotate ADJUST control counter-clockwise to AUTO position. Note distortion reading 
on dB meter scale. Check that this reading agrees with the one obtained in step j , 
within l dB. 

l. 

NOTE 

It is normal for the distortion reading to drop when the input signal is reduced 
10 dB below set level mark at 100 kHz. This is because the residual ~istortio~ of the 
analyzer has been greatly reduced with the decrease in input level at 100 kHz. 
(This is a bonus benefit from the Auto Set Level Option.) 

Press VOLTS/POWER pushbutton, change INPUT switch to l V, and set oscillator frequency 
to x 100 , 10 ( l kHz} . 

m. Decrease generator level rapidly until the OVERLOAD indicator is extinguished. Now 
increase generator level very slowly until OVERLOAD indicator just begins to glow. 
(Vary generator level up and down, if necessary, to find the point at which the 
indicator just starts to glow.} 

n. Change INPUT switch to 3 V position and note meter reading. Meter pointer should 
be between -9 .5 and 8.5 on dB scale (106 and 118 on the 0.3 V scale). 

CALIBRATION PROCEDURE 

a. Center all four trimpots (excluding R6) on Auto Set level P.C. board and turn power on. 

b. Set Model 1710A controls as foll ows: 

ANALYZER SELECT switch ------------------ GENERATOR OUTPUT 
INPUT switch ---------------------------- 100 
SET LEVEL pushbutton -------------------- in 
ADJUST control -------------------------- CAL 
RATIO switch --- ---- --------------------- 0 dB (100%) 
FILTER pushbuttons ---------------------- both out 
FREQUENCY pushbuttons ------------------- xlOO} = l kHz 

10 
FAST RESPONSE/LOW DISTORTION ------------ FAST RESPONSE 
GENERATOR OFF switch -------------------- in 

Measure de voltage at(+) tenninal of C7 (10 microfarads) with respect to ground 
(-) terminal of C15. Adjust zero trimpot R21 for zero volts de ±1 mV. 

A-2 
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c. Change INPUT switch to 1 V and release GENERATOR OFF switch. Adju$t GENEqATOR 
LEVEL controls until meter pointer indicates full scale. 

d. 

e. 

f. 

g. 

h. 

i. 

Press dB VOLTS pushbutton and note exact position of meter pointer on O tc 1 scale . 

Set ADJUST control to AUTO position. 

Measure de volta9e at nonnally-closed (NC) contact of relay Kl (as shown in part~ 
location diagram) with respect to ground (negative tenninal of ClS) . Adjust zero 
trimpot R20 for zero volts de± 5 mV. 

With INPUT switch in lV position. adjust F.S . trimpot R7 for the same pointer pos1tior, 
noted in step d. 

Change INPUT switch to 3 V and adjust .offset trimpot R14 for the same pointer posi tion 
noted in step g. 

Repeat steps g and h until meter pointer rests on the same mark. ±0.1 ~ of full scale 
(± one line width). 

TROUBLESHOOTING 

The Auto-Set-Level circuit is an 9pen-loop type, so straight-forward signal tracing 
techniques can be used to locate -defective parts. The entire circuit block is always 
active. even in the manua l mode. 

With full-scale output at the Buffer Amplifier, the Multiplier should have unity 
gain. With .316 of full-scale Buffer 9utput, the Multiplier gain should change to 
3. 16. 
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OPTION 003 -
AUTO SET LEVEL: 
AUTO SET LEVEL 
PCB ASSY: 01700- 30016 

CKT REF S- T P/ N 

Cl-2 2100- 0006 
CJ 2040- 0000 
C4 2000- 0056 
C6 2040- 0000 
C7 2100- 0003 
ca 2040- 0000 
C9 2000- 0056 
C l 1- 13 2040- 0000 
C14 2000- 0100 
C 15 2100- 0001 
Cl O 2100- 0006 
C18-19 2040-0002 
C20 2040-0000 
C21 2000-0056 
C22- 23 2040-0000 

CRl -2 0200- 0000 
CR3 (004} 0200-0000 
CR4-6 0200-0000 

Kl 3400-0001 
K2 (004} 3400- 0001 

Rl - 3 1015- 2100 
R4 1015- 1499 
RS 1015- 2133 
R6 (004) 1410- 0018 
R7 1410- 0018 
RS 1015-2147 
R9 1100-2270 
Rl0 1100- 2150 
Rl 1 1100-1470 
Rl 2 1100- 3470 
R13 101 5- 4100 
R14 1410- 0018 
R15 101 5- 1715 
R16 101 5- 1232 
Rl 8- 19 1100-1100 
R20- 21 1410-0018 
R22 101 5- 2261 
R23 101 5- 2162 
R24 1100- 0750 
R25 1015- 1100 
R26 1410- 0016 
R27 1115- 2681 
R28 101 5- 2100 

Lil 0100- 0010 
U2- 3 0100- 0001 
U4 0100-0015 
us 0100-0014 

COMPONENT PARTS LIST 
OPT 003 - AUTO SET LEVEL 
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OPTION 003 
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SCHEMATIC DIAGRAM 
OPTION 003 

AUTOMATIC SET LEVEL 
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Specifications 

MEASUREMENT SECTION 
All 17008 spedfications and performance featurn are r .. 
talned with the followir19 additions. 

Intermodulation Distortion Ranges: 0.01% to 100% full 
scale in 9 ranges. 
Rnidual Intermodulation Distortion and Noise: < 0.0025% 
with internal generators set at 4: 1 for input signals greater 
than 0.JV (10 mw across 8n). < 0.004% for input signals 
0.1 v to a.JV. 
Intermodulation Distortion Accuracy: t2% full scale. 
Peak Equivalent Single Tone RMS Voltage Accuracy: t2% 
full scale. 

GENERATOR SECTION 
Output attenuator and vernier control the single tone sin .. 
wave oscillator output as well as the intermodulation dis
tortion generator output. All 17008 oscillator specifications 
apply except output level control it via the attenuator and 
output impedance it soon. 
Output Voltage: 1 mV to JV open circuit, peak equivalent 
single tone RMS. 
Output Attanuator: 70 dB in 10 dB steps, accurate within 
t0.1 dB. 
Output Vernier: > 10 dB range, continuously adjustable. 
Output Impedance: soon t 1 %. 
Low Frequency Generator: 50 or 60 Hz synchronized with 
power line. Total Harmonic Distortion< 0.1%. 
High Frequency Generator: 7 kHz ± 1 %. 
LF/ HF Ratio: Switch selectable 4: 1 ±1% or 1: 1 ±2%. Con
tir,uously variable from 1: 1 to > 100: 1 with HF amplitude 
control. 

GENERAL 
Weight: Adds 5 lbs. to 17008 weight. 

• 

• 

• 
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SECTION I - OPERATION 

This Appendix provides operating and service information for the Model 1710A 
Intermodulation Distortion (IMO) Analyzer Option vJ4. The information contained in the 
Appendix pertains to the IMO option only. Consult the Hodel 1710A manual for additional 
information regarding primary power requirements. grounding details, and cabling instructions. 

1-1. MEASUREMENT TECHNIQUE 

The IMO option is based on the SMPTE (Society of Motion Picture and Television 
Engineers) method to measure IMO whereby a large 60-Hz signal is combined with a small 
7 kHz signa l in a four-to-one amplitude ratio. Passing this combined (composite) signal 
through a non-linear device results in the appearance of new frequencies above and below 
7 kHz in multiples of 60 Hz. The effect of these new frequencies is amplitude modulation 
of the 7 kHz signal, which can be detected. 

The component parts of the IMO option include a signal source and an IM analyzer. 
The signal source generates a low-frequency sinusoid and a high-frequency sinusoid that 
are mixed and fed to the input of the device under test. Level controls are provided 
so that the amplitude of the composite signal can be set to the desired level. The signal 
from the output of the device under test is then fed back to the analyzer circuits of the 
IMO meter. A high-pass filter removes the low frequency. leaving only the high frequency 
together with any possible low- frequency modulation. This signal is input to an envelope 
detector (or absolute value detector) resulting in only the rectified carrier with its 
amplitude varying at a low-frequency rate. A low-pass filter removes the carrier. leaving 
only the modulation products. The amount of these products is indicated on the meter in 
terms of percentage of the high frequency signal passed through the high-pass filter. 

1-2 . IMO OPTION 

This option adds IMO measurement capability to the Model 1710A Distortion Measurement 
System. It employs the IMO measurement technique described above and in addition provides 
the user with a number of unique operating features. These are detailed in the following 
paragraphs. 

The IM signal source contains a 60 Hz low-frequency oscillator and a 7 kHz high 
frequency oscillator. Controls on the front panel permit a rapid selection of a composite 
test signal having fixed low-frequency to high-frequency ratios of 4:1 or 1:1 plus a variable 
ratio of greater than 16:1 to 1:1. The amplitude of the test signal is controlled by the 
attenuators as described in Section 1-7e. The amplitude of the composite test signal can 
be measured directly in peak equivalent rms single tone voltage or power. This parameter, 
specified by the Institute of High Fidelity for IMO measurements, is defined as the voltage 
or power level of a sine-wave signal having a peak va lue equal to the peak value of the 
composite IM test signal. The ability to make this measurement eliminates the need for 
meter reading conversion or matching oscil loscope waveforms. 

IMO option combines with the Model 1710A input circuits to provide the option with 
a differential input configuration. In operation, the IM analyzer is capable of measuring 
IMO with a residual intermodulation distortion of less than .0025 percent. Meter sensitivity 
ranges from 100 percent to .01 percent full scale. The analyzer can also measure the LF-to-HF 
voltage ratio of the IM test signal from (a) input to the device under test or (b) output 
from the device to the analyzer. When the analyzer is used with.' a Model 1710A fitted with 
Auto Set Leve l (Option 003) it is possible to perform IMO testing without adjusting the 
SET LEVEL control . This feature facilitates testing volume compressors/expanders and similar 
non-linear devices. Operation with the Auto Set Level option also permits the user to switch 
from Total Harmonic Distortion (THO) testing to IMO testing without having to make ad j ust
ments to compensate for the frequency response of the device under test. 

1-3. CONTROLS and INDICATORS 

The data sheet at the front of the 1710A manual describes the controls and indicators 
on the front panel of the Model 1710A IMO option . The following provides additional ex
planatory information. 

a. OFF pushbutton -- Switches system measurement mode from intermodulation distortion 
(IMO) to total harmonic distortion (THO). System is in THO mode when pushbutto~ is in. 

81-1 
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b. PK EQUIV V/PWR pushbutton -- Selects measurement mode whereby meter displays 
amplitude of IM test signal in peak equivalent nns single tone voltage or power. 

c. 

d. 

e. 

f. 

g. 

h. 

i. 

j. 

k. 

1. 

m. 

GENERATOR LEVEL controls -- Varies level of IM test signal. 

VERNIER control -- Varies level of IM test signal over a± ldB range. 

RATIO slide switch -- Selects desired low-frequency to hi~h-frequency amplitude ratio 
of composite IM test signal. Two fixed ratios (4:1 ) and (1:1) are available. The 
VAR (variable) position allows selection of a ratio variable from greater than 16:1 
to 1:1 with adjacent HF AMPL control. 

HF AMPL control -- Adjusts LF:Hr ratio of composite IM test signal when RATIO slide 
switch is set to VAR position. MAX setting (fully clockwise) selects a 1:1 ratio. 

HF ONLY pushbutton -- Turns off low-frequency oscillator. When pushbutton is in, 
only the high-frequency signal is present at GENERATOR OUTPUT. 

LF ONLY pushbutton -- Turns off high-frequency oscillator. When pushbutton is in, 
only the low-frequency signal is present at the output. 

SET LEVEL pushbutton -- Selects set level function whereby meter display~ amplitutle 
of reference high-frequency signal required for IMO measurement. · 

ADJUST control -- Adjusts amplitude of reference signal for IMO measurement. 

ERROR indicator -- Lights during Auto Set Level operation when adjacent ADJUST control 
is incorrectly set. Correct setting is achieved by turning ADJUST control until 
indicator is extinguished . Light will also go out if composite input signal is either 
below 20% or greater than 150% of full scale. 

IMO pushbutton - - Selects intermodulation distortion measurement function. 

IM indicator -- Lights when system is in IMO measurement mode i.e., whenever PK 
EQUIV V/PWR , SET LEVEL, or IMO pushbutton is in and HF ONLY and LF ONLY pushbuttons 
are out. 

n. IMO SYNC connector -- Provides oscilloscope sync for long distance IMO measurements. 

1-4. OPERATING INSTRUCTIONS 

1-5. TEST SET-UP 

Refer to Section I of the Model 1710A manual and connect the equipment as shown in 
Figure 1-1. Also, read and follow the instructions given in paragraphs 1-11 through 1-15 
of the same manual before making any IMO measurements. Sync the test oscilloscope to the 
line frequency and set sweep speed to 5 msec/div. 

1-6. IM DISTORTION MEASUREMENT WITH 4:1 OR 1:1 LF:HF AMPLITUDE RATIO. 

To measure intermodulation distortion with a 4: 1 LF:HF composite signal, proceed as 
fol lows: · 

a. Set Model 1710A ADJUST control to CAL position or AUTO (for auto set level) . 

b. Set IM RATIO switch to 4:1 

• c. Press PK EQUIV V/PWR pushbutton. 

d. Ensure that HF ONLY and LF ONLY pushbuttons are in the out position. 

• 

• 

e. Set Model 1710A INPUT switch to desired range setting. Adjust GENERATOR LEVEL switches • 
and VERNIER control for desired rms peak equivalent single tone voltage/power reading. 
Ensure that meter indication is in upper two-thirds of scale. 

f. Push IM SET LEVEL pushbutton and turn adjacent ADJUST control until meter reads full 
scale . Omit this step if using auto set level. 
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• 

g. 

h. 

Push IMO pushbutton. Adjust Model 1710A RATIO switch until meter deflection is in 
upper two-thirds of scale, if possible. · 

Read distortion in either percent or dB as indicated by meter deflection and RATIO 
switch range setting. For example, if meter reads .67 and RATIO range is 0.1 PERCENT, 
distortion reading is .067%. 

i. To switch the 1710A to the THO mode, push the OFF pushbutton on the IM panel. 

NOTE 

It is normal for the 1710A oscillator to go through a few cycles of stabilization 
when switching from the IMO mode to the THO mode . This is due to the power supply 
for the main oscillator being turned off when in the IMO mode. 

To make an IM distortion reading with a 1:1 LF:HF signal, set the IM RATIO switch 
to 1:1 and then carry out steps c. through i. above. 

1-7. IM DISTORTION MEASUREMENT WITH NON-STANDARD LF:HF AMPLITUDE RATIO 

To perform an IM distortion measurement using a LF:HF amplitude ratio other than 4:1 
or 1:1, proceed as follows: 

a. Set Model 1710A ADJUST control to CAL position or AUTO (for auto set level ) . 

b. Set IMO option controls as follows : 

c. 

d. 

PK EQUIV V/PWR pushbutton --------------------IN 
IM RATIO switch ------------------------------VAR 
LF ONLY pushbutton ---------------------------IN 
HF ONLY pushbutton ------------------------:--our 
ANALYZER SELECT ------------------------------INPUT or GENERATOR OUTPUT AS DESIRED 

Adjust Model 1710A INPUT switch, and GENERATOR LEVEL and VERNIER controls for a full
scale reading on an appropriate meter voltage scale . 

Calculate inverse of desired LF:HF ratio. For example if desired ratio is 16:1, 
inverse would be 1.0 to 0.0625 LF:HF. 

e. Set LF ONLY button to out position and press HF ONLY pushbutton. Now adj ust HF AMPL 
control until meter indicates relative high-frequency level determined in step d. 
For example, for a 16:1 ratio, the HF AMPLcontrol should be adjusted to obtain a 
meter reading of .0625 of full scale . The INPUT switch can be stepped down· to obtain 
a more accurate reading of the high-frequency signal. For the 16:1 ratio, the INPUT 
switch can be stepped down two positions, adjusting. the meter reading to .625 on the 
0-1 .0 meter scale. 

f. Now set HF ONLY pushbutton to out position and follow steps c. through i. of paragraph 
1-6. 

1-8. IM DISTORTION MEASUREMNTS WITH AUTO SET LEVEL 

To make an IM distortion measurement using a Model 1710A fitted with the Auto Set 
Level option proceed as follows: 

a. Turn Model 1710A ADJUST control fully counter-clockwise past CAL position until detent 
position is reached. This activates the Auto Set Level circuit. The gain of the 
intermodulation analyzer must be within a certain range for the Auto Set level to 
function correctly. The ERROR indicator lights whenever the intermodulation analyzer 
gain is not within the necessary gain "window" . In this event, turn the IM ADJUST 
control until the ERROR indicator is extinguished. 

b. Follow steps described in paragraph 1-6 . 

c . Observe ERROR indicator; rotate IM ADJUST control until an off "window" is found; then 
set the IM ADJUST control to the window's approximate center. 

d. To switch the .1710A to the THO mode, push the OFF pushbutton on the IM panel . (It 
is normal for the 1710A oscillator to go through a few cycles of stabilization when 
switching from the IMO mode to the THO mode.) 
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SECTION II - PRINCIPLES OF OPERATION 

2-1. INTRODUCTION 

This section contains a functional description of the IM signal source and the 
IM analyzer - the principle components of the IMO option. For a description of the IMO 
measurement technique employed by the option and a description of its operating features, 
refer to Section I of this Appendix. 

2-2. IM SIGNAL SOURCE 

Refer to the schematic diagram in Section IV of this manual. The IM signal source 
consists of two Wien bridge RC oscillators, a sunming amplifier, and an output attenuator. 
The low-frequency (LF) oscillator operates at 60 Hz and is synced to the line frequency. 
The oscillator has an output amplitude of 6.3 volts rms (nominal). The high-frequency 
(HF) oscillator operates at 7 kHz and also has an output of 6.3 volts rms (nominal). The 
HF oscillator is optimized for maximum amplitude stability. The signals f rom both oscillators 
are coupled to the input of a sunming amplifier that supplies the composite IM test signal. 

The amplitude ratio of the two frequencies is controlled by varying tne amplitude of 
the HF signal input to the su11111ing amplifier. When the front-panel RATIO slide switch is 
set to the 1:1 position, the full 6.3 volts rms (nominal) HF signal is delivered to the 
sunming amplifier. When the RATIO slide switch is set to the 4:1 position, a resistive 
divider attenuates the HF signal by a factor of four, so that the HF level at the sull'flling 
amplifier output is one-quarter that of the LF 1 eve l . When the RATIO switch is set to VAR 
position, a potentiometer controlled by the front-panel HF AMPL knob permi ts the level 
of the HF input to the sunming amplifier to be set to any level between zero anc 6.3 volts 
rms. 

• 

To maintain the same peak equivalent level for both 4:1 and 1:1 fixed ratios, K3 • 
and driver Q9 are used to change the gain of the sunming amplifier . K3 is on for 1:1 and 
variable ratios and off for 4:1 ratio. 

The IM signal source is operable only when the IMO OFF switch is set to the IM (out ) 
position. This causes Kl to disconnect de operating voltage to THO low-distortion 
oscillator and allows the 60-Hz and 7-kHz oscillators to turn on. When the IMO OFF switch 
is pressed, de power is connected to the THO low-distortion oscillator-and at the same 
time de voltages are applied to the two IM oscillator circuits biasing them to an off 
state, through photocouplers Ul8, Ul9. 

Dual form-C relay Kl on the balanced amplifier board selects either a low-distortion 
sine-wave or a composite IM test signal to be attenuatt·d and amplified. Relay K3 on the IM 
analyzer board. provides the drive to Kl during the IM mode. 

2-3. IM ANALYZER 

The following is a discussion of the IM analyzer board and Model 1710A circuits that 
comprise the IM analyzer. Refer to the schematic diagrams in the Model 1710A manua l and 
Section IV of this manual for circuit details . 

The IM test signal from the device under test is connected via the Model 1710A INPUT 
terminals to the INPUT attenuator and from there to the differential input buffer and 
differential-to-signal-ended buffer. The output signal from the buffer amplifier (in the 
range from l to 3. 16 peak equivalent volts). is coupled via a passive 2-pole high-pass filter 
to the input buffer. The filter attenuates the 60 Hz componenet of the IM signal by approx
imately 26 dB . The gain of the input buffer is variable from 2 to 100 by the front panel 
IM ADJUST control. This allows the amplitude of the signal at the output of the IM buffer 
(TPl) to be set to approximately 3.16 volts, the correct set level for the IM distortion 
measurement . 

From the IM input buffer, the signal is connected to an active 7-pole, high-pass filter 
having a cut-off frequency of 2 kHz. This attenuates the nO Hz by a further 210 'dB, leaving 
only a pu're 7 kHz sine wave plus any amplitude modulation caused by the non-linearity of the 
device under test. From here, the signal is connected to an absolute value detector that 
rectifies the 7 kHz waveform. 
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When the IM SET LEVEL pushbutton is pressed, the output of the absolute value detector, 
which is essentially a de level represe~ting t~e amplitude of the 7 k.Hl cJmponent of the 
test waveform, is connected through switch SJ to the front panel meter. This permits 
monitoring the amplitude of the HF component of the input signal for Set-level adjustments . 

The O!Jtput of the absolute va:!Je detector is also c0upled to a 7-pole, 1.-,w- j.)dSS filter 
with a cut-o·7f frequency of 500 Hz . This removes the 7 kHz component from the rectified 
signal, leaving only the intermodulation products. The output from the low-pass filter is 
connected to the n:J ~ATIO attl?nuator and distortion amplifier through OFF switch, Sl . The 
amplifier OUtj)!Jt is 31.5 mV full scale for eaci1 attenuator setting. 

An Il1 measurement is made by pressing the IMO pushbutton, connecting the distortion 
amplifier output via the auto set level option and the IM meter amplifier to the front 
panel meter. If the auto set level option is not fitted, the signal is jumpered directly 
from the distortion amplifier to the IM meter amplifier. Also, when the system is in the 
IM measurement mode, a relay bypasses the HUM and NOISE filters located between the distortion 
amplifier output and the input of the auto set level circuit. This relay is on the THO 
ana lyzer board and activatej through a contact on relay Ki, locat ed on the IM analyzer board . 

When the !'K EQUIV V/PWP. pushbutton switch S2 is pressed, the output of the nm meter 
preamplifier i s connectel via the IM peak detector to the front-panel meter. The THO meter 
preamplifier has a 31.6 mV full scale output on each range of the INPUT attenuator and the 
peak detector bu;fer has a gain of approximately 22. This changes the 31.6 mV full scale 
signal to approximately one volt peak at the peak detector input and causes one milliampere 
of current to be supplied to the meter for a full scale reading. 

The peak detector, consisting of U9 and associated components, operates as a surm1ing 
amplifier. The input to the circuit may be considered to be at the junction of capacitor 
C46 and resis tor R36. The detector respo~ds to negative input peaks. •Meter current 
(average one milliampere full-scale) flows back to the surm1ing point through resistor 
R38. If the peak negative input current through R36 exceeds the feedback current, the 
output of ug will go positive and add charge to C55 through emitter-follower Ql. This 
added charge will then increase the average meter current: As long as the output of U9 
swings positive each cycle, Q2 will conduct each cycle, thus holding down the voltage on 
C54 and preventing Q3 from conducting . If the peak input current does not exceed the feed
back current, the output of U9 remains clamped negative by diode CRS at approximately 
0.7 volts. In this event , the voltage on C54 will rise, and Q3 will conduct to quickly 
reduce the charge on CSS. This allows the meter to respond quickly to a decreasing signal . 
level. 

The Auto Set level option provides automat ically controlled gain at the output of 
the distortion amplifier to compensate for a 10 dB range of input signal. For THO measure
ments, gain is simply controlled by the input signal level, which is the reference for the 
measurement. For IMO measurements, the reference for the measurement is not the input 
signal (total composite signal) but rather the level of the high-frequency (7 kHz) component. 
Yet, the input signal level indicated on the front panel meter (PK EQUIV V/PWR) during the 
measurement is proportional to the peak value of the composite signal. 

For the Auto Set Level to operate over a 10 dB range of peak equivalent volt-power 
level,. is is necessary that the SET LEVEL control be adjusted such that when in the SET 
LEVEL mode, the meter reads within approximately plus or minus 2 dB of the meter deflection 
when in the PK EQUIV V/PWR mode. This places the output of the absolute level detector in 
the proper range to control the auto set level circuit. Once the SET LEVEL control is 
properly set, no further adjustment is requi red unless the low-to-high frequency ratio at 
the analyzer input is changed. Now, the 7 kHz level (absolute value detector output) tracks 
the input signal level (peak detector output). 

In order to avoi d possible readout error due to an incorrectly adjusted SET LEVEL 
control, a "window" detector is incorporated in the IM analyzer. This circuit consists 
primarily of operational amplifiers Ul4 and UlS. U14 turns on ERROR light-emitting diode 
CR24 if the output of the absolute value detector, as divided down by resistors R68, R70 
and R71, exceeds the output of the peak detector by approximately 2.5 dB. The peak 
detector output is derived from the voltage developed across res istor R38. Conversely, 
U15 turns on the ERROR indicator if the output of the peak detector exceeds the output of 
the absolute value detector, as divided down and appearing at pin 3 of U15, by approximately 
2 dB . 
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Operational amplifiers Ul6 and. Ul7 act in a similar manner to disable the ERROR 
indicator (by absorbing the drive current through R79) if the peak equivalent volt power 
reading is too low (less than 20 percent of full scale), or too high (greater than 150 
percent of full scale). Here the peak detector output is simply compared to de levels. • 
Q4 is used to turn off the ERROR indicator when the instrument is not in the auto mode of 
operation. If the a~to set-level option is not installed, R79 is removed. 

The reader may be interested to know that in the U17/U18 comparator circuit, diode 
CR22 is a redundant component. If the output of U17 goes negative. it pulls the output 
of U16 negative through the pin 8 connections. Therefore CR22 may be used as a spare 
diode. 

A constant amplitude sync signal for viewing the IM distortion products is provided 
by a combination of a 3-pole low-pass filter followed by clipping amplifier U20. 

.------ GENERATOR OUTPUT------. 
SOURCE 

IMPEOANCE 

1 son CJIII GOOn 
BALANCED CT 

600H 

47KS2 

AUDIO 
OSCILLATOR 

GNO 

Figure 3-1. IMO Measurement Calibration Test Setup 
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SECTION Il l - MAINTENANCE 

3-1. INTRODUCTION 

This section provides a performance check , adjustment and calibration procedures, and 
troubleshooting information for the IMO option. 

3-2. TEST EQUIPMENT 

Reconmended test equipment for per formance checking and troubleshooting is listed in 
Table 3-1. Test instruments other than those described can be used provided their 
specifications equal or exceed t hose list ed. 

Table 3-1. Required Test Equipment 

·--· 
TYPE REQUIRED SPECIFICATIONS 

AC-DC DIGITAL Range: lmV to 2V 
VOLTMETER Accuracy: 0.1% ± 1 digit ----Audio Frequency Range: to 8 kHz 
Generator 

OSCILLOSCOPE Bandwidth : 500 kHz 
Deflection Factor: 

5 mV/div 
Number of Channels: 2 

3-3. PERFORMANCE CHECK 

3-4. INTRODUCTION 

USE 

Calibration 

Calibration 

Ca 1 i brat ion 
and 

Troubleshootinq 

Rfj COMMENDED 
NSTRUMENT 

Fluke Model 
8000A 

Sound 
Technology 
Model 17008 
or 1400A 

Hewlett-Packard 
Model 1200A 
or Philips 
Model 3232 

The perfonnance check for the IMO option consists of an intennodulation residual 
distortion test. If the oerfonnance limits are exceeded in the following paragraph, refer 
to the troubleshooting hints in paragraph 3-13. 

3-5. INTERMODULATION RESIDUAL DISTORTION TEST 

a. Set controls as follows: 

IM RATIO switch ------------------------ - - 4:1 
HF ONLY pushbutton ----------------- ----- - out 
LF ONLY pushbutton ------ ----------------- out 
SOURCE IMPEDANCE switch -------------- - --- 600 Q 

b. Connect a 600-ohm load resistor across GENERATOR OUTPUT BALANCED tenninals and 
connect a shorting link between GENERATOR OUTPUT CT and GNO tenninals . 

c. Set Model 1710A ANALYZER SELECT/GENERATOR OUTPUT switch to GENERATOR OUTPUT and 
connect oscilloscope to INPUT and OUTPUT MONITOR jacks. 

d. Press PK EQUIV V/PWR pushbutton and set INPUT switch to 3V range . Adjust 
GENERATOR OUTPUT LEVEL controls for a full-scale reading on meter . 

e. Press IMO SET LEVEL pushbutton and rotate adjacent ADJUST control for a full-scale 
reading on meter . 

f. Press IMO pushbutton and set RATIO switch to -80 dB/.01 PERCENT range. Check that 
meter reading is .0025% or less. 
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3-6. ADJUSTMENT ANO CALIBRATION PROCEDURE 

This procedure should be performed whenever the results of the performance check • 
(Paragraph 3-3) clearly establish the need to do so, After successfully performing in 
se1uence the procedure in Paragraphs 3-7 through 3-12, the IMO opt ion is considered to be 
ca ibrated. 

NOTE 
When performing this procedure ensure that only the eo~ipment and cables 

spec i fied are connected to the instrument. 

3-7. OSCILLATOR ADJUSTMENTS 

a. Set front panel controls as follows: 

PK EQUIV V/PWR pushbutton ------------------ in 
HF ONLY pushbutton ------- ------------------ out 
LF ONLY Pushbutton ------------------------- in 
RATIO switch -------------------------·~---- 1:1 
GENERATOR OUTPUT VERNI ER control ----------- max CW 
GENERATOR OUTPUT switches ------------------ +10 , -2, 0 
SOURCE IMPEDANCE switch -------------------- 600 n 
FAST RESPONSE/LOW DISTORT ION -------------·- Fast Response 
THO ADJUST control ------------------------- CAL 

b. Connect a 600-ohm resistor between GENERATOR OUTPUT BALANCED terminals and connect 
a shorti ng link between GENERATOR OUTPUT CT and GNO termi na ls. 

c. (Ignore an indicated overload condition.) Remove sync from LF oscillator either 
by removing connection to power transformer (117 on Generator Board) or b.v lifting 
one end of Cl9. Connect BALANCED output to a scope with horizonta l sweep (5 ms/cm) 
synced to power line. Adjust R4 for a stationary pattern (LF oscillator running 
at line frequency). It may be necessary to adjust FET bias (RB) to keep oscillator 
running as R4 is adjusted. Restore LF osci l lator sync . 

d. Set ANALYZER SELECT/GENERATOR OUTPUT switch to GENERATOR OUTPUT and LF ONLY pushbutton 
to out ·position. 

e. Measure Q6 gate voltage (an easy place to measure is at Cl l, .033 uf.). Allowable 
range is 1.0 to 2.0 Vdc . If out of range, adjust R23 for a reading 1.5 Vdc. Isolate 
gate voltage from voltmeter probe with a 10 Kohm resistor . 

f. Measure Q3 gate voltage (an easy place to measure is at collector of 02 : Don't 
forget 10 K isolation!). Allowable range is 1.0 to 2.0 Vdc. If out of range, adjust 
RS for a readi ng of 1.5 Vdc . 

g. Press HF ONLY pushbutton. Adjust OUTPUT VERNIER control until front panel meter 
reads exactly full scale. 

h. Change front panel controls as follows : · 

HF ONLY pushbutton -------------------- out 
LF ONLY pushbutton - ------------------- in 

i. Without changing setting of OUTPUT VERNIER control , carefully adjust Rl 3 until fron t 
panel meter indicates same full- scale reading obtained in Step c above. 

j. Repeat Step d above. If i t was necessary to readj ust RS, repeat Step ~-

3-8. 4 :1 DIVIDER CONFIDENCE CHECK 

a. Change front panel controls as fo l lows : 

INPUT swi tch 
RATIO switch ---------r------------- 3V 

4: 1 
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b. Adjust OUTPUT VERNIER (-and/ or R44 ) for a front panel meter read~ng as close dS 
possible to 2. 40 Vac. 

c. Chang.e front panel controls as fol l ows : 

HF ONLY pushbutton ---------------------- in 
LF ONLY pushbutton ---------------------- out 
INPUT switch ---------------------------- 1 V 

d. Check tha t front panel meter reads 0.60 ! .02 V. 

3-9. PEAK DETECTOR ANO THO SIGNAL LEVEL ADJUSTMENTS 

a. Connect OVM in parall el wi th 600-ohm load res i stor connected across GENERATOR OUTPUT BALANCED terminals . Connect shorting link between GENERATOR OUTPUT GNO termi na l and 
one of the adj acent GENERATOR OUTPUT BALANCED terminals . 

b. Change front panel controls as fol lows: 

HF ONLY pushbutton - --------------------- out 
LF ONL : pushbutton ---------------------- in 

c . Adjust OUTPUT VERNIER and OUTPUT ATTEN control s (and/or R44 ) for DVM read inq of 
0. 800 Va c. 

d. Change front pane l controls as fol l ows: 

HF ONLY pushbutton ------------------------- out 
LF ONLY pushbutt on ------------------------- out 
GENERATOR OUTPUT switches --------- -------- - +10, -8 

e . Adjust R34 ~n IM ana lyzer board for an exact full-scale reading on front pane l 
me ter . 

f . Change front panel control s as follows : 

IM --------------------- off 
FREQUENCY pushbuttons -- ~6~} = l kHz 

g. Adj ust GENERATOR OUTPUT VERN IER control for an exact full scale reading . Press 
PV/ EQU IV pushbut ton and adj sut R44 on IM analyzer board for an exact fu l l scale reading. 

3-10 . ABSOLUTE VALUE DETECTOR OFFSET NULL 

a. Remove input signal and set INPUT swi tch to JV . 

b. Connect OVM between TP4 and ground (negative end of C34) . 

c. Set DVM t o i t s most sensit ive range. 

d. Adj ust R22 for OVM reading of less than ± .003Vdc . 

3-11 . IMD MEASUREMENT CALIBRATION 

a. Connect a 600:ohm 1 oad res i stor across GENERATOR OUTPUT BALANCED termi na 1 s and co,1r,1 ·ct a shor ti ng link between the GENERATOR OUTPUT CT and GNO terminals . 

b . Connect a 47-kil ohm res istor with a 1-megohm pad in series to one side of the GENERATOR OUTPUT BALANCED terminals, as shown in figure 3-1 . 

c. Connect an externa l audio oscillator between the GENERATOR OUTPUT GND terminal and floating end of the 47K-ohm resistor, as shown if figure 3-1 . 
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d. Set front panel controls as follows: 

PK EQUIV V/PWR ----------~-------- in 
RATIO ---------------------------- 1:1 
HF ONLY -------------------------- in 
LF ONLY - ------------------------- out 
GENERATOR OUTPUT switches -------- +10, -2 · 
INPUT ---------- ------------------ 1 Volt Range 
RATIO ---------------------------- -40 dB (1%) 
THO ADJUST ----------------------- CAL 

e. Connect vertical input of oscilloscope to OUTPUT MON ITOR. Set controls as 
follows: 

Vert ical Sensitivity --------------- 20 mV/cm 
Sweep ------------------------------ 5 ms/cm 
Sync ------------------------------- Internal 

f . Set external audio oscillator frequency to approximately 7 kHz . 

9. With output of external oscillator reduced to zero, adjust OUTPUT VERNIER for 
1710A meter reading as close to exact full scale as possible. 

h. Change front panel controls as follows: 

i. 

r.ENERATOR OFF switch -------------------- out 
LF ONLY --------------------------------- in 
INPUT ----------------------------------- .01 volt range 

Adjust output of external oscillator for a meter reading as close to exact full 
scale as possible. 

Change front panel controls as follows: 

LF ONLY ----------------------- out 
OUTPUT ATTEN ------------------ 0 dB 
INPUT ------ ------------------- 3 volt range 
GENERATOR OFF switch ---------- out 

Adjust the frequency of the external oscillator for a 10 to 15 ms period of the 
sine wave appearing on the scope. 

Adjust IM SET LEVEL control for an exact full scale reading on the meter . 

j. Depress IMO pushbutton. Adjust R63 on. the IM Analyzer board for an ·exact full 
scale reading . 

k. Without changing test set-up, proceed to next adjustment (Auto Set Level). 

3-12. AUTO SET LEVEL 4n.JUSTMENT 

a. Turn THO ADJUST control to Auto position. Adjust R6 on the auto set level board 
for an exact full-scale (1.00%) reading. 

b. Switch INPUT sw1tch to 10 volt range. Check that reading is 1.00 + .02%. 

3-13. TROUBLESHOOTING 

Before attempting to troubleshoot the IMO Option ensure that the fault i s with the 
option and not caused by the test setup or associated equ ipment . The performance check 
(Paragraph 3-3) enables this to be determined without having to remove the covers. 

• 

• 

If an abnormal condition is observed during the performance check, table 3-2 will • 
suggest remedies. However, before proceeding with detailed troubleshooting , note the 
troubleshooting hints contained in paragraph 3-3 of the Model 1710A Manual . 
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• 
3-14. SYMPTOMiCAUSE TABLE 

Table 3-2 contains symptoms of IMO option malfuntions and provides diagnostic tests 
for the location of these faults. Following the repair of a defective component, refer 
to paragraph 3-15 for instructions regarding any necessary calibration and/or adjustment 
procedures. 

Symptom 

Abnormally high 
level of residual 
IM distortion, 
distortior. product • 
is random noise. 

Abnormally high 
level of residual 
IM distortion, 
distortion product 
is multiple of 60-Hz 

Amplitude of 60-Hz 
oscillator is 
unstable, or 
oscillator is not 
synced to line. 

Table 3-2. IMO Symptom/Cause Table 

Probable Cause 

7 kHz oscillator 
amp litdue instability, 
06 gate voltage 
out of adjustment 

(1) Nonlinearity in IM 
generator surrming 
amplifier U3, IM analyzer 
buffer Ul . 
(2) Nonlinearity in THO 
buffers U101, Ul02, U103. 

03 gate voltage is out 
of adjustment. 

Diagnostic Test 

Measure de level at 
gate of 06 on IM 
analyzer board . 
Reading should be be
tween 1.0 and 2.0 Vdc. 

(1) Replace U3 , Ul. 

(2) Replace UlOl . 
Ul02, U103. 

Measure de level of 
gate of 03 on IM 
generator board. 
Reading should be 
between 1.0 and 2.0 
Vdc. Check freq. adjust
ment per 3-7a. 

• 3-15. COMPONENT REPLACEMENT - CALIBRATION ANO ADJUSTMENT 

• 

If Ul or U2 in tne generator section are replaced, do the oscillator adjustments, 
section 3-7. In general, changing IC's in the analyzer section do not require re-adjustment. 
The exception is U6 in the Absolute Value Detector. Changing U6 would require the zero. 
adjustment at TP4, section 3-10. 

· 3-16. ACCESS TO LOW-DISTORTION OSCILLATOR 

In order to reach the low-di~tortion oscillator assembly, it is necessary to move the 
IM analyzer board mounted above it. To reach the oscillator, proceed as follows: 

a. Remove top cover from instrument. 

b. Locate metal shield on which IM analyzer board is mounted . 

c. Remove four screws attaching this shield to instrument. Do not remove screws 
securing IM analyzer board to shield. 

d. Carefully move shield back until pushbuttons on board clear rear of front panel . 

e. 

f. 

Move shield until it is located vertically above center of instrument. Secure IM 
analyzer shield to center IM support bar using one of the screws previously remov~d. 
This holds board in a position that permits access to oscillator. Replace IM 
analyzer board following reverse procedure. 

Remove two screws (one on each side) holding shielded box down. Carefully pull 
out generator level switches, removing them from shafts, as described in Section III 
of the Model 1710A Manual . 

Loosen set screws on generator vernier control and generator off switch and move 
couplers away from shielded box. Be sure not to break off switches . 
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Lift box up on its hinges. (Do not allow it to lean against the case of the Model 
1710A - -- This will cause ground problems.) 

Remove bottom plate of shielded box to expose IM generator board, 

Replace components following reverse procedure. 

3-17. MODIFICATIONS FOR EUROPE AND JAPAN 

3-18. DIN (Europe) 

a. The Low Frequency Oscillator is set at 250 Hz and is not synchronized with the 
power line. The High Frequency Oscillator is at 8 kHz. The IM measurement then 
confonns to DIN 45403, Page 4 - "Measurement of non-linear distortion in electro
acoustics; intennodulation method", and DIN 45500, Page 6 - "Hi-Fi techniques, 
requirements for amplifers". 

b. 

A scope sync (250 Hz) is available at a BNC connector on the rear panel . 

The passive, High-Pass Filter has been changed to have a cut-off frequency of 
3.9 kHz. 

The Low-Pass Filter has been changed to have a cut-off frequency of 1.25 kHz . 

The fol lowing parts have been changed: 

Reference Description Stock No. Qty. 
Designators 

IM ANALYZER BOARD 
Cl, C2 .02 uf, 1%, 33V , plystr 2025-0004 ' 2 . 
CJ , C4 .0068 uf, 2.5%, 63V, plystr 2025-0016 2 
C32 .0082 uf, 1%, 33V, plystr 2025-0002 
C37 . 082 uf, 1%, 33V, plystr 2025-0005 1 
C36 .0033 uf, 2. 5%, 63V, plystr 2025-0014 l 
C36A 680 pf , 2. 5%, 63V, plystr 2025-0019 1 
R46, 47, 48, 49 5.23 K, 1% , 1/ 8W, MF 1015-1523 4 

IM GENERATOR BOARD 
Cl, C2 .022 uf, 2.5%, 63V, plystr 2025-0029 2 
Rl8, 20 lOK, . 25%, 1/ 8W, MF 1005-2100 2 
Rl7 lOK, 1% , l / 8W, MF 1015-2100 1 
Rl6 52 . 3K, it, 1/ 8\,, MF 1015-2523 l 
R3, 5 28. 7K, 1%, l / 8W, MF 1015-2287 2 

c. Also , the following changes or additions have been made: 

1. Replace R4 (SK trim-pot) with a j umper . 
2. Remove R2 (lSK, 5%, l / 4W) from board . 
3. Remove sync cable to IM generator Board (pad 7). 
4. Add sheilded cable between pad 5 on generator board and BNC scope sync connector 

on rear panel . 

3-19. 50/ 60 Hz OPERATION (JAPAN ) 

The Low Frequency Oscillator is set to 60 Hz and is free-running . A scope sync is 
available at a BNC connector on the rear panel . Sections 3- lS-C-2,3,4 above are applicable . 
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SECTION IV • DIAGRAMS 

4-1. INTRODUCTION 

This section contains the circuit diagrams necessary for the operati.on and maintenance 
of Option 004. Included are schematic diagrams and component location diagrams. 

4-2. SCHEMATIC DIAGRAMS 

The circuitry contained within each assembly is shown in the schematic diagrams. As 
an aid to isolating malfunctions, the diagrams also provide typical operating voltages and 
wave-forms. 

4-3. COMPONENT LOCATION DIAGRAMS 

The component location diagrams show the physical location of parts mounted on each 
assembly. Each part is identified by a reference designator, similarly identified on the 
schematic diagrams and in the parts list . 
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0:1.700-3:00::J..7 
ASSY-PC , XM ANALYZER 

PART NO 
~5-0000 

0100-001.4 

0:100-0014 

DESCR IPT[ON 
TRANS 2 N3 053 NPN SI 
Q:1-4 
IC- OP A~1P 741. 
U2,J. 4 ,6,7,:10,:1:1, :12 
IC-OP AMP 2605 GRAD€ 6 BLUE 
Ul,9 
IC-OP AMP 2605 GRADE 6 BLUE 
U20 

8:100-00:16 OP-AMP 301.C 
~ ,8, :13-:17 

0200-0000 DIODE-GEN 1.N914A Si 
CRJ-5,7-22 

~-~ DIODE-GEN 1.N9:14A SI 
CR25-28 

8205-0082 DIODE-ZENER ·1N750 4 . 7V 
CR6 

93r.;-0007 PHOTOCELL-LED GRADE 7 VIOLET 
U18,:19 

10:15-00:10 RES-FXD :10 :1% :1/BW MF 
R33,64,65 

1815-0019 RES-FXD 19. 6 1% :1/BW MF 
RB 

1015-0:182 RES-FXD 182 :1% :1/EIW MF 
R66 

:1815-:1:100 RES-FXD 1K :1.;,; :1/BW MF 
R6,23,3S,36,77 

:1M5-11El7 RES-FXO :1. 87K :1% 1./SW MF 
R:12 

:1915-:1200 RES-FXD 21< 1% :1/ SW MF 
R29,30 

:10:15-1232 RES-F><O 2 . 32K 1% 1/BW MF 

1015-1301 

1015-1422 

1015-:1499 

1015-1523 

1015-1681 

10:15-171.5 

101.5-:1953 

:10:15-2:100 

:10:1.5-21:13 

10:1.5-2:1 '?0 

:1015-2:133 

:10:15-2:158 

1.015-2261. 

:1015-2316 

1.0:15-21:65 

1015-2374 

1.0:15-2487 

11.00- 0022 

1.100-0027 

1:100-009 1 

1.100-01.00 

1'100-051.0 

R38 
RES-FXD 3 . 01.K :1% :1/ BW 
R75 
RES-FXD 4 22K 1.% :1/BW MF 
R24 
RES-FXD 4, 99K :1% :1/ SW MF 
R20 
RES-FXD 5 23K :1% :1/BW MF 
R:14 
RES-FXO 6 . 81K 1% 1 / 8W MF 
R10 
RES-FXD 7 . :l.SK :1% :1/ BW MF 
R27,28 
RF.S-FXO 9 53K :1% :1/8W 
R70,72 
RES-FXO 10K :1;,: J./8W MF 
R:1-5,:18,1.9,2:1,50-53,74 
RES-FXD 11. 3K 1;,; 1/8W MF 
R:11. 
RES-Fl<l> 13. 0K 1% :1/8W MF 
R46-49 
RES-Fl<() 13. 3K :1;,; :1/SW MF 
R1.5 
RES-FXD ·J 5 8K V•: 1.✓'BW MF 
R67 
RES-FXD 26 1 K 1 ;.; 1 /SW MF 
R7:1 
RES-FXD 31. 6K 1% 1/8W MF 
R76 
RES-FXD 36. 5K 1% :1/BW 
R73 
RES-FXD 37. 4K :1% 1/8W l'1F 
R68 
RES-FXO 39. 2K 1% 1/BW MF 
RlJ, 31, 32 
RES-FXO 48. 7K :l ;,; 1/BW l1F 
R9 
RES-FXO 22 5;,; 1 / 4W 
R62 
RES-FXD 27 5% 1/4W 
R4:1 
RES-Fl<l> 91 5% 1/4W 
R60, 61 
RFS-FXC> 100 5;,; :1/ 4W 
R54~56,57,69 
RES-FXD 510 5:,; :1/ 4W 
R45,80 

PART NO 
1:100-1100 

1 :100-11.20 

1.H'10-1330 

1100-:1510 

1100-2100 

:11.00-2330 

1:100-2470 

1100-251.0 

1100-31.00 

1:100-3470 

:1:100-4100 

1.4:10-000:1 

1410-0002 

1410-0017 

2000-0005 

2000-0007 

2000-0010 

2000-0056 

2000-01.50 

2000-0470 

2020-0000 

2020-0002 

2020-0003 

2025-0002 

2025-0003 

2025-0004 

2025-0007 

2025-0010 

2025-0011. 

2025-0015 

2025-0017 

2025-0029 

2025-0030 

DESCRIPTION 
RF.S-FXD 1 K 5 % :J./4W 
R40,42,58,78, 79 
RES-FXD 1. 2K 5;,; :1/ 4W 
RB:1.82 
RES-FXD 3 3K 5;,; 1. / 4W 
R39 
RES-FXD 5 :lK 5% 1 / 4W 
R83 
RES-FXO ·10K 5;,; 1 / 4W 
R44 
RES-FXD 33K s;,; 1./ 4W 
R43 
RES-FXD 47K 5% :1/ 4W 
R37 
RES-FXD 5:1.K 5% 1 / 4W 
R84 
RES -FXD 1.00K 5% 1 / 4W 
R2 6 
RES-FXD 4 70K 5% 1 / 4W 
R85 
RES-FXD 11'1 5;,; 1 / 4W 
R55,59 
RES-VAR 100 TR IMPOT CERMET 
R63 
RES-VAR 500 TR 1~1POT CERMET 
R34 
RES-VAR 5K TRIMPOT CERMET 
R22 
CAP-FXD SPF 10% 500V MICA 
C43 
CAP-FXD 7PF 5% 500V MICA 
C69 
CAP-FXD 10PF 5% 500V MICA 
C28 
CAP-Fl<l> 56PF 5% 500V MICA 
C7, 5 1. 
CAP-FXD 150PF 5% 500V MICA 
C27 
CAP-FXD 470PF 5% 500V MICA 
C47 
CAP-FXD 0 . 0:lUF :10% :100V MVLAR 
C79 
CAP-FXO 0 . 056UF :10% 100V 11VLAR 
C66 
CAP-FXD 0 . :lUF 1.0;,; :100V MVLAR 
C78 
CAP-FXC> 0 . 0082UF :1% J3V PLVSTR 
CS-1.0 
CAP-FXD 0 . 0:lUF 1% 33V PLVSTR 
C13, :14, 1.7, 18, 36 
CAP-FXD 0 . 02UF 1% 33V PLVSTR 
C3, 4, 32 
CAP-FXD 0 . 2 UF 1 % :100V FILM 
C37 
CAP-FXD . 039UF 2. 5% 33V PLVSTR 
CS7 
CAP-FXO 0012UF 2 . 5% 63V PVSTR 
C80 
CAP-FXD . 015UF 2 . s;,; 63V PLVSTR 
C56 
CAP-FXD . 056UF 2 . 5"/. 33V PLVSTR 
C1 , 2 
CAP-FXD . 0 22UF 2 . 5% 63V PLVSTR 
C60 
CAP-FXD 027UF 2 5"/. 63V PL VSTR 
C61 

PART NO 
2040-0000 

2040-0000 

2040-0002 

2:100-0000 

2100-000:J. 

2100 -0003 

2:100-0004 

2:100-0005 

21.00-0006 

2:1.00-0019 

30:15-001'17 

3:105-001'10 
3105-0000 
3120-0000 
3150-0002 
3400-0002 

3400-0002 

3400-0003 

F'ART NO 

DESCRIPTIO~ 58, 59,62-65 
CAP-FXO 0 0:1.UF :100V CERAMIC 48, 4 9, 
CS, 6, 1:1 , :12, :15, 1 6, :1.9, 2 0 , 25, 26, 30, 3 ·1, 3 8-41 
CAP- FXO 0 . 0:lUF :100V CERAMIC 
C8:J , 82 
CAP-FXO 0 . lUF 25V CERAMI C 
C70,71 
CAP-FXO 4 7UF :10% 35V TANT 
C78 
CAP-FXD 1UF 25V ELECT AL 
C35 
CAP-FXD 10UF 25V ELECT AL 
C2J., 22, 7 4 
CAP-FXD J5UF 25V ELECT AL 
C53, 5 4 , 72. r3 
CAP-FXD 50UF 25V ELECT AL 
C34,77 
CAP-FXO :100UF 25V ELECT AL 
C45, 46,52, TS,76 
CAP -FXD 800UF 6V ELECT 
css 
SWITCH-PB, 4 STA 6P & 2 STA P-P 
51- 6 
SOCKET- IC~ PIN ROUND 
SOCKET-IC 8 PIN ROUND 
CONN-SINGLE CONTACT, . 093 PIN 
SPACER-PUSHBUTTON SW, DOGBONE 
RELAV-1 FORM A 
K2 
RELAV-:J. FORM A 
K3 
RELAV-2 FORM A 
K1 

10:15-:1464 

:10:1.5-1464 

1.01.5-:1499 

:10:15-:1562 

1.01.5-1576 

1.015-1576 

101.5-:168:1 

1015-1681 

1015-2100 

10:15-2249 

:10:1.5-2274 

1100-0010 

1:100-0100 

1100-:1.100 

:1100-:1:120 

:1.100-1180 

1:1.00-1.:n0 

11.00-1.91.0 

01 700-3:0018 
PC-ASSY XM SIGNAL 1:100-2:100 ... 
GENERATOR f 1100-21.:50 

1.100-2:180 

1100-2180 

:1100-2330 

1100-2390 

1:1.00-2470 

1100-2560 

1:100-2750 

1410-00:1.5 

:14:10-0016 

PART NO 
0000-0001 

0005-0000 

0005-0002 

0020-0001. 

0100-000:1 

0:100-0001. 

01.00-0007 

0:100-00:l.4 

0:100-00:14 

0200-0000 

0205-0004 

:1.005-211.4 

1005-2:158 

:1005-3:115 

:10·15-:11f10 

1015-11.00 

1015-1.1.50 

1.0:15-1392 

·l.01.5-1392 

DESCRIPT!Otl 
TRANS 2NJ644 PNP SI 
Q1, 2, 4 , 5, 7 
TRANS 2NJ053 NPN SI 
08 

~~:::_:::

9

rR::Np::HAN 

Q3,6 I 
IC-OP AMP , 41 

IC-OP AMP 

IC-OP AMP 
U3 
IC-OP AMP 
U2 

! :5 GRADE 2 

l 0s GRADE 6 

RED 

BLUE 

IC-OP AMP 2605 GRADE 6 BLUE 

U:1. :141.0-001.6 
DIODE-GEN jfj914A SI 
CR:1-6 I 1.410-00:17 
DIODE-ZENER 1N746A 3 . 3V 
CR7 
RES-FXD 11. 4K 0. 25% 1 / BW MF 
R:1.8,20 
RF.S-FXD 15. BK 0 . 25% 1 /8W ~F 
R3 :0, 4 2 
RES-FXD 1:J.SK 0 . 25%% 1 /BW MF 
R58 I 
RES-FXD 1 K !3-% 1./BW ~lF 
R:17 
RF.S-FXD :J.K :1% 1/SW MF 
R6 
RES-FXD 1 . SK 1% :l./8W MF 
R9,24 
RES-FXO 3. ~K 1;,; 1 / SW MF 
R7,22 
RES-FXD 3 92K 1.% 1/8W MF 
R37 

1410-0017 

2000-0010 

2000-0056 

2020-00:1.3 

2 0 2 5-000:1. 

2025-0006 

2040-0000 

2100-0000 

2:100-0000 

DESCRIPTION 
RES-FXD 4 . 64K l ;,; 1.,·s w MF 

PART NO 
2l00-0006 

R:1.0, 2S 
RES-FXD 4 . 64K :1;,; 1./8W MF 

RES- FXD 4 99K 1% 1 / 8W MF 

~ls:l~o 5 . 62K 1.% 1 / BW MF 
R:14, 28 
RES -FXD 5 . 76K :1.% :1/ SW MF 
R41. 
RES-FXD 5 . 76K :1 ~ V'BW MF 
R4:1 
RES-FXO 6 . 81K :1% :1/8W MF 

RES-FXD 6 . 8:t.K 1.% :1/8W MF 

RES-FXD 1.0K 1 % 1/BW MF 

RES-FXD 24. 9K 1% 1 / BW MF 
R3 
RES-FXO 27. 4K :1.% 1./ BW MF 
RS 
RES-FXD :10 5% 1/4W 
R65 
RES-FXO 100 5% 1/4W 
R59,60 
RES-FXO 1K 5% 1/4W 

RES-FXD :1 .. 2K S-/. :1/41-1 
R47 
RES-F><D :1.. BK 5% 1/4W 
R45 
RES-FXD 3 . JK 5% :1/4W 

RES-FXO 9 . 1K 5% 1/4W 
R35 
RES-FXD 10K 5% 1/4W 
R63 
RES-FXO :15K 5% :1/4W 
R:1, 2 
RES-FXD 181< 5% 1/4W 

RES-FXC> 18K 5% 1/4W 

RES-FXD 33K 5% 1./ 4W 
R:1:1 
RES-FXD J9K S-/. 1 / 4W 
R29 
RES-FXD 47K 5% 1/4W 
R46 
RES-FXD 56K 5% 1/4W 
R:15 
RES-FXO 75K 5% 1/4W 
R38 
RES-VAR 500 TRIM, . :15 SPACING 
R1J, 23 
RES-VAR 1K TRI M, . 15 SPACING 
R8,43 
RES-VAR :1.K TRIM, . :15 SPACING 

RES-VAR SK TRIM, . 15 SPACING 
R4 
RES-VAR SK TRIM, . 15 SPACING 
R44 
CAP-FXD 10PF S-/. 500V MICA 
C1J 
CAP-FXD 56PF 5% 500V MICA 
C:16 

2100- 0020 

2:100-0020 

31.05-0000 
3120-0000 
31.20-0000 
3 400-000:J. 

3 400-0001. 

3400-0002 

3400-0003 

CAP-FXD 0 . 0J3UF 10% 100V HVLAR 

CAP-FXD 0 . 002UF 1 ;,; 33V PL VSTR 
C7, 8 
CAP-FXD 0 . 1.LIF 1% 33V PLVSTR 
C1, 2 
CAP-FXD 0 . 01.UF 1.00V CERAMIC 
C4, 5, 9, :10, 14, 15 
CAP-FXD 4 . 7UF :10% 35V TANT 
C6 
CAP-FXD 4 , 7UF :10¼ JSV TANT 
C21 

DESCRIPTWN 
CAP-FXO 100UF 25V ELECT AL 
C12 
CAP-FXD 1UF 50V ELECT TANT 
c:;, -17, 1 9 
CAP-FXO 1.UF 50'J ELECT TANT 
C20 
SOCKF.T- I C 8 PIN ROUND 
CONN-SINGLE CONTACT, 093 
CONN-SINGLE CONTACT, 093 
RELA','-1. FORM C 
K2 
RELAV-1. FORM C 
K2 
REI-AV-1 FORM A 
KJ 
RELAV-2 FORM A 
K1 

• 
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OPTION 005 
OUTPUT ATTENUATOR AND METER 

CALIBRATED FOR 150 AND 600 OHMS 

DESCRIPT ION 

GENERATOR OUTPUT power is unchanged when 
the SOURCE IMPEDANCE switch is in either the 
150Q position or the 600Q position. GENERAT OR 
LEVEL controls, and the dB scales of the special 
meter, are calibrated for both 150 and 600 ohm 
loads. All other instrument specification s remain 
unchanged. 

A Relay Board (P/N: 01710- 30013) has been added 
to the instrument, and is electrically inserted in 
the Balanced Amplifier circuit between the 1 dB/ -
STEP switch (52) and the VERNIER control (RIO) . 

To 
S'i 

(500 

'33o.1t. 
So/o 

Kl 

PARTS LIST 
RELAY BOARD 
ASSY: 01710- 30013 

REF S- T P/ N 

Cl 2100-0024 
CR! 0200-0000 
Kl 3400- 0001 
Rl 1100-0330 
R2 1100- 01 00 
R3 1005- 0665 
R4 1005-1 133 

METER 3320-0005 

+ 

• . , l • • 

I I 

,.. 

,. 

• .. . t 

' 

> V 

~--------..-u--- 6'~01.JAI.!) '- . s l:I 

6AJO 

1710A 

1.....-------------♦-,-,-v-o-. T'O +,, voe. 

FIGURE 05- 1 
SCHEMATIC DIAGRAM 

OPTION 005 RELAY BOARD 

0S-1 
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OPTION D07• SELECTABLE METER RESPONSE 

07-1 . METER RESPONSE SELECTION 

07-2 . Three buttons located above the panel meter pro
vide three meter responses: average, true rms, and peak 
reading. Guidelines for the use of these buttons, with 
specific examples for certain measurements, are presented 
in the following paragraphs. 

07- 3. AC meter scales are normally calibrated in such a 
manner that their Indicated readings are equal to the rms 
value of a pure s ine wave. However, meter detection cir
cuits do not necessarily respond to the rms value of the 
waveform being measured, so errors in the reading can 
occur if the waveform is not a pure sine wave. The three 
meter responses of the 1710A are: AVC, RMS, and PEAK. 

07-4. AVC (AVERACE RESPONDINC) : Most meter detec
tion circuits are average responding, therefore many 
measurment standards specify the use of an average re
sponding meter for almost all measurements. Examples of 
such standards are the IHF-T-200/ IEEE Std 185 (1975): 
Standard Methods of Testing FM Broadcast Receivers, the 
EIA Std RS-234-C (1971) : E/A Standard Methods of M«JS
urement for Audio Amplifiers Used in Home Equipment, 
and the IHF-A-202 (1978) : Standard Methods of Measure
ment for Audio Amplifiers. To properly measure devices 
to these standards, set the 1710A meter response to AVC. 

07-5. RMS (RMS RESPONOINC) : When the waveform to be 
measured Is not sinusoidal, an rms responding detection 
circuit will give a more accurate reading of the true rms 
value. IHF-A-202 (1978) requires an rms responding me
ter for measurement of Total Harmonic Distortion plus 
Noise (THD+N), with an average responding detection cir
cuit for all other measurements. Set the 1710A meter re
sponse to RMS for the THO+N measurement, then to AVC 
for the remaining measurements. 

07-6. PEAK (PEAK RESPONDINC) : Distortion products 
will frequent.ly contain spik~s and other high frequency 
Information. This type of distortion Is generally consid
ered to be the most objectionable from a sonic standpoint. 
Since spikes c:an have a very large peak amplitude in re
lation to their rms or average amplitude, a peak respond-

ing meter will be much more sensitive to spike amplitude 
than an rms or average responding meter. Set the 1710A 
meter response to PEAK to obtain the most sensitive 
measurement of this type of distortion. 

07-7. CIRCUIT THEORY 

07-8 . The average detecting meter circuitry consists of 
high-gain, wide-band amplifier U104, a full-wave bridge 
rectifier circuit, and de mllllammeter Ml. Meter fnput 
sensitivity Is 31.6 mV full scale, with meter gain adjusted 
by R157. 

07-9. Circuitry for the RMS and PEAK detecting met.er 
responses Is contained on the Meter Circuits Board (see 
Figure), with the meter connected directly to the board 
through the RMS and PEAK switches. 

07.-10 . In the RMS mode, op amp Ul dr ives U2 which con
tains an absolute value arnpllfier, a squarer-divider, and 
a current mirror. The output of U2 drives Ml through 
the RMS switch. 

07-11. In the PEAK mode, Ul drives negative and posi
tive peak detectors UJ and US, and their associated cir
cuitry. (The operation of the negative circuitry will be 
explained, with the positive circuitry being similar.) 
The Input to the peak detector may be considered to be 
the output of Ut. UJ operates as a summing ampllfier, 
with the current summed at the junction of R9/R10. Meter 
current (1 ma full scale) flows back to the summing point 
through R10. If the peak negative current through R9 
exceeds the current through Rl0, the output of U3 will go 
positive and add charge to C14 through Q1. This added 
charge will then Increase the average meter current. As 
long as UJ' s output swings positive each cycle, Q3 wl II 
conduct. thus holding down the voltage on C15 and pre
wntlng Q4 from conducting. If the peak Input current 
does not exceed the feedback current, UJ output remains 
clamped negative by CRJ at approximately 0.7 V. In this 
event, the voltage on C54 will rise, and Q4 wlll conduct 
to quickly reduce the charge on C14. This allows the 
metel" to respond quickly to. a decreasing signal level. 

:,,OlJNO TECttNOLOCY 
\IETER CKTS GOARD 

._...__ FAB 111701~5014 REV ..,_ 
ASSY 0 1701- 3\1014 REVA 
COMPONENT SIDE 
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