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Mode Is 69 1 A/6 92 A/6 93 A/6 94 A 

S E C T I O N  I 
GENERAL I N F O R M A T I O N  

Section I 
Paragraphs 1-1 to 1-7 

1-1. DESCRIPTION.  

1-2, The @ 690 se r i e s  Sweep Oscillators a r e  elec- 
tronically tuned microwave signal sources. Detailed 
specifications of the Models 691A, 692A, 693A, and 
694A a r e  given in Table 1-1. 

1-3. These sweep oscillators provide three linear 
automatic sweeps: two broadband, and one narrow- 
band. The broadband sweeps each have independent, 
calibrated s ta r t  and stop frequencies which a r e  con- 
tinuously adjustable over the entire frequency range 
of the oscillator to permit sweeping up o r  down in 
frequency. The narrowband sweep varies the RFout- 
put upward through a 0 to 10% segment of the oscillator 
frequency range, the segment being centered anywhere 
in the oscillator range. 

as triangular notches in the R F  output. The markers  
may also be used with the narrowband sweep and with 
external frequency modulation. 

1-5. Modulation capability includes internal square 
wave, external amplitude and external frequency 
modulation. Square-wave frequency is continuously 
variable between 950 and 1050 cps. 

1-6. RF output power level is manually adjustable 
and there is provision for automatic output leveling. 
Separate, compensated inputs accept power meter 
and crystal  detector leveling signals. A s  an indication 
of leveling performance, a panel light flashes auto- 
matically if  any segment of the sweep is unleveled. 
Option 01 Sweep Oscillators a r e  completely equipped 
internally for automatic output leveling. 

1-4. One of the broadband sweeps has two internally- 
generated, calibrated frequency markers.  The mark- 1-7. Provision for  oscilloscope and graphic recorder 
e rs ,  individually activated and separately tuned, occur display of swept-frequency measurements includes 

Table 1-1. Specifications 

F R E Q U E N C Y  R A N G E  

691A: 1 to 2 Gc 
692A: 2 to 4 GC 

693A: 4 to 8 GC 
694A: 8 to 12.4Gc 

SWEEP F U N C T I O N S  

Start-Stop Sweep 

Sweeps from “start”to llstop” frequency setting 
Range: Both settings continuously adjustable 

End-Point Accuracy: 691A, 692A: 510 Mc; 
over entire frequency range 

693A: k20 Mc; 694A: 530 MC 

Marker.Sweep 
Sweeps from “Marker 1” to “Marker 2” fre- 

Range: Both settings continuously adjustable 

End-Point Accuracy: 691A,692A: i 1 0  Mc; 693A: 

quency setting 

over entire frequency range 

it20 Mc; 694A: k30 MC 

AF Sweep 

Sweeps from lower to higher frequency, centered 
on CW setting 

Width: Continuously adjustable from zero to 10% 
of the frequency range 

Width Accuracy: 691A: 520% of A F  being swept 
i2% of maximum AF; 692A, 693A, 694A: 510% 
of A F being swept i l% of maximum A F  

691A, 692A: *lo Mc; 693A: 520 Mc, 694A: 
i 3 0  Mc 

Center- Frequency Accuracy: 

FREQUENCY MARKERS 
Two frequency markers,  independently adjustable 
over entire frequency range, amplitude modulate 
R F  output. Marker amplitude adjustable fromfront 
panel. Markers also available for external use. 

Accuracy: 691A, 692A: *lo Mc; 693A: *20 Mc; 

Resolution: Better than 0.05% at any frequency 
Marker Output: Triangular pulse, typically -5V 

694A: *30 Mc 

peak into 1000-ohm load 

C W  O P E R A T I O N  
Single-frequency R F  output selected by START 
STOP or  MARKER 1 control, depending upon 
sweeD function selected. 

Accuracy: 691A, 692A: i 1 0  Mc; 693A: *20 Mc; 
694A: i30 Mc 

Prese t  Frequencies: Start-stop sweep endpoints 
and marker frequencies can be used a s  four 
preset  CW frequencies. 

RF O U T P U T  CHARACTERISTICS 

With Temperature: + 0. O1o/c/o C 
With 10% Line Voltage Change: 

691A, 692A: i 1  Mc; 693A, 694A: i 2  MC 
With 10-db Power Level Change: 

691A, 692A: k500 kc; 693A, 694A: *1 MC 
Residual FM: 691A, 692A: < 30 kc peak; 693A, 

694A: < 50 kc peak 
Residual AM: At least  40 db below CW output 

Frequency Stability: 

Spurious Signals: 
Harmonics, at  least  20 db below CW output; 
non-harmonics, at least  40db below CW output. 
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Section I Models 691A/692A/693A/694A 
Table 1-1 cont'd 

Table 1-1. Specifications (cont'd) 

SWEEP CHAR ACTERl STl CS 

Sweep Mode 

Auto: Sweep recurs  automatically 
Manual: Front-panel control varies R F  fre- 
quency between the end-frequency settings of 
any of the sweep functions. 

Triggered: Sweep actuated by front-panel push- 
button o r  by externally applied signal, l e s s  
than -25 volts peak, greater  than 1 psec  pulse 
width, greater  than 0.1 volt/Fsec rise. 

Sweep Time: Continuously adjustable in four 
decade ranges, 0.01 to 100 seconds. Can be 
synchronized with power line frequency. 

Sweep Output: Direct-coupled sawtooth, 0 to ap- 
proximately +15 volts, concurrent with swept 
R F  output. Source impedance, 10,000 ohms. 

Reference Output: Direct-coupled voltage pro- 
portional to R F  frequency, approximately +4 
volts at low end of band, approximately +70volts 
at high end. Output impedance, 2000 ohms. 

Frequency Linearity: 691A, 692A: hl0 Mc; 693A. 
i 2 0  Mc; 694A: i 3 0  Mc with respect to either 
sweep output o r  reference output. - 

Blanking: R F  automatically turned off during re- 
trace,  on during trace. On auto sweeps, R F  on 
long enough before sweep starts to stabilize 
external circuits and equipment having response 
compatible with selected sweep rate. Blanking 
disable switch provided. Blanking disables 
automatically for Power Meter leveling. 

Penlift: For use withX-Y graphic recorder. Pen- 
lift terminals shorted during sweep, open during 
retrace.  

RF OUTPUT POWER 

Maximum Leveled Power; 
691A at least  100 mw; 692A: at least  70 mw; 

693A at least  20 mw (15 mw option 01); 694A 
at least  20 mw (15 mw option 01) 

Power Variation, Unleveled Less  than 10 db 
over entire frequency range 

Power Variation External Leveling: hO.1 db 
excluding coupler and detector variations 

Power Variation, Internal Leveling (Option 01): 
691A, 692A: i0 .3  db 
693A: h0.5 db (into matched load) 
694A hl.0 db (into matched load) 

leveling amplifier provided 
Power Leveling Amplifier: Internal DC-coupled 

EQUIVALENT SOURCE M A T C H  

Unleveled: Less than 2.5: 1 
Externally Leveled Depends upon coupler 

Internally Leveled: 691A 1.13:l; 692A 1.16:l; 
693A approx. 1.5:l; €34: approx. 2 : l  

Output Impedance and/or Connector: 50 ohms/ 
type N (precision type N with Option 01) 

MO D U  LATl 0 N 

Internal AM: Square-wave modulation contin- 
uously adjustable from 950 to 1050 cps, all 
sweep times. On/off ratio is greater  than 20 
db at rated output. 

External AM 
Frequency Response: DC to 350 kc unleveled, 
DC-to 50 kc leveled 

at least  30 db below rated CW output 
Sensitivity: -10 volts reduces R F  output level 

Input Impedance: Approximately 1000 ohms 

External FM 
Frequency Response: DC to 20 kc 
Sensitivity: Deviation from CW setting approxi- 

mately 3% of frequency range per  volt 
Maximum Range: Full band for modulation fre- 
quencies up to 150 cps (approx 35 volts peak- 
to-peak input), decreases to about 1% of the 
band for 20-kc modulation 

Input Impedance: Approximately 100,000 ohms 

GENERAL 

Power: 115 o r  230 volts hlOo/o, 50 to 60 cps, 

Dimensions: 

approximately 350 watts r- 164 _I 

690 
- c .  

-- 
NOTES 
DlUENIlONI IN INCHES &.NO (MIUIYETERSI 

FOR CABINET HEIGHT (INCLUDING FEET 1 1DD 6 IB.01 TO ElA RACK HEIGHT 
@ E l A  RACK HElGHT 

@ REAR APRON RECESS 

Weight: Net 75 lb  (34 kg) 

Accessories Furnished: 7-1/2 f t  (2290 mm) power 
cable with NEMA plug; rack mounting kit 

External Leveling Accessories (not supplied): 

691A 692A 693A 694A 

Directional 786D 787D 788C 789C 

Directional 796D 797D 798C H/X752 

Crystal 423A 423A 423A H/X424A 

Power Meter- 431B- 431B- 431B- 431B- 

Detector 

Coupler 

Detector 

Thermistor 478A 478A 478A H/X486A 
Detector 

Option 02: Rear-panel R F  output 
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Models 691A/692A/693A/694A Section I 
Paragraphs 1-8 to 1-19 

R F  shut-off (blanking) during retrace,  pen lift during 
the off interval of the sweep, manual sweep control, 
a l inear sawtooth voltage output concurrent with the 
sweep (to provide frequency reference for the display), 
and visual indication of sweep duration. 

1-8. The microwave source used in theSweepOsci1- 
la tors  is a backward-wave oscillator tube (BWO), a 
self-contained, voltage-tunable oscillator. Fail-safe, 
overload, and time delay circuits protect the BWO 
from power supply malfunctions and turn-on tran- 
sients.  For tube life record, an internal time indicator 
regis ters  hours of BWO operation. 

1-9. The 690 series Sweep Oscillators permit rapid, 
broadband evaluation of microwave device perform- 
ance, serving a s  the swept-frequency source for 
measuring such transmission properties a s  reflection 
coefficient, attenuation, gain, directivity, and other 
network transfer characteristics. 

1-10. I N S T R U M E N T  O P T I O N S .  

1-11. OPTION 01. 

1- 12. DESCRIPTION. Option 01 Sweep Oscillators 
are equipped internally to provide automatically 
leveled R F  output, and a r e  distinguishable from stand- 
a r d  Sweep Oscillator by the label INT ALC on the 
pushbutton under the POWER LEVEL control. 

1-13. R F  OUTPUT CONNECTOR. Option 01 Oscil- 
la tors  have precision type N R F  output connectors 
which a r e  intended for u se  with standard type N con- 
nectors (e.g., UG-21 D/U) only. CAUTION: DO NOT 
COUPLE TWO PRECISION CONNECTORS. The male 
connector center conductor has larger  diameter than 

the center conductor receptacle in the female connec- 
tor. Consequently, coupling precision connectors 
can cause severe connector damage. 

1-14. OPTION 02. 

1-15. Option 02 Sweep Oscillators have rear-mounted 
R F  output connectors. In all other respects, they 
a r e  identical to the standard models. 

1-16. I N S T R U M E N T  I D E N T I F I C A T I O N .  

1-17. Each Sweep Oscillator ca r r i e s  a two-section, 
eight-digit s e r i a l  number (000-00000) of which the 
first three digits a r e  a prefix. The contents of this 
manual apply to those Sweep Oscillators having the 
se r i a l  number prefixes listed on the title page. Re- 
visions required to adapt this manual to ser ia l  num- 
be r  prefixes not listed on the title page a r e  contained 
in  a yellow-sheet Manual Changes insert  supplied with 
the manual. For information concerning serial num- 
be r  prefixes not listed either on the title page o r  in 
an insert ,  contact one of the Hewlett-Packard sales 
and service offices listed at  the rear of this manual. 

1-18. B W O  TUBE W A R R A N T Y .  

1-19. The backward-wave oscillator tube (BWO) used 
a s  the microwave source in the Sweep Oscillators is 
not manufactured by the Hewlett-Packard Company. 
Separate t e rms  of warranty, specified by the tube 
manufacturer, apply to the performance of the BWO. 
Warranty claim and adjustment procedures for the 
BWO a r e  given on a separate form at the rear of this 
manual. Use this form and follow claim instructions 
exactly as given when returning a BWO tube for war- 
ranty adjustment. 
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Section II 
Figures 2-1 and 2-2 

Models 691A/692 A/693A/694A 

Figure 2-1. Accessory Control Panel Cover 

Figure 2-2. Accessory Extension Slides for Rack Mounting 
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Models 691A/692A/693A/694A 

S E C T I O N  II 

I N S T A L L A T I O N  

Section I1 
Paragraphs 2-1 to 2-22 

2-1. I N C O M I N G  I N S P E C T I O N .  

2-2. The Sweep Oscillator was carefully inspected, 
both mechanically and electrically, prior to shipment. 
Inspect for mechanical damage received in transit, 
check for supplied accessories, and tes t  electrical 
performance using the procedure given in Paragraph 
5-13. If there is damage o r  deficiency, o r  if electrical 
performance is not within specifications, s ee  the 
warranty inside the front cover of this manual. 

2-3. PREPARATION F O R  USE. 

2-4. POWER REQUIREMENTS. 

2-5. The Sweep Oscillator requires a power source 
of 115 o r  230 volts a c  *lo%, single phase, which can 
supply approximately 350 watts. 

2-6. 115/230 VOLT OPERATION. 

2-7. A two-position slide switch, on the r e a r  panel 
above the power cable receptacle, permits operation 
from either a 115- o r  230-volt power source. The 
number visible on the switch slider indicates the line 
voltage for which the Oscillator is connected. Adja- 
cent to the switch is the correct fuse rating for each 
line voltage. 

2-8. To prepare the Sweep Oscillator for operation, 
position the 115-230 volt switch so that the number 
visible on the sl ider corresponds to the available line 
voltage, and install a fuse of cor rec t  rating. 

C A U T I O N  

To avoid damage to the Sweep Oscillator, 
before connecting the power cable, s e t  the 
115-230 volt switch for the line voltage to 
be used. 

2-9. POWER CABLE. 

2- 10. To protect operating personnel, the National 
Electrical Manufacturers’ Association (NEMA) rec- 
ommends that the instrument panel and cabinet be 
grounded. This instrument is equipped with a three- 
conductor power cable which, when plugged into anap- 
propriate receptacle, grounds the instrument. The off- 
s e t  pin of the three-prong connector is the ground pin. 

2-11. To preserve the protection feature when oper- 
ating the instrument from a two-contact outlet, use  a 
three-prong to two-prong adapter (@ Stock No. 1251- 
0048) and connect the green pigtail on the adapter to 
ground. 

2-12. COOLING. 
2-13. Forced air cooling is used to maintain safe 
operating temperatures within the Sweep Oscillator 
cabinet. Filtered a i r  is drawn into the cabinet by a 
fan and exhausted through the cabinet side covers. 

02280- 1 

The air intake, fan, and filter a r e  located at the r ea r  
of the cabinet. To ensure adequate ventilation, main- 
tain about three inches of clearance at the sides and 
r e a r  of the cabinet. 

C A U T I O N  

Do not operate the Sweep Oscillator if the 
fan is not operational. 

2-14. AIR FILTER. 

2-15. The air filter, a s  received with a new Sweep 
Oscillator, has a coating of dust-catching substance 
which improves air cleaning action. To maintain 
adequate ventilation, clean and recoat the air filter 
a t  regular intervals. See Paragraph 5-5 for cleaning 
instructions. 

2 - 16. MAGNETIC INTERFERENCE. 

2-17. Do not locate the Sweep Oscillator in the vicin- 
ity of a strong magnetic field; magnetic interference 
can be detrimental to performance. 

Note 

The Sweep Oscillator contains a permanent 
magnet; consequently, there is a strong 
magnetic field within the instrument whether 
o r  not it is operating, and devices sensitive 
to magnetism should not be placed near the  
Oscillator. 

2-18. BENCH USE. 

2-19. The Sweep Oscillator cabinets have plastic feet 
and foldaway tilt stands for convenience in bench op- 
eration. The tilt stand permits  raising the front of 
the instrument, and the plastic feet a r e  shaped to 
make full width modular instruments self-aligning 
when stacked. 

2-20. For  portability and protection in transit, ac- 
cessory Control Panel Covers (Figure 2-1) areavail- 
able for the Sweep Oscillators. These a r e  metal 
covers  which fit between the handles at the front of 
the instrument. Each cover has a carrying handle 
and is readily fastened in place by two pushbuttoq 
latches, To obtain a Control Cover for the Model 
691A, 692A, 693A, o r  694A, order  @ Stock No. 
5060-0829. 

2 -2 1. RACK MOUNTING. 

2-22. Preparation for rack mounting is illustrated in 
Figure 2-3. All necessary hardware is contained in 
the rack mounting kit supplied with the Sweep 
Oscillator. 

Note 

If the rack-mounted Oscillator will be sub- 
jected to shock o r  vibration, provide addi- 
tional bracing at the r e a r  of the cabinet. 
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Section I1 
Paragraphs 2-23 to 2-26 

Models 691A/692A/693A/694A 

2. ATTACH F ILLER STRIP AND RACK 
MOUNTING FLANGES, KEEPING LARGE 
NOTCH ON FLANGES TO INSTRUMENT’ 
BOTTOM. 

it PART OF RACK MOUNTING K IT  
@ 5060-0777 

,.l.-L-l.. 

Figure 2-3. Preparation for Rack Mounting 

2-23. EXTENSION SLIDES. Accessory @ Extension 
Slides for  rack-mounting permit withdrawing and 
tilting the Sweep Oscillator free of the rack for in- 
rack servicing (Figure 2-2). The slides operate on 
ball bearings and latch at  the closed position, fully 
extended position, and at  each 45” of tilt. Pushbutton 
latches hold the Oscillator firmly i n  the slides, yet 
permit easy removal and replacement. The extension 
slides a re  available i n  stationary-member lengths of 
16-7/32 inches and 22-7/32 inches to accommodate 
various distances between front and r ea r  supports. 
To obtain a 16-7/32 inch kit o rder  ($3 0403-0500 and 
@ 0403-0052. To obtain a 22-7/32 inch kit o rder  
@3 0403-0051 and 0403-0052. 

2-24. R E P A C K A G I N G  FOR S H I P M E N T .  

2-25. If the Sweep Oscillator is to be packaged for 
shipment use the original shipping container andpack- 
ing materials. If these have been discarded or  a r e  
not in condition for reuse, obtain new materials from 
your local Hewlett-Packard sales and service office 
(see r ea r  of this manual for locations), o r  follow 
these general instructions: 

a. Wrap the Sweep Oscillator in heavy paper o r  
plastic. (If the Oscillator is being shipped to a 

2-2 

Hewlett-Packard service facility, attach a tag indi- 
cating type of servicing required, return address, 
model number, and full ser ia l  number.) 

b. Use a strong shipping container. A carton made 
of 500-600 pound test  material wil l  usually provide 
adequate protection. 

c. Use enough shock-absorbing material (3 to 4 
inch layer) around all sides of instrument to provide 
f i rm  cushion and prevent movement inside the con- 
tainer. Protect the control panel with cardboard. 
With Hewlett-Packard “floater pack” packaging, the 
foam blocks provide sufficient shock protection, and 
additional material is unnecessary. 

d. Seal the shipping container securely. 

e. Mark the shipping container “FRAGILE” to 
a s su re  careful handling. 

Note 

Because of the permanent magnetic field of 
the BWO, the Sweep Oscillator should not be 
shipped by a i r  unless packaged to conform 
with a i r  shipment regulations. 

2-26. In any correspondence refer to the Sweep OS- 
cillator by model number and full ser ia l  number. 
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Models 691A/692A/693A/694A Section III 
Paragraphs 3-1 to 3-20 

SECTION 111 

O P E R A T I O N  

3-1. INTRODUCTION. 

3-2. The 690 se r i e s  Sweep Oscillators a r e  electron- 
ically tuned microwave signal sources. Each Oscil- 
lator is capable of four types of sweep: start-stop, 
marker ,  A F, and external FM. The first three sweeps 
a r e  internally generated, while external F M  permits  
remote tuning. The internally-generated sweeps have 
adjustable, calibrated end points and sweep times as 
well as a choice of sweep modes. The FM sweep has 
adjustable r e s t  (CW) frequency. 

3-3. For  start-stop sweep independent controls de- 
termine the s t a r t  and stop frequencies. Each frequency 
can be s e t  anywhere within the Oscillator frequency 
range allowing output frequency to increase o r  de- 
c rease  with time. 

3-4. Marker sweep is the same as start-stop sweep 
except for a separate s e t  of tuning controls and fre- 
quency registers.  

3-5. A F  sweep is a narrowband, variable-width 
sweep centered on a CW frequency. The CW frequency 
can be se t  anywhere within the range of the Oscillator, 
and sweep width is variable from 0 to 10 pe r  cent of 
the fill frequency range. 

3-6. For  external FM sweep operation any frequency 
within the Oscillator frequency range can be selected 
as the no-signal (CW) frequency with R F  sweep width, 
ra te  and symmetry controlled by the externally-gen- 
erated FM signal. 

3-7. For  start-stop sweeping, two internal R F  fre- 
quency marke r s  can be individually positioned any- 
where within the selected sweep range. Each marker  
is produced by amplitude modulation of the R F  output 
at the frequency selected. Since each marker  is push- 
button-selected, one o r  both markers  can be used. 
The triangular marker  pulses a r e  available at a rear -  
panel output and there is amplitude control for the 
R F-modulating pulses. 

3-8. Common to all three internal sweeps a r e  the 
sweep modes, the sweep time selector, and modulation 
capabilities. Each sweep may be automatically re- 
current, manual, o r  triggered. Automatically recur- 
ren t  sweeping can be synchronized with the power line 
frequency by rotating the vernier of the sweep time 
selector to a detent position. In the manual sweep 
mode output frequency variation is operator-con- 
trolled. In the trigger mode sweeping is initiated 
either by a front-panel pushbutton o r  by external 
negative signals. 

3-9. For  fixed-frequency (CW) operation, either of 
two controls can be used to se t  the output frequency: 
the start control of the start-stop sweep o r  the start 
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control of the marker  sweep. Each control is calibrat- 
ed and has the full frequency range of the Oscillator. 

3-10. The Sweep Oscillator has provision for auto- 
matic leveling of output power. Normally, however, 
output power is unleveled and has the power-frequ- 
ency characteristic of the R F  oscillator. For  both 
leveled and unleveled operation POWER LEVEL is an 
uncalibrated output attenuator. 

3-11. Automatic leveling maintains output power con- 
stant as frequency changes and is achieved by a 
closed loop feedback system. A typical leveling sys- 
tem consists of a directional coupler for obtaining an 
R F  sample of known proportion, a crystal  detector 
to sense the R F  level variations, and an amplifier to 
furnish a signal of appropriate polarity and magnitude 
to control the R F  source and maintain R F  output con- 
stant. In practice, power is not held absolutely con- 
stant, but variations can be confined within narrow 
limits. 

3-12. Standard Sweep Oscillators contain the loop 
amplifier mentioned above, other components of the 
leveling loop being provided externally. 

3-13. Provisions for oscilloscope o r  graphic recorder 
display of swept-frequency measurements include a 
sawtooth voltage output of constant amplitude which 
can be used as a time base o r  frequency axis, pen 
lift on the two slowest sweeps to ra i se  X-Y recorder 
pens between sweeps, R F  shut-off (blanking) between 
sweeps, manual trigger and manual sweep for display 
calibration, and visual indication of sweep duration 
fo r  positive determination of sweep start and stop. 

3-14. GENERAL OPERATING I N F O R M A T I O N .  

3-15. OUTPUT POWER RANGE. 
3-16. Typical maximum unleveled R F  power output 
of the Sweep Oscillator considerably exceeds the min- 
imum specified in Table 1-1. While actual maximums 
depend upon the individual BWO tube, typical maxi- 
mum unleveled R F  output is about 800 mw for the 
Models 691A and 692A, and 200 mw for the Models 
693A and 694A. 

3-17. R F  INPUT LIMITATION. 

3-18. NEVER APPLY MORE THAN 1 WATT R F  (CW 
OR PEAK PULSE) FROM AN EXTERNAL SOURCE 
TO THE SWEEP OSCILLATOR R F  OUTPUT. 

3-19. .BWO LIFE. 

3-20. The backward-wave oscillator tube (BWO), 
used as the R F  source in the Sweep Oscillator, is 
warranted against electrical failure for a limited 
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Section 111 Models 691A/692 A/693A/694A 
Figure 3-1 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

WWER LEVEL I N 1  SO WAVE FREO YF"*IFI  _ _ _  --- / I  A 
.LI u . r t r r r ~ ~ n  

SWEEP SELECTOR MANUAL SWEEP 

5 
START/CW. Selects s t a r t  frequency for start- 
stop sweep, CW frequency for CW operation, 
mid-frequency f o r a  F sweep on slide-rule GC 
scale. 

MARKER 1. Selects marker  1 frequency o r  
marker  sweep s t a r t  frequency. 

SWEEP ON. Lights during sweep. 

MARKER 2. 
marker  sweep stop frequency. 

STOP/AF. Selects stop frequency for  start- 
stop sweep on slide-rule GC scale, frequency 
range for A F  sweep on MC scale. 

SWEEP TIME (SEC). Selects range of sweep 
time. 

VERNIER. Varies sweep time within selected 
range (sweep time decreases with clockwise 
rotation). Detent position at clockwise extreme 
synchronizes sweep with power line frequency. 

INT SQ WAVE FREQ. Adjusts frequencyof in- 
ternal square wave modulation. 

OUTPUTS. R F R F  output. SWEEP: Sweep 
voltage output (0 to +15V regardless of R F  
sweep width o r  direction). 

Selects marker  2 frequency o r  

10. AMPLITUDE MOD. Select any combination of 
amplitude modulation: external amplitude mod- 
ulation (apply signal to connector), markers,  
and internal square wave. 

11. MARKER AMP. Adjusts amplitudeof RF-mod- 
ulating frequency markers,  but does not affect 
rear-panel MARKER output. 

12. XTAL. Accepts leveling signal from crystal  
detector. 

13. ALC (INT ALC on Option 01 Models). Selects 
automatic R F  leveling. 

14. GAIN. Gain adjust for R F  leveling loop. 

15. POWER LEVEL. Adjusts R F  amplitude. 

16. FUNCTION. Selects an internal sweep o r  ex- 
ternal F M  (SWEEP SELECTOR must be se t  to 
CW for external FM; apply FM signal to 
connector). 

17. TRIGGER. Triggered sweep started withMAN- 
UAL pushbutton o r  signal applied to EXT 
connector. 

18. LINE. Controls line power to Oscillator; R F  
off in STANDBY; 1-min delay betweenOFF and 
RF. 

19. MANUAL SWEEP. Manually varies frequency 
between end points of start-stop, AF ,  o r  marker  
sweep (counterclockwise extreme gives start 
frequency). 

20. SWEEP SELECTOR. Selects mode of operation: 
CW, automatic (free running) sweep, manual 
sweep, o r  triggered sweep. 

21. ALC UNLEVELEDIF FLASHING. Light flashes 
i f  POWER LEVEL set too high for leveling 
across  selected frequency range. 
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Figure 3-1. Front Panel Controls, Connectors, and Indicators 
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period of time, usually specified in hours of heater 
operation. Accordingly, an internal meter regis ters  
hours of heater operation to amaximumof 4000 hours. 

3-21. Since operating practices affect useful tube 
life, 

a. always provide adequate ventilation for the in- 
terior of the Oscillator by maintaining at least  three 
inches of clearance at the sides and r e a r  of the 
cabinet; 

b. ensure that the a i r  filter i s  clean; and 

c. avoid prolonged operation of the Sweep Oscillator 
with the LINE switch at STANDBY. Although there is 
no R F  output in this state, both the BWO heater and 
the t ime meter a r e  energized. 

3-22. MAGNETIC INTERFERENCE. 

3- 23. Sweep Oscillator performance can be adversely 
affected by strong external magnetic fields such a s  
those produced by magnetrons and large transformers. 
Conversely, a strong permanent magnetic field exists 
near the Sweep Oscillator whether o r  not it is oper- 
ating. Therefore, devices sensitive to magnetism 
should not be used close to the Sweep Oscillator. 

3-24 CONTROLS,  C O N N E C T O R S  & 
I N D I C A T O R S .  

3-25. Front- and rear-panel controls, connectors, 
and indicators a r e  shown dnd described in Figures 
3-1 and 3-2. Locations and descriptions apply to 
each of the Models 691A, 692A, 693A, and 694A. 

3-26. BASIC O P E R A T I N G  PROCEDURES. 

3-27. TURN-ON. 

a. Set rear-panel 115-230 switch to match line 
voltage, and check that the fuse has correct  rating. 
(Correct  fuse rating i s  directly above the visible num- 
ber  on the switch slider.) 

b. Connect Sweep Oscillator to power source. 

c. Set front-panel LINE switch to RF. After about 
one minute delay the RF indicator should glow. Fail- 
u r e  of the indicator to glow is an indication of trouble 
within the instrument. 

C A U T I O N  

Do not use the Sweep Oscillator if the cooling 
fan does not operate a t  turn-on. 

3-28. STANDBY OPERATION. 

3-29. When the LINE switch i s  se t  to STANDBY there 
is no R F  output, but heaters of all electron tubes a r e  
heated and operating potentials a r e  supplied to all 
circuits except the R F  oscillator. This permits nearly 
immediate RF output when the LINE switch is se t  to 
RF, provided a t  least one minute has elapsed between 
O F F  and STANDBY. 

3-30. With no FUNCTION selectors depressed, the 
CW dial lamp wil l  glow regardless of the settings of 
other controls. 

02280-1 

3-31. EEP F U N C T I O  IS. 

3-32. The Sweep Oscillators have four sweep functions 
which a r e  designated Start-Stop, A F, Marker, and 
External FM. Four separate pushbuttons, each labeled 
for the function it selects, determine the type of 
swept- f r equ ency operation. 

3-33. START-STOP SWEEP. 

3-34. For the start-stop sweep function, the sweep 
s t a r t  and stop frequencies a r e  separately adjustable 
to any frequency within the range of the Sweep Oscil- 
lator. Since the output frequency of the Oscillator 
var ies  from the s ta r t  frequency to the stop frequency, 
sweeping can be either up or down with time. In ad- 
dition, sweeping can be automatically recurrent, 
triggered o r  manual, with variable sweep time for 
recurrent  and triggered sweeping. All amplitude 
modulation capabilities can be used with the start-  
stop sweep and output power may be leveled or  un- 
leveled. Instructions for obtaining start-stop sweep 
a r e  given in Figure 3-3. 

3-35. AF SWEEP. 

3-36. With AF sweep, output frequency var ies  upward 
through a band segment adjustable in width from zero 
to 10% of ful l  band and centeredon any frequency with- 
in the range of the Oscillator. All trigger and ampli- 
tude modulation capabilities may be used and sweep 
time, in the automatic and triggered modes, can be 
varied from 10 milliseconds to 100 seconds. RF 
output power may be leveled o r  unleveled. Figure 
3-4 gives instructions for obtaining A F sweep. 

3-37. MARKER SWEEP. 

3-38. Marker sweep is similar  to start-stop sweep 
with individual s t a r t  and stop frequency controls and 
frequency regis ters  which a r e  separate from those of 
the start-stop sweep. The only functional difference 
between start-stop and marker sweep is that the R F  
frequency markers  cannot be used with the marker 
sweep. Figure 3-5 gives instructions for obtaining 
marker  sweep. 

3-39. EXTFM. 

3-40. The External FM function provides a means of 
obtaining output frequency which var ies  under the 
control of an externally-produced signal. Output fre- 
quency variation which is linear with time results 
from application of a voltage variation which is alqo 
linear with time. Positive-going voltage causes out- 
put frequency to increase while negative-going voltage 
has the opposite effect. Maximum upward deviation 
obtainable is the full frequency range of the Oscillator, 
but downward deviation is restricted to approximately 
one-half the Oscillator’s frequency range. Rest (CW) 
frequency of the FM sweep is calibrated andmanually 
adjustable over the full frequency range. When r e s t  
frequency is se t  below mid-range, total deviation can 
be full band. The external FM input is direct-coupled 
to permit remote frequency programming. 

3-41. During external FM operation both the SWEEP 
SELECTOR and SWEEP TIME switch a r e  inoperative, 
but there is full amplitude modulation capability and 
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Figure 3-2 

1. 

2.  

3. 

4. 

5. 

I C  W I E R  INPUTS 
“I.. 

PENLIFT. Terminals shorted during sweep 
(AUTO o r  TRIG sweep, two slowest sweep 
time ranges only). 

R F  PWR OUTPUT (Option 02 only). R F  output 
on r e a r  panel. 

PWR METER. Accepts leveling signal from 
power meter output. (Disconnect any external 
load from XTAL connector when using power 
meter leveling.) 

ALC PWR LEVELING INPUTS. Selects crystal  
detector o r  power meter as leveling signal 
source. 

BLANKING. Allows R F  to remain on during 
sweep recovery (OFF position). Blanking i s  
automatically disabled during power meter 
leveling. 

6 .  MARKER. Frequency markers  output. Pulses 
a r e  triangular, typically -5  volts amplitude. 
Pulse amplitude i s  not affected by front-panel 
MARKER AMP control. 

7. SWEEP REF. Output voltage proportional to 
R F  frequency. 

8. Power cable receptacle (offset pin connected to 
Oscillator cabinet). 

9. 115/230. Permi ts  operation from 115 o r  230 
volts ac. 

10. FUSE. Select rating to matchline voltage (cor- 
rect  rating above number visible on 115/230 
switch slider). 
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Figure 3-2. Rear Panel Controls and Connectors 
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Figure 3-3 

9 P 

%;7 SWEEP SELECTOR 

TRIGGER 
".*".L 

LINE 
wr 11.*01, "6 

MANUAL SWEEP INT SQ WAVE FREQ 

- 

FUNCTION 

d 

1. 
2. 

Set LINE to RF; R F  indicator glows. 

P r e s s  START-STOP; on dial START andSTOP 
glow. Check that all other pushbuttons a r e  
released. 

3. Select sweep s t a r t  frequency with START/CW. 

4. Select sweep stop frequency with STOP/AF. 

5. Choose AUTO, MANUAL o r  TRIGgered sweep 
mode with SWEEP SELECTOR. See Sweep 
Modes for mode characteristics. 

With AUTO o r  TRIG mode set SWEEP TIME to 
desired range. Vary time within selected range 
with red VERNIER: clockwise rotation 

6. 

d 

decreases time. To synchronize AUTO sweep 
with power-line frequency, switchVERNIER in- 
to LINE SYNC position. (LINE SYNC gives 
shortest  sweep t ime of the range selected.) 

7. Use POWER LEVEL as an uncalibrated output 
attenuator. R F  output is maximum at 10, min- 
imum at 0. Attenuation range depends on 
whether R F  is leveled o r  unleveled. With un- 
leveled operation range is 30 db minimum. See 
R F  Power Leveling for leveled operation 
characteristics. 

Start-stop sweep has full amplitude modulation 
capability. See Amplitude Modulation. 

8. 

Figure 3-3. Start-Stop Sweep Operation 
02280-1 3-5 
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Models 691A/692A/693A/694A 

1. 
2. 

3. 

4. 

5. 

6. 

P 

POWER LEVEL INT SO WAVE FREO Y F I W E I  
.e " W " r L r 0 ~  I f  ,l..*J., SWEEP TIMEISECI 

SWEEP SELECTOR MANUAL SWEEP 

10.4 8. I 

c 

I I  TRIGGER FUNCTION I M R I T U D E  MOO . 
I 

6 9 1 1 - A - 4  

Set LINE to RF; R F  indicator glows. 

P r e s s  AF;  on dial, CW and A F  glow. Check 
that all other pushbuttons a r e  released. 

Select sweep center frequency withSTART/CW. 

Select sweep width on MC scale with STOP/A F. 

Choose AUTO, MANUAL, o r  TRIGgered sweep 
mode with SWEEP SELECTOR. See Sweep 
Modes for mode characteristics. 

With AUTO o r  TRIG mode se t  SWEEP TIME to 
desired range. Vary time within selected range 
with red VERNIER: clockwise rotation 

decreases time. To synchronize AUTO sweep 
with power-line frequency, switch VERNIER in- 
to LINE SYNC position. (LINE SYNC gives 
shortest  sweep time of the range selected.) 

7. Use POWER LEVEL as an uncalibrated output 
attenuator. R F  output is maximum at 10, min- 
imum at 0. Attenuation range depends on 
whether RF is leveled o r  unleveled. With un- 
leveled operation range is 30 db minimum. See 
R F  Power Leveling for leveled operation 
characteristics. 

8. A F  sweep has full amplitude modulation capa- 
bility. See Amplitude Modulation. 

3-6 

Figure 3-4. A F  Sweep Operation 
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P 

MANUAL SWEEP I N 1  SO WAVE FREO 

.*".L- 

1. 

2. 

3. 

4. 

5. 

6. 

Set LINE to RF: R F  indicator glows. with red VERNIER: clockwise - 

P r e s s  MARKER SWEEP. Check that all other 
pushbuttons a r e  released. 

With MARKER 1 START/CW se t  s t a r t  frequency 
on adjacent GC digital counter. 

With MARKER 2 STOP set stop frequency on 
adjacent GC digital counter. 

Choose AUTO, MANUAL, o r  TRIGgered sweep 
mode with SWEEP SELECTOR. See Sweep 
Modes for mode characteristics. 

With AUTO o r  TRIG mode se t  SWEEP TIME to 
desired range. Vary time within selected range 

rotation 
decreases time. To synchronize AUTO sweep 
with power-line frequency, switchVERNIER in- 
to LINE SYNC position. (LINE SYNC gives 
shortest sweep time of the range selected.) 

U s e  POWER LEVEL as  an uncalibrated output 
attenuator. R F  output is maximum a t  10, min- 
imum at 0. Attenuation range depends on 
whether R F  is leveled o r  unleveled. With un- 
leveled operation range is 30 db minimum. See 
R F  Power Leveling for leveled operation 
characteristics. 

Marker sweep has external amplitude and in- 
ternal square wave modulation capability. See 
Amplitude Modulation. 

02280-1 
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Figure 3-5. Marker Sweep Operation 
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Models 691A/692A/693A/694A 

YE"*lE" INT sa WAVE FREO SWEEP SELECTOR MANUAL SWEEP POWER LEVEL 
.LI ".u"~".~ I, ,L..*,.. SWEEP TIMEBECI 

M 0 10 

TRIGGER FUNCTION 
Y.*".L 

/ \ I 
d b 6 

1. Set LINE to RF; R F  indicator glows. C A U T I O N  

2. Set SWEEP SELECTOR to CW. 

3. P r e s s  EXT FM; on dial, CW glows. Check 
that all other pushbuttons a r e  released. 

4. Select r e s t  frequency with START/CW. Rest 
frequency i s  the output frequency with 0 volts 
applied to external FM input. 

Connect frequency-modulating voltage to ex- 
ternal FM input. 

5. 

Observe voltage and frequency limits 
given in Figure 3-7. 

Use POWER LEVEL as an uncalibrated output 
attenuator. R F  output is maximum at 10, min- 
imum at 0. Attenuation range depends on 
whether RF is leveled or  unleveled. With un- 
leveled operation range is 30 db minimum. See 
R F  Power Leveling for leveled operation 
characteristics. 

6. 

7.  External FM operation has full amplitude mod- 
ulation capability. See Amplitude Modulation. 

Figure 3-6. External FM Operation 
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B A 

in 17 I .4 1.6 1.8 2.0 691 A ..- 
2 .o 2.4 2.8 3.2 3.6 4.0 692A 
4.0 4.8 5.6 6.4 7.2 8.0 693A 
8.0 8.88 9.76 10.64 11.52 12.4 694A 

CW SETTING ( G c )  IO0 

Figure 3-7. External FM Limitations 

R F  output power may be leveled o r  unleveled. In- 
structions for external FM operation a r e  given in 
Figure 3-6. 

3-42. F M  LIMITATIONS. 

C A U T I O N  
The Sweep Oscillator can be damaged by ap- 
plication of F M  signals which exceed the 
safe operating limits given in the charts of 
Figure 3-7. 

Chart A gives the per cent of frequency range swept 
for each CW setting and FM input voltage (external 
F M  signal frequencies l e s s  than 150 cps). Chart B 
gives voltage limits for external FM signal frequencies 
above 150 cps. Note: maximum allowable FM volt- 
age at  20 kc is 0.35 voltspeak-to-peak (total deviation 
1% of the Oscillator frequency range). 

3-43. NEVER EXCEED THE FM VOLTAGE LIMITS 
GIVEN IN CHARTS A AND B OF FIGURE 3-7. Where 
there  is a difference between limits indicated by 
charts  A and B always use  the smaller amplitude. 

3-44. SWEEP MODES. 

3-45. The sweep modes a r e  designated CW, AUTO, 
MANUAL, and TRIG, the mode i n  use  being deter- 
mined by the setting of the SWEEP SELECTOR. 

02280-1 
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IK 
EXT FM FREQUENCY (CPS) 

IOK 20K 

3-46. AUTO. 

3-47. The AUTO sweep mode provides automatically 
recurrent sweeping for any sweep time selected by 
the SWEEP TIME controls and may be used with any 
sweep function except external FM. When the red 
SWEEP TIME vernier is in the detent LINE SYNC 
position, automatic sweeping is synchronized with the 
power-line frequency. 

3-48. During AUTO sweeping the oscillator output 
frequency changes linearly with time and SWEEP ON 
is lighted during each sweep. 

3-49. Three sweep-synchronizedoutputs a r e  activated 
during AUTO operation: SWEEP, SWEEP REF and 
PENLIFT. In addition, the Oscillator R F  output is 
automatically turned off, o r  blanked, between sweeps 
i f  the rear-panel BLANKING and ALC PWR LEVELING 
INPUTS switches a r e  at ON and XTAL, respectively. 

3-50. TRIGGERED. 

3-51. The triggered sweep mode permits manualone- 
shot sweeping and recurrent sweeping synchronized 
with an externally-produced signal, and may be used 
with any sweep function except external FM. A single 
sweep starts each time the front-panel MANUAL push- 
button is pressed and/or each time a suitable negative 
pulse is applied to the EXT input. Sweeping time is 
determined by the SWEEP TIME (SEC) controls but 
LINE SYNC is inoperative during triggered sweeping. 
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Models 691A/692A/693A/694A 

3-52. During a triggered sweep Oscillator output 
frequency changes linearly with time, and SWEEP ON 
is lighted. 

3- 53. Externally-produced trigger signals must have 
negative polarity, width greater than 1 p s e c  and rise 
t ime of at least  0.1 volt/psec. Less  than 25 volts 
amplitude will tr igger a sweep. During slow sweeps 
a sweep can be interrupted and reset  by pressing the 
MANUAL pushbutton. 

3-54. Three sweep-synchronized outputs are acti- 
vated during TRIG operation: SWEEP, SWEEP REF 
and PENLIFT. In addition, the Oscillator R F  output 
is automatically turned off, o r  blanked between 
sweeps if  the rear-panel BLANKING and ALC PWR 
LEVELING INPUTS switches a r e  a t  ON and XTAL, 
respectively. 

3-55. cw. 
3-56. The CW mode gives single-frequency operation 
and may be used with either the start-stop o r  marker 
sweep functions. Output frequency can be se t  any- 
where in the Oscillator frequency range. Obtain CW 
output as follows: 

a. Set LINE to RF. 

b. Set SWEEP SELECTOR to CW. 

c. Press START-STOP or  MARKER SWEEP. 
d. Tune to desired frequency using START/CW or  

MARKER 1 as indicated by the sweep function selected. 

e. Control output power with POWER LEVEL: out- 
put power is maximum at 10, minimum at 0. POWER 
LEVEL is uncalibrated but has an attenuation range 
of a t  least  30 db with unleveled output, 10 db with 
leveled output. 

f. Internally square wave o r  externally amplitude 
modulate the R F  output. See Amplitude Modulation. 

g. U s e  automatic R F  power leveling to stabilize 
output level and improve source match. See R F  
Power Leveling. 

3-57. During CW operation R F  blanking, pen lift, 
SWEEP ON, and SWEEP output are not operational. 
However, a voltage proportional to output frequency 
is available a t  the rear-panel SWEEP REF output. 

3-58. MANUAL. 
3-59. The manual sweep mode permits manual tuning 
between the end frequencies of the start-stop, marker,  
o r  A F sweep. Any of the amplitude modulation func- 
tions may be used with manual sweep, and R F  output 
can be leveled o r  unleveled. Both the SWEEP and 
SWEEP R E F  outputs a r e  operational during manual 
sweeping, but R F  blanking, pen lift and the SWEEP 
ON indicator do not function. 

3-60. To sweep a frequency range manually, set con- 
t rols  for the desired sweep function using the appro- 
priate instructions from Figures 3-3, 3-4, o r  3-5 
but s e t  SWEEP SELECTOR to MANUAL and use  
MANUAL SWEEP to vary output frequency. Clock- 
wise rotation varies output frequency toward the stop 

3-10 

frequency of the selected sweep. Counterclockwise 
rotation varies output frequency toward the sweep 
s t a r t  frequency. The SWEEP ON light does not func- 
tion with manual sweeping. 

3-61. Manual sweep is particularly useful for cali- 
bration of a display device such as an oscilloscope 
o r  graphic recorder pr ior  to automatic swept-fre- 
quency measurements. I ts  u se  in this zyplication is 
described in more detail under Displaying Swept- 
Frequency Measurements. 

3-62. THE SWEEP T I M E  C O N T R O L .  

3-63. The sweep time control consists of a four-po- 
sition range selector and a vernier for continuous ad- 
justment of sweeping t ime within the limits of each 
t ime range. Clockwise rotation of the vernier de- 
c reases  sweeping time, the clockwise rotation limit 
giving the minimum time, and the counterclockwise 
l imit  giving the maximum time of the range selected. 
The detent LINE SYNC position of the vernier synchro- 
nizes sweeping with the power line frequency, but 
res t r ic ts  sweeping time to the minimum of the range 
selected. 

3-64. The sweep time controls are operational with 
start-stop, A F ,  and marker  sweeps in the AUTO and 
TRIG modes. However, LINE SYNC does not function 
with triggered sweeps. 

3-65. THE SWEEP OUTPUT.  

3-66. The SWEEP output is an output frequency-re- 
lated positive voltage to provide a time-frequency 
axis for  displaying swept-frequency measurements. 
This  positive voltage has fixed range, typically 0 to 
15 volts, irrespective of sweep width with zero always 
coincident with the sweep s t a r t  frequency and+l5 volts 
always coincident with the sweep stop frequency. 
With automatic and triggered sweeps SWEEP output 
is a l inear ramp synchronized with the R F  sweep. 
During manual sweeps the SWEEP output voltage 
change is concurrent with output frequency change. 
SWEEP output functions with start-stop, marker,  and 
A F  sweeps in the AUTO, MANUAL and TRIG modes. 

3-67. THE SWEEP REFERENCE O U T P U T .  

3-68. The rear-panel SWEEP REF output is adirect-  
coupled positive voltage proportional to Oscillator 
output frequency. SWEEP REF is typically +4 volts 
a t  the lowest frequency in the Oscillator range, +70 
volts a t  the highest frequency. Voltage change is con- 
current  with output frequency change, the actual range 
and dc limits being determined by the R F  sweep width 
and its location in the Oscillator frequency range. 
SWEEP REF is operational with all  sweep functions 
and modes. 

3-69. THE PENLIFT. 

3-70. The rear-panel PENLIFT terminals furnish a 
sweep-synchronized writing control for graphic re- 
corders  equipped to write in response to a remote 
short  circuit. The PENLIFT terminals a r e  shorted 
during the R F  sweep, open between sweeps. The pen 
lift control is operational during AUTO and TRIG 
sweeps in the two slowest sweep time ranges only. 
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3-71. RF B L A N K I N G .  

3-72. The R F  blanking automatically attenuates the 
Oscillator output a t  least  30 db between sweeps giving 
a no-output reference t race on anoscilloscope display 
of swept-frequency measurement. Blanking can be 
used with start-stop, marker,  and A F sweeps in the 
AUTO and TRIG modes. With AUTO sweeps the 
blanking interval ends slightly in advance of R F  sweep 
s t a r t  to allow external circuits and equipment to sta- 
bilize. Blanking can be disabled with the rear-panel 
BLANKING on-off switch except during power meter 
R F  leveling when blanking is automatically disabled. 

3-73. E X P A N D E D  SWEEP O P E R A T I O N .  

3-74. Certain swept-frequency measurements, such 
a s  bandpass filter evaluation, require rapid examina- 
tion of more than one frequency band (e.g., filter 
overall  response characteristic, pass  and stop bands). 

3-75. Because the start-stop and marker sweeps are 
independent they can be used in combination with the 
internal frequency markers to obtain expanded sweep 
presentation. Fo r  instance, start-stop sweep can be 
used to cover a broad frequency range such as the 
overall  response characteristic of the filter mentioned 
above. If a segment of this range (the stop band, for 
example) meri ts  detailed examination, the internal 
frequency markers  can be activated and tuned to 
bracket the important segment. Then, pressing 
MARKER SWEEP expands the bracketed segment to 
occupy the ful l  presentation and sweep time. With- 
out further adjustment, the original sweep may be 
restored a t  will by pressing START-STOP. 

3-76. The foregoing example of expanded sweep op- 
eration assumes one sweep range within another. 
However, the two sweep ranges need not beone within 
the other or  even overlap; they may each cover 
separate,  remote segments of the total frequency 
range. 

3-77. F O U R  PRESET C W  FREQUENCIES. 

3-78. The manual sweep control, in conjunction with 
the CW mode and the start-stop and marker sweep 
functions, can be used to obtain four preset  CW 
frequencies. 

a. Select four different frequencies using START/ 
CW, STOP/AF, MARKER 1, and MARKER 2 controls. 

b. Rotate MANUAL SWEEP fully clockwise. 

3-79.  A M P L I T U D E  M O D U L A T I O N .  

c. Set SWEEP SELECTOR to CW. 

d. Press START-STOP to obtain CW output a t  fre- 
quency indicated by s t a r t  dial pointer. 

e. Press MARKER SWEEP to obtain CW output at 
frequency indicated by MARKER 1 digital counter. 

f. Set SWEEP SELECTOR to MANUAL to obtain 
CW output at frequency indicated by MARKER 2 
digital counter. 

g. Press START-STOP to obtain CW output a t  fre- 
quency indicated by stop dial pointer. 
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3-80. EXTERNAL AM. 

3-81. The Sweep Oscillator R F  output may be ampli- 
tude modulated by signals applied to the front-panel 
connector under the EXT AM pushbutton. External 
amplitude modulation is possible with any sweep 
mode or  function. Frequency response is dc to 
350 Kc for  unleveled R F  output and dc to 50 Kc 
for  leveled output. Negative 10 volts reduces R F  
output at least  30 db below rated CW output. 

3 -82. INTERNAL FREQUENCY MARKERS. 

3-83. Two calibrated frequency markers  can be in- 
dependently adjusted over the ful l  frequency range of 
the Sweep Oscillator. One is tuned by the MARKER 1 
control and the other by the MARKER 2 control. Each 
marker  amplitude-modulates the R F  output with a 
wedge-shaped notch at the frequency indicated on the 
digital counter adjacent to the tuning control. The 
front-panel MARKER AMP control permits amplitude 
adjustment of the RF-modulating marker  but does 
not affect the amplitude of the pulses a t  the rear-  
panel MARKER output. The amplitude of these pulses 
is typically - 5  volts into a 1000-ohm load. 

3-84. Activated separately by the MARK 1 and MARK 
2 pushbuttons, the markers  can be used individually 
o r  simultaneously during start-stop, A F, o r  external 
F M  operation with auto, manual, o r  triggered mode. 
In addition, markers  may be used in combination with 
external amplitude or  internal square-wave modu- 
lation. 

3-85. INTERNAL SQUARE WAVE. 

3-86. Internally-generated square-wave modulation 
can be used with any sweep function o r  sweep mode 
and with marker  or external amplitude modulation. 
At rated R F  output the square wave on-off ratio ex- 
ceeds 20 db. The INT SQ WAVE pushbutton selects 
square wave modulation, and INT SQ WAVE FREQ 
permits  continuous adjustment of frequency from 
950 to 1050 cps. 

3-87. RF P O W E R  LEVELING.  

3-88. A microwave signal source which tunes auto- 
matically through a preset frequency range in a pre- 
set time, such as the ($3 690 s e r i e s  Sweep Oscillator, 
facilitates rapid, broadband evaluation of microwave 
devices. An additional requirement for such meas- 
urements is constant R F  power in the frequency range 
of interest. Characteristically, however, the back- 
ward-wave oscillator (BWO) used as the microwave 
source in the Sweep Oscillator does not generate 
constant R F  power throughout the operating frequency 
range. The R F  power output of a BWO usually con- 
sists of minor, narrowband variations superimposed 
on a gross  variation, a s  illustrated in Figure 3-8. 
Minor variations a r e  less than 3 db while the gross  
variation may be a s  great as 10 db. By deriving a 
signal which is the inverse of this power character- 
istic and applying it as amplitude control, the R F  
power output of the Sweep Oscillator can be main- 
tained essentially constant with changing frequency. 
This control of output power is called leveling. 
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SWEEPING 
R F  

OSCILLATOR 

I I 1 1 1 

(DIRECTIONAL C O U P L E R L  LEVELED 
R F  !&; ' SAMPLE 

3-89. The leveling system provided for in the Sweep 
Oscillator is the negative feedback closed loop, a 
system which senses R F  power variations andpro-  
duces amplitude-control signals which reduce the 
variations. 

3-90. A typical negative feedback closed leveling loop 
(Figure 3-9) consists of a directional coupler to sam- 
ple R F  output, a crystal  detector to convert instantan- 
eous R F  power variations in the sample to proportional 
dc, and a differential amplifier to compare the dc 
against a reference and furnish an amplified difference 
signal. This difference signal, applied a s  R F  ampli- 
tude control, determines magnitude of leveled power 
and reduces power variations. 

RF LEVEL 
DETECTOR 
( CRYSTAL) 

INPUT 

DIFFERENTIAL t D C  FACSIMILE 
OF RF L E V E L  

AMPLIFIER 
- 1  

SPI... 

ADJUSTABLE 
DC REFERENCE 

- i l  

Figure 3-9. Typical Leveling Loop 

3-91. In the leveling loop the differential amplifier 
acts  to keep the input from the crystal  detector equal 
to the dc reference and, by feedback action, causes 
the leveling loop to maintain crystal  detector output 
constant. The same feedback action would also main- 
tain R F  power in the coupler main line constant, but 
between the detector output and the coupler main line 
a r e  several  frequency-dependent variables which pre- 
vent main line power from being absolutely constant. 
Detector frequency response, coupling variation with 
frequency, coupler-to-detector match, and coupler 
directivity each affect the flatness of R F  power in the 
coupler main line. Nevertheless, the leveling loop 
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can reduce power variations from a deviation a s  great 
as 10 db to less than 1 db over the Oscillator tuning 
range. 

3-92. In addition to holding R F  power constant with 
changing frequency, the leveling loop also improves 
source match. The amount of improvement is deter- 
mined by the directivity and main-line SWR of the RF- 
sampling directional coupler: the greater the direct- 
ivity and the smaller  the main-line SWR, the greater  
the source match improvement. The practical limit to 
the effect of directivity, however, is usually the coupler 
main-line SWR. For coaxial couplers having main-line 
SWR of 1.2:1, for instance, directivity exceeding 26to 
30db produces no significant source match improve- 
ment. Similarly, for a waveguide coupler having main- 
line SWR of 1.05:l the practical directivity limit is 
about 40db. 
3-93. Standard Sweep Oscillators include the differ- 
ential amplifier required for R F  power leveling. 
Other components of the leveling system, such a s  the 
directional coupler and detector, a r e  not part  of the 
standard Sweep Oscillator. Option 01 Sweep Oscil- 
lators,  however, contain a complete leveling system. 
Leveling capability and equivalent source match of 
Option 01 Sweep Oscillators is given in Table 1-1. 

3-94. LEVELMG POINT CONSIDERATIONS. 

3-95. The closed leveling loop holds R F  power con- 
stant a t  the point of R F  sampling. Thus, i f  sampling 
is done at  the Sweep Oscillator R F  output, discon- 
tinuities in the transmission system between Oscil- 
lator and load cause uncontrollable power variations 
at the load. However, i f  the sampling point is located 
as near the load a s  possible transmission system 
discontinuities a r e  contained within the leveling loop 
and their effects a r e  automatically compensated. 

3-96. The effect of leveling point location on power 
variations at  the load is shown in Figure 3-10. Al- 
though X-Y recorder plot A was obtained with the 
coupler-detector external to the Sweep Oscillator, the 
plot is also valid for Option 01 Sweep Oscillators 
which have internal coupler-detectors. 

3-97. Recorder plot A w a s  made with a @ 360C LOW- 
P a s s  Fil ter (arrow, Figure 3-10) connected between 
the sampling coupler and load to simulate transmis- 
sion irregularity between leveling loop and load. The 
filter has maximum SWR of 1.4:l ;fnd the load, con- 
sisting of a 50-ohm termination and @ 478 Thermistor 
Mount, has an SWR of about 2: l .  The resultant power 
variation in the frequency range swept is approximately 
1 db. In contrast, recorder plot B shows power var- 
iation at the load reduced to 0.25 db with the leveling 
point at the load. 

3-98. Option 01 Sweep Oscillators can be used fo r  
remote-point leveling by disabling the internal level- 
ing loop a s  described in Paragraph 3-139. 

3-99. Remote-point leveling is accomplished using 
the same  systems and procedures a s  those given in 
succeeding paragraphs for leveling at the R F  output, 
the only difference being that the RF-sampling direc- 
tional coupler and the R F  detector a r e  located at  the 
system point where leveled R F  is required, not a t  
the Sweep Oscillator R F  output. 
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I 
1.2Gc A, X-Y PLOT,FILTER IN 

I 

2.OGc 

I 

2.OGc 
I B. X-Y PLOT, FILTER OUT I 

1.2Gc 

Figure 3-10. Effect of Leveling Point on Power Variation 

3-100. DEPENDENCY OF MAXIMUM LEVELED 
POWER ON FREQUENCY. 

3-101. Maximum leveled RF power cannot exceed the 
minimum available from the BWO i n  the frequency 
range being swept. Also, the maximum leveled R F  
power available from a particular Sweep Oscillator 
depends upon the frequency range being swept and the 
output power characteristic of the microwave oscil- 
lator (BWO). Figure 3-11 shows the output power 
characterist ic of a typical 1 - 2 Gc oscillator andin- 
dicates the maximum leveled R F  power available for 
three sweep ranges. Dot shading indicates maximum 
leveled power available over the full frequency range; 
diagonal shading shows additional leveledpower avail- 
able in segments of the frequency range. Microwave 
oscil lators in the frequency range 2 - 12.4 Gc have 
s imilar  output power characteristics; that is, RFout- 
put is minimum toward the lower frequency limit of 
the tuning range and increases with frequency to a 
maximum at, o r  near, the upper limit of the tuning 
range. However, actual maximum and minimum R F  
power available varies from frequency range to fre- 
quency range and from BWO to BWO in the same 
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frequency range. Therefore, a microwave power 
meter such a s  the @ 431B with appropriate thermistor 
mount is required both for determining maximum 
leveled R F  power and for obtaining required RFpower. 

- 
FREOUENCY cGc) ..O-.-' 

Figure 3-11. Comparison of Maximum Leveled 
RF Power and Frequency Range Swept 
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431B 

G486A 

GE01-752C 

Models 691 A/692 A/693 A/694A 

431B 

J486A 

JE01-752C 

Table - 1. Coaxial Leveling Equipment 

F R E Q U E N C Y  R A N G E  @ 
EQUIPMENT 

Sweep Osci l la tor  

Low-Pass  Filter 
Bandpass  Filter 

Direct ional  Coupler 

Crys ta l  Detector  

Directional Detector  

Power Meter  

Thermis tor  Detector  

@ 
EQUIPMENT 

Sweep Osci l la tor  

Waveguide -to - 
Coaxial Adapter 

Low-Pass  Filter 

Bandpass Filter 
Directional Coupler 

Crys ta l  Detector  

Directional Detector  

Power  Meter  

Thermis tor  Detector  

Matched Directional 
Couplers1 

1 - 2 G c  

691A 

360C 

8430A 

796D 

423A 

786D 

431B 

478A 

2 - 4 G c  

692A 

3 60D 

8431A 

797D 

423A 

787D 

431B 

478A 

4 - 8 G c  

693 A 

8435A 

798C 

423A 

788D 

431B 

478A 

Table 3 -2. Waveguide Leveling Equipment 

8 - 12.4 GC 

694A 

843 6A 

423A 

789C 

431B 

478A (to 10 Gc) 

2.60 - 3.95 GC 

692A 

S281A 

3 60D 

8431A 

S7 5 2D 

S424A 

43 1B 

S486A 

SE01-752D 

F R E Q U E N C Y  R A N G E  

3 . 9 5  - 5.85 GC 5.85 - 8 . 2  GC + 
G281A 

G752C 

G424A 

J281A 

J752C 

5424A 

Consist of 3-db coupler with load matched to  10 (752C) o r  20 (752D) db  coupler .  1 

7.05 - 10.0 Gc 

693A, 694A 

H281A 

H752C 

H424A 

431B 

H486A 

HE01 -752C 

8 . 2  - 12.4  Gc 

694A 

X281A 

X362A 

8436A 

X7 5 2C 

X424A 

X781A 

431B 

X4 8 6A 

XE01-752C 

3-102. LEVELING EQUIPMENT. 

3-103. The leveling amplifier in the Sweep Oscillator 
is intended for  u se  with &Z 423A and424A Crystal De- 
tectors,  @. Directional Detectors, and the & 431B 
Power Meter. Since these components a r e  available 
in both coaxial and waveguide models, R F  leveling is 
possible in either transmission system. Components 
for  coaxial R F  leveling systems are listed in Table 
3-1, components for waveguide leveling systems in 
Tabel 3-2. 

3-104. THE R F  SAMPLER. The R F  power output of 
the Sweep Oscillator can be sampled either by a direc- 
tional coupler o r  a directional detector. Adirectional 
detector is a directional coupler matched to a sensi- 
tive, flat-responding crystal  detector. With the di- 
rectional detector, performance variables such as 
coupling variation with frequency, detector frequency 
response, and coupler-detector match a r e  grouped 
and specified a s  frequency response. 

3-105. Whether the R F  sampler is a directional 
coupler o r  directional detector there is a cri t ical  

coupling attenuation required to assure  proper oper- 
ation of the leveling loop. Coupling attenuation should 
be  20 to 23 db with the Models 691A and 692A, and 
10 to 13 db with the Models 693A and 694A. In addi- 
tion, the smaller the coupling variation with frequency 
and the greater  the directivity, the better the leveling. 

3-106. THE R F  DETECTOR. Either a crystal  detec- 
t o r  o r  microwave power meter may be used to derive 
the dc signal proportional to R F  power variations re- 
quired to operate the leveling amplifier in the Sweep 
Oscillator. The leveling amplifier, which must re- 
ceive a negative polarity signal, is intended for u se  
with @ 423A and 424A Crystal Detectors, the & 431B 
Power Meter and @ Directional Detectors. 

3-107. A crystal  detector permits u se  of the full 
sweep time range of the Sweep Oscillator. Thus, 
sweeping time can be short  enough to give steady O S -  
cilloscope display of swept-frequency measurements, 
a capability especially useful for continuous display of 
the effects of tuning o r  adjusting a device under test. 
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Leveling Loop 

Fig. 3-13 with 
Coupler and 
Detector 

Fig. 3-13 with 
Directional 
Detector 

Fig. 3-14 

Fig. 3-16 

Fig. 3-17 

Section III 
Paragraphs 3-108 to 3-113 

M a x i m u m  P o w e r  V a r i a t i o n  ( d b ) l  

Load SWR = 1 L o a d S W R =  1 .5  

2.60 - 3.95 - 5.85 - 7.05 - 8.2 - 2.60 - 3.95 - 5.85 - 7.05 - 8 .2  - 
3 . 9 5 G c  5 . 8 5 G c  8 . 2 G c  1 0 . 0 G c  1 2 . 4 G c  3 . 9 5 G c  5 . 8 5 G c  8 . 2 G c  10 ,OGc  1 2 . 4 G c  

50.94 50.94 i0 .94  i0 .94  51.04 i 0 . 9 8  50.98 i 0 . 9 8  50.98 51.08 

io. 60 50. 64 

50. 64 kO.64 50.64 50.64 50.74 i 0 . 6 8  iO.68 50.68 i 0 . 6 8  i 0 . 7 8  

io. 68 50.72 i 0 . 7 2  i 0 . 7 2  50.72 i0 .72  50.76 50.76 50.76 50.76 

50.46 50.50 iO.50 50.50 50.50 50.50 i 0 .54  i0 .54  i 0 . 5 4  50.54 

Table 3-3. Leveling Performance of Coaxial Leveling Loops 

Leveling Loop 

l e r  and Detector 

~ __ ~ 

Table 3 -4 .  Leveling Performance of Waveguide Leveling Loops 

3- 108. The microwave power meter/thermistor de- 
tector combination gives continuous indication of both 
leveling performance and actual R F  output of the 
leveling system, but characteristic slower response 
to R F  variations requires sweep times longer than 
30 seconds. A power meter leveling system is par- 
ticularly well-suited to the slow sweeping used with 
graphic recording of swept- fr equency measurements. 

3-109. LOW-PASS OR BANDPASS FILTER. To min- 
imize the effects of R F  harmonics, which candegrade 
leveling and cause measurement e r ro r s ,  a low-pass 
o r  bandpass filter should be inserted into theRF main 
line within the leveling loop. Including the filter in 
the leveling loop provides automatic compensation 
for  i t s  transmission properties. 

3- 110. OSCILLOSCOPE MONITOR. For R F  power 
leveling using a crystal  detector, an oscilloscope 
should be used to indicate when the POWER LEVEL 
and GAIN controls a r e  set to give optimum leveling. 
The oscilloscope can be connected to display leveling 
performance in the dc section of the leveling loop. 
A convenient monitor point on internally-leveled 
(Option 01) Sweep Oscillators is the rear-panel PWR 
METER connector. For standard Sweep Oscillators 
loop performance can be monitored at  the rear-panel 
PWR METER connector o r  by means of a type BNC 

02280-1 

t ee  connector at the crystal  detector video output o r  
a t  the Sweep Oscillator XTAL input. 

3-111. LEVELING PERFORMANCE. 

3-112. The R F  power leveling capability of the sys- 
t ems  illustrated in Figures 3-12 through 3-17 is de- 
termined mainly by the frequency-dependent perform- 
ance variables of the R F  sampler and R F  detector; 
Coupling variation with frequency, coupler- to- detector 
mismatch, coupler directivity and detector frequency 
response all affect leveling. The level variations 
given in Tables 3-3 and 3-4 a r e  those resulting from 
the maximum effect of the e r r o r  sources present i? 
leveling loops assembled from components listed in 
Tables 3-1 and 3-2. However, the e r r o r  effects in 
such leveling systems a r e  vector quantities having 
phase relationships which vary with frequency and do 
not always cause maximum e r ro r .  Rather, total e r r o r  
is more usually the r m s  of the e r r o r  quantities. 
Therefore, leveling likely will be better than indicated 
but the performance figures given permit comparing 
the capabilities of the systems illustrated in Figures 
3-12 through 3-17. 

3-113. Two values of load SWR are included in the 
tables to indicate how the load on the leveling system 
influences leveling performance. This loading effect 
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+LEVELED 
R F  

-LEVELED R F  
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J R F  
I I  

Y 
I. SWEEP OSCILLATOR 
2,LOW PASS OR BANDPASS FILTER 
3.DIRECTIONAL COUPLER 8 CRYSTAL 

DETECTOR OR DIRECTIONAL DETECTOR 
@SO.,. I, 

Figure 3-12. Coaxial Leveling Loop Using 
Crystal Detector 

resul ts  from the imperfect directivity of the RF- 
sampling coupler which allows some of the power re- 
flected from the load to reach the R F  detector and 
cause level variations. For a given coupler load-pro- 
duced level variation is proportional to load SWR. 

3-114. LEVELING CONTROLS, INDICATORS AND 
INPUTS. 

3-115. ALC PUSHBUTTON. The ALC pushbutton 
activates the internal leveling amplifier. 

3-116. INT ALC PUSHBUTTON. On Option 01 Sweep 
Oscillators only, the INT ALC pushbutton activates 
an internal leveling system. 

3-117. POWER LEVEL CONTROL. The two-section 
POWER LEVEL control sets magnitude of leveled 
R F  power. 

3-118. GAIN CONTROL. The GAIN control varies 
leveling loop sensitivity to R F  level variations. 

3-119. ALC PWR LEVELING INPUTS. The rear-  
panel ALC PWR LEVELING INPUTS switch se t s  the 
internal leveling amplifier to accept a power meter 
o r  crystal  detector-derived leveling signal. 

3- 120. LEVELING SIGNAL INPUTS. The front-panel 
XTAL input accepts crystal detector-derived leveling 
signals, and the rear-panel PWR METER input accepts 
power meter-derived leveling signals. (The PWR 
METER input is a convenient oscilloscope monitor 
point during crystal  detector leveling for both stand- 
ard and Option 01 Sweep Oscillators.) 

3-121. POWER LEVEL INDICATOR. The POWER 
LEVEL indicator functions only when the ALC (or 
INT ALC) pushbutton is pressed. When glowing stead- 
ily i t  indicates the entire sweep is leveled. When flash- 
ing it signifies all o r  part  of the sweep is unleveled. 

3-122. In general, the GAIN control determines the 
ability of the leveling system to reduce R F  power 
variations and POWER LEVEL controls the magnitude 
of leveled power. Thus, GAIN can be considered an 
R F  flatness control and POWER LEVEL anRFampli- 
tude control. However, there is enough function over- 
lap between GAIN and POWER LEVEL that the settings 
of both controls must be optimized during initial 
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I. SWEEP OSCILLATOR 
2 .  WAVEGUIDE -TO- COAXIAL ADAPTER 
3.LOW PASS OR BANDPASS FILTER 
4. DIRECTJONAL COUPLER 
5.CRYSTAL DETECTOR .90-  L- 10 

Figure 3c13. Waveguide Leveling Loop Using 
Crystal  Detector 

leveling adjustments and thereafter whenever R F  
amplitude is changed. Clockwise rotation of GAIN 
improves R F  flatness but can cause the leveling loop 
to oscillate; hence, the optimum GAIN setting is just 
counterclockwise of that which causes loop oscillation. 

3-123. POWER LEVEL is a two-section control con- 
sisting of a screwdriver-operated shaft centered in 
a knob. The screwdriver-operated section is a 
coa r se  power level adjustment, the knob a fine o r  
vernier adjustment. During leveling, i f  POWER 
LEVEL is se t  for more R F  power than is available 
in some pa r t  of the selected sweep range the POWER 
LEVEL light flashes. 

3-124. OPERATING MODES FOR RF POWER 
LEVELING. 

3-125. R F  power leveling imposes only two restric- 
tions on the operating capability of the Sweep Oscil- 
lator, and both apply to leveling using a microwave 
power meter. During power meter leveling R F  
blanking is inoperative and sweep time must be longer 
than 30 seconds. Disabling of R F  blanking is auto- 
matic and a function of the Sweep Oscillator whereas 
the sweep time restriction is due to the response 
characterist ic of the power meter. 

3-126. LEVELING AT THE RF O U T P U T .  

3-127. Figures 3-12 through 3-17 illustrate closed 
loop leveling systems for automatically leveling the 
Sweep Oscillator R F  power output. The systems of 
Figures 3-14 and 3-17 each use  two directional coup- 
lers to minimize coupling variation with frequency. 
The coupling variation of one coupler compensates for 
the coupling variation of the other, reducing coupling 
inaccuracy to the difference in coupling characteristics 
between the couplers. This remaining factor can be 
effectively eliminated with couplers selected for 
nearly identical coupling characteristics. Such 
matched couplers a r e  available from Hewlett-Packard 
in various combinations of coupling attenuation. For 
each combination, attenuation accuracy between main 
and secondary line output is specified and is typically 
+0.2 db o r  better. Matched coupler model numbers 
for  the waveguide frequency ranges covered by the 
Models 691A, 692A, 693A, and 694A a r e  given in 
Table 3-2. Model numbers given provide correct  
coupling attenuation for  the Sweep Oscillator of the 
s a m e  frequency range. 
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assure maximum leveled R F  power without loop 
oscillation. 

h. To reduce leveled R F  power rotate POWER 
LEVEL knob counterclockwise: attenuation range is 
10 db, minimum. Readjust GAIN after eachchange 
of power level. 

I, SWEEP OSCILLATOR 

3. LOW PASS OR BANDPASS FILTER 

6. LOAD 
7. CRYSTAL DETECTOR 

2. WAVEGUIDE-TO- COAXIAL ADAPTER 

4-5. MATCHED DIRECTIONAL COUPLERS 

6PO-... 

Figure 3-14. Coupler-Compensated Waveguide 
Leveling Loop Using Crystal Detector 

3-128. STANDARD SWEEP OSCILLATOR USING 
CRYSTAL DETECTOR. 

3-129. LOOP ASSEMBLY. 

a. Assemble the leveling loop of Figure 3-12,3-13, 
o r  3-14 using appropriate equipment from Table 3-1 
o r  Table 3-2. 

b. Connect crystal  detector video output to Sweep 
Oscillator XTAL input. 

c. Connect an oscilloscope to monitor leveling loop 
performance. Connect the oscilloscope vertical in- 
put (dc-coupled) to the rear-panel PWR METER con- 
nector o r  to a BNC tee connector at the crystal  de- 
tector video output, and connect the horizontal input 
(dc-coupled) to the Sweep Oscillator SWEEP output. 

3-130. LOOP OPERATION. 

a. Set rear-panel ALC PWR LEVELING INPUTS 

b. Obtain 'desired mode of operation from the 

c. Rotate GAIN maximum clockwise. 

d. Press ALC. 

e. Rotate POWER LEVEL knob to a convenient 
reference on the 0 to 10 scale. (For maximum reso- 
lution set  to 10.) 

f .  If POWER LEVEL is set  for more R F  power 
than the least  available in the selected sweep range, 
the POWER LEVEL light flashes. To level the entire 
sweep, rotate POWER LEVEL screwdriver-operated 
control until the POWER LEVEL light stops flashing. 
Leveled R F  power is now the maximum available in 
the selected frequency range. 

g. If the oscilloscope monitoring loop performance 
shows loop oscillation, adjust GAIN until oscillation 
just ceases.  Always adjust GAIN and POWER LEVEL 
screwdriver-operated control in combination to 

to XTAL. 

Sweep Oscillator. 
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n I 
PWR M E T E R  
INPUT ( R E A R )  

RF 

I .  SWEEP OSCILLATOR 
2.LOW PASS OR BANDPASS FILTER 
3.DIRECTIONAL COUPLER 
4. THERM I STOR DETECTOR 
5.POWER METER 

Figure 3 - 15. Coaxial Leveling Loop 
Using Power Meter 

3-131. STANDARD SWEEP OSCILLATOR USING 
POWER METER. 

3-132. LOOP ASSEMBLY. Assemble the leveling 
loop of Figure 3-15, 3-16, o r  3-17 using appropriate 
equipment from Table 3-1 o r  Table 3-2. 

3-133. LOOP OPERATION. 

a. Set rear-panel ALC PWR LEVELING INPUTS 
to PWR METER. 

b. Rotate both POWER LEVEL controls maximum 
clockwise and manually sweep the frequency range 
of interest  noting the minimum R F  power indicated 
by the power meter. 

c. Rotate screwdriver-operated POWER LEVEL 
control maximum counterclockwise. 

d. Rotate GAIN maximum clockwise. 

e. P r e s s  ALC. 

f. Set Sweep Oscillator to sweep the frequency 
range of interest. (Sweep time should be longer than 
30 seconds when the ($3 431B Power Meter is used.) 

g. Rotate POWER LEVEL knob to some convenient 
reference on the 0 to 10 scale. (For maximum reso- 
lution set  to 10.) 

h. Allowing for the coupling attenuation of the di- 
rectional coupler, rotate screwdriver - operated 
POWER LEVEL control clockwise until the power 
meter indicates the desired leveled power. Note that 
this power cannot exceed the minimum R F  power in 
the frequency range being swept. If the POWER 
LEVEL light flashes during any portion of the sweep, 
selected power exceeds power available, and the R F  
power in a segment of the sweep is unleveled. TO 
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c. Rotate GAIN maximum clockwise. 
d. Press INT ALC. 

I 

'I 1 + LEVELED 
4 R F  2) i ' 

I .  SWEEP OSCILLATOR 

3,LOW PASS OR BANDPASS FILTER 
4.DIRECTIONAL COUPLER 
5 .  THERMISTOR MOUNT 
6.POWER M E T E R  

2. WAVEGUIDE -TO - COAX I A L  ADAPTER 

Figure 3-16. Waveguide Leveling Loop 
Using Power Meter 

level the entire sweep, rotate POWER LEVEL knob 
counterclockwise in small  increments, pausing a few 
seconds after each rotation to permit the loop to sta- 
bilize. When the entire sweep is leveled the POWER 
LEVEL light glows steadily during the sweeping 
interval. 

i. To reduce leveled power rotate POWER LEVEL 
knob counterclockwise. POWER LEVEL attenuation 
range is 10 db, minimum. 

j. The Model 431B Power Meter can be used to 
reduce leveled output in accurate 5-db steps. Switch- 
ing the RANGE (MW) selector to successively more 
sensitive ranges decreases leveled R F  power 5 db 
p e r  range. Thus, from maximum, leveled output can 
be reduced at  least 10 db. Within each 5-db step u s e  
POWER LEVEL for fine adjustment of leveled output. 

k. The GAIN control permits optimizing leveling 
loop sensitivity to R F  power variations. Clockwise 
rotation increases sensitivity. For  optimum leveling 
set sensitivity as high a s  possible without causing the 
leveling loop to oscillate. Oscillation of a power 
meter  leveling loop may cause errat ic  fluttering of 
the meter pointer on the power meter o r  may be evi- 
dent only on an oscilloscope display of the leveled 
R F  power. 

3-134. OPTION 01 SWEEP OSCILLATOR. 

3-135. LOOP ASSEMBLY. 

3-136. Option 01 Sweep Oscillators, having internal 
leveling loops, require no external equipment to fur- 
nish leveled R F  power. However, Option 01 Oscil- 
la tors  do require a power meter to indicate actual 
leveled power, and an oscilloscope to indicate opti- 
mum leveling, Note: Internal INT-EXT switch must 
be at  INT to activate internal leveling loop. 

3-137. LOOP OPERATION. 

a. Set Sweep Oscillator for desired mode of op- 

b. Set rear-panel ALC PWR LEVELING INPUTS 
eration. 

to XTAL. 

3-18 

e. If POWER LEVEL is set for more R F  power 
than available in the frequency range being swept 
the POWER LEVEL light flashes. To obtain leveled 
R F  power across  the entire sweep range: 

(1) Rotate screwdriver-operated POWER LEVEL 
maximum clockwise. 

(2) Rotate POWER LEVEL knob to'some conven- 
ient reference on the 0 to 10 scale. (Set to 
10 for  maximum resolution.) 

(3) Rotate screwdriver-operated POWER LEVEL 
until the POWER LEVEL light stops flashing 
and glows steadily during the sweep interval. 
Output R F  power is now leveled at maximum 
possible in the selected frequency range. 

f .  To reduce leveled output rotate POWER LEVEL 
counterclockwise: attenuation range is lOdb, minimum. 

3-138. The GAIN control permits optimizing leveling 
loop sensitivity to R F  power variations. Clockwise 
rotation increases sensitivity. For  optimum leveling 
set sensitivity a s  high a s  possible without causing os- 
cillation within the leveling loop. Because of function 
overlap between the POWER LEVEL and GAIN controls 
both should be adjusted to obtain optimum R F  power 
flatness a t  desired R F  output without evidence of loop 
oscillation. These adjustments can be made usiug 
an oscilloscope display of loop performance obtained 
at the rear-panel PWR METER connector. 

3-139. PREPARING OPTION 01 SWEEP OSCILLA- 
TORS FOR REMOTE-POINT LEVELING. 

3-140. Option 01 Sweep Oscillators can be readily 
adapted for u se  in a remote-point leveling system by 
disabling the internal leveling loop. Then the Oscil- 
la tor  can be used in the same way a standard 
Oscillator is used. 

PWR METER 

-LEVELED 
R F  

I. SWEEP OSCILLATOR 
2. WAVEGUIDE-TO-COAXIAL ADAPTER 

4-5. MATCHED DIRECTIONAL COUPLERS 
3.LOW PASS OR BANDPASS FILTER 

6. LOAD 
7. THERMISTOR MOUNT 
8.POWER METER 

Figure 3-17. Coupler-Compensated Waveguide 
Leveling Loop Using Power Meter 
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3-141. To disable the internal leveling loop: 

a. Remove the cabinet bottom cover. 

b. On the directional detector mounting assembly, 
located behind the R F  output, s e t  the INT-EXT switch 
to EXT. The internal leveling loop is disabled and 
the Sweep Oscillator may be used as if there were no 
internal leveling loop. To restore  internal leveling 
capability merely reposition the INT-EXT switch 
to INT. 

3-142. D I S P L A Y I N G  SWEPT-FREQUENCY 
MEASUREMENTS.  

3-143. OSCILLOSCOPE DISPLAY. 
3-144. The use  of an oscilloscope in conjunction with 
a sensitive, fast-responding detector such as a crys- 
tal permits  continuous visual display of swept-fre- 
quency measurements, a capability which is especially 
useful if a device is to be adjusted while under test. 

3- 145. For oscilloscope display the Sweep Oscillator 
SWEEP output furnishes the horizontal deflection sig- 
nal. Since SWEEP output is a linear sawtooth voltage 
synchronized with the sweep, i t  provides an accurate 
axis of frequency for  the display. In addition, auto- 
matic blanking of the R F  output duringretrace results 
in a continuous zero-power reference t race for the 
display. 

3- 146. The display oscilloscope should have direct- 
coupled vertical and horizontal inputs and 10-kc min- 
imum vertical bandwidth. Reflection measurements 
can require vertical sensitivity of microvolts per  
centimeter: 50 to 100 pv/cm is usuallyadequate. The 
@ 140A Oscilloscope with 1400A and 1420A horizontal 
plug-ins satisfies these requirements. 

3- 147. Detailed information about improved measure- 
ment systems and calibration techniques for trans- 
mission studies using the Sweep Oscillator is available 
in @ Application Note 65, Swept-Frequency Tech- 
niques with Oscilloscope Display. The Note contains: 
procedures for assembling, calibrating, andoperating 
systems for transmission and reflection measurement 
using leveled @ 690 series Sweep Oscillators with 
oscilloscope display of measurements; a list of 
measuring equipment for the 1 to 40 Gc frequency 
range; and a se t  of scales  calibrated in reflection 
and transmission units which can be affixed directly 
to the oscilloscope graticule. Copies of Application 
Note 65 a r e  available a t  no charge from your local 
Hewlett-Packard sales  and service office. 

3-148. X-Y RECORDER DISPLAY. 

3-149. The X-Y graphic recorder affords a convenient 
means of permanently recording swept- f r equ ency 
measurements, providing a plot of transmission 
variations with time o r  frequency. To facilitate X-Y 
recording, the Sweep Oscillator has manual sweep 
for  recorder calibration; a linear ramp voltage output 
synchronized with output frequency to operate the 
recorder  X-system; indication of sweep duration for 
positive determination of sweep s t a r t  and stop; in- 
ternally-generated, tunable frequency markers  for 
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accurate calibration of frequency range; and automatic 
pen lift to r a i se  the recorder pen between sweeps. 

3-150. Pen lift is intended for recorders  equipped to 
raise the pen in response to an open circuit. The 
Sweep Oscillator rear-panel PENLIFT terminals a r e  
open-circuit in the interval between sweeps during 
CW and triggered sweep operation with either of the 
two slowest sweep time ranges. 

Figure 3-18. Typical X-Y Recorder Setup to Plot 
Sweep Oscillator Power Output Characteristic 

3 -151. RECORDER CALIBRATION. 

3-152. Figure 3-18 shows a setup for  X-Y plotting 
of the unleveled output power-frequency characteristic 
of the Sweep Oscillator, Other swept-frequency 
measurements for which the recorder is a popular 
display device include SWR, attenuation, gain, direc- 
tivity, and leveling performance. 

3-153. Calibrate the recorder a s  follows: 

a. Set the Sweep Oscillator to sweep the frequency 
range of interest  using a sweep time compatible with 
recorder  response. 

b. Set SWEEP SELECTOR to MANUAL. 

c. Rotate MANUAL SWEEP maximum counterclock- 
wise (for CW output at sweep s t a r t  frequency), and 
adjust recorder Y-zero for convenient pen position. 

d. Adjust recorder X-system to locate pen at  a 
convenient s t a r t  point. 

e. Rotate MANUAL SWEEP from full counterclock- 
wise to full clockwise (for CW output a t  sweep stop 
frequency) observing maximum vertical displacement 
of the pen during the sweep. Sweep termination is 
coincident with extinguishing of the SWEEP ON light. 

f. Set recorder X-sensitivity to terminate recorder 
pen t raverse  a t  a convenient location on the chart, and 
adjust Y-sensitivity to give required resolution. 

g. If sensitivity and zero of the recorder X and Y 
systems a r e  interdependent, repeat steps d through f 
to ensure desired chart  calibration. 

h. Set SWEEP SELECTOR to AUTO o r  TRIG, de- 
pending on whether recurrent or  triggered sweeping 
is required. For  one-shot sweeps, set  SWEEP SE- 
LECTOR to TRIG and p res s  MANUAL TRIGGER to 
s t a r t  sweep. (A sweep can be terminated and re- 
started by pressing MANUAL TRIGGER while a sweep 
is in progress.) The recorder pen lifts automatically 
during retrace if the recorder is equipped for pen 
lift in response to an open circuit. 
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SECTION IV 

PRINCIPLES OF OPERATION 

4-1. INTRODUCTION.  

4-2. This section contains explanations of the oper- 
ation of the Sweep Oscillator circuits. Figure 4-1 is 
a simplified block diagram showing principal circuit 
sections and operating controls. Figure 4-2, a more 
complete block diagram, shows the main constituents 
of the circuit sections. Each circuit section and im- 
portant individual circuits a r e  explained in succeed- 
ing paragraphs. 

4-3. As illustrated in Figure 4-2, the Sweep Oscil- 
lator consists of a Voltage-Tuned Oscillator, a Fre-  
quency Control Section, an Amplitude Modulation Sec- 
tion, and a Power Supply Section. The Frequency 
Control Section includes the frequency-modulating 
circuits. The Amplitude Modulation Section includes 
a square-wave generator, two marker  generators, 
and circuits for automatic R F  output level control 
(ALC). The Power Supply Section includes automatic 
over-current and over-voltage protection for the 
Voltage-Tuned Oscillator. 

4-4. THE VOLTAGE-TUNED OSCILLATOR. 

4-5. The Voltage-Tuned Oscillator section (Figure 
4-2) consists of Backward-Wave Oscillator Tube V4. 

4-6. THE BACKWARD-WAVE OSCILLATOR TUBE. 

4-7. The Backward-Wave Oscillator (BWO) tube, a 
voltage-tunable microwave oscillator, is the radio- 
frequency source in the Sweep Oscillator. 

4-8. The BWO tube is an electron tube in which an 
electron beam interacts with aguided electromagnetic 
wave in a way to transfer energy from the beam to 
the wave. The elements of the tube and their arrange- 
ment a r e  shown in Figure 4-3. 

4-9. The tube consists of an electrongun, awire  helix 
through which an electron beam is directed, and a 
collector to receive the beam, all within a vacuum 
tube. The electron beam is hollow and focused to 
travel a s  close a s  possible to the helix without touching 
it. Beam focus is maintained by the field of a cylindri- 
cal  permanent magnet encircling the vacuum tube. 
Physical construction is such that the magnet o r  i ts  
housing completely covers the tube and cannot be re- 
moved o r  adjusted in any way. Operating potentials 
a r e  supplied to the tube elements through wire leads. 

4-10. The wire helix is a microwave transmission 
line equal in length to several  wavelengths. of the low- 
e s t  output frequency. The R F  output signal is gener- 
ated on the helix and is coupled out of the tube at the 
gun end through a dc blocking capacitor o r  balun. Ap- 
proximate potentials required to operate the BWO a re  
shown in Figure 4-3. Typical cathode current is less  
than 30 milliamperes and divides between anode and 
helix in BWO tubes having no collector, between helix 
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and collector in BWO tubes having a collector. Helix 
and anode operating currents  a r e  critical operating 
parameters  and must not exceed the power dissipating 
capability of the element. 

4-11. Operating current maximums for the anode and 
helix a re  specifiedon the data sheet accompanying each 
new BWO tube. Because of wide variations in opti- 
mum operating currents and current division among 
BWO tubes of the same type, R F  power output is the 
primary indicator of tube performance. 

4-12. A s  the BWO is turned on, oscillation evolves 
f rom the shot noise in the electron beam. The shot 
noise in the beam induces noise voltages on the 
helix, and the noise voltages on the helix produce 
electron bunches in the beam. These electron bunches 
move toward the collector at a velocity controlled 
by accelerating potentials. A s  the electron bunches 
pas s  the spaces between helix turns their electric 
fields appear outside the helix. At some frequency 
these electric fields a r e  in step (resonate) with 
the electron bunches along the helix and a back- 
ward-moving wave is generated. The backward 
wave further bunches the beam, the beam in turn 
amplifies the backward wave, and so on, until a 
maximum bunch density is reached. At this state 
the backward wave has maximum amplitude for the 
existing operating conditions. 

4-13. Frequency of oscillation, a function of beam 
velocity, is se t  by the accelerating electrode which 
has the same potential a s  the helix. Frequency of 
oscillation var ies  linearly with time a s  helix voltage 
var ies  exponentially with time: the more positive 
the voltage, the higher the frequency of oscillation. 
In the Sweep Oscillator, the frequency-changing volt- 
age is applied to both the helix and collector. In 
some BWO tubes the helix and collector a re  con- 
nected internally; in others, the collector element 
is operated at a more positive potential than the 
helix, 

4-14. Output power is a function of beam current. 
Beam current is primarily controlled by grid bias o r  
by the current supplied to the cathode. A secondary 
control of beam current is anode voltage, but anode 
voltage also affects output frequency. Power output 
increases  noticeably a s  the frequency is increased, 
peaks near the center of the band and decreases 
slightly at the high end of the band. 

4-15. Amplitude modulation is accomplished by a cur- 
rent generator in se r i e s  with the BWO cathode. Cath- 
ode (beam) current can thus be controlled without 
changing the accelerating anode-cathode voltage, thus 
avoiding frequency pulling. 
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4-16. THE FREQUENCY CONTROL SECTION. 

4-17. The Frequency Control Section determines the 
Sweep Oscillator output frequency. It generates 
a ramp that sweeps the R F  output, o r  a d c  volt- 
age that produces single frequency output, or  a 
combination ramp and dc voltage for narrowband 
sweeps, o r  a combination of a dc voltage and an 
external signal to give external frequency modu- 
lation. The section also furnishes automatically 
repetitive o r  triggered sweeps, and permi ts  manual 
sweeping by a front-panel control a s  well as in- 
dividual tuning of the frequency markers.  The 
Frequency Control Section includes all of etched 
circuit  board A1 and par ts  of etched circuit boards 
A4 and A8. 

4-18. The Frequency Control Section consists of 
a Tuning Voltage Generator and a Helix Voltage 
Generator. The Tuning Voltage Generator (Fig- 
u r e  4-4) consists of a Ramp Generator that generates 
a linear, negative-going sawtooth, a Unity Gain 
Inverter that produces a mirror-image positive-going 
ramp, and a Ramp Combining Circuit that combines 
the two ramps  and produces a continuously-adjustable 

ramp that is supplied to the Helix Voltage Gene- 
ra tor  for application to the BWO helix. This ad- 
justable ramp controls the R F  output connector 
for testing purposes. The approximate ramp volt- 
age vs R F  output frequency is shown by the graph 
in Figure 4-10. 

4-19. The Frequency Control Section also supplies a 
positive-going sweep voltage for operating the X- 
system of graphic recorders  and oscilloscopes, a 
penlift contact for lifting the pen of a recorder be- 
tween sweeps, and an internal R F  output blanking 
pluse that cuts off output power between sweeps. 

4-21. THE RAMP GENERATOR. 

4-22. GENERAL. The complete Ramp Generator 
(Figure 4-4) consists of Ramp Generator tube AlV1, 
Cathode Follower AlV2A with ramp limiting diodes 
AlCR8, AlCR9, and AlCRlO on etched circuit A l .  
The ramp generator tube produces a linear, negative- 
going sawtooth of fixed amplitude and adjustable per- 
iod which is applied through switching circuits to the 
cathode follower and limiting diodes. These diodes 
establish the dc voltage l imits at  the start and stop 
ends of the ramp. The low-voltage end is clamped 
to near 0 volts by diodes AlCR9, AlCR10, and is 
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the R F  sweep does not start until the ramp voltage 
c rosses  the + clamp voltage. 

adjusted by AlR35. The high-voltage end is c-dmped 
by AlCR8 to the regulated +156-volt (*4 volts) supply. 
The clamped ramp is then applied to the START/CW 
side of the Ramp Combining Circuit and to the Unity 
Gain Inverter. 

4-23. The Ramp Generator also supplies two output 
pulses during its flyback period: 1) a short negative 
pulse to the Blanking Switch to turn off the R F  output 
during the flyback and, 2) a longer negative pulse to 
the Penlift Circuit that in turn provides a contact 
opening for lifting the pen of an external graphic re- 
corder  between sweeps. 

4-24. The ramp generator tube operates in a free- 
run mode for automatically repetitive sweeps, in a 
trigger mode to start a ramp from a trigger received, 
o r  it can be switched off to permit  manual frequency 
control. 

4-25. RAMP GENERATOR OPERATION. Ramp Gen- 
e ra tor  tube A1V1, a phantastron, has a two-stage 
cycle: 1) plate current cutoff, and 2) plate conducting 
current and producing a negative-going voltage slope. 

4-26. The switching grid (pin 7) switches the tube 
f rom one stage to the other. Bias more negative than 
about -5 volts cuts off plate current and causes the 
screen  grid (half of which is located ahead of the 
switching grid) to conduct heavily. Bias more positive 
than about -5 volts allows l), plate current to flow and 
start a negative-going ramp and 2), sc reen  current 
to decrease causing screen  voltage to r i se  and light 
the SWEEP ON indicator. Note that although the 
SWEEP ON indicator lights at the start of a ramp, 

4-27. During AUTO operation, the switching grid 
receives plate current cutoff bias of about -13 volts 
f rom voltage divider AlR10, AlR11; during trigger 
operation, -40 volt bias is supplied from divider 
AlR16, AlR17. The bias required to turn plate cur- 
rent on is received from one of three places: l) for 
manual trigger operation, pressing the TRIGGER 
MANUAL button applies a positive-going pulse f rom 
A1C7 directly to the switching grid; 2) for external 
triggering, an external negative pulse applied through 
C (Figure 4-5) to the control grid, causes apos i -  
tive -going pulse on the screen grid which is coupled 
through AIR16 to the switching grid; and 3) for AUTO 
operation, the positive-going plate flyback is delayed 
by AlR8, AlC4, and applied through AlCR4 to the 
switching grid. The delay allows the Helix Voltage 
Generator to recover between sweeps. After plate 
current has been turned on by any of the foregoing 
methods, increased screen  voltage forward-biases 
AlCR7 and AlCR6. AlCR6 maintains a positive volt- 
age at switching grid pin 7 to keep AlVl  plate current 
flowing and complete the ramp. 

4-28. After triggering, a “feedback integrator” cir- 
cuit produces a linear, negative-going, voltage ramp 
a t  AlVl plate. In the circuit, shown simplified in 
Figure 4-6, C is an integrating capacitor initially 
charged to the grid-plate voltage of AlVl (about 
+235 volts). 

4-29. At the instant of triggering, plate current is 
turned on abruptly by switching grid pin 7. The 

Figure 4-5. Simplified Schematic Diagram of Ramp Generator in Trigger Mode 
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resultant sharp drop in plate voltage is coupled by 
grid-plate capacitor C to AlVl control grid and steps 
gr id  voltage enough negative to cause the control grid 
to assume control of tube current. Capacitor C then 
begins discharging through the tube and resis tors  
AlR4, R4 at  a rate determined by the gain of the tube 
and the RC time constant. 

4-30. As plate voltage falls, screen current increases 
and screen voltage decreases.  At a screen voltage of 
about +73V the reduced voltage at  AlR16, AlR17 
junction opens diodes AlCR6 and AlCR7. A negative 
voltage from the AlR10, AlR11 junction is then ap- 
plied to switching grid pin 7 and cuts off plate current. 
Plate voltage, control grid voltage and tube current 
rise sharply. The increased tube current goes to the 
sc reen  grid reducing screen voltage to a saturation 
level of +30 volts. Capacitor C recharges through 
A1R7 and the circuit is ready for another cycle. 

4-31. SWEEP TIMING. To provide the four decade 
sweep time ranges, the SWEEP TIME (SEC) selector 
connects a different capacitor in the circuit for  each 
range. To provide continuous adjustment of time be- 
tween ranges, the VERNIER potentiometer adjusts the 
voltage supplied to the grid circuit; the more positive 
the voltage, the faster the grid return, and the shorter  
the sweep time. To prevent a large transient from 
occurring a s  one of the four capacitors is switched 
into the circuit, those capacitors not in use are con- 
nected into a charging circuit that holds their charge 
equal to the plate-grid voltage before triggering. 

4-32. EXTERNAL TRIGGER CIRCUIT. In the exter- 
nal tr igger input circuit, Figure 4-5, diode CR1 
passes  only negative-going pulses from the EXT input 
connector, while clamp diodes AlCRl and A1CR2 
limit  the amplitude of the input pulse to 20 volts. 
Coupling diode AlCR3 is forward-biased by AlVl 
plate voltage between ramps to pass  negative-going 
trigger pulses. After triggering, the plate voltage 
drops and back-biases AlCR3, disconnecting the 
tr igger circuit from the integrator circuit. At the 
end of the plate flyback, plate voltage again forward- 
biases  AlCR3 and the tr igger circuit is reactivated. 

4-33. MANUAL TRIGGER CIRCUIT. Manual tr iggers 
a r e  generated by S5 (Figure 4-5). Before triggering, 
the junction of AlR16 and AlR17 is about -30 volts and 
the junction of AlR13 and AlR14 is about -45 volts, 
putting a 15-volt charge on AlC7. Pressing S5 
grounds the negative side of this charge, thus apply- 
ing the +15 volt charge to the switching grid (previ- 
ously about -12 volts) to start a sweep. 

4-34. During the Sweep, the AlR13, AlR14 junction 
is near +15 volts, the switching grid is +0.6 volt, and 
the charge on A1C7 is about 15 volts. PressingS5 
grounds the + end of AlC7, thus applying a -15 volt 
pulse to the switching grid which stops the sweep and 
returns  the plate voltage to the s t a r t  condition. Press- 
ing S5 again starts another sweep. 

4-35. BLANKING PULSES. The Ramp Generator 
produces two pulses, one for  the penlift circuit, the 
other for internal blanking of the R F  output signal. 
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Both pulses a r e  initiated from voltage divider AlR18 
and AlR20 between AlVl screen grid and -300 volts 
(Figure 4-7, point D). The lowered voltage of the 
screen grid between sweeps starts both pulses. The 
penlift pulse is taken directly f rom point '3 and las ts  
until the screen voltage again r i s e s  a t  the start of the 
next sweep. At the PENLIFT output connector, the 
penlift signal is an opening of relay contacts for the 
entire period between sweeps. The R F  blanking 
pulse, obtained through AlCR5 ( p i n t  C, Figure 4-7), 
is terminated before the end of the penlift pulse by the 
plate flyback voltage delayed by A1R5 and AlC3. 

4-36. During the sweep, screen grid voltage drops 
in step with the plate voltage; point D is clamped to 
about +1.7 volts through AlCR5 to the bases of A5Ql2 
and A5Q13. At the end of the sweep, screen grid volt- 
age drops to about +30 volts, and point D drops to about 
-7  volts cutting off emitter followers A5Q1, A5Q2 to 
de-energize K1 and open the penlift contacts. 

4-37. During the sweep, p i n t  B is moving fromposi- 
tive to negative, but is clamped by AlCR5 to +1.7 
volts at point D. At the end of the sweep, when 
AlCR5 is opened by the drop in screen voltage, point 
D is pulled negatively by point C to about -0.5 volt 
(the clamping voltage of A5CR13) initiating the blank- 
ing signal fed to A5Q12. 

4-38. During plate voltage flyback point C voltage 
moves positive and, near the end of the flyback, moves 
through 0 volts opening A5CR13. Point C excursion 
stops at +1.2 volts ending the blanking pulse fed to 
A5Q12. Refer to the explanation of the Blank- 
ing Switch for further blanking action. 

4-39. THE U N I T Y  G A I N  INVERTER.  

4-40. For AUTO, AF, and MANUAL operation, the 
Unity Gain Inverter receives the negative-going ramp 
from the Ramp Generator. I t  produces a mirror-  
image, positive-going ramp having exactly the same 
period and dc voltage limits. This ramp is applied 
to the STOP/AF side of the Ramp Combining Circuit 
a s  shown in Figure 4-4. 

4-41. The Unity Gain Inverter consists of differential 
amplifier V3, inverter amplifier V4, and cathode 
follower V2B located on etched circuit board A1 
(upper chassis). Unity gain is achieved by using a 
degenerative feedback circuit around the entire in- 
ve r t e r  as shown in Figure 4-8.  The gain of A1V4 is 
70 to 75 db, but the net gain of the circuit  is equal to 
the ratio of feedback resis tor  AlR65 to input (series) 
res is tor  AlR36. For swept and CW R F  output 
signals, equal res is tors  give unity gain. For external 
frequency modulation, unequal r e s i s to r s  AlR52 and 
AlR53 are substituted to obtain amplification. 

4-42. The voltage a t  (2), Figure 4-8, is preset to 
+78V, half the amplitude of the l inear ramp from the 
Ramp Generator. When operating as a unity gain in- 
ver ter ,  the circuit acts to maintain the voitage at  (1) 
equal to the voltage a t  (2). To achieve this, the cir- 
cuit produces a positive-going ramp at (3). The in- 
stantaneous ramp voltages a t  (3) and (4) are averaged 
by r e s i s to r s  AlR36 and AlR65 to produce about 
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Figure 4-8. Unity Gain Inverter Functional Schematic Diagram 

+78V at (1). The negative- and positive-going ramps 
supplied to the Ramp Combining Circuit must have 
exactly the same dc voltage limits. To obtain this 
equality, the dc voltage limits of the positive ramp 
f rom the Inverter a r e  adjustable. AlR41 se t s  the low 
voltage limit, and A8R2 se t s  the high voltage limit. 

4-43. When the Sweep Oscillator is s e t  for external 
frequency modulation, the inverter circuit is modified 
by 1) replacing the dc reference voltage at  AlV3, 
pin 7 with the modulation signal, 2) replacing equal 
r e s i s to r s  AlR36 and AlR65 with unequal res is tors  
AlR52 and AlR53 to obtain 3:l gain, and 3) substi- 
tuting a dc reference from AlR55 for the ramp volt- 
age. The AlR55 reference is adjusted so that there 
is no R F  frequency shift when EXT FM is pressed 
and no modulating signal is applied. The amplified 
external FM signal, applied to the STOP/P F side of 
the Ramp Combining Circuit, modulates the dc level 
at the combining point. 

4-44. Diodes AlCRl3 and AlCR14 provide the volt- 
age drop necessary to dc-couple the plate of the In- 
ver ter  Amplifier A1V4 to the grid of cathode follower 
AlVZB o r  AlV5B. 

4-45. When the Sweep Oscillator is se t  to produce a 
single frequency (CW mode of operation), the inverter 
is disconnected and the STOP/A F side of the combining 
circuit  is grounded. The CW output frequency is then 
selected only by the STAFtT/CW side. 

4-46. THE UNITY GAtN FOLLOWER. 

4-47. The Unity Gain Followers AlVSA/AlQl and 
AlV5B/AlQ2 provide near unity coupling of the nega- 
tive-going ramp from the START/CW potentiometer 
to the Ramp Combining Circuit, and of the positive- 
going ramp from the STOP/AF potentiometer to the 
other side of the Ramp Combining Circuit. The pur- 
pose of each follower i s  to couple the large (up to 
-150 volt) dc swing of the ramp inputto the combining 
circuit with minimum loss in signal linearity and 
minimum loading of the potentiometers. This is done 
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fo r  the START/CW side through the emitter follower 
and diode AlQl/AlCRll,  with cathode follower AlV5A 
supplying a relatively constant base-collector voltage 
for  the transistor. Diode AlCRl l  provides a voltage 
ac ross  i ts  junction that is equal and opposite to that 
ac ross  AlQl emitter-base junction and counteracts 
any voltage change in the emitter-base junction due 
to temperature. AlQZ/AlCR12 and AlV5B function 
in  the same way for the STOP/AF side. 

4-48. THE R A M P  C O M B I N I N G  CIRCUIT.  

4-49. The Ramp Combining Circuit controls the dc 
voltage levels that determine the RF output frequency. 
The Ramp Combining Circuit consists of the START/ 
CW and STOP/AF potentiometers R9 and R10 on the 
frequency dial mechanism, Unity Gain Followers 
Q1/V5A and Q2/V5B on etched circuit A1 (upper 
chassis)  and combining resis tors  R1, R2 on etched 
circuit  board A4 (upper chassis). Figure 4-9 shows 
how the FUNCTION pushbuttons and SWEEP SELEC- 
TOR connect the Ramp Combining Circuit for the 
different modes of operation. 

4-50. During swept-frequency operation, the Ramp 
Combining Circuit receives the clamped, negative- 
going ramp from the Ramp Generator and the mir ror -  
image, positive-going ramp from the Unity Gain In- 
verter,  adjusts their amplitudes and feeds the adjusted 
amplitude through Unity Gain Followers to the ramp 
combining resistors.  A resultant ramp of control- 
lable amplitude and direction is produced and fed to 
the Helix Voltage Generator. By adjusting the am- 
plitude of either o r  both ramps, the resultant ramp 
is made continuously adjustable and either positive- 
o r  negative-going. Figure 4-10 shows the combining 
circuit and a graph of two sample input ramps (El,  
E2) and the resultant ramp (E3). The instantaneous 
voltage at any point along the resultant ramp is equal 
to one half the sum of the voltages at  E1  and E2 at 
the same instant. The approximate R F  output fre- 
quency produced by the resultant ramp is shown by 
the scale on the right side of the graph. 
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4-51. During AF operation, the ramp to the START/ 
CW potentiometer is disconnected and replaced by a 
steady dc voltage equal to the upper limit of the ramp 
obtained from AlR33 (Figure 4-9). The ramp from 
the inverter is attenuated and applied to the STOP/A F 
potentiometer. The voltage at  the combining point, 
selected by the START/CW potentiometer, is thus 
modulated by an amount s e t  by the STOP/AFpotentiom- 
eter. AlR61 adjusts the amplitude of the modulating 
ramp fed to the STOP/A Fpotentiometer to give a max- 
imum A F  sweep equal to 10% of the full bandwidth 
(about 15 volts a t  R10). To prevent shifting the CW 
(center) frequency set  by the START/CWpotentiometer 

as the amount of A F  is changed, the voltage center of 
the modulating ramp must be set to exactly 0 volts. 
The attenuated ramp from AlV2B is all positive p- 
tential; AlR63 shifts the dc l imits of the ramp nega- 
tively until they are equally above and below zero. 

4-52. During CW operation, the Ramp Generator is 
turned off and the signal fed to the START/CW poten- 
t iometer is a steady dc voltage equal to the upper 
voltage limit of the ramp (+150 volts a t  R9) obtained 
f rom V2A cathode. The STOP/aFpotentiometer is re- 
placed by a ground. The voltage at the combining 
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point is adjustable from 0 to +75 volts (giving full 
band coverage) by the START/CW potentiometer. 

4-53. During EXT FM operation, the RampGenerator 
is disconnected and the signal to the START/CW po- 
tentiometer is a steady dc voltage equal to the upper 
voltage limit of the ramp (+150 volts a t  R9) obtained 
from V2A cathode. The STOP/AF potentiometer is 
disconnected and replaced by the external modulation 
signal. The signal fed to the Helix Voltage Generator 
is thus a dc voltage that is continuously adjustable, by 
R9, from 0 to +75 volts and which is modulated by the 
external modulation signal. 

4-54. During MARKER SWEEP operation, the MARK- 
ER 1 potentiometer is substituted for the START/CW 
potentiometer, and the MARKER 2 potentiometer is 
substituted for the STOP/A F potentiometer, without 
changing any other circuitry. 

4-55. THE HELIX VOLTAGE GENERATOR. 

4-56. To sweep the R F  output frequency from the 
backward-wave oscillator tube linearly with time, the 
voltage applied to the helix must change exponentially 
with time. The Helix Voltage Generator (Figure 4-11) 
receives the linear sweep ramp o r  dc voltage from 
the Tuning Voltage Generator and converts i t  to an 
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exponential voltage change within the limits required 
by the BWO helix and collector. 

4-57. The Helix Voltage Generator consists of an 
electronically regulated power supply (similar to the 
+275-volt supply) for which V1, V2 andV3on the lower 
chassis a r e  the se r i e s  regulators, A1V6 and A4VlB 
on the upper chassis are the differential “Compari- 
son” amplifier, and A1V7 is the Control Amplifier. 

4-58. There a r e  two main differences between the 
Helix Voltage Generator and the power supply shown 
in Figure 4-14: 1) the dc reference voltage applied 
to one side of the Comparison Amplifier is replaced 
by the linear ramp from the Tuning Voltage Generator, 
and 2) the feedback voltage from the regulator 
output is obtained through a non-linear voltage divider 
(shown simplified in Figure 4-11); Ra is a linear 
element, Rb is the non-linear element. Rb con- 
sists of 9 diodes, each with a potentiometer in 
series, connected in parallel to the steps of a voltage 
divider. At the low-frequency end of the band, when 
the helix voltage is lowest, all diodes a re  non-con- 
ducting; Rb is potentiometers R1, R2. As the R F  
output frequency is tuned upward through the band, 
helix voltage increases, the diodes conduct one-by- 
one shunting R1, R2 with their s e r i e s  potentiometers 
and decreasing the value of Rb. Since the gain of 
the Differential “Comparison” Amplifier is pro- 
portional to the ratio Ra/Rb, as Rb decreases the 
gain increases. 

4-59. Since BWO tuning characterist ics vary slightly 
f rom tube to tube, the potentiometers adjust helix 
voltage to track the R F  output frequency with the fre- 
quency dial. Note that as the output frequency in- 
creases ,  more diodes conduct; thus, setting of alower 
frequency affects potentiometer settings for all higher 
frequencies. 

4-60. Some BWO tubes require collector potential 
higher than helix potential. For  these tubes, the ad- 
ditional collector voltage is supplied by an unregulated 
power supply (A6CR1, C12 and R16), the negative 
side of which is connected to the helix voltage. The 
collector thus tracks with the helix between 50 and 
200 volts more positive. 

4-61. In the regulator circuit, amplifier A1V7 pro- 
vides the output voltage swing needed to produce the 
approximate 1000-volt variation from the se r i e s  reg- 
ulators. Clamp diode AlCR17 limits A1V7 grid- 
cathode voltage to about 7 volts during STANDBY op- 
eration when the helix voltage supply is disabled and 
grid voltage would otherwise drop to a very low level. 
Diode AlCR16 maintains a constant screen-cathode 
voltage to hold A1V6 gain constant with changing 
cathode voltage. 

4-62. THE ANODE VOLTAGE GENERATOR. 

4-63. Anode Voltage Generator A2V4B, A2V7B re- 
ceives the tuning voltage from A4VlA and automatically 
r a i se s  BWO tube anode voltage in the lower half of the 
R F  tuning range to coarse-level BWO output power. 
Tuning voltages for  R F  frequencies below midband 
are shifted negatively relative to ground potential in 
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MTCH. divider A2R46, A2R47. Tuning voltages for R F  fre- 
quencies above midband are clamped to ground by 
A2CR10. Tuning voltage at  A2V4B grid is most nega- 
tive at  the lowest R F  frequency, diminishes to near 0 
volts about midband, and is static above midband. 
Anode Shape A2R48 sets  the amount of anode voltage 
increase and A2R50, Anode Voltage, adjusts anode 
voltage to obtain cathode current specified by the 
BWO tube manufacturer. 

4-64. During the turn-on time delay period, and dur- 
ing STANDBY operation, the BWO anode voltage ob- 
tained from A2V7B cathode is a low positive voltage 
that holds BWO cathode current cutoff. Relay K5 
grounds A2V7B grid through A2R53, and holds the 
charge on C19A to low positive voltage. At the end of 
the turn-on time delay period K5 is energized, A2V7B 
grid is connected to A2R50 to establish operating 
voltage, but is clamped to the charge voltage on 
C19A. C19A charges through A2CR11 and A2R49 
until A2CRll is back-biased isolating A2V7B grid 
from C19A and allowing the anode voltage preset by 
A2R50 to be applied to the BWO tube anode. C19A 
then continues to charge through A2R54 and eventually 
opens AllCR3 and lights the R F  on indicator DS3. 

4-65. THE AMPLITUDE M O D U L A T I O N  SECTION. 

4-66. The Amplitude Modulation Section consists of 
the BWO Cathode Current Modulator, Blanking Switch, 
Square-Wave Generator, Frequency Marker Section, 
ALC Amplifier, and the Option 01 Low-Pass Fil ter 
and Directional Detector. 

4-67. All amplitude modulation and power level con- 
t rol  signals a r e  combined and fed to the Cathode 
Current Modulator. When the Automatic Level Con- 
t ro l  amplifier is in use, all amplitude modulation and 
power level control signals a r e  routed with the ALC 
signal through the ALC amplifier before application 
to the Cathode Current Modulator. 

4-68. THE B W O  CATHODE CURRENT 
MODULATOR.  

4-69. The BWO Cathode Current Modulator receives 
all amplitude modulation signals and applies them to 
the BWO cathode circuit. It consists of Q1 on etched 
circuit  board A l l  (lower chassis). Q1 is connected 
in series with the BWO cathode current. The R F  
power output is thus modulated without changing the 
BWO cathode-anode voltage and avoids the frequency 
pulling associated with grid modulation. 

4-70. Clamp diode A11CR2 prevents excessive base- 
emit ter  voltages from being applied to Al lQl .  Clamp 
diode Al lCRl  prevents the BWO cathode from being 
driven negative. Diode A11CR4 provides a low-im- 
pedance path for grid current thus preventing negative 
self bias a t  the grid. Potentiometer A l l R l  adjusts 
the grid-to-cathode voltage over a small  range to mini- 
mize the R F  frequency shift when the BWO cathode is 
driven to maximum current during a modulation cycle. 
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4-71. THE L A N K I N G  

4-72. The Blanking Switch consists of transistors 
412  through A15 on lower chassis etched circuitboard 
A5. The purpose of the switch is to provide automatic 
turn-off of the Sweep Oscillator R F  power during 
automatically recurrent and triggered sweeping when 
the rear-panel BLANKING switch S15 is set to ON. 
Automatic R F  blanking is possible with automatically 
leveled R F  power, but only when the level-controlling 
signal is obtained from a crystal  detector because the 
rear-panel ALC PWR LEVELING INPUTS switch SI0 
disconnects the blanking signal when se t  to PWR 
METER. 

4-73. The Blanking Switch receives a 1.7-volt pulse 
f rom the Ramp Generator and supplies a concurrent 
negative 6-volt pulse for application directly to the 
BWO Cathode Current Modulator. The blanking pulse 
shape and timing with respect to the R F  sweep is 
shown in Figure 4-7. The switch circuit presents a 
high input impedance to prevent loading A1R5 in the 
Ramp Generator and a low output impedance to drive 
the Modulator. Clamp diode A5CR13 terminates the 
pulse received from the Ramp Generator at -0.5volts 
and prevents excessive negative voltage at  the base 
of A5Q12. The output pulse starts at ground potential 
and ends at -6 volts. 

4-74 THE SQUARE-WAVE GENERATOR. 

4-75. The Square-Wave Generator produces a square 
wave modulation signal that is adjustable over a sma l l  
range centered on 1000 cps, and is supplied to the 
BWO Cathode Current Modulator. It consists of 
relaxation oscillator CR6, C8, R61, R43, and R44: 
Schmitt Trigger A5Q9, A5Q10; and Emitter Follower 
A5Qll on etched circuit board A5. 

4-76. In the relaxation oscillator, C8 charges through 
R43 and R44 toward +275 volts. A t  + 2 O  volts, four- 
layer diode CR6 triggers itself into conduction, dis- 
charges C8, and the cycle repeats. 

4-77. The sawtooth from the relaxation oscillator is 
coupled through A5C1 to A5Q9 switching A5Q9 in and 
out of conduction as the integrated sawtooth passes  
through 0 volts. Diode A5CR12 protects the base of 
A5Q9 from excessive negative voltage. 

4-78. The output square wave from Emitter Follower 
A5Qll is combined with Marker Modulation and fed 
through switching circuits to the Cathode Current 
Modulator. 

4-79. THE FREQUENCY MARKER SECTION. 

4-80. The Frequency Marker Circuits produce two 
independent frequency markers  on the swept R F  out- 
put a t  frequencies selected separately on the MARK- 
ER 1 and MARKER 2 controls. The complete Fre- 
quency Marker Section consists of two identical 
channels, one for MARKER 1, another for MARKER 2. 
In the following explanation, references to par ts  and 
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circuits in the MARKER 1 channel apply equally to 
the MARKER 2 channel. The MARKER 1 channel 
consists of precision potentiometer R34 (MARKER 1) 
with digital indicator, a summing circuit A4R7, A4R8. 
Cathode Follower A4V3A, Amplifier A4Q1, Marker 
Generator A5Q3, A5Q4, and Emit ter  Follower A5Q5 
(upper chassis). 

Models 691A/692A/693A/694A 

4-81. The frequency marker  pulses can be added to 
the START STOP sweep,A F, o r  external frequency 
modulation. Markers  cannot be added to the MARKER 
sweep. To locate the marker  at  the desired R F  out- 
put frequency, a duplicate of the R F  frequency-con- 
trolling signal f rom A4VlA in the Ramp Combining 
Circuit is fed to the two marker  channels in parallel. 
The instantaneous values along this ramp a r e  com- 
pared against a dc reference voltage from the MARK- 
ER 1 control through equal res i s tors  A4R7. A4R8 
and a difference voltage is obtained from their junc- 
tion. When this difference voltage passes  through 
0 volts, a frequency marker  pulse is generated. The 
dc reference is adjustable so that the zero crossing 
can be positioned at  the point on the input ramp that 
corresponds to the selected R F  output frequency, 
Fo r  example, for a full band sweep upward in f r e -  
quency, the ramp voltage input f rom the Frequency 
Control Section increases linearly from about +1 volt 
to about +76 volts. If, for instance, the selected 
Marker  frequency is exactly midband, the voltage at  
the A4R7, A4R8 junction must c ros s  zero when the 
input ramp crosses  +38.5 volts. For  this to happen, 
the voltage from the marker  1 control must be s e t  
for -38.5 volts. (Actually, the marker  1 control 
voltage must be slightly more negative to compensate 
f o r  the grid-cathode voltage of Cathode Follower 
A4V2A). Frequency markers  a r e  obtained at any 
other frequency within the Oscillator tuning range 
by setting the MARKER 1 reference to equal the 
instantaneous ramp voltage which corresponds to 
the output frequency at which a marker  is desired. 

4-82. Although the foregoing explanation of marker  
triggering assumes START STOP sweep operation, 
marke r  triggering occurs in the same manner for 
A F  and EXT FM operation. 

4-83. The voltage at the junction of A4R7, A4R8 is 
amplified by A4Q1, and applied to Marker Generator 
A5Q3, A5Q4. As the voltage at  the A4R7, A4R8 
junction c rosses  zero going positive, it causes A5Q3 
collector voltage to fall, and thus form the leading 
edge of the frequency marker  pulse at the junction 
of A5R7, A5R10. At the same time, this positive- 
going input is coupled through A5Q3 to the emitter 
of A5Q4 and causes A5Q4 collector voltage to rise,  
and thus form the trailing edge of the frequency 
marker  pulse at the junction of A5R7, A5R10. 

4-84. The r i s e  and fall of the collector voltages as 
the input signal goes from negative to positive, o r  
positive to negative, and the resultant voltage at the 
res i s tor  junction a r e  shown in the graph in Figure 
4-12. The resultant voltage, shown as a perfect “V” 
is the marker  pulse obtained when the A5R12, A5R13 
junction voltage is optimum. If the junction voltage 
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Figure 4- 12. Marker Generator 
Simplified Schematic Diagram 

is lower, the marker  pulse will have a flat bottom; 
i f  higher, the pulse will be reduced in amplitude. 
During the ramp flyback, the Marker Generator is 
returned to its previous state and a secondmarker  
pulse is produced but is obscured by the blanking 
pulse. 

4-85. Clamp diodes A5CR3 and A5CR5 limit the am- 
plitude of the marker  pulse and protect A5Q3 and 
A5Q4 from excessive negative collector voltages. 
Clamp diode A5CR2 prevents excessive negative volt- 
age at the base of A5Q3; A5CR4 holds A5Q5 base 
voltage near 0 volts between marker  pulses. A5CR6 
couples the marker  pulse to the BWO Cathode Cur- 
rent Modulator. Before and after the marker  pulse, 
A5CR6 is back-biased to prevent amplitude modu- 
lation signals f rom being fed back into the Marker 
Generator. 

4-86. ‘The voltage at the A4R7, A4R8 junction is 
limited to between approximately -5 and -6 volts 
by clamp diodes A4CR1, A4CR2 to prevent excessive 
voltages f rom being applied to A4Q1. Cathode Fol- 
lower A4V3A isolates the summing circuit f rom the 
transistor amplifier A4Q1. A4C4 (MARKER 1 Lin- 
earity) compensates for the input capacitance of 
A4V3A and is adjusted for minimum frequency shift 
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closed, A5Q21 holds DS2 lighted steadily. Output 
amplifier A5Q19 inverts and amplifies the differential 
amplifier output. 

with sweep time changes. A4R3 (MARKER 1 HF) 
s e t s  marker  1 frequency equal to the MARKER 1 
counter reading at the high end of the Oscillator 
tuning range. A4R20 (MARKER 1 LF) se t s  marker  1 
frequency equal to the MARKER 1 counter reading at 
the low end of the Oscillator tuning range. 

4-87. When MARKER SWEEP is selected, the grids 
of A4V2A and A4V2B a r e  grounded, disabling the 
Frequency Marker Section. Frequency markers  a r e  
thus not available when using the Marker Sweep. 
The marker  sweep is simply a second sweep having 
all the characterist ics of the START STOP sweep ex- 
cept that its start and stop frequencies a r e  selected 
on the digital indicators instead of the slide rule 
dial, and it cannot include markers .  

4-88. The marker  sweep circuit consists of the 
MARKER 1 START/CW (R34) and MARKER 2 STOP 
(R35) potentiometers with calibration adjustments 
A8R3 and A8R4 respectively. When MARKER SWEEP 
is selected, R34 is connected into the Ramp Combining 
Circuit in place of R9 START/CW (see Figure 4-9) 
and performs all the functions of R9; R35 is connected 
into the Ramp Combining Circuit in place of R10; no 
other marker  circuitry is operational. A8R3 and 
A8R4 calibrate the MARKER SWEEP so there is no 
difference in R F  output frequency between the START 
STOP and MARKER sweeps for identical end-point 
settings. 

4-89. THE AUTOMATIC LEVEL CONTROL 
AMPLl  FI  ER. 

4-90. The Automatic Level Control (ALC) Amplifier 
is for use  in a negative-feedback system for reducing 
power level variations at the Sweep Oscillator RFout- 
put. In the feedback system, the ALC amplifier re- 
ceives a negative dc signal voltage directly propor- 
tional to R F  power from an external crystal detector 
o r  power meter. I t  compares this dc voltage against 
an internal dc reference voltage and develops a dif- 
ference signal which is amplified, inverted, and ap- 
plied to the BWO Cathode Current Modulator. The 
effect of this. difference signal is to hold R F  output 
power nearly constant as output frequency changes. 
The internal dc reference voltage is adjustable by 
the POWER LEVEL control R42B to provide manual 
control of R F  output power. 

4-91. The ALC Amplifier consists of a modulator, a 
differential amplifier, a leveling loop 'monitor and an 
output amplifier. The differential amplifier compares 
a voltage proportional to R F  level to an internal 
reference voltage and provides a difference voltage. 
This  difference voltage is applied to the BWO Cathode 
Current  Modulator to reduce power level variations 
a t  the Sweep Oscillator output. For  amplitude mod- 
ulation of R F  power leveled by a system using a 
crystal  detector, modulator A5Q22 super-imposes 
amplitude modulation signals on the reference voltage. 
Leveling loop monitor A5Q21 flashes lamp DS2 when 
the differential amplifier output indicates the R F  
leveling loop is open. When the leveling loop is 
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4-92. THE DIFFERENTIAL AMPLIFIER. The differ- 
ential amplifier consists of two differential ampli- 
f ie rs  that function as one. Double transistor A5Q16 
forms an input differential amplifier, and A5Q17, 
A5Q18 form an output differential amplifier. A5V1 
couples the high impedance collectors of the input 
amplifier to the low impedance base circuits of the 
output amplifier. Reference voltage for the dif- 
ferential amplifier, obtained from POWER LEVEL 
control R42B, is applied to A5Q16B base. A voltage 
proportional to R F  power is applied to A5Q16A 
base, and a difference voltage is obtained at A5Q18 
collector. 

4-93. Screwdriver-operated POWER LEVEL R42C, 
shunting R42B, determines the range of reference 
voltage available f rom R42B. 

4-94. The effectiveness of the R F  power leveling 
system depends upon the gain of the ALC ampli- 
f ie r  and the sensitivity of the R F  power-sensing 
device. GAIN control R59 compensates the sensi- 
tivity of the R F  power-sensing device to (l), prevent 
leveling system oscillation at high POWER LEVEL 
settings when system gain is high, and (2), to 
optimize leveling performance at low POWER LEVEL 
settings when system gain is reduced. GAIN po- 
tentiometer R59 attenuates the signal from both 
crystal  detectors and power meters. 

4-95. Typical power meters  using thermistor R F  de- 
tectors have extremely narrow bandwidth, while the 
ALC Amplifier normally has much greater bandwidth. 
To prevent the leveling loop from oscillating when 
the ALC Amplifier is se t  to level f rom a power meter, 
gain-shaping networks A5C4, A5R43 and A5C8, A5R57 
reduce the bandwidth of the ALC Amplifier to nearly 
equal that of the power meter. Diodes A5CR14 and 
A5CR15 prevent reverse voltage from being applied 
to electrolytic capacitors A5C4 and A5C8. 

4-96. A5Q16 is a dual transistor to equalize dc drift 
with temperature between the two sides of the input 
differential amplifier. ALC BALANCE potentiometer 
AlR48 balances voltage distribution in the input and 
output differential amplifiers. The effect of this 
balance is voltages within 0.1 mv of equal at  the 
bases  of A5Q16A and A5Q16B during R F  power level- 
ing. An indication of significant difference between 
these voltages is a step in the normally straight- 
line, between-sweep Oscilloscope display of blanked 
R F  power. 

4-97. THE LEVELING LOOP MONITOR. The level- 
ing loop monitor consists of A5Q21 and lamp DS2. 
A5Q21 monitors the difference signal output of the 
differential amplifier at A5Q19 collector and lights 
DS2 when the ALC Amplifier is leveling the Sweep 
Oscillator R F  power output. During leveling A5Q19 
collector voltage reduces current through A5Q21 and 
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Figure 4-13. Turn-On Sequence Diagram 
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excessive. This power shut-off results in a lock-out 
condition that requires the LINE switch to be turned 
off and on again to res tore  operation. These pro- 
tective circuits a r e  explained in Paragraphs 4-117 
and 4-124. 

allows DS2 to glow from current supplied through 
A5R68 and A5R69. If the R F  leveling loop opens, 
A5Q19 collector voltage rises and turns on A5QZl 
placing DS2 directly across  A5Cll to form a relaxa- 
tion oscillator, The relaxation oscillator flashes DS2 
to indicate an open condition in the leveling loop. 

4-98. O P T I O N  01 D I R E C T I O N A L  DETECTOR. 

4-99. Directional Detector unit A13, supplied with 
Option 01 Sweep Oscillators only, completes an in- 
ternal R F  power leveling loop. The Directional 
Detector is a directional coupler with a crystal  
detector a t  the secondary line output. Located be- 
tween the output of the BWO tube and the Sweep 
Oscillator R F  output, the Directional Detector samples 
R F  power output and converts level variations in the 
sample to proportional dc. During automatic level- 
ing, this dc signal is applied to the ALC Leveling 
Amplifier which reduces R F  level variations. INT- 
EXT switch A12S1, on the Directional Detector 
mounting bracket, must be at  INTernal for  internal 
R F  power leveling. The EXTernal position opens 
the internal leveling loop to permit external remote- 
point and power meter leveling. 

4-100. L O W - P A S S  FILTER. 

4-101. Low-Pass Fil ter FL1, supplied with Option 
01 Models 692A, 693A and 694.4 Sweep Oscillators, 
is a passive low-pass R F  filter with cut-off fre- 
quency close to the upper limit of the Sweep Os- 
cillator frequency range. The filter eliminates 
harmonic effects which degrade R F  power leveling. 

4-102. THE P R I M A R Y  P O W E R  T U R N - O N  
SEQUENCE. 

4-103. Pr imary power turn-on to the Sweep Oscil- 
la tor  circuits occurs in timed stages to provide 
longer life and protection for the expensive BWO 
tube and other components. At turn-on, thermistor 
RT1 prevents a high-current surge in the ac-operated 
tube heaters and power supplies connected to T1. 
Initially, there is a 40-volt drop across  RT1 that 
diminishes to 1 volt in about 15 seconds. Time 
delay circuit A5C12, A5R70, A5Q23, K3 prevents 
application of operating helix and anode voltages 
to the BWO tube before the BWO tube cathode 
reaches operating temperature. The delay period 
starts after the -6.3 and +20 volt supplies are turned 
on. A5C12 then begins to charge toward these 
voltages through A5R70. Eventually (60-90 seconds), 
the charge on A5C12 forward-biases A5Q23 which 
actuates K3. Contacts of K3 energize T2 primary 
winding and actuate K5 to energize the helix and 
anode voltage generators. The primary power turn- 
on sequence is shown in the diagram of Figure 
4-13. 

4-104. To protect the BWO tube from excessive 
heater voltage or helix current, the turn-on circuits 
are held operational by safe values of helix current 
and heater voltage, and are released if either is 
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4-105. THE P O W E R  SUPPLIES. 

4-106. GENERAL OPERATING PRINCIPLES. 

4-107. All the dc operating voltages shown in Fig- 
u r e  4-2 are electronically regulated. Some are ob- 
tained directly from regulated supplies, others are 
derived by voltage division from regulated supplies. 

4-108. There are five electronic regulators, two 
vacuum tube types supplying +275 volts and -300 
volts, and three transistor types supplying +20, 
12.6 and -6.3 volts. All of the regulators operate 
as follows. As shown in Figure 4-14, a regulating 
element (Series Regulator) is connected in se r i e s  
with the load and the dc power source (Rectifier). 
The resistance of the regulating element is made 
adjustable so that the voltage at  its output will be 
adjustable. The resistance is adjusted by a con- 
t rol  voltage; the higher the control voltage, the 
higher the output voltage. A sample of the Series 
Regulator output voltage is compared against a 
stable dc reference voltage by a Comparison Amp- 
lifier and the difference voltage is inverted and fed 
to the Series Regulator. As a result, any tendency 
for  output voltage to change is immediately counter- 
acted by the control voltage, and the output voltage 
remains constant. 

4-109. Since the gain of the Comparison Amplifier 
determines the degree of regulation, i t  may be fol- 
lowed by an additional Control, o r  Driver, amplifier 
to improve regulation. The Comparison Amplifier 
is a differential type for temperature stability. 
The dc reference voltage used for comparison is 
obtained from voltage regulator electron tubes, from 
semi-conductor voltage reference diodes, o r  by volt- 
age division from a regulated power supply. When 
an adjustable power supply is used as the reference 
for  another supply, changing its output level also 
changes the level of the supply for which it is the 
reference. For  example, the -300 volt supply has 
voltage regulator tube A2Vll for reference, but 
i t s  -300 volt output is the reference for the +275 
and -6.3 volt supplies. Consequently, i f  this -300 
volt reference varies,  the output levels of both the 
+275 and -6.3 volt supplies change. Since +275 
volts is the reference for the +20 volt supply, 
the output of the +20 volt supply will be affected 
as well. 

4-110. THE -300 VOLT SUPPLY. 

4-111. The -300 volt supply (A2 circuit board, lower 
deck) h a s  separate voltage reference (A2Vll) and 
functions -independent of other supplies, The supply 
operates as explained under General Operating Prin- 
ciples with the Comparison Amplifier driving the 
Series  Regulator directly, Voltage reference tube 
A2Vll supplies -81 volts to the helix voltage shaping 
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Figure 4-14. Regulated Power Supply Block Diagram 

network, and operating potential for cathode follower 
AXVlOB. Cathode follower A2VlOB furnishes -83 
volts to the MARKER 1 and MARKER 2 potentiom- 
e t e r s .  Series Regulator A2V8 obtains screen  voltage 
f rom the +275 volt supply. The -300 volt supply 
is the reference voltage source for the +275 and -6.3 
volt supplies. 

4-112. THE +275 VOLT SUPPLY. 

4-113. The +275 volt supply (etched circuit board 
A2, lower deck) operates as explained under General 
Operating Principles but depends upon the -300 
volt supply for reference potential. Consequently, 
any change in output voltage from the -300 volt 
supply causes a change in the +275 volt supply out- 
put. Plate voltage for A2V3B in the Differential 
(Comparison) Amplifier is provided by voltage reg- 
ulator tube A2V1 which also furnishes screen grid 
potential for the -300 volt supply se r i e s  regulator. 

4-114. The +275 volt supply provides reference po- 
tential for the +20 and 12.6 volt supplies in addition 
to operating potentials for the BWO Anode Volt- 
age Generator and the +81 and +156 volt supplies. 

4-115. THE -6.3 VOLT SUPPLY. 

4-116. The -6.3 volt supply provides heater power 
for five tubes on etched circuit board Al, two 
tubes on etched circuit board A2, one tube on 
etched circuit board A4, and BWO tube V4. In 
addition, it furnishes transistor operating power 
and clamp reference voltages for various circuits. 
The supply operates as explained under General 

REGULATED 
DC OUTPUT 

6 9 6 1  c 12 

Operating Principles except that it uses  the -300 
volt supply as the dc reference and requires three 
s e r i e s  regulators (Q4, 5, and 6) in parallel to 
supply the required current. I t  also includes elapsed 
t ime indicator M1. The time indicator is a mercury 
column sealed in a glass  tube. As direct current 
flows through the column, an air bubble travels 
in  the direction of electron flow at a rate determined 
by current magnitude. Registor A8R5 se t s  the 
current  flow from the -6.3 volts supply to give 
a 4000-hour time scale calibration. 

4-117. The -6.3 volt supply has over-voltage pre- 
vention to protect the BWO tube heater from ex- 
cessive voltage resulting from a short-circuit of 
one of the se r i e s  regulator transistors.  The over- 
voltage prevention circuit, K4, CR12, R56 and R57, 
disconnects the supply from its rectifier and initiates 
an action which removes the other BWO tube op- 
erating voltages. If a se r i e s  regulator transistor 
short  circuits, the supply output voltage r i s e s  enough 
to cause breakdown diode CR12 to conduct and pro- 
vide an operate circuit for heater Over-Voltage 
relay K4. K4 energizes. K4A contacts disconnect 
rectifiers CRlO and C R l l  from the -6.3 volt reg- 
ulator and connect CR10, C R l l  output directly to 
the coil of K4, holding K4 operated. The com- 
plete sequence for removing the BWO tube operat- 
ing voltages is shown diagrammatically in Figure 
4-15. The Sweep Oscillator remains in the state 
shown in Figure 4-15 until LINE S12 is s e t  to the off 
position, allowing the relays to reset  for a normal 
turn-on cycle. However, a turn-on cycle should 
not be restarted until the cause of shutdown has 
been investigated. 
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e B O . c - 4  

Figure 4-15. Sequence Diagram for  BWO Tube Heater Over-Voltage and Helix Over-Current Protection 

A5. 

4-120. The positive side of the supply is connected to 
a +65 volt tap on voltage divider A7R3, A7R4 from 4-122. The t20 volt supply provides regulated oper- 
which the supply maintains a -12.6 volt difference. ating power for t ransis tors  on etched circuit boards 
Breakdown diode A7CR3 furnishes regulated base A l ,  A4, and A5. The regulator circuit operates a s  

4-121. THE +20 VOLT SUPPLY. 
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explained under General Operating Principles. Dc 
reference for the Comparison Amplifier is obtained 
f rom voltage divider A7R8, A7R9 connected between 
the regulated +275 volts and ground potential. The 
Comparison Amplifier A7Q4, A7Q5 is followed by 
current amplifier (Driver) A7Q3 which supplies base 
current  to Series Regulator A7Q2. Diodes A7CR10, 
A7CR11, and A7CR12, in conjunction with A7R6, form 
a current limiting circuit. When Series Regulator 
current is excessive, the voltage at A7R6, A7CR10 
junction is negative enough to cause the three diodes 
to conduct and drive A7Q3 base negative by the amount 
of their voltage drop. This negative voltage at A7Q3 
base prevents any further increase in Series Regulator 
current.  

4-123. BWO TUBE HELIX OVER-CURRENT 
PROTECTION. 

4-124. The BWO tube helix is protected from exces- 
sive current by Overload Relay K2. Each type of 

Models 69 1A/692 A/6 93 A1694 A 

backward-wave oscillator tube has a maximum 
helix current rating which is specified by the 
tube manufacturer. This rating insures that helix 
power dissipation remains within safe operating 
limits. Over-load Relay K2, in s e r i e s  with the 
Helix Voltage Generator, disconnects operating volt- 
age from the helix i f  'helix current exceeds the 
tube manufacturer's specified maximum. The 
operate current for K2 is determined by the value 
of R26 in shunt with the relay coil. If helix 
current exceeds the operate value for the over- 
load relay, the relay is energized to remove 
all operating voltages from the BWO tube as shown 
diagrammatically in Figure 4-15. The Sweep 
Oscillator remains in the state shown at the 
end of the sequence in Figure 4-15 until LINE 
S12 is se t  to the off position, allowing the re- 
lays to reset  for a normal turn-on cycle. How- 
ever,  a turn-on cycle should not be restarted 
until the cause of shut-down has been in- 
vestigated. 

r- 
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SECTION V 
M A I N T E N A N C E  

Section V 
Paragraphs 5-1 to 5-14 

5-1. INTRODUCTION.  

5-2. This section provides instructions for perform- 
ance testing, calibrating, troubleshooting, and re- 
pairing the Sweep Oscillator. 

5-3. M A I N T E N A N C E  PRECAUTIONS. 

W A R N I N G S  

VOLTAGES IN EXCESS OF 1000 VOLTS 
INSIDE CABINET 

- hinged upper chassis under metal shield 
- right side on terminal s t r ip  T B 1  
- lower chassis on etched circuit A6, deck- 

mounted capacitors C10-C14, and T2. 

STRONG, PERMANENT MAGENTIC FIELD 

Remove wristwatch before working near BWO 
tube. Keep metal tools clear of BWO tube. 

AROUND BWO TUBE 

DO NOT SHORT-CIRCUIT CASES OF 
CHASSIS - MOUNTED TRANSISTORS TO 
CHASSIS. 

5-4. PERIODIC M A 1  NTE N ANCE. 

5-5. CLEANING THE AIR FILTER. 

5-6. Inspect the air filter regularly and, i f  neces- 
sa ry ,  remove and wash it in detergentandwater. Dry 
filter and coat withair-filter oil such as “Filter Coat” 
by Research Products Corp (see Table 6-1 for H P  
stock number). Unrestricted air flow gives longest 
component life. Keep the filter clean. 

5-7. LUBRICATION. 
5-8. No routine lubrication is needed. Lubricate 
mechanical par t s  (e.g., marker, slide rule dial as- 
semblies) only when necessary, using light machine 
oil on marker  assembly shaft bearings and dry mol- 
ybdenum o r  graphite lubricant on frequency dial 
pointer traverse rods. 

5-9. PERFORMANCE TESTS. 

5-10. PURPOSE. The procedures of Paragraphs 
5- 12 through 5-38 check Sweep Oscillator perform- 
ance for incoming inspection, periodic evaluation, 
troubleshooting, and calibration. The tests can be 
performed without access to the Sweep Oscillator in- 
terior.  The specifications of Table 1-1 a r e  the per- 
formance standards. 

5-11. TEST EQUIPMENT REQUIRED. The test in- 
s t ruments  required to make the performance tes t s  
a r e  listed in Table 5-1. Test  instruments other than 

those listed may be used providedperformance equals 
o r  exceeds Critical Specifications. 

5-12. FREQUENCY CALIBRATION AND STABILITY 
TESTS. 

5- 13. The following procedure tests the calibration 
of the Sweep Oscillator frequency registers: the 
START/CW, STOP, and A F  scales, the MARKER 1 
and MARKER 2 counters. The procedure also in- 
cludes tests for residual frequency modulation and fre- 
quency drift with line voltage variation. Apreliminary 
check of R F  power output and tuning range precedes 
the detailed frequency accuracy measurements. 

5-14. R F  POWER OUTPUT TEST. Test unleveled 
R F  power output as follows: 

a. Connect tes t  equipment as shown in Figure 5-1. 
Add an adjustable t ransformer (Table 5-1) to control 
the line voltage applied to the Sweep Oscillator. 

b. Set Sweep Oscillator controls as follows: 
LINE ........................ OFF 
SWEEP SELECTOR . . . . . . . . . . . . . .  AUTO 
SWEEP TIME (SEC) . . . . .  100-10 LINE SYNC 
STAFtT/CW . . . . . . .  low end of Swp Osc range 
STOP/AF . . . . . . .  .high end of Swp Osc range 
POWERLEVEL . . . . . . . . . . . . . . . .  maxcw 
START STOP . . . . . . . . . . . . . . . .  depressed 
BLANKING ( rea r  panel) . . . . . . . . . . . . .  OFF 
AMPLITUDE MOD selectors . . . .  all released 

POWER METER @6914692A,OR 6 9 3 A  
SWEEP OSCILLATOR 

20-DB 
FIXED 

ATTENUATOR I y !  I 
THERMISTOR 

MOUNT 

@ 6 9 4 A  
SWEEP OSCILLATOR 

POWER METER 

X-BAND * 1 ”:( ATTENUATOR 

Ma- - 
X-BAND X- BAN D 
TO COAX THERMISTOR 
ADAPTER MOUNT 

*eo-.-* 

* SET FOR IO-DB ATTENUATION 

Figure 5-1. Setup to Measure Unleveled R F  Output 
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Instrument 

Adjustable line voltage 
t ransformer 

Oscilloscope 

Crystal Detector 

Models 691A/692A/693A/694A 

Crit ical  Specifications 

Voltage Range: 90 to 130 volts 
Current: 7.5 amperes  
Voltmeter Accuracy: * 1 volt 

Vertical Bandwidth: 5 Mc 
Vertical Sensitivity: 5 mv/cm 
Sweep Time Accuracy: * 3% 

Frequency Range: 10 mc - 12.4 gc 
Sensitivity: 

100 mv dc f rom < 0.35 mw, high 
level; > 0.4 mv dc/pw, low level 

better 
Frequency Response: * 0.5 db or  

Table 5-1. Test Equipment Required 

~ 

Variable Attenuator 

Fixed Attenuator 

Frequency Meter 

Power Meter and 
Thermistor Mount 

Waveguide-to -Coaxial 
Adapter 

Square-Wave Generator 

Audio Oscillator 

AC Voltmeter 

)r Performance Testing 

Frequency Range: Same as Sweep 

Attenuation Range: 0 - 20 db 

Frequency Range: Same as Sweep 
Oscillator 

Attenuation: 20 db + 0.5 db 
10 db * 0.5 db 

Oscillator 

Frequency Range: Same as Sweep 

Accuracy: + 0.08% 

Frequency Range: Same as Sweep 

Power Range: 1 pw to 10 mw 

Frequency Range: 8.2 to 12.4 gc 

Oscillator 

Oscillator 

Frequency Range: 40 to 1200 cps 
Output: -13 volts peak 
Symmetry: 50-50 

Frequency Range: 100 cps  * 10 cps 
Output: 0 - 14 vrms 

Average - responding, r m s  calibrated 
Range: -28 to -60 dbm, minimum 
Accuracy: 5% 

DC Voltmeter 

DC Voltage Source 

Range: 0 to -30 volts 
Accuracy: + 3% 
Input Impedance: 20K ohms/volt 

Output: regulated, variable 
Range: 0 - 20 volts 
Polarity: negative 

Recommended Models 

General Radio WlOMT3A 
Superior Electric UClM 

hp 140A with 1402A & 1420A Plug-In: 
hp 175A with 1752A Plug-In 

hp 423A1 f o r  Models 691A, 692A, 

hp 424A1 fo r  Model 694A 
693A, 

hp X382A for  Model 694A 

Weinschel Model 1-20N (20 db), 
Model 1-10N (10 db) 

hp 536A2 f o r  Models 691A, 692A 
hp 5372 fo r  Models 693A, 694A 

hp 431B with hp 478A for  Models 

hp X486A for  Model 694A 

hp X281A for  Model 694A 

691A, 692A, 693A 

hp 211A 

hp 200 AB, 201C 

hp 400D 

Simpson Model 260 

hp 721A Transistor Power Supply 

Option 02 (square law compensated) 
Calibrated to specified accuracy 
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Models 691A/692A/693A/694A 

c. Set line voltage transformer to deliver 115 (or 
Be su re  115-230 volt switch on rear of 230) volts. 

Oscillator is set correctly. 

d. Set LINE to RF: STANDBY indicator lights and 
cooling fan operates. Between 1 and 2 minutes 
later the R F  indicator lights. During this interval 
the START STOP and SWEEP ON indicators light, 
signifying the sweep circuits are functioning. 

e. During the sweep (SWEEP ON lit), note the min- 
imum and maximum power indications on the Power 
Meter. Minimum power must be greater  than 100 mil- 
liwatts for the model 691A, 70 milliwatts for the Model 
692A, 20 milliwatts for the Model 693A, and 20 milli- 
watts for the Model 694A. Maximum RFpower output 
must not exceed minimum R F  power by more than 
10  db. 

f. Set SWEEP SELECTOR to CW. At the lowest 
frequency in the Oscillator range, rotate POWER 
LEVEL maximum cw (maximum RFpower) andmeas- 
u r e  R F  power output. Then rotate POWER LEVEL 
maximum ccw and measure minimum R F  power out- 
put. Minimum power should be at least 30 db below 
maximum power. 

g. Repeat step f a t  the highest frequency in the Osc- 
i l lator range. 

5-15. OPTION 01 R F  LEVELING TEST. The follow- 
ing procedure tes ts  the power leveling capability of 
Sweep Oscillators having internal leveling systems 
(Option 01). 

a. Connect test  equipment a s  shown in Figure 5-1. 

b. Set Sweep Oscillator controls a s  follows: 

START/CW . . . . . .  low end of Swp Osc range 
STOP/AF . . . . . . .  high end of Swp Osc range 
SWEEP SELECTOR . . . . . . . . . . . . . .  AUTO 
ALC PWR LEVELING INPUTS 

( r ea r  panel) . . . . . . . . . . . . . . . . . .  XTAL 

START STOP . . . . . . . . . . . . . . .  depressed 

INT ALC . . . . . . . . . . . . . . . . . .  depressed 

c. Obtain maximum leveled R F  power for  the full 
frequency range sweep. 

d. Measure the leveled power using a sweep time 
compatible with the Power Meter response, Leveled 
power must not be less than 100 mw for the Model 
691A, 70 mw for the Model 692A, 20 mw for the Model 
693A, and 20 mw for the Model 694A. Reminder: 
allow for power reduction caused by the Attenuator 
when - measuring the leveled power. 

e. During a sweep, note total R F  power variation 
indicated by the Power Meter. Total variation, ex- 
cluding any variation caused by the Attenuator, must 
not exceed 0.8 db for the Models 691A and 692A, 1 db 
for  the Model 693A and 2 db for the Model 694A. 

f.  Check POWER LEVEL light operation. Light 
should flash when POWER LEVEL is rotated clock- 
wise from maximum leveled power setting but should 
not flash with counterclockwise rotation. 
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Section V 
Paragraphs 5-15 to 5-16 

5-16. FREQUENCY CALIBRATION TESTS. The 
following procedure tests the calibration accuracy of 
each frequency indicator and scale at the Oscillator 
range end-frequencies. Instruction is given for end- 
frequencies only, beginning at the low end of each 
range. However, accuracy specifications a re  the 
same  for all frequencies in the Oscillator range. Un- 
less otherwise noted, the calibration accuracy tes ts  
are performed with the Sweep Oscillator operating 
from 115 (or 230) volts, 60 cps. 

a. Connect tes t  equipment as shown in Figure 5-2, 
omitting connections A and B. Allow about 15 minutes 
for  the equipment to stabilize. 

b. Set Sweep Oscillator controls as follows: 
LINE . . . . . . . . . . . . . . . . . . . . . . . . . .  R F  

START/CW. . . . . . .  low end of Swp Osc range 
STOP/AF . . . . . . . .  low end of Swp Osc range 
MARKER 1 . . . . . . .  low end of Swp Osc range 
MARKER 2 . . . . . . .  low end of Swp Osc range 
MANUAL SWEEP . . . . . . . . . . . . . .  max cw 
POWER LEVEL . . . . . . . . . . . . . . .  max cw 
AMPLITUDE MOD selectors  . . . .  all released 
START STOP . . . . . . . . . . . . . . .  depressed 
BLANKING ( rea r  panel) . . . . . . . . . . . . .  ON 

SWEEPSELECTOR . . . . . . . . . . . . . . . .  CW 

c. Adjust the Oscilloscope to observe CRT beam dot 
displacement a s  Frequency Meter is tuned through 
the Oscillator output frequency. No sweep is required 
for  the frequency calibration measurements. 

d. With SWEEP SELECTOR at CW, CW on slide 
rule dial should be lighted. Tune Frequency Meter 
to obtain maximum displacement of Oscilloscope dot 
display. The STAFtT/CW and Frequency Meter 
readings must agree within *l%. 

e. Set SWEEP SELECTOR to MANUAL. On dial, 
CW extinguishes, START and STOP light. Tune Fre- 
quency Meter to obtain maximum displacement of Os- 
cilloscope dot display. The STOP/AF and Fre- 
quency Meter readings must agree within *I$%. 

f. With SWEEP SELECTOR still at  MANUAL, ro- 
tate MANUAL SWEEP maximum ccw to obtain output 
frequency at START/CW setting. Tune Frequency 
Meter to obtain maximum displacement of Oscillo- 
scope dot display. The START/CW and Frequency 
Meter readings must agree within *l%. 

g. Depress MARKER SWEEP. On dial, START 
and STOP extinguish. Rotate MANUAL SWEEP max- 
imum cw. Tune Frequency Meter to obtain maximum 
displacement of Oscilloscope dot display. The MARK- 
ER 2 counter and Frequency Meter readings must 
agree within *l%. 

h. Set SWEEP SELECTOR to CW. Tune Fre- 
quency Meter to obtain maximum displacement of 
Oscilloscope dot display. The MARKER 1 counter 
and Frequency Meter readings must agree within 

i. Depress START STOP and MARK 1. Tune MARK- 
ER 1 to obtain maximum displacement of the Oscillo- 
scope dot display, The START/CW dial andMARKER 
1 counter readings must agree within *l$%. 
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Section V 
Figure 5-2 

Models 691A/692A/693A/694A 

AUDIO 
FREQUENCY 

M E T E R  
0 S C I  LLATOR SWEEP OSCILLATOR 

- - 
F I X E D  

A T T  ENU AT0 R C R Y S T A L  

OSCl LLOSCOPE 

690-c-7a 

Figure 5-2. Setup for  Frequency Calibration and External FM Tests 

j. Release MARK 1 and depress MARK 2. Tune 
MARKER 2 to obtain maximum displacement of Os- 
cilloscope dot display. The START/CW dial and 
MARKER 2 counter readings must agree within *l%, 

k. Release MARK 2 and depress A F. Tune Fre- 
quency Meter to obtain maximum displacement of 
Oscilloscope dot display. The START/CW and F r e  
quency Meter dial readings must agree within *l%. 

m. This completes the frequency calibration accu- 
racy tes ts  a t  the lowest frequency in the Sweep Os- 
cillator range. To test  calibration accuracy at  the 
high end of the Oscillator frequency range, repeat 
s teps  d through k above, starting with the controls 
s e t  as follows: 

LINE . . . . . . . . . . . . . . . . . . . . . . . . .  R F  
SWEEP SELECTOR . . . . . . . . . . . . . . .  CW 
START/CW . . . . . .  high end of Swp Osc range 
STOP/AF . . . . . . .  high end of Swp Osc range 
MARKER 1 . . . . . .  high end of Swp Osc range 
MARKER 2 . . . . . .  high end of Swp Osc range 
MANUAL SWEEP . . . . . . . . . . .  maximum cw 
POWER LEVEL . . . . . . . . . . . .  maximum cw 
AMPLITUDE MOD se lec to r s .  . . .  all released 

n. To test  frequency calibration accuracy at  inter- 
mediate frequencies in the Sweep Oscillator range, 
s e t  SWEEP SELECTOR to CW and tune START/CWto 
frequencies of interest. At each frequency, CW dial 
and Frequency Meter readings must agree within*l%. 

p. To test  frequency stability with line voltage 
changes: 

(1) Obtain CW operation at any frequency. 

(2) Set line voltage to 115. 

(3) Wait 2 minutes for stabilization, thentune Fre- 
quency Meter to obtain maximum displacement 
of Oscilloscope dot display. Note Frequency 
Meter reading. 

(4) Set line voltage to 103 and repeat step (3). 

(5) Set line voltage to 127 and repeat step (3). 
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(6) The Frequency Meter reading obtained at  115 
line volts should not differ from the reading 
obtained at  103 o r  127 line volts by more than 
1 Mc for the Models 691A and 692A, 2 Mc for 
the Models 693A and 694A. 

q. To test  A F  frequency deviation, calibration ac- 
curacy, centering and center-frequency accuracy, 
add connection A in Figure 5-2, then proceed as 
follows: 

(1) Depress A F. On dial, CW and A F  light. 

(2) Set SWEEP SELECTOR to AUTO, tune START/ 
CW frequency to the middle of the Oscillator 
range, tune STOP/AF to the highest numbered 
MC calibration, and set SWEEP TIME (SEC) 
to .l-.01 (red knob to LINE SYNC). 

(3) Set Oscilloscope display width to exactly 10 
cm. This display represents maximum A F  
deviation. 

(4) Tune Frequency Meter to measure frequency 
at  center and at  each end of the Oscilloscope 
display. Total A F deviation in megacycles, 
as given by the difference between the fre- 
quencies measured at the ends of the Oscillo- 
scope display, must be within 10% (20%, 691A) 
of the actual A F MC setting with an acceptable 
additional e r r o r  of 1% (2%, 691A) of maximum 
AF.  For  example, both maximum A F  and the 
highest numbered A F  scale calibration on the 
Model 691A are 100 Mc. Maximum acceptable 
Model 691A A F  e r r o r  is then 20% of 100 Mc 
(the A F  setting) plus 2% of 100 Mc (maximum 
AF), o r  k 2 2  Mc total. Similarly, if the A F  
setting were 50 Mc, maximum acceptable e r r o r  
would be 20% of 50 Mc (the AFsetting) plus 2% 
of 100 Mc (maximum A F ) ,  o r  *12 Mc total. 

(5) The A F  center (CW) frequency must equal the 
START/CW dial reading within *l%. 
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Models 6 9 1 A/6 92A/6 93 A/6 94A Section V 
Paragraphs 5-17 to 5-25 

5-25. LEVELING TESTS. Connect tes t  equipment 
as shown in Figure 5-3 excluding the Square Wave 
Generator and proceed as follows: 

a. Set Sweep Oscillator controls as follows: 
LINE . . . . . . . . . . . . . . . . . . . . . . . .  O F F  
SWEEP SELECTOR. . . . . . . . . . . . . . .  AUTO 
SWEEP TIME (SEC) 

(red knob in LINE SYNC detent) . . .  .1 - .01 
START/CW . . . . . .  low end of Swp Osc range 
STOP/AF . . . . . . .  low end of Swp Osc range 
START STOP . . . . . . . . . . . . . . . .  depressed 
ALC . . . . . . . . . . . . . . . . . . . . . .  depressed 
POWER LEVEL 

(screwdriver adjust max cw) . . . .  approx. 5 
GAIN . . . . . . . . . . . . . . . . .  1/4 cw rotation 
BLANKING ( rear  panel) . . . . . . . . . . . . .  ON 
ALC PWR LEVELING INPUTS 

( rear  panel) . . . . . . . . . . . . . . . . .  XTAL 

@691A, 692A,693A 
SQUARE SWEEP OSCILLATOR 

CRYSTAL * *  
DETECTOR 

r. To test  external frequency modulation capability: 

(1) Add connections B in Figure 5-2, andsetAudio 
Oscillator to 100 cps. 

(2) Set START/CW to the middle of the Sweep Os- 
cillator frequency range. 

(3) Set the Frequency Meter to the highest fre- 
quency in the Oscillator range. 

(4) Depress EXT FM. 

(5) Increase Audio Oscillator output until the Fre-  
quency Meter notch appears at the right-hand 
end of the Oscilloscope display. Audio Oscil- 
lator output must not exceed 14 volts rms .  

5-17. FREQUENCY STABILITY TESTS. A test  of 
frequency stability with line voltage variation is in- 
cluded with the frequency calibration tests.  Since an 
absorption frequency meter does not provide resolu- 
tion sufficient to measure residual frequency modu- 
lation and frequency stability with power output 
changes, these tes ts  should be made using transfer 
oscil lator techniques or  a microwave spectrum ana- 
lyzer.  Measuring systems including the Dymec 5796 
Transfer  Oscillator Synchronizer with HP H06-540B 
Transfer  Oscillator, o r  the Dymec 2590A Microwave 
Frequency Converter provide the accuracy required 
for  these measurements. 

5-18. Frequency stability measurements using the 
HP 8551A/851A Spectrum Analyzer a r e  described in 
HP Application Note 63, available f ree  of charge from 
your HP Sales and Service Office. 

5-19. Because time-varying magnetic fields of trans- 
fo rmers  and electric motors (in particular cooling fan 
motors) can frequency modulate the backward-wave 
oscillator, do not operate these devices close to the 
Sweep Oscillator, especially during a test for re- 
sidual FM. 

5-20. SPURIOUS SIGNALS TEST. 

5-21. The most convenient means of measuringsweep 
Oscillator harmonic and spurious signal output is a 
microwave spectrum analyzer such as the HP Model 
8551A/851A which provides Visual display of spurious 
signals together with the fundamental on a scale 
direct-reading in db. 

5-22. When performing the test, operate the Sweep 
Oscillator in the CW mode and tune through the Os- 
cillator frequency range noting the amplitude of har- 
monics and other spurious output relative to the 
Sweep Oscillator fundamental. Harmonics must be 
at least  20 db below the fundamental, non-harmonics 
must be at  least 40 db below the fundamental. 

5-23. CRYSTAL DETECTOR ALC, AM FREQUENCY 
RESPONSE, AND SWEEP TRIGGERINGTESTS. 

5-24. The following procedures test: 1) Sweep Os- 
cil lator capability to automatically maintain R F  out- 
put power constant with charging output frequency; 
2) internal and external amplitude modulation capa- 
bility with leveled and unleveled R F  output; and 3) 
manual and external sweep triggering. 
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ATTENUATOR 1 

)c 20DB FOR MODELS 691A,69ZA 
IODB FOR MODEL 6 9 3 A  

**  LOADED FOR OPTIMUM SQUARE L A W  
RESPONSE (e.g. @ 4 2 3 A  OPTION 02 ) 

T 

@ 6 9 4 A  
SQUARE WAV E SWEEP OSCILLOSCOPE 

GENERATOR 

** 

XTAL AM S W P  

* SET TO IODB ** LOADED FOR OPTIMUM SQUARE LAW 
RESPONSE (e .q .  4 2 4 A  OPTION 0 2 )  @ 6 9 O . S - 2  

Figure 5-3. Setup for  Testing Crystal Detector 
RF  Leveling 
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Section V 
Paragraphs 5-26 to 5-29 

Models 691A/692A/693A/694A 

b. Set LINE to RF. Allow a few minutes for sta- 
bilization, then adjust Oscilloscope to display R F  
output level. 

c. Rotate POWER LEVEL screwdriver-operated 
control ccw until Oscilloscope display shows entire 
sweep is leveled. 

d. While examining Oscilloscope display for any 
sign of oscillation, rotate GAIN maximum clockwise. 
If oscillation appears, rotate GAIN ccw (decrease 
gain) until oscillation just ceases. The Sweep Oscil- 
lator R F  output is now leveled a t  maximum possible 
output for a full-band sweep. 

e. Set Oscilloscope display of the zero-power ref- 
erence (retrace) and detected R F  levels to obtain 
calibrated voltage measurement. Record detected 
R F  voltage a s  V1. Note POWER LEVEL light: it 
should glow steadily. 

f. Increase Oscilloscope vertical sensitivity to 
measure peak-to-peak power level variations. Record 
the peak-to-peak variation a s  V2. For standard 
Models 691A, 692A, 693A, and 694A, V2 must not 
exceed 0.08V1. 

g. Check POWER LEVEL light operation by ro- 
tating POWER LEVEL from 0 to 10. Light must not 
flash when Oscilloscope display indicates the full 
sweep is leveled, but must flash whenever display 
indicates loss of leveling in any segment of the sweep. 

5-26. AM FREQUENCY RESPONSE TEST. To test  
internal square wave amplitude modulation capability 
with leveled output: 

a. Set Oscilloscope for internal sweep. 

b. Set SWEEP SELECTOR to CW and POWER 
LEVEL for maximum leveled output. (Readjust GAIN, 
i f  necessary, to prevent leveling loop oscillation.) 
Depress INT SQ WAVE. 

c. Using Oscilloscope sweep time calibration to 
measure square wave frequency, rotate INT SQ 
WAVE FREQ from maximum cw to maximum ccw. 
Frequency range must be 950 to 1050 cps, minimum. 
During R F  off intervals of square wave, display of 
R F  output must equal the dc level obtained with 
POWER LEVEL maximum ccw (see step f, Para-  
graph 5-14). 

d. To test  internal square wave amplitude modu- 
lation capability without R F  leveling: 

(1) Release ALC (INT ALC, OptionOl), se t  POWER 
LEVEL maximum cw, and depress  INT SQ 
WAVE. 

(2) Repeat step c above. 

e. To test  external amplitude modulation capability 
with and without automatic leveling: 

(1) Connect test  equipment as shown in Figure 5-3, 
including the Square Wave Generator. 
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(2) Set the Sweep Oscillator to deliver maximum 
leveled R F  power for a ful l  band sweep, then 
se t  SWEEP SELECTOR to CW and depress 
EXT AM. 

(3) Connect Square Wave Generator output to Sweep 
Oscillator external AM input. Monitoring 
Square Wave Generator output with the Oscil- 
loscope, s e t  amplitude to 10 volts peak-to-peak 
and frequency to 1000 cps. 

(4) Disconnect Square Wave Generator from Os- 
cilloscope and reconnect Crystal Detector. 
Connect in parallel with the Oscilloscope ver- 
tical input a resistance which gives minimum 
decay time and overshoot for the displayed 
square wave. 

(5) Tune Sweep Oscillator to output frequency a t  
which detected square wave display shows max- 
imum r i se  time. Rise time must not exceed 
10 microseconds. 

(6) Release ALC (INT ALC, Option 01) pushbutton, 
and repeat step (5). Rise time must not exceed 
one microsecond. 

5-27. SWEEP TRIGGERING TESTS. To test  sweep 
triggering: 

a. Connect test  equipment a s  shown in Figure 5-3. 

b. Set Sweep Oscillator for a full frequency range 
START STOP sweep a t  maximum leveled output, 
SWEEP TIME a t  .1 - .01 LINE SYNC. 

C. Set SWEEP SELECTOR to TRIG. 

d. Set Square Wave Generator output frequency to 
50 cps at minimum amplitude. 

e. Connect Square Wave Generator output to Sweep 
Oscillator external trigger input. Omit connection 
between Square Wave Generator and Oscilloscope. 

f. Increase Square Wave Generator output ampli- 
tude slowly until a sweep triggers. U s e  Oscilloscope 
to measure square wave amplitude. Amplitude must 
not exceed 25 volts peak-to-peak. 

g. Disconnect Square Wave Generator from Sweep 
Oscillator. Press MANUAL TRIGGER button several  
times. A sweep should occur each time button is 
pressed. Manual triggering must be possible with all 
sweep times. 

5-28. POWER METER R F  LEVELING AND AM SEN- 
SITIVITY TESTS. 

5-29. LEVELING TEST. The following procedure 
tes t s  the Sweep Oscillator capability to automatically 
maintain R F  power output constant with changing fre- 
quency using a leveling signal derived by a microwave 
power meter. Option 01 Sweep Oscillators cannot be 
tested for this capability unless the INT-EXT switch 
on the internal directional detector mounting bracket 
is se t  to EXT. 
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Models 691A/692A/693A/694A Section V 
Paragraphs 5-30 to 5-34 

d. Measure the maximum leveled R F  power output 
available f rom the Sweep Oscillator during a ful l  fre- 
quency range sweep. Allowing for the attenuation of 
the pad shown in Figure 5-4, R F  power indicated by 
the Power Meter must be as indicated below. 

5-30. Connect the tes t  equipment as shown in Figure 
5-4 without the DC Voltage Source, and proceed as 
follows: 

a. Set Sweep Oscillator controls as follows: 
LINE . . . . . . . . . . . . . . . . . . . . .  STANDBY 
SWEEPSELECTOR . . . . . . . . . . . . . . .  AUTO 
START STOP . . . . . . . . . . . . . . . .  depressed 
START/CW . . . . . . .  low end of Swp Osc range 
STOP/AF . . . . . . .  high end of Swp Osc range 
SWEEP TIME (SEC). . . . . . . . . . . . . .  10-100 
SWEEP TIME (SEC) VERNIER. . . . . .  max ccw 
ALC PWR LEVELING INPUTS 

( r ea r  panel). . . . . . . . . . . . . .  PWR METER 
AMPLITUDE MOD selectors . . . . .  all released 
ALC (INT ALC, Option 01) . . . . . . .  depressed 
GAIN . . . . . . . . . . . . . . . . . . . . . .  maxcw 
POWERLEVEL . . . . . . . . . . . . . .  approx. 5 

b. Set Power Meter RANGE ( M W )  selector to 1MW 
range for the Models 691A and 692A, to 3 M W  range 
for  the Models 693A and 694A. WithSweep Oscillator 
LINE switch a t  STANDBY, zero the Power Meter. 

h 691A.692A.693A 
POWER 
METER 
m 

Y ’  
SWEEP OSCILLATOR 

I 
PWR METER RECORDER 
INPUTIREARI  OUTPUT (REAR1 

t 

FIXED* 
DC 

THERM 
MOUNT 

OSClLLOSCOPE 
VOLTAGE 
SOURCE 

OUT 

20-DB FOR MODELS 691A,692A 
IO-DB FOR MODELS 693A 

@ 6 9 4 A  
SWEEP OSCILLATOR POWER 

METER 

I 
PWR METER 

1 

DC 
VOLTMETER 

X-BAND 
TO COAX %??!:* THERM 

MOUNT 

090-8 .1  

* SET TO IO-DE 

Figure 5-4. Setup for Testing Power Meter 
Leveling and External AM 

c. Set Sweep Oscillator LINE to R F  and adjust 
POWER LEVEL to obtain maximum leveled RFpower 
over  the full frequency range. 
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Power Meter Readin 
1.0 mw minimum (20db ptd) 
0.7 mw minimum (20db pad) 
2.0 mw minimum (1Odb pad) 
2.0 mw minimum (10db pad) 

692A 
693A 
694A 

e. During a full range sweep, note maximum and 
minimum power indicated by Power Meter. Difference 
between maximum and minimum power must not ex- 
ceed 0.2 db. 

5-31. AM SENSITIVITY TEST. To test  AM sensi- 
tivity: 

a. Connect tes t  equipment as shown in Figure 5-4 
omitting connection to Oscilloscope. 

b. Set Sweep Oscillator for CW operation at the 
lowest frequency in the Oscillator range, ALC re- 
leased, POWER LEVEL maximum cw. Note Power 
Meter reading. 

c. Set DC Voltage Source for minimum output and 
connect to Sweep Oscillator external AM input. 

d. Depress EXT AM and increase Voltage Source 
output to -10 volts. Note Power Meter reading. Os- 
cillator power output should be a minimum of 30 db 
l e s s  than measured in step b above. 

5-32. PENLIFT TEST. 

5-33. Tes t  penlift function as follows: 
a. Connect an ohmmeter to measure resistance be- 

tween the rear-panel PENLIFT terminals. 

b. Set Sweep Oscillator for full frequency range 
auto sweep, sweep time range 100-10 seconds (LINE 
SYNC optional). Ohmmeter should register short  
circuit  between PENLIFT terminals when SWEEP ON 
is lighted, open circuit when SWEEP ON is not lighted. 

c. Repeat step b with 10-1 secondsweep time range. 

d. Repeat steps b and c with SWEEP SELECTOR 
at TRIG. 

e .  Ohmmeter should register an open circuit be- 
tween the PENLIFT terminals when the SWEEP SE- 
LECTOR is s e t  to any position except AUTO o r  TRIG 
and when SWEEP TIME (SEC) is s e t  to any position 
except 100-10 and 10-1. 

5-34. SWEEP TIME, LINE SYNC, SWEEP AND SWEEP 
REF OUTPUT TESTS. 

a. Connect SWEEP output to the vertical input of 
an oscilloscope s e t  for internal sweeping synchronized 
with the AC line frequency. 

b. Set Sweep Oscillator for a full frequency range 
automatic sweep, sweep time range .1 - .01 second, 
SWEEP TIME (SEC) VERNIER switched to LINE 
SYNC. If LINE SYNC is functioning the waveform 
displayed by the oscilloscope will be synchronized 
with the oscilloscope sweep. 
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Paragraphs 5-35 to 5-44 

c. To check sweep time accuracy and SWEEP out- 
put, measure the period and amplitude of the ramp 
portion of the waveform displayed by the oscilloscope. 
Ramp period should be 10 k3  milliseconds, and ramp 
amplitude should be 15V *2V. Check sweep time at  
the l imits of other time ranges of interest, taking 
time from the ramp portion of the waveform. Time 
accuracy should be *30%. SWEEP output should be 
activated for START STOP, MARKER and AF sweep 
functions with AUTO, MANUAL or  TRIG modes. 
SWEEP output amplitude should not change with sweep 
time, sweep direction, o r  sweep width. 

d. Connect rear-panel SWEEP R E F  output to the 
oscilloscope vertical input and measure voltage l imits 
of l inear ramp portion of displayed waveform. During 
a full frequency range sweep, ramp voltage l imits 
should be +4 *2 volts and +80 k3 volts, +4 volts being 
coincident with the lowest frequency in the Oscillator 
range and +80 volts being coincident with the highest 
frequency in the Oscillator range. SWEEP REF 
output is activated for  all sweep modes and functions, 
SWEEP REF voltage is always proportional to output 
frequency. 

5-35. FREQUENCY LINEARITY TEST. 

5-36. LINEARITY RELATIVE TO SWEEP OUTPUT. 
Using test  setup of Figure 5-2, omitting the Audio 
Oscillator, proceed as follows: 

a. Connect SWEEP output to Oscilloscope hori- 
zontal input. 

b. Set Sweep Oscillator for a ful l  frequency range 
manual sweep. 

c. Adjust Oscilloscope horizontal sensitivity so 
that 10 cm of beam traverse  equals full rotation of 
MANUAL SWEEP. 

d. While manually tuning Sweep Oscillator, tune 
Frequency Meter to locate absorption notches on 
convenient calibration marks of the Oscilloscope 
graticule (e.g., 1 cm). Note actual Frequency Marker 
readings corresponding to graticule marks.  

e. Switch to AUTO sweep and adjust Frequency 
Meter to realign absorption notches with graticule 
marks.  Note Frequency Meter readings. Difference 
between Frequency Meter readings obtained at  each 
graticule mark must not exceed 10 Mc for  the Models 
691A and 692A, 20 Mc for the Model 693A, and 30 Mc 
for  the Model 694A. 

f .  Repeat step e a t  various sweep times. 

5-37. LINEARITY RELATIVE TO SWEEP REF OUT- 
PUT. Repeat test  of Paragraph 5-40, except connect 
rear-panel SWEEP REF to Oscilloscope horizontal 
input and use CW mode instead of MANUAL mode. 

Models 691A/692A/693A/694A 

5-38. RESIDUAL AM TEST. 

a. Connect equipment as shown in Figure 5-5. 

b. Set Sweep Oscillator for single-frequency (CW) 

c. Depress INT SQ WAVE. 

d. Vary POWER LE;VEL to obtain -28 db reading 

operation, any frequency. 

on AC Voltmeter. 

e. Release INT SQ WAVE. Voltmeter reading 
should decrease at least  32 db (e.g., to -60 db). Due 
to Voltmeter response to a square wave and crystal  
detector square law response, a 32-db reduction in 
reading equals a 40-db reduction in signal level. 

AC VOLTMETER 

[SWEEP OSCILLATOR, 

I CRYSTAL * * I I DETECTOR 

* 20430 FOR MODELS .691A,692A 

* * LOADED FOR OPTIMUM SOUARE-LAW e o o - A - I o  

IO-DB FOR MODELS 693A,  6 9 4 A  

RESPONSE (e.g.@423A OPTION 0 2 )  

Figure 5-5. Setup for  Measuring Residual AM 

5- 3 9. A D J USTMENTS. 

5-40. PURPOSE. The following adjustment proce- 
dures  include instructions for setting the dc operating 
voltages, calibrating the Sweep Oscillator tuning func- 
tions, and balancing the ALC Amplifier. 

5-41. TEST EQUIPMENT REQUIRED. Test  instru- 
ments required to perform the adjustments and cali- 
brations a r e  listed in Table 5-2. Instruments other 
than those listed may be substituted, provided their 
specifications equal o r  exceed the Critical Specifi- 
cations, 

5-42. ADJUSTING THE DC OPERATING VOLTAGES. 

5-43. There a r e  four adjustable dc operatingvoltages: 
-300, +275, +20, and -6.3 volts. Adjust these volt- 
ages only i f  proven by accurate measurement to be 
significantly outside the tolerances specified on the 
schematic diagrams and Figure 5-6, and only if  
the voltage e r r o r  is not caused either by excessive 
current being drawn through the regulator o r  by in- 
adequate voltage being supplied to the regulator from 
the power supply rectifiers. 

5-44. Because the -300 and +275 volt supplies a r e  
interdependent, and because the +275 volt supply is 
used a s  a reference in the Helix Voltage Generator, 
any adjustment to either of these regulators will 
change the frequency dial calibration. Also because 
of the interdependence of these power supplies, the 
-300 volt regulator must be se t  first, the +275 volt 
regulator second, and the +20 and -6.3 volt regula- 
t o r s  last. After adjusting any of these regulators, 
check the output voltage of each other regulator to 
be su re  i t  is still within specified tolerances. Do not 
attempt adjustment of the -300 and +275 volt regula- 
t o r s  with a voltmeter having more than *0.3% e r ro r .  
See Figure 5-7 for  locations of the power supply ad- 
justments and Figure 5-6 for convenient measure- 
ment points. 
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Critical 
Specific at ion 

Range: 0 to 300V 
Accuracy: * 0.2% min. 
Input Impedance: 

10 megohms 

Section V 
Paragraphs 5-45 to 5-50 

d. Connect a dc voltmeter (Table 5-2) to BWO 
anode terminal and clip-on dc ammeter (Table 5-2) 
to BWO helix lead (see Figure 5-6). 

Recom- 
mended 
Model 

hp 405BR 
hp 3440A/ 

3441A 

5-45. There a r e  four major causes of out-of-tolerance 
power supply voltages: 1) maladjustment, 2) exces- 
sive current drawn by the load, 3) low line voltage, 
and 4) defective component in the power supply. Only 
in the f i rs t  case should the power supply be adjusted. 
Fo r  each of the other causes, repair  of the malfunc- 
tion will likely restore the output voltage within tol- 
erance.  Reset a slightly out-of-tolerance supply 
voltage only i f  improved frequency calibration results. 

BWO Max 
Tube Anode 

Model Mfr Volts* 

Table 5-2, Test Equipment Required for  
Calibration and Troubleshooting 

Max Max Max 
Helix Cathode Anode 

Current Current Current 

Test 
Instrument 

All instrument: 
in Table 5-1 

DC Voltmeter 

691A 
692A 
693A 
694A 

Clip-On DC 
Ammeter 

CW Signal 
Source 

Stewart +220 4 ma  17 ma  1 .5  ma 
Stewart +220 3.5 ma 15 m a  1.5 ma 
Stewart +220 3.0 ma  12 ma  2 ma 
Stewart +220 3.0 ma  12 ma  2 ma 

DC Voltmeter* Range: + 100 to 

Accuracy: * 3% 
Input Impedance: 
20K ohms/volt 

+ 2200v 

Capacitor** 

hp 618B 

hp 620A, 
hp 626A 

(4-7.6 Gc) 

(8-12.4 GC 

Simpson 
Model 260 

same as Sweep hp 8614B 
Oscillator (1-2 GC) 

hp 8616A 
hp 8616B 
(2-4 Gc) 

Output: + 10 to 
-10 dbm 

Capacitance: . O l  pfd 
DCVW: 2000 

* For BWO tube helix, collector voltage measure- 

** DC block for  BWO tube helix voltage ripple 
ment. Must be capable of "floating" meas. 

measurement. 

5-46. BWO ANODE VOLTAGE GENERATOR ADJUST- 
MENT. 

5-47. NEW BWO TUBE. 

a. Connect Sweep Oscillator in R F  power measur- 
ing setup of Figure 5-1. 

b. Turn on Sweep Oscillator and allow a few min- 
utes  for warmup. 

c. Remove Sweep Oscillator right side and top 
covers for access  to terminal s t r ip  TB1 and etched 
circuit  A2. 

02280-1 

e. Set Sweep Oscillator for CW operation and tune 
R F  output to highest frequency. 

f. Set A2R48 maximum counterclockwise (viewed 
from side opposite components). Adjust A2R50 to 
obtain anode voltage on BWO tube label. 

g. Tune R F  output to frequency below midband at  
which R F  power output is least. 

h. Adjust A2R48 to obtain maximum R F  power. 
Do not exceed ei'ther anode voltage o r  helix current 
maximums given in the table below. 

i. Measuring anode voltage and helix current, tune 
R F  output through full band. Voltage and current 
must not exceed maximums given in the table below. 
If either is excessive, correct  by readjusting A2R48 
below midband, A2R50 full band. 

* measured with respect to Sweep Oscillator 
chassis I 

j .  Connect current meter to BWO cathode lead. 
While measuring current, tune R F  output through full 
band: current must not exceed maximum given in 
step i. If current is excessive, correct  by adjusting 
A2R48 below midband, A2R50 full band. 

k. Recalibrate CW-START dial using procedure 
in Paragraph 5-53. 

5-48. OLDER BWO TUBE. If a BWO tube which has 
exceeded the warranty period performs satisfactorily 
except that R F  power output is not sufficient, try in- 
creasing power output by raising anode voltage. U s e  
Figure 5-1 setup to measure R F  output during full- 
band manual sweep. Measuring helix current, adjust 
A2R50 to obtain sufficient R F  output without exceed- 
ing the maximum helix current given in Paragraph 
5-47 table. Recheck CW-START scale calibration 
(Paragraph 5- 53). 

5-49. TUNING VOLTAGE GENERATOR CALIBRA- 
TION. 

5-50. Complete calibration of the Tuning Voltage Gen- 
erator  consists of the following se r i e s  of adjustments: 
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Paragraphs 5-51 to 5-52 

Models 691A/692A/693A/694A 

BWO GRID 
(GRN WIRE) 

-6 .3VDC +0.3V A 
(ERN WIRE) 

16MVACRMS 
4.7 AMP 

- 3 0 0 V D C  + 5 V  
( V I 0  WIRE) 
5 MVAC RMS 
6 0 M A  

BWO HELIX 
IRED WIRE) 
HELIX VOLTAGE 
GENERATOR OUTPUT 

FRFO 
1- 2.5MV AC RMS MAX AT LOWEST 

I I3Mi-AC RMS MAX AT HIGHEST 
FREQ 

BWO COLLECTOR 
(ORN WIRE) 
HELIX AND COLLECTOR VOLTAGE 
GENERATOR OUTPUT i f  

NOTE 
. -  

USE CLIP-ON DC AMMETER TO MEASURE EWO TUBE 
CURRENTS. CLIP PROBE OVER LEADS FROM EWO, 
AND ADJUST PROBE POSITION TO MAINTAIN METER 
ZERO. 

W A R N I N G  
HIGH 
VOLTAGE 

+ 2 0 V D C  + 0 . 5 V  
(WHT-BLK-RED WIRE) 
5 MVAC RMS 
50 MA 

+ 2 7 5 V D C  f 5 V  
(WHT-RED WIRE) 
GMVAC RMS 
8OMA 

12.6VDC +0.5V 
JOMVAC RMS I 2.3 AMP 

WHT- ELK-ERN WIRE 

+ 6 5 V D C  
(WHT-BRN-RED WIRE) 

Figure 5-6. Right Side View Showing Convenient Points for  Measuring 
BWO Tube and Principal Operating Voltages 

Subject Paragraph Subject Paragraph 

5-51 

5-53 

5-57 

5-58 

5-10 

Manual sweep calibration. Basic ad- 
justments that s e t  minimum tuning 
voltage for all frequency calibrations. 

CW-START scale calibration. Tracks 
R F  output frequency with the START/ 
CW scale, se t s  midband R F  frequency 
accuracy for all other frequency scales  
and indicators. 

Fast Sweep Linearity. Minimizes R F  
output frequency shift with fast  sweeps. 

A F  scale calibration. Sets frequency 
deviation limits and se t s  AF center fre- 
quency equal to CW setting. 

5-60 MARKER SWEEP calibration. Cali- 
brates  MARKER SWEEP s t a r t  and stop 
controls a t  highest frequency in Oscil- 
lator range. 

5-62 Frequency marker  calibration. Cali- 
brates  MARK 1 and MARK 2 at highest 
frequency in Oscillator range. 

5-51. MANUAL SWEEP CALIBRATION. 

5- 52. The following adjustments affect all subsequent 
frequency calibration settings and must be accurately 
se t  before any other frequency calibration adjustments 
are attempted. Proceed a s  follows: 

02280- 1 
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Models 69 1A/692 A/693A/6 94A Section V 
Paragraphs 5-53 to 5-54 

AB TIME METER ED 

R3 MARKER SWEEP 
MORKER I HF 

R4 MARKER SWEEP 

* ON OPPOSITE SIDE OF BOARD RZ ~ ~ O ~ H ~ z y ~  

All MODULATOR BD 

RI  FREP COUP 

Figure 5-7. Locations of Internal Adjustments and Etched Circuits 

a. Turn on. Sweep Oscillator and allow two-minute 
warmup. Remove cabinet top cover for access  to 
etched circuit A1 (see Figure 5-7). 

b. Set SWEEP SELECTOR to MANUAL and with 
the dc voltmeter recommended in Table 5-2, make 
the following measurements and adjustments: 

MANUAL I SWEEP 
1) Ful! cw 

2) Full ccw 
3) Full ccw 

4) Full cw 

02280-1 

AlV2A)pin 8 
SWEEP OUT 
connector 

I 

Test Limit 

0 vdc +0.05 vdc 
-0.070 +O. 05 vdc 

t 156 * 4  vdc 

t 15 *2  vdc 

5-53. CW-START SCALE CALIBRATION. 

5-54. Before calibrating the CW-START scale be sure  
that the MANUAL SWEEP is properly calibrated (see 
Paragraph 5- 51). The following procedure must be 
properly executed before all subsequent frequency 
calibrations a r e  attempted because resultant changes 
in frequency calibration affect the calibration of other 
Sweep Oscillator functions. 

a. Connect Sweep Oscillator in test  setup shown in 
Figure 5-2 omitting connections A and B. 

b. Set Sweep Oscillator controls a s  follows and 
allow 15-minute warmup. 

LINE .......................... R F  
SWEEP TIME (SEC) . . . . 1 - .1 (LINE SYNC) 
SWEEP SELECTOR . . . . . . . . . . . . . - AUTO 
START STOP . . . . . . . . . . . . . . . depressed 
START/CW . . . . . . . low end of Swp Osc range 
STOP/AF . . . . . . . .high end of Swp Osc range 
POWER LEVEL . . . . . . . maximum clockwise 
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Section V 
Paragraphs 5-55 to 5-59 

c. Remove cabinet top cover for access to etched 
circuit A3 (Figure 5-7). 

d. Set SWEEP SELECTOR to CW and s e t  START/ 
CW and Frequency Meter to the frequency stenciled 
by A3R1 on the metal shield over etched circuit A3. 
Adjust A3R1 so that Oscilloscope dot display r e s t s  
on peak of Frequency Meter notch. 

e. Set START/CW and Frequency Meter to low end 
of Sweep Oscillator frequency range. Set A3R2 so 
that Oscilloscope dot display r e s t s  on peak of Fre- 
quency Meter absorption notch. 

f .  Repeat this procedure at frequencies listed in 
the table below. The table also lists the adjustment 
that s e t s  each frequency. This concludes calibration 
of the GC scale for the CW and START frequencies. 

5-55. STOP SCALE CALIBRATION. 

5-56. Before calibrating the STOP scale be su re  that 
the CW-START scale is properly calibrated (see 
Paragraph 5- 53). 

a. Connect Sweep Oscillator in test  setup shown 
in Figure 5-2 omitting connections A and B. 

Adjust 

A3R1 

A3R2 

A3R3 

Models 691A/692A/693A/694A 

To Calibrate START/CW Setting of 

691A 692A 693A 694A 
(Gc) (Gc) (Gc) (Gc) 
1.05 2.1 4.2 8.2 

1.0 2.0 4.0 8.0 

1.2 2.4 4.8 8.9 
A3 R4 

A3R5 

A3R6 

A3R7 

A3R8 

1.3 

1.4 

1.4 
1.6 

1.7 

1.8 

1.9 

2.0 

2.6 

2.8 

3.0 

3.2 

3.4 

3.6 

3.8 

4.0 

' 5.2 

5.6 

6.0 

6.4 

6.8 

7.2 

7.6 

8.0 

9.3 

9.8 
10.2 

10.6 

11.1 
11.5 

12.0 

12.4 
I I 1 n I 

t3y-r /  - C O P  ~ b c ~ c  y o h  n a d  

7c~b'c b. Set Sweep Oscillator controls as follows and 

LINE . . . . . . . . . . . . . . . . . . . . . . . . . .  R F  
SWEEP SELECTOR . . . . . . . . . . . .  MANUAL 
MANUAL SWEEP . . . . . . .  maximum clockwise 
STOP/AF . . . . . . . .  high end of Swp Osc range 
POWER LEVEL . . . . . . .  maximum clockwise 

allow a 15-minute warmup. 

c. Remove cabinet top cover for access to etched 
circuit A8 (see Figure 5-7). 

d. Set Frequency Meter to high end of Oscillator 
range. Set A8R2 to position Oscilloscope dot display 
on peak of Frequency Meter absorption notch. This 
concludes calibration of the STOP scale. If the 
START/CW control has noticeable effect on the fre- 
quency se t  by the STOP/AF control, AlQl o r  AlQ2 
may be marginally defective (low Beta). 

5-12 

5-57. FAST SWEEP LINEARITY. 

a. Connect Sweep Oscillator in tes t  setup shown 

b. Set Sweep Oscillator controls as follows and 

LINE . . . . . . . . . . . . . . . . . . . . . . . . . .  R F  
SWEEP TIME (SEC) . . . . . .  1 - .1 (vernier to 

LINE SYNC) 
SWEEP SELECTOR . . . . . . . . . . . . . .  AUTO 
START STOP . . . . . . . . . . . . . . .  depressed 

c. Remove cabinet top cover for access to etched 
circuit Al. 

d. Set Frequency Meter to highest frequency in 
Sweep Oscillator range. 

e. Set START/CW and STOP/AF for narrow start- 
stop sweep (e.g., 5 to 10 Mc) centered on Frequency 
Meter setting. Note location of Frequency Meter 
notch on Oscilloscope display. 

f. While observing Oscilloscope display, switch 
SWEEP TIME (SEC) between1 - .1 and.1 - .01. Adjust 
A1C7 for no apparent shift of Frequency Meter notch. 

in Figure 5-2 omitting connections A and B. 

allow a 5-minute warmup. 

5-58. A F  SCALE CALIBRATION. 

5-59. Adjusting A F  scale calibration does not affect 
any other calibration, but the CW scale must be 
properly calibrated before the A F scale is calibrated. 

a. Connect Sweep Oscillator in tes t  setup shown 

b. Set Sweep Oscillator controls as follows, and 

LINE . . . . . . . . . . . . . . . . . . . . . . . . . .  R F  
SWEEPSELECTOR . . . . . . . . . . . .  MANUAL 
START/CW . . . . . .  low end of Swp Osc range 
STOP/AF . . . . . . .  high end of Swp Osc range 
MANUAL SWEEP . . . . . . . . . .  maximum ccw 
POWER LEVEL . . . . . . . . . . .  .maximum cw 

c. Remove cabinet top cover for access to etched 
circuit A1 (see Figure 5-7). 

d. Using Digital Voltmeter recommended in Table 
5-2, measure the dc voltage between AlV6, pin 2 and 
ground. Record as Vi. 

e. Set MANUAL SWEEP fully clockwise and repeat 
measurement of step d. Record as V2. 

f .  Depress A F  and repeat measurements of steps 
d and c. Adjust AlR61 so that V2 - V1 with A F  
depressed is one-tenth of V2 - V1 with START STOP 
depressed. 

g. Measure voltage at AlR36, AlR65 junction, and 
record as V3. 

h. Measuring voltage at A1V2A, pin 8, s e t  MAN- 
UAL SWEEP so voltmeter reading equals V3. 

i. Measure voltage at AlR62, AlR63, AlR66 junc- 
tion. Set AlR63 to obtain 0 volts. 

j. Set STOP/AF to 0 MC. Measure voltage between 
AlV6, pin 2, and chassis ground. Adjust AlR28 SO 
there is no change in voltmeter reading with full ro- 
tation of MANUAL SWEEP. 

in Figure 5-2 omitting connections A and B. 

allow a 15-minute warmup. 
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k. Set SWEEP SELECTOR to CW, Frequency Meter 
and START/CW to high end of Oscillator range. Ad- 
just AlR33 so that Oscilloscope dot display r e s t s  on 
point of Frequency Meter notch. 

m. Set SWEEP SELECTOR to AUTO, STOP/AF to 
0 MC, START/CW and Frequency Meter to low end of 
Oscillator range. START/CW setting and Frequency 
Meter reading must agree within *l%. 

5-60. MARKER SWEEP CALIBRATION. 

5-61. Before calibrating MARKER SWEEP operation 
be su re  that the CW-START scale is properly cali- 
brated (see Paragraph 5- 53). Changing either MARK- 
ER SWEEP calibration adjustment affects the calibra- 
tion of the corresponding frequency marker,  but sub- 
sequent correction of the frequency marker  calibration 
does not affect MARKER SWEEP calibration. 

a. Connect Sweep Oscillator in test  setup shown 

b. Set Sweep Oscillator controls as follows, and 

LINE . . . . . . . . . . . . . . . . . . . . . . . . . .  R F  
SWEEP SELECTOR . . . . .  .- . . . . . . . . .  CW 
MARKER SWEEP . . . . . . . . . . . . .  depressed 
MARKER 1 START/CW . . . .  highest numbered 

R F  frequency 
POWER LEVEL. . . . . . . . . . . .  maximum cw 
MARKER 2 STOP . . . . . . . .  highest numbered 

R F  frequency 
MANUAL SWEEP. . . . . . . . . . .  maximum cw 

in Figure 5-2 with connection A. 

allow a 15-minute warmup. 

c. Remove cabinet top cover for access  to etched 
circuit A4 (see Figure 5-7). 

d. Set Frequency Meter to highest numbered fre- 
quency on the MARKER 1 START/CW indicator and 
adjust A8R3 to locate Oscilloscope dot display on 
point of Frequency Meter notch. This completes 
calibration of the START/CW indicator for MARKER 
SWEEP operation. 

e. Set SWEEP SELECTOR to MANUAL and adjust 
A8R4 to locate Oscilloscope dot display on point of 
Frequency Meter notch. This completes calibration 
of the STOP indicator for MARKER SWEE P operation. 

5-62. MARKER CALIBRATION. 

5-63. Before calibrating the frequency markers  be 
s u r e  that MARKER SWEEP is properly calibrated 
(see Paragraph 5-60). Adjusting frequency marker  
calibration does not affect MARKER SWEEP cali- 
bration. 

a. Connect Sweep Oscillator in test  setup shown 

b. Set Sweep Oscillator controls as follows and 

in Figure 5-2 with connection A. 

allow a 15-minute warmup. 

LINE . . . . . . . . . . . . . . . . . . . . . . . . . .  R F  
SWEEPSELECTOR . . . . . . . . . . . . . .  AUTO 

(VERNIER mid- rotation) 
SWEEP TIME (SEC) . . . . . . . . . . . .  .1 - .01 

A F  . . . . . . . . . . . . . . . . . . . . . .  depressed 

Section V 
Paragraphs 5-60 to  5-65 

START/CW . . . . . . .  low end of Swp Osc range 
STOP/AF . . . . . . . . . . . . . . . . . .  50 Mc A F  
MARK 1 . . . . . . . . . . . . . . . . . . .  depressed 
MARKER 1 . . . . .  lowest numbered frequency 
MARKER 2 . . . . .  lowest numbered frequency 
POWER LEVEL . . . . . . . . . . . .  maximum cw 

c. Remove cabinet top cover for access  to etched 
circuit  A4 (see Figure 5-7). 

d. Set Frequency Meter to lowest numbered fre- 
quency on the MARKER 1 indicator. Adjust A4R20 
to superimpose MARK 1 notch and Frequency Meter 
notch on Oscilloscope display. 

e. Release MARK 1, depress MARK 2, and repeat 
step d, adjusting A4R30. 

f. Set MARKER 1, MARKER 2, START/CW and 
the Frequency Meter to the highest frequency in the 
Sweep Oscillator frequency range. Adjust A4R12 to 
superimpose the MARK 2 and Frequency Meter notch 
on the Oscilloscope display. 

g. Release MARK 2, depress MARK 1, andadjust  
A4R3 to superimpose MARK 1 and Frequency Meter 
notches on Oscilloscope display. 

h. Set START/CW to high end of Oscillator range, 
STOP/AF to low end of Oscillator range, depress 
START STOP ( A F  releases), and se t  SWEEP TIME 
(SEC) VERNIER to LINE SYNC. Adjust A4C4 to 
superimpose MARK 1 and Frequency Meter notches 
on Oscilloscope display. 

i. Release MARK 1, depress MARK 2, and adjust 
A4C6 to superimpose MARK 2 and Frequency Meter 
notches on Oscilloscope display. Both frequency 
marke r s  a re  now calibrated. 

5-64. ZERO EXTERNAL FM ADJUSTMENT. 

a. Connect Sweep Oscillator in test setup shown 

b. Set Sweep Oscillator controls a s  follows: 

in Figure 5-2 omitting connections A and B. 

LINE . . . . . . . . . . . . . . . . . . . . . . . . .  R F  
SWEEPSELECTOR. . . . . . . . . . . . . . . .  CW 
START/CW . . . . . . .  middle of Swp Osc range 
START STOP . . . . . . . . . . . . . . . .  depressed 

c. Adjust Oscilloscope to observe displacement of 
dot display of R F  output is tuned through frequency 
meter  notch. No sweep required. 

d. Set Frequency Meter to START/CW setting, 
short  circuit EXT FM input 512, and depress EXT FM. 

e. Adjust AlR55 (Ext FM Zero Adj) to position 
Oscilloscope dot display on point of Frequency Meter 
notch. 

5-65. ALC AMPLIFIER BALANCE. 

a. Connect Sweep Oscillator in test  setup shown 
in Figure 5-3 omitting the Square Wave Generator. 
Fo r  standard Sweep Oscillators, include connection A. 

b. Remove cabinet top cover for access to etched 
circuit A5 (see Figure 5-7). 
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c. Set Sweep Oscillator controls as follows and 
allow a 15-minute warmup. 

Models 691A/692A/693A/694A 

START/CW. . . . . . .  high edd of Swp Osc range 
STOP/A F . . . . . . . .  low end of Swp Osc range 
START STOP . . . . . . . . . . . . . . .  depressed 
SWEEPSELECTOR . . . . . . . . . . . . . .  AUTO 

POWERLEVEL . . . . . . . . . . . . . . . . . . .  5 
GAIN. . . . . . . . . . . . . . . . . .  1/4 cw rotation 
ALC (INT ALC) . . . . . . . . . . . . . .  depressed 
LINE .......................... R F  

SWEEP TIME (SEC) . . . .  1 - .01 (LINE SYNC) 

d. Adjust POWER LEVEL screwdriver adjust to 
obtain Oscilloscope indication of full-band leveled R F  
output. 

e. Adjust A5R48 until a step appears in the zero 
power (retrace) line. Then adjust A5R48 to move 
step to the left-hand edge of the re t race  line. At this 
point the step becomes a small, bright vertical dis- 
placement. A5R48 is correctly adjusted when this 
displacement just disappears. 

5-66. TROUBLESHOOTING. 

5-67. PURPOSE. The following paragraphs explain: 
first, how to isolate a malfunction to a circuit section 
of the Sweep Oscillator; second, how to isolate a mal- 
function to a circuit within a section using tes t  points 
shown on schematic diagrams and etched circuit illus- 
trations; and third, how to tes t  transistors inoperating 
circuits using a voltmeter (Paragraph 5-122). 

5-68. TEST EQUIPMENT REQUIRED. The test  
equipment required to troubleshoot the Sweep Oscil- 
lator is listed in Table 5-2. Instruments other than 
those listed may be used provided their specifications 
equal o r  exceed the Critical Specifications. 

5-69. I S O L A T I N G  A TROUBLE TO A CIRCUIT 
SECTION. 

5-70. To locate a source of trouble in the Sweep Os- 
cillator, use  the Performance Tes ts  to define the 
trouble(s); i.e., whether related to R F  tuning, R F  
power output, R F  amplitude modulation, R F  ampli- 
tude and frequency stability, loss of one o r  more 
functions, o r  some combination of these. In the 
block diagram, Figure 4-2, the Sweep Oscillator is 
divided into circuit sections: the Frequency Control 
Section, the Voltage Tuned Oscillator, the Amplitude 
Modulation Section, and the Power Supply Section. 
Each section can be tested individually for proper 
operation. 

5-71. The Frequency Control Section has two parts, 
the Tuning Voltage Generator and the Helix Voltage 
Generator. To tes t  the Tuning Voltage Generator, 
s e e  Paragraph 5-75. To test  the Helix Voltage Gen- 
erator,  see  Paragraph 5-80. 

5-14 

5-72. To tes t  the Voltage Tuned Oscillator (BWb 
tube) s ee  Paragraph 5-86. 

5-73. The Amplitude Modulation Section has seven 
parts: the Blanking Switch, Square Wave Generator, 
Marker  Timers  and Marker Generators, Automatic 
Level Control Amplifier, Low Pass Filter, Modu- 
lator and Option 01 Directional Detector. Notice 
that the ALC Amplifier can be isolated from the r e s t  
of the Amplitude Modulation Section by simply re- 
leasing the ALC pushbutton. To test  the Amplitude 
Modulation Section, excluding the ALC Amplifier, 
s ee  Paragraph 5-91. To test  the ALC Amplifier, 
s ee  Paragraph 5- 107. 

5-74. The Power Supply Section furnishes dc opera- 
ting voltages for all sections of the Sweep Oscillator. 
Therefore, a fault in this section can result  in a 
trouble indication in any other section. For  trouble- 
shooting, the Power Supply Section is divided into 
two main parts: transistor-operated power supplies, 
and electron tube-operated power supplies. To tes t  
the transistor-operated supplies s ee  Paragraph 5-111. 
To tes t  the electron tube-operated supplies, see  
Paragraph 5-118. 

5-75. ISOLATING A TROUBLE IN THE 
T U N I N G  VOLTAGE GENERATOR. 

5-76. Tes t  Point 1, Figure 5-16, is a key check 
point for the Tuning Voltage Generator. Since 
it is at a monitor point for the tuning signals 
to the Helix Voltage Generator, a proper indica- 
tion at Tes t  Point 1 eliminates the Tuning Volt- 
age Generator as a source of trouble. To test  
the Generator, first s e t  LINE to STANDBY and 
remove AlV6. Then, with LINE still at STAND- 
BY, observe the waveforms at Tes t  Point 1 dur- 
ing full-band, AUTO, START STOP sweeps, first 
upward, then downward in frequency. For  an up- 
ward sweep, the waveform should be a linear saw- 
tooth voltage of +70, k0.5 volts amplitude having a 
dc level of about 7 volts coincident with START 
frequency. For  a downward sweep, the waveform 
should be the inverse of the upward sweep wave- 
form. If both waveforms a r e  satisfactory, the 
Tuning Voltage Generator may be eliminated as the 
source of trouble. 

5-77. If both waveforms a r e  absent, use the MAN- 
UAL SWEEP mode to repeat the two full-band 
sweeps. The limits of dc voltage variation dur- 
ing MANUAL SWEEP should be the same as 
those given for the AUTO sweep waveforms. If 
MANUAL SWEEP is normal, check the Ramp 
Generator, AlV1. 

5-78. Absence of one waveform during the AUTO 
sweep test  indicates normal operation of the 
Ramp Generator, but malfunction of one sig- 
nal path between the Ramp Generator and the 
Tes t  Point. 
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Test 
Point 

1 

2 

3 

4 

Section V 
Paragraphs 5-79 to 5-88 

MANUAL SWEEP 
Control Setting 

ccw limit 
cw limit 

ccw limit 
cw limit 

' ccw limit 
cw limit 

ccw limit 
cw limit 

ccw limit 
cw limit 

I 

+ 145 + 2  
0 *0.1 

O t o + 1  

ccw limit 
cw limit 

+ 158 + 3  
0 I 

0 + O . l  
+ 145 & I 2  

+ 145 + 2  
0 * O . l  

ccw limit 
cw limit 

ccw limit 
cw limit 

ccw limit 
cw limit 

7 

8 

9 

0 *0 .1  
+ 145 & 2  

+ 80'+5 
+ 250 * 5 

+ 198 + 2  
+ 195 * 2  

~~~ 

ccw limit I + 78 .6+0 .5  7 cw limit + 78.6+0.5  

5-79. Tes t  Points 2 through 10, Figures 5-12 and 
5-16, a r e  given as guides to orderly trouble-localizing 
within the Tuning Voltage Generator. Tes t  Point 2, the 
output of the Ramp Generator, is the key checkpoint 
for the Ramp Generator. Typical Ramp Generator 
waveforms a r e  shown in Figure 4-6. The MANUAL 
SWEEP tuning mode is recommended for trouble- 
localizing using Tes t  Points 1 through 10. MANUAL 
SWEEP permits  dc voltage measurements at the op- 
erating limits corresponding to the R F  tuning range 
end frequencies. Set SWEEP SELECTOR to MANAUL, 
START/CW and STOP/AF to the high frequency limit, 
depress START STOP and measure dc voltages as in 
the table above. With the exception of the s ta r red  
values, all voltages a r e  given for controls s e t  as 
above. Measure the s ta r red  voltages after setting 
STAFtT/CW and STOP/AF to the low frequency limit. 

5-80. I S O L A T I N G  A TROUBLE IN THE 
HELIX  VOLTAGE GENERATOR. 

5-81. The Helix Voltage Generator is shown sche- 
matically in Figure 5-20. Numbered stars indicate 
recommended test  points. Set up a full-band manual 
sweep and rotate MANUAL SWEEP through its range 
while measuring the helix voltage variation at TB1 
(Test Point 1, Figure 5-20). The helix voltage l imits 
should be within *lo% of those listed below. If 
not, check at  Tes t  Point 2 for proper tuning voltage 
input f rom the Tuning Voltage Generator. The 
tuning voltage input should range between zero and 
+70 volts 4 volt with full rotation of MANUAL 
SWEEP. 

02280-1 

Model Helix Voltage Range 

Stewart 
Stewart 
Stewart 
Stewart 

+ 3258 to + 1440V 
+ 325V to + 1725V 
+ 310V to + 1805V 
+ 350V to + 2150V 

5-82. Tes t  Points 3 and 4 a r e  given as guides for 
sectionalizing the Helix Voltage Generator. 

5-83. Out-of-tolerance frequency calibration in a 
segment of the tuning range indicates a malfunction 
in one o r  more branches of the shaping network, 
etched circuit A3. In addition, a noisy diode in the 
shaping network can cause residual FM of the R F  
output. The residual FM will begin at the R F  fre- 
quency at which the noisy diode first begins to conduct 
and will be present at  all R F  frequencies for  which 
the diode is conducting. 

5-84. Residual FM of the R F  output may be caused 
by excessive ripple f rom the Tuning Voltage Gener- 
ator. To isolate the trouble source, s e t  up CW oper- 
ation, tune the R F  output to the low frequency limit of 
the R F  tuning range, and short-circuit pin 2 of A1V6 
to the chassis. If the residual FM decreases sig- 
nificantly, check the Tuning Voltage Generator for 
excessive ripple. If FM is unchanged, check the 
BWO tube operating voltages for excessive ripple. 

5-85. To isolate the cause of non-linear auto-tuning 
of the R F  output, 

a. Check for  proper  helix voltage variation. 

b. Check for linear ramp from Tuning Voltage 
Generator at Tes t  Point 2, the input to the Helix Volt- 
age Generator. If the ramp is non-linear, s e t  LINE 
switch to STANDBY, remove AlV6, and recheck ramp 
linearity at Tes t  Point 2. If the ramp is linear, check 
the Helix Voltage Generator. If it is still non-linear, 
check the Tuning Voltage Generator. 

5-86. ISOLATING TROUBLE T O  THE B W O  
TUBE. 

5-87. Three common signs of BWO tube aging a r e  
1) reduced R F  output throughout the tuning range, 
2) complete loss  of R F  output at some frequency, and 
3) persistent shutdown due to helix overcurrent relay 
operation during unleveled, full R F  power operation 
in the upper half of the R F  tuning range. The first 
two indications a r e  usually due to reduced cathode 
current, while the third is usually caused bygas ioni- 
zation in the BWO tube. Normal aging of the BWO 
tube does not show as frequency calibration e r ro r .  

5-88. To determine whether the cause of one of the 
foregoing symptoms is actually the BWO tube, begin 
by measuring BWO tube heater voltage and current at 
TB1 (see Figure 5-6). If heater voltage and current 
a r e  correct, optimize anode voltage and operating 
currents using the procedure of Paragraph 5-47. If 
this procedure does not res tore  normal operation of 
a BWO tube still in warranty, return the tube for ad- 
justment as instructed in the Warranty Claim and Ad- 
justment Procedure at the r e a r  of this manual. If the 
tube warranty has expired, t ry  the procedure of Para- 
graph 5-48 before discarding the tube. 
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5-89. If the cause of symptom 3) above is gas ioniza- 
tion, no adjustment of operating voltages will res tore  
normal, full-band operation. However, the tube may 
continue to give acceptable performance within a re- 
stricted tuning range. To define the tuning limits, 
set the Sweep Oscillator for CW operation (POWER 
LEVEL at  10) and measure helix current while tuning 
upward in frequency through the full band. Restrict  
the upper tuning limit to the frequency just below the 
excessive helix current point. 

5-90. If there is no R F  output over a segment of the 
tuning range near one limit, check for proper tuning 
range using an R F  Frequency Meter. If the range of 
tuning voltage applied to the BWO helix shifts s o  that 
a portion is outside the specified operating range for 
the tube, the result  is usually abrupt loss of R F  out- 
put where the tuning voltage goes beyond the operating 
l imit  of the tube. 

Models 691A/692A/693A/694A 

5-91. ISOLATING A TROUBLE IN T H E  
AMPLITUDE M O D U L A T I O N  SECTION. 

5-92. The Amplitude Modulation Section is shown 
schematically in Figure 5-22 and 5-26. The numbered 
s t a r s  on the diagram indicate key check points in sig- 
nal paths, and the sequence of numbers is intended as 
a guide to orderly trouble-localizing. Test  Point 2, a t  
the input to the BWO Cathode Current Modulator is 
common to all amplitude modulation signals, automatic 
level control signals, and the POWER LEVEL control 
voltage. F rom Test  Point 2, the Test  Points are num- 
bered for localizing trouble to the various amplitude 
modulation function. For  instance, Test  Points 4 and 5 
a r e  located at  the input and output of the circuit which 
forms the R F  blanking pulse; Test  Points 3 and 6 
bracket the circuit which forms the internal square 
wave modulation signal; Test  Points 7,9,12 and 14 sub- 
divide the circuit which generates frequency MARKER 
1; and Test  Points 8,10,13 and 15 subdivide the circuit 
which generates frequency MARKER 2. Following 
paragraphs contain the data required to test  perform- 
ance of the individual amplitude modulation circuits. 

5-93. LOW PASS FILTER (692A, 693A, 694A). 

5-94. Low Pass Filter FL1 (Option 01) is a passive 
device included to attenuate R F  harmonics generated 
by the BWO tube. To determine whether the filter 
is a trouble source, remove i t  and connect the BWO 
tube output directly to the Directional Detector R F  
input. 

5-95. OPTION 01 DIRECTIONAL DETECTOR. 
5-96. Sweep Oscillators equipped to furnish leveled 
R F  power a r e  designated Option 01, and a r e  distin- 
guished from standard Sweep Oscillators by the label 
INT ALC on the pushbutton under the POWER LEVEL 
control. 

5-97. Option 01 Sweep Oscillators are supplied with 
internal directional coupler-crystal detector combi- 
nations which a re  mounted directly behind the RFout- 
put. In the Models 691A and 692A these combinations 
a r e  standard HP 786D and 787D Directional Detectors. 
In the Models 693A and 694A the unit consist of a 
coaxial 10-db directional coupler with a standard HP 
423A crystal  detector at the secondary line output. 

5-16 

5-98. I the process  of localizing the cause of sub- 
standard performance the Option 01 directional de- 
tector units may be isolated and tested individually. 
To test  the performance of the Model 691A and 692A 
units use the Performance Checks from the Operating 
Note included as Appendix I1 in this manual. In the 
case of the Model 693A and 694A units remove the 
HP 423A Crystal  Detector from the unit and test it 
separately using the information in the Operating Note 
included as Appendix 111 in this manual. If the di- 
rectional coupler proves defective, return it to 
Hewlett-Packard for repair. 

5-99. BLANKING CIRCUIT. 

5-100. To check for  proper operation of this circuit 
compare with the first pair  of typical input and output 
waveforms as shown. Formation of the R F  blanking 
pulse is explained in Paragraph 4-35 through 4-38, 
and Paragraphs 4-72 and 4-73. Timing of the blank- 
ing pulse is illustrated in Figure 4-7. For  oscillo- 
scope display of the blanking pulse, set the Sweep 
Oscillator for an automatic sweep with sweep time 
suitable for viewing and the sweep time vernier in 
the LINE SYNC detent position. 

5-101. SQUARE WAVE GENERATOR. 

5-102. To check for normal operation of the square 
wave generator, depress INT SQ WAVE and compare 
waveforms as shown in the second set. 

+1.2v - 
+ I.0V - 

TEST 
POINT 

4 

-0.5V - 

o v  - 

T E S T  
POINT 

5 

-5.2V - 
6 9 5 A - A - 1 5  

5-103. FREQUENCY MARKER CIRCUITS. 

5-104. To check signal flow in a marker  channel s e t  
the Sweep Oscillator for  automatic start-stop sweep 
operation with sweep time suitable for oscilloscope 
display and se t  MARKER 1 and MARKER 2 to the 
same  frequency. Then compare signal flow, point- 
by-point, between the operational and defective mark- 
e r  channels. 
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TEST 
POINT 

6 

+ 2 1 v  - 

o v  - 
-4v- 

09 
COLLECTOR OV - 2 -5v- 

-5v- O V -  1 Q 10 
B A S E  

a l l  
B A S E  

-1v - 

Q I I  
E M I T T E R  

-6.5V - 
6 9 5 A - A - 1 4  

5- 105. For  troubleshooting using dc voltage measure- 
ments: 

a. Set Sweep Oscillator controls a s  follows: 
LINE . . . . . . . . . . . . . . . . . . . . . . . . . .  R F  
SWEEP SELECTOR . . . . . . . . . . . .  MANUAL 
START/CW . . . . . . .  low end of Swp Osc range 
STOP/AF . . . . . . . .  high end of Swp Osc range 
START STOP . . . . . . . . . . . . . . .  .depressed 
MARKER 1 . . . . . . . . . . . .  midband frequency 
MARKER 2 . . . . . . . . . . . .  midband frequency 

b. Compare dc voltages measured at  points listed 
below to typical voltages given. Voltages a r e  given 
for MARKER 1 channel test points only. However, 
voltages at corresponding points in the Marker 2 
channel should be nearly similar.  

MARKER 1 
Channel 

Test Point 

A4VlA, pin 8 
A4V2A, pin 8 
A4V3A, pin 2 
A4Q1 base 
A4Q1 collector 
A5Q3 base 
A5Q3 emitter 
A5Q3 collector 
A5Q4 base 
A5Q4 emitter 
A5Q4 collector 
A5Q5 base 
A5Q5 emitter 

DC VOLTAGE (volts) 
MANUAL 
SWEEP 
Max cw 

+ 7 8 i 3  
-35 i 2 *  
+ 5.5 i 0 . 5  
- 0 . 7 + 0 . 3  
+ 5 i l  
+12.4 i 0 . 5  
+ 12.6 i 0 . 5  
+ 12.4 i 0 . 5  
+ 12.8 i 0 . 2  
+12.6 i 0 . 5  

+ 0.4 i 0 . 2  
+ 0 .6 iO .2  

- 6.8 k0.2 

MANUAL 
SWEEP 
Max ccw 

+ 8 i 3  
-35 *2* 
- 6.8 i 0 . 2  
- 9 . 5 + 2  
+ 1 5 i l  
+ 14 i 0 . 5  
+ 13.0 k0.5 

+ 12.8 i 0 . 2  
+ 13.0 +0.5 
+ 1 1 . 5 i 0 . 5  
+ 0.4 i 0 . 2  
+ 0.6 i 0 . 2  

- 6.8 i 0 . 2  

* actual voltages should be equal. 

5-106. If, during a narrow sweep, oscilloscope dis- 
play of a frequency marker  shows horizontal jitter, 
check for noise in r e s i s to r s  A4R7 and A4R8 (MARK- 
ER l), and A4R9 and A4R10 (MARKER 2). 

5-107. ISOLATING A TROUBLE IN THE ALC 
AMPLIFIER. 

5-108. The ALC Amplifier is shown schematically in 
Figure 5-30. Numbered stars suggest a logical se- 
quence for localizing the cause of trouble within the 
amplifier. For  trouble isolation, the ALC Amplifier 
can be divided into four parts: Differential Amplifier 
A5V1, A5Q16, A5Q17 and A5Q18, Amplifier A5Q19, 
Switch A5QZl and Inverter A5Q22. Of these, the two 
principal par ts  a r e  the Differential Amplifier and the 
Amplifier. The Differential Amplifier develops the 
R F  leveling signal while the Amplifier inverts and 
amplifies this signal for application to the Gain Shaping 
Circuit. Inverter A5Q22 impresses  amplitude mod- 
ulation signals onto the dc reference side of the 
Differential Amplifier. Switch Q21 flashes DS2 
to warn of an open condition in the R F  leveling 
system. 

5-109. The Differential Amplifier consists of two 
sides: the reference side and the signal side. 
A5Q16B, A5VlB and A5Q18 comprise the reference 
side. The signal side consists of A5Q16A, ASVlA 
and A5Q17. For  proper operation of the Differential 
Amplifier, both these sides must operate as balanced 
units. Normal unbalance is compensated for by 
A5R48, ALC Balance. To isolate unbalance due to 
a defective component in one side: 

a. connect the base of A5Q16A and the base of 
A5Q16B to the Oscillator chassis, 

b. adjust A5R48 to give equal dc voltages at A5R42, 
A5R47' junction and A5R49, A5R58 junction, then 

c. compare dc voltage measurements at corre- 
sponding points in each side of the Differential 
Amplifier. 

Some discrepancy between readings is accounted for  
by normal gain difference between transistors.  HOW- 
ever,  a defective active component (Le., transistor 
o r  electron tube) will usually produce a marked dif- 
ference between readings. 

5- 110. Operational balance of the ALC Amplifier 
must be restored as described in Paragraph 5-65 
following the above procedure. 

5-111. ISOLATING A TROUBLE IN THE 
TRANSISTORIZED POWER SUPPLIES. 

5-112. The +20 volt, -6.3 and 12.6voltpower supplies, 
shown schematically in Figure 5-33, are fully transis- 
torized power supplies. The schematic diagrams show 
typical, normal operating voltages within the supply. 
Normal operating characterist ics (e.g., output voltage, 
ripple and current) of each supply are given at  the 
supply output. The typical output voltages and 
currents assume Sweep Oscillator operation from a 
115 VAC supply. Output ripple, however, should not 
exceed the value given over a 10% line voltage 
variation. 
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Note 

Never adjust a supply i f  the DC output is only 
slightly out of tolerance while Sweep Oscil- 
lator performance, supply ripple, and regu- 
lation a r e  normal. Adjustment of a slightly 
out-of-tolerance supply can upset the cali- 
bration of one o r  more Sweep Oscillator 
functions. 

5-113. Normal variation in component operating char- 
acter is t ics  will account for nominal variation in nor- 
mal  operating voltages from Sweep Oscillator to Sweep 
Oscillator. Fo r  instance, *lo% variation in the volt- 
ages shown at the collectors of A7Q2 (+20volt supply) 
and Q6 in the -6.3 volt supply would be normal while 
normal variation in dc voltages within the regulators 
of these supplies would be +0.2 volt for the +20 volt 
supply and +0.1 volt for the -6.3 volt supply. 

Symptom 

High 

Voltage 
output 

Low 

Voltage 
Output 

: 

Models 691A/692A/693A/694A 

+ 20 VOLT 

+ 275V Supply 

Shorted 
A7Q2, A7Q3 

A7Q4 

Open 
A7Q5 

+ 275V Supply 

5-114. Normal variation in voltages within the 12.6 
volt supply would .be *lo% at  the collectors of 
Ser ies  Regulators Q1 and Q2, and &5% for  volt- 
ages within the regulator circuit. 

5-115. Make measurements within the transistorized 
supplies using the Sweep Oscillator chassis as the 
reference potential. This practice avoids damage to 
transistors by loop currents which might result  if the 
measuring device (voltmeter) reference potential is 
not chassis (ground) potential. 

5-116. Numbered stars on the schematic diagrams 
indicate measurement points. Corresponding num- 

. bered s t a r s  on the etched circuit illustration show 
convenient places to make the measurements. The 
sequence of numbers within each supply suggests a 
logical trouble-localizing sequence. 

5-117. Table 5-3 l is ts  possible causes of high and 
low output voltages from the transistorized power 
supplies. 

-6.3 VOLT 12.6 VOLT 

-3OOV Supply Shorted 

Shorted A741 
A7Q6 Q1 

Q3, Q4,Q5, Q6 Q2 
open Open 
A7Q7 A7CR1, 

-3OOV Supply Shorted 
273 

Table 5-3. Trouble Locating Guide for  
Transistorized Power Supplies 

Power Supply and Possible Cause I 

Shorted Shorted A7CR1 
A7Q5 1 A7Q6 A7CR2 

/A7CR3 1 
A7Q2 ,A7Q3 A6Q6 

A7Q4 

5-118. I S O L A T I N G  A TROUBLE IN THE 
ELECTRON TUBE P O W E R  SUPPLIES. 

5-119. The electron tube power supplies a r e  shown 
schematically in Figure 5-36. Seven dc operating 
voltages originate in these supplies: they a r e  +275 

-81 volts and a positive voltage for the BWO tube 
anode. Of these, the principal two are the +275 volts 
and -300 volt supplies. The remaining five a r e  de- 
rived from +275 and -300 volts. In addition, proper 
operation of the +275 volt supply depends upon proper 
operation of the -300 volt supply because -300 volts 
is the +275 volt supply reference potential. 

Volts, +156 Volts, +81 Volts, -300 Volts, -83 Volts, 

5-120. Typical, normal operating voltages within each 
supply are given on the schematic diagram. These 
voltages assume operation of the Sweep Oscillator 
from a 115 VAC supply. Normal variation in com- 
ponent operating characterist ics will produce varia- 
tions in normal operating voltages from Sweep Oscil- 
lator to Sweep Oscillator, yet circuit function will be 
normal. Therefore, +3% difference between voltages 
given and voltages measured is tolerable except for 
the dc voltages between rectifiers and Series Regu- 
lators.  Here the variation can be &lo%. The ripple 
given at the output of the +275 and -300 volt supplies 
must not exceed the value given on the schematic 
diagram for 10% line voltage variation. Increased 
ripple with line voltage variation usually signifies 
marginal operation of the supply. 

5-121. Numbered s t a r s  on the schematic diagram in- 
dicate measurement points. Corresponding numbered 
stars on the etched circuit illustration indicate con- 
venient measurement points. The sequence of num- 
bers suggests a logical o rde r  for trouble-localizing. 

5-122. I S O L A T I N G  TROUBLE IN 
TRANSISTOR CIRCUITS. 

5-123. The following procedures and data are given 
t? aid in determining whether a transistor is opera- 
tional. Tests  a r e  given for  both in-circuit and out- 
of-circuit transistors.  

5-124. IN-CIRCUIT TESTING. 

5-125. The common causes of transistor failures 
are internal short- and open-circuits. In transistor 
circuit  testing the most important consideration is 
the transistor base-emitter junction. Like the con- 
t rol  grid of a vacuum tube, this is the operational 
control point in the transistor.  This junction is es- 
sentially a solid state diode. For the transistor to 
conduct, the diode must conduct; that is, the diode 
must be forward biased. As with simple diodes, the 
forward-bias polarity is determined by the materials 
forming the junction. U s e  the transistor symbol on 
the schematic diagram to determine the bias polarity 
required to forward-bias the base-emitter junction. 
The A part  of Figure 5-8 shows transistor symbols 
with terminals labeled. Notice that the emitter arrow 
conventionally points toward the type N material. The 
other two columns of the illustration compare the 
biasing required to cause conduction and cut-off in 
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Figure 5-8 

A. TRANSISTOR BIASING 
SYMBOL CUT OFF CONDUCTING DEVICE 

PLATE + 200v 

-15V Q 
- - 

+200v 

GRID -@ VACUUM TUBE 

CATHODE 

COLLECTOR +2ov 
I 

t20v 

(OR-) OV@ 
N P N TRANSISTOR 

E M I T ~ E R  

COLLECTOR -2ov -20v 

(OR+) O V 4  
P N P TRANSISTOR 

EMITTER * 

B. AMPLIFIER CHARACTERIST cs 
COMMON ON 

'ER 
COMl 
EMIT 

COMMON 
BASE CHARACTERISTIC COLLECTOR 

30-50 II 
300-500K n 

500-1500 

< I  

20-30 db 

500-1500 fl 

30-50K fl 
INPUT Z 

OUTPUT Z 

VOLTAGE GAIN 

CURRENT GAIN 

POWER GAIN 

20 -500 K II 
50-1000 f2 

300 - 1000 < I  

25-50 25 -50 

25-40 db 
-15V 

10-20 db 

-15V -15V 4 INPUT 
OUTPUT 

8614A-0-0 

Figure 5-8. Transistor Biasing and Operating Characteristics 
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transistors and vacuum tubes. If the transistor base- 
emitter diode (junction) is forward-biased the tran- 
s i s to r  conducts. If the diode is heavily for- 
ward-biased, the transistor saturates.  However, 
if  the base-emitter diode is reverse-biased the 
transistor is cut-off. The voltage drop across  
a forward-biased emitter-base diode varies with 
transistor collector current. For  example, a 
germanium transistor has a typical forward-bais, 
base-emitter voltage of 0.2-0.3 volts when collec- 
t o r  current is 1-10 ma, and 0.4-0.5 volts when 
collector current is 10-100 ma. In contrast, 
forward bias voltage for silicon transistors is 
about twice that for germanium types: about 
0.5-0.6 volts when collector current is low, and 
about 0.8-0.9 volts when collector current is 
high. 

Small 

Power 

Models 691A/692A/693A/694A 

emitter base* 200-500 

emitter collector IOR-IOOK 

emitter base* 30-50 
several  emitter collector hundred 

Table 5-4. Out-of-Circuit Transistor 
Resistance Measurement 

base Small 

Connect Ohmmeter Measure 
Transistor bl Resistance (ohms) 

5 P e  lead to lead to 

emitter 1K-3K 

PNP 
Ger- 

manium 

N P N  

Silicon 

collector emitter might read I /  I ;rery high 5-126. Figure 5-8, pa r t  B, shows simplified ver- 
sions of the three basic transistor circuits and 
gives the operating characterist ics of each. When 
examining a transistor stage, f i rs t  determine if 
the emitter-base diode is biased for conduction 
(forward-biased) by measuring the voltage dif- 
ference between emitter and base. When using 
an electronic voltmeter, do not measure directly 
between emitter and base: there may be suffi- 
cent loop current between the voltmeter leads 
to damage the transistor.  Instead, measure each 
voltage separately with respect to a voltage com- 
mon point (e.g., chassis). If the emitter-base 
diode is forward-biased, check fo r  amplifier action 
by short-circuiting base to emitter while ob- 
serving collector voltage. The short-circuit elimi- 
nates base-emitter bias and should cause the 
transistor to stop conducting (cut off). Collector 
voltage should then shift to near the supply volt- 
age. Any difference is due to leakage current 
through the transistor and, in general, the smaller  
this current, the better the transistor.  If collec- 
t o r  voltage does not change, the transistor has 
either an emitter-collector short  circuit o r  emitter- 
base open circuit. 

open) 

high, often 

*To test  for transistor action, add collector-base 
short. Measured resistance should decrease. 

Table 5-5. Safe Ohmmeter Ranges for  
Transistor Resistance Measurements 

3hmmetei 

Open 
Ckt 

Voltage 

Short 
Ckt 

Current 

R x  1K 
R x 10K 
R x 100K 
R x 1M 
R x  10M 

1. ov 
1. ov 
1. ov 
1. ov 
1. ov 

1 ma  
100 p a  

10 p a  
1 Pa 

0 .1  p a  

HP 412A 

5-127. TESTING TRANSISTORS WITH AN 
OHMMETER. R x  1K 

R x 10K 
R x 100K 
R x 1M 
R x  10M 

0.57 ma  
57 p a  

5.7 p a  
0.5 p a  
0.05 pa 

1.3V 
1.3V 
1 . 3 v  
1.3V 
1.3V 
1.1v 
1.1v 
1.1v 
1.1v 
1.1v 

5-128. The two common causes of transistor failure 
a r e  internal short- and open-circuits. Remove the 
transistor f rom the circuit and use an ohmmeter to 
measure internal resistance. See Table 5-4 for 
measurement data. 

HP 410C 

R x 100 
R x 1K 
R x  10K 
R x  100K 
R x  1M 

1.1 ma 
110 p a  
11 p a  

1.1 p a  
0.11 p a  

HP 410B 
CAUTION 

Most ohmmeters can supply enough current 
o r  voltage to damage a transistor.  Before 
using an ohmmeter to measure transistor 
forward o r  reverse  resistance, check open- 
circuit voltage and short-circuit current 
output ON THE RANGE TO BE USED. Open- 
circuit voltage must not exceed 1.5 volts 
and short-circuit current must be less than 
3 ma. See Table 5-5 for safe resistance 
ranges for some common ohmmeters. 

Simpson 
260 

R x 100 1 .5v  1 ma 
Black 

Black 
Red 

Simpson 
269 

R x 1K 1 . 5 v  0.82ma 

3.25 ma 
325 ma 
750 p a  

75 p a  

R x 100 
R x 1K 

R x  10 
R x  100 

1 . 5 v  
1.5V 

1 . 5 v  
1.5V 

Triplett 
630 

Triplett 
3 10 

Varies wi 
Serial 

Number 
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the adapter from the balun. Both units are par t  of 
the BWO tube and must be included with a BWO tube 
returned for warranty adjustment. New and replace- 
ment BWO tubes are supplied with a balun and adapter 
attached. 

d. Disconnect BWO tube leads from terminal s t r ip  
TB1. 

e. Remove 4 screws fastening BWO tube to chassis. 
Detach both aluminum mounting blocks from BWO 
tube. Save blocks. 

f .  Remove BWO tube. 

5-129.  REPLACING POWER SUPPLY 
TRANSISTORS A N D  DIODE CR12. 

5-130. Transis tors  Q1, Q2, Q3, Q4, Q5, Q6 (Series 
Regulators, transistorized power supplies) and BWO 
heater over-voltage protection diode CR12 a r e  high 
current  types which require good thermal contact 
with mounting surfaces for adequate heat dissipation. 
To assure good thermal contact for a replacement 
transistor,  coat both sides of the black insulator 
with Dow Corning #5 silicone compound or  equivalent 
before fastening the transistor to the chassis. When 
replacing diode CR12, coat the diode case outside 
surface before adding the heat dissipater, and coat 
both sides of both black insulators before bolting the 
dissipater assembly to the sub-chassis. Dow Corn- 
ing #5 compound is available in 8-oz. tubes from 
Hewlett-Packard: order  HP Stock No. 8500-0059. 

5-131. A 5 Q 1 6  LEAD IDENTIFICATION. 

5-132. ALC Amplifier transistor A5Q16 is a dual 
transistor (i.e., two transistors in one case). For  
this configuration, the locating tab which protudes 
from the r i m  of the transistor case identifies the 
collectors, not the emitters.  

5-133. A L I G N I N G  V1, V2, V3 PLATE 
CONNECTORS T O  A V O I D  BREAKAGE. 

5-134. To prevent breakage of the V1, V2, V3 Series 
Regulator ceramic plate connectors when the hinged 
chassis is closed, always check that they a r e  positioned 
to provide clearance for the metal bracket attached to 
the hinged deck. 

5-135. B W O  TUBE REPLACEMENT. 

5-136. WARRANTY. 

5-137. BWO tube V4 is not manufactured by Hewlett- 
Packard and therefore is not covered by the Sweep 
Oscillator Warranty. A separate, manufacturer’s 
warranty covers the BWO tube. BWO tubes are war- 
ranted for  2500 hours, o r  one year,  of heater operation, 
whichever occurs first. If the BWO tube fails  within 
this warranty period, see the Warranty Claim and 
Adjustment ‘Procedure at  the r e a r  of this manual. 
Always detach and return Time Meter A8M1 whenre- 
turning a BWO tube for warranty adjustment. 

5-138. ORDERING A REPLACEMENT BWO TUBE. 

5-139. When ordering a replacement BWO tube from 
Hewlett- Packard order,  in addition, a replacement 
Time Meter (A8M1). 

5-140. BWO TUBE REMOVAL. 
a. Disconnect Sweep Oscillator from AC line power. 

b. Remove top, bottom and right side cabinet covers. 

c. Disconnect BWO tube R F  output from Low Pass  
Fil ter o r  Directional Detector. The BWO tubes 
a r e  equipped with impedance-matching balun units 
attached to the two white R F  output leads. The 
balun consists of a brass-colored assembly and 
a flanged female-to-female type N adapter. IMPOR- 
TANT: Do not disassemble the balun unit nor detach 

02280-1 

5-141. BWO TUBE INSTALLATION. 

5-142. MECHANICAL. 

a. Be su re  Sweep Oscillator is disconnected from 
AC line power. 

b. Fasten two aluminum mounting blocks to BWO, 
inserting screws so heads are recessed in counter- 
sunk holes. Tighten screws securely. 

c. Bolt BWO tube to chassis. Tighten mounting 
bolts. 

d. Connect BWO tube R F  output to Low Pass Filter 
o r  Directional Detector. 

e. Install replacement Time Meter (A8M1) on A8 
etched circuit, locating timing gap over time scale 
zero line. 

5-143. ELECTRICAL ADJUSTMENTS. 

a. Before connecting BWO tube leads to TB1, 

(1) Set Sweep Oscillator for C w  (single-frequency) 
operation at some frequency above the middle 
of the R F  tuning range. 

(2) Measure anode voltage at  TB1 terminal, and 
adjust A2R50 (Anode Voltage) to give anode 
voltage within i 5  volts of the operating value 
on the BWO tube manufacturer’s data sheet. 

coarse-set  anode voltage as follows: 

b. Disconnect Sweep Oscillator from AC line power: 
then connect BWO tube leads to appropriate TB1 
terminals. (Use tube data sheet o r  schematic diagram 
to identify leads.) 

c. Turn on Sweep Oscillator and allow a few minutes 
for  the BWO tube to reach operating temperature. 

d. Set Sweep Oscillator for CW operation at  the 
highest frequency in the R F  tuning range. Set POWER 
LEVEL to 10. 

e. Measure BWO tube anode voltage at TB1 anode 
terminal, and monitor current in BWO tube cathode 
lead (see Figure 5-6). Adjust A2R50 (Anode Voltage) 
to obtain top frequency cathode current specified on 
tube data sheet. 

f. Equalize R F  power output over tuning range as 
follows: 

(1) Connect equipment as in Figure 5-1 to meas- 
u r e  R F  power output. Set Sweep Oscillator 
for CW operation, POWER LEVEL at  10. 
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(2) Measuring current in BWO tube cathode and 
helix leads, tune R F  output to frequency in 
lower half of R F  tuning range a t  whichRF out- 
put is minimum. Adjust A2R48 for maximum 
R F  output without exceeding maximum cathode 
and helix currents  specified on tube datasheet. 

Note 

Excessive helix current actuates Overload 
Relay A6K1, starting a sequence which dis- 
connects BWO operating voltages. To re- 
connect voltages, s e t  LINE to OFF, then 
back to R F  and wait for time delay to recycle. 

(3) Manually tune through the full band checking 
that neither cathode nor helix current exceeds 
data sheet maximum. If maximum exceeded, 
readjust A2R50 (Anode Voltage) and/or A2R48 
(Anode Shape) to reduce current. Anode Shape 
affects lower half of R F  tuning range; Anode 
Voltage affects full band. 

(4) Repeat steps (2) and (3) to obtainbestfull-band 
R F  power flatness within the data sheet cur- 
rent limits. 

g. Calibrate the CW-START dial using the proce- 
dure of Paragraph 5-57. Note: for maximum frequency 
calibration accuracy during leveled R F  (ALC) oper- 
ation, perform the procedure of Paragraph 5-57, but 
use  the setup of Figure 5-3, placing the calibrating 
Frequency Meter between the Attenuator and the Crys- 
tal Detector. (Set the Sweep Oscillator for maximum, 
full-band, leveled R F  operation,) 

h. Use setup of Figure 5-1 to measure R F  power 
output of the BWO tube. 

(1) Set Sweep Oscillator for CW operation, POWER 
LEVEL at 10. 

(2) While measuring R F  power output, tune through 
Oscillator frequency range. Minimum meas- 
ured R F  power must be a t  least  100 mw for the 
Model 691A, 70 mw for the Model 692A, 20 mw 
for the Model 6938, and 20 mw for the Model 
694A. Maximum measured R F  power must 
not exceed measured minimum by more than 
10 db. 

Models 691A/692A/693A/694A 

5-144. TUBE SEMICONDUCTOR REPLACEMENT. 

5-145. Table 5-6 lists checks to be made after re-  
placement of certain electron tubes and semicon- 
ductors (e.g., diodes, transistors).  Replacement of 
unlisted i tems does not affect critical Sweep Oscillator 
functions o r  operating voltages. 

Note 

Do not change an operating voltage or  cali- 
bration adjustment unless it is either def- 
initely outside specified tolerance o r  cali- 
bration accuracy of a dependent function is 
unsatisfactory. Improving a marginal ad- 
justment can adversely affect calibration. 

5-146. ETCHED CIRCUITS. 

5-147. The etched circuit boards in the Sweep Oscil- 
lator a r e  of the plated-through type consisting of 

5-22 

metallic conductors bonded to both s ides  of insulating 
material. The metallic conductors a r e  extended 
through the component mounting holes by a plating 
process .  Soldering can be done from either side of 
the board with equally good results. Table 5-7 lists 
recommended tools and materials. Following a re  
recommendations and precautions pertinent to etched 
circuit repair  work. 

a. Avoid unnecessary component substitution: it can 
resul t  in damage to the circuit board and/or adjacent 
components. 

b. Do not use a high-power soldering irononetched 
circuit boards. Excessive heat may lift a conductor 
o r  damage the board. 

c. Use a suction device (Table 5-7) o r  wooden tooth- 
pick to remove solder from component mounting holes. 
DO NOT USE A SHARP METAL OBJECT SUCH AS 
AN AWL OR TWIST DRILL FOR THIS PURPOSE. 

THROUGHCONDUCTOR. 

d. After soldering, remove excess flux from the 
soldered a reas  and apply a protective coating to pre- 
vent contamination and corrosion. See Table 5-7 for 
recommendations. 

SHARP OBJECTS MAY DAMAGE THE PLATED- 

e. When removing a multiple-connection component 
held tightly in a socket, such a s  avacuum tube, loosen 
it gradually using gentle side-to-side o r  rotary motion 
to avoid damage to the plated-through conductors. 

5-148. COMPONENT REPLACEMENT. 

a. Remove defective component from circuit board. 

b. Remove solder from mounting holes using a suc- 
tion desoldering aid (Table 5-7) or wooden toothpick. 

c. Shape leads of replacement component to match 
mounting hole spacing. 

d. Inser t  component leads into mounting holes, 
and position component as original was positioned. 

PONENT INTO MOUNTING HOLES. Sharp lead ends 
may damage plated-through conductor. 

DO NOT FORCE LEADS O F  REPLACEMENT COM- 

Note 

Axial lead components, such a s  res i s tors  
and tubular capacitors, can be replaced with- 
out unsoldering. Clip leads near body of 
defective component, remove component and 
straighten leads left in board. Wrap leads 
of replacement component one turn around 
original leads. Solder wrapped connection, 
and clip off excess lead. 

5-149. TUBE SOCKET REPLACEMENT. There a re  
three ways to remove a tube socket from the etched 
circuit board  

a. Cut terminals attaching socket to circuit board, 
remove socket, and unsolder remaining terminal 
pieces individually. 

b. Using long nose pliers, break insulating material 
of socket away from its metal connectors, then un- 
solder connectors from board individually. 
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Check 

Minimum tuning voltage 
Minimum tuning voltage 
Reciprocal Zero & Zero Ext. FM 
Reciprocal Zero & Zero Ext. FM 
CW-START dial calibration 
Minimum tuning voltage 
Minimum tuning voltage 
Minimum tuning voltage 
Reciprocal Zero & Zero Ext. FM 
Reciprocal Zero & Zero Ext. FM 
Minimum tuning voltage 
CW-START dial calibration 
CW-START dial calibration 

+ 275V supply voltage, ripple, regulation 
+ 275V supply voltage, ripple, regulation 
+ 275V supply voltage, ripple, regulation 
+ 275V supply voltage, ripple, regulation 

BWO tube anode voltage 
+. 156V supply 
+ 156V, + 81V supply 
+ 156V supply 

BWO tube anode voltage 
-3OOV supply voltage, ripple, regulation 
-3OOV supply voltage, ripple, regulation 
-3OOV supply voltage, ripple, regulation 
-83V supply 
-81V Supply 

CW-START dial calibration 

MARK 1 calibration 
MARK 2 calibration 
CW-START dial calibration 
Marker calibration 
Marker calibration 

ALC Amplifier balance 

Turn-on time delay 
ALC Amplifier balance 

12.6V supply output voltage 
12.6V supply 

+ 20v supply 

-6.3V Supply 

RF  Leveling and Amplitude Modulation 

BWO Heater Over-Voltage Relay (K4) operation 
Internal square wave modulation 
12.6V supply 
-6.3V Supply 

Section V 
Table 5-6 

Paragraphs 

5-52 b . ,  1) 
5-52 b . ,  1) 
5-52 b . ,  2), 5-64 
5-52 b . ,  2), 5-64 
5- 53 
5-52 b . ,  1) & 2) 
5-52 b. ,  1) & 2) 
5-52 b . ,  1) & 2) 
5-52 b . ,  2), 5-64 
5-52 b . ,  2), 5-64 
5-52 b . ,  1) & 2) 
5-53 
5-53 

5-42 
5-42 
5-42 
5-42 
5-46 

5-46 
5-42 
5-42 
5-42 

5-53 

5-62 
5-62 
5-53 
5-62 
5-62 

5-65 

5-14d 
5-65 

5-42 
5-42 

5-42 

5-42 

5-24 

* 
5-42 
5-42 

Table 5-6. Checks Following Tube, Semiconductor Replacement 

Assembly 

A1 

A2 

A3 

A4 

A5 

A7 

A l l  

M 
I 
S 
C 

Reference 
Designation 

AlCR9 
AlCRlO 
AlCRl3 
AlCR14 
AlCR16 
AlQl  
A1Q2 
A1V2 
A1V3 
A1V4 
A1V5 
A1V6 
A1V7 

A2V1 
A2V2 
A2V3 
A2V4 

A2V5 
A2 V6 
A2V7 

A2V8 
A2V9 
A2V10 

A2Vll 

A3CRl thru 
A3 C R9 

A4Q 1 
A4Q3 
A4V1 
A4V2 
A4V3 

A5Q16 thru 

A5Q23 
A5V1 

A5Q19 

A7CR3 
A7Q1 
A7Q2 thru 

A7Q6, A7Q7 
A7Q5 

A l l Q l  

CR12 
CR16 
Ql, Q2 
Q3,4,5,6 

* To check CR12: 1) Remove WHT-BRN-YEL wirgs f rom CR12; 2) Momentarily connect CR12 anode 
to Q6 collector (WHT-YEL-BLU wire). K4 should operate. 
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Item Use 

Soldering Tool Soldering 
Unsoldering 

Soldering Tip, Soldering 
general purpose Unsoldering 

De-soldering aid Unsoldering multi- 
connection components 
(e. g. , tube sockets) 

Resin (flux) solvent Remove excess flux 
from soldered area 
before application of 
protective coating 

Solder Component replacement 
Circuit board repair  
Wiring 

Protective Coating Contamination, 
corrosion protection 
after soldering 

Models 691A/692A/6931 

Specification 

Wattage rating: 37.5 
Tip Temp: 750 - 800" F 
Tip Size: 1/8" OD 

Shape: chisel 
Size: 1/8" 

Suction device to remove 
multen solder f rom 
connection 

Must not dissolve etched 
circuit base board 
material or conductor 
bonding agent 

Resin (flux) core,  high tin 
content (60/40 tin/lead), 
18 gauge (SWG) preferred 

Good electrical insulation, 
corrosion-prevention 
properties 

Table 5-7. Etched Circuit Soldering Equipment 

Item Recommendc 

Ungar #776 Handle wi 
Ungar #1237 Heating 

Ungar #PL113 

Soldapullt by the Eds! 
Company, Arleta, 
California 

Freon 

Acetone 

Lacquer Thinner 

Isopropyl Alcohol 
(100% dry) 

Krylon #130 

Humiseal Protective 
Coating, Type 1B12 
Columbia Technical Corp. 

c. Use a special soldering iron tip designed to heat 5- 151. TRANSISTOR REPLACEMENT. 
all socket connections simultaneously and remove 
socket as a unit; o r  use a suction device (Table 5-7) 
to desolder all connections and remove socket. 

5-150. ETCHED CONDUCTOR REPAIR. A broken 
o r  burned section of conductor can be repaired by 
bridging the damaged section with a length of tinned 
copper wire. Allow adequate overlap and remove any 
varnish from etched conductor before soldering wire 
into place. 

a. Do not apply excessive heat. See Table 5-7 for 

b. Use a heat sink such as p l ie rs  o r  hemostat be- 

soldering tool specifications. 

tween transistor body and hot soldering iron. 

c. When installing a replacement transistor, ensure 
sufficient lead length to dissipate heat of soldering by 
maintaining about the same length of exposed lead as 
used for original transistor. 
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Figure 5-9 

/F2 /R27 - TBI 

\ RIO 

TOP VIEW 

LABELED COMPONENTS 

C18 
c 1 9  
c 2  1 Q5 
c 2 2  Q6 

Figure 5-9. Interior View Showing Locations of Unlabeled Chassis Components 

02280-1 5-25 

WWW.HPARCHIVE.COM 



Section V 
Figure 5-10 

C s '  R 4 3  CR6 R61 

Models 691A/692A/693A/694A 

I 
R 4 8  

/ R24 

R 25 

R 2 2  s::: R21 

\ R 5 8  

\ CR2 \\\\\\ CR13 R 4 0  R41 R 3 8  CR4 6 9 0 -  R I I  A -  I5 

BOTTOM VIEW 

LABELED COMPONENTS 

B1 c10  CR8 K1 Q1 R46 T2 v1 
c11 CR9 K2 Q2 R56 v 2  
c12  CRlO K3 Q3 v 3  
C13 C R l l  K4 Q4 
C 14 CR12 K5 Q5 
C17 Q6 
C18 
c 1 9  
c 2  1 
c22  

Figure 5-10. Interior View Showing Locations of Unlabeled Chassis Components 
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Figure 5-11 

~~ ~~ 

1. Resistance in ohms, capacitance in microfarads unless otherwise indicated 

2. @ screwdriver adjust 

0 panel control 

3. 1-1 front panel designation 

7 rear panel designation I---- 

L - - - d  

4. -..- - etched circuit borderline 

signal path feedback path 

CW indicates movable contact position at clockwise rotation limit of control 
shaft (shaft viewed from knob o r  slotted end) 

6. Resistance value factory-selected to give correct  Series Regulator (Vl, 2,3) screen grid 
voltage for BWO tube installed. Nominal values: Stewart BWO - 15K, 2W, fxd, comp 

7. * denotes a factory-selected value. Typical value shown. Part may be omitted. 

8. J15 wired directly to A5 Assy for standard Sweep Oscillators, through A12 Assy for  
Option 01 Sweep Oscillators. 

9. When MARKER SWEEP depressed A4R3 grounded through A8R1 and START/CW R9 

10. When MARKER SWEEP depressed A4R12 grounded through A8R2 and STOP/AF R10 

11. Switch symbols for S4 represent switching functions only. Symbols show circuit condition 
when the designated pushbutton is pressed. For example, 

v 

S4A,C,D  P 
indicates one circuit condition when A F (S4B) is depressed, another when either 

12. Relays K3, K5 shown energized. Relays K1, K2, K4 shown de-energized. 

13. Circuit condition: Sweep function: START STOP ALC: operating 
Sweep mode: AUTO Amplitude Mod: none 
Sweep time: . l  - .01 

14. P/O = part of 

15. 0 = test point 

Voltage regulator (breakdown) diode 

Figure 5-11. Schematic Diagram Notes 

02280-1 5-27 

WWW.HPARCHIVE.COM 



Models 691A/692A/693A/6! 

690 A - A - I 2  I) 

BOARD VIEWED FROM COMPONENT SIDE 

DARKER PATHS ON COMPONENT SIDE 

-~I*_ “./ -^_ I”” 

6 9 0 A  - A -  IBB 0 ANODE 0 EMITTER 
BOARD VIEWED F R O M  COMPONENT SIDE 

DARKER PATHS ON COMPONENT SIDE 

Figure 5-14. Etched Circuit A1 Component Location 
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Models 691A/692A/693A/694A 

I 

c) EMITTER 

TEST POINT 
HELIX VOLT OEN B O A R D  V I E W E D  F R O M  C K T  S I D E  

D A R K E R  P A T H S  O N  C O M P O N E N T  S I D E  

a 

Figure 5-15. Etched Circuit A1 Component Location 
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Section V 
Figure 5-18 

Models 691A/692A/693A/694A 

A N O D E  6 9 0 A - A - 2 l B  

B O A R D  V I E W E D  F R O M  C O M P O N E N T  S I D E  

D A R K E R  P A T H S O N  C O M P O N E N T  S I D E  

* 

* A N O D E  
* S E E  TABLE O N  H E L I X  VOLT GEN 

SCHEMATIC D IAGRAM 

B O A R D  V I E W E D  F R O M  C K T  S I D E  

D A R K E R  P A T H S  ON C O M P O N E N T  S I D E  

Figure 5-18. Etched Circuit A6 Component Location 

5-30 02280-1 

WWW.HPARCHIVE.COM 





C 6  

A-30  

Figure 5-17. SWEEP TIME (SEC) Switch S3 Showing Attached Components 

Figure 5-16 

  TUNING VOLTAGE GENERATOR 

Part 2 of 2 
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I Models 69 1 A1692 A/6 93 A/6 94 A 

0 6, 

0 A N O D E  6 9 0 A - A -  20 

B O A R D  V I E W E D  F R O M  C O M P O N E N T  S I D E  

D A R K E R  P A T H S  ON C O M P O N E N T  S I D E  

~ 

i . .  . _. . " -.. - .  . 
0 0 0 0 

0 0 . 0  0 0 
0 ANODE 6901 - A  - 9 

B O A R D  V I E W E D  F R O M  C K T  S I D E  

D A R K E R  P A T H S  ON C O M P O N E N T  S I D E  

Figure 5-19. Etched Circuit A3 Component Location 
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Models 691A/692A/693A/694A 

R 3 9  C R 3  

Section V 
Figure 5-21 

R 8  

C R 5  / 
c7 691-692'8- A - 9  

R ' \  c R \  aj' 



B O A R D  V I E W E D  F R O M  C K T  S I D E  

D A R K E R  P A T H S  ON C O M P O N E N T  S I D E  

Figure 5-23. Etched Circuit A9 Component Location 

Models 691A/692A/693A/694A 

0 E M I T T E R  

A N O D E  B O A R D  V I E W E D  F R O M  C O M P O N E N T  S I D E  

D A R K E R  P A T H S  O N  C O M P O N E N T  S I D E  

Figure 5-24. Etched Circuit A5 Component Location 
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Models 69 1 A/692 A/693 A/6 94 A 

-I WHT-BRN-RED 

0 EMITTER 

0 ANODE 

TEST POINT 
ALC AMP 

\ z 
a s 
w 
2; 
r 
I A 

TAB ON 016 I D E N T I F I E S  

u u 
8.OARD VIEWED FROM CKT SIDE 

DARKER PATHS ON COMPONENT SIDE 

I I  

6 O O A - A - 1 3  C 

Figure 5-25. Etched Circuit A5 Component Location 
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Section V 
Figure 5-28 

Models 691A/692A/693A/694A 

6 9 0 A - A - 2  3B 0 E M I T T E R  

0 A N O D E  B O A R D  V I E W E D  F R O M  C O M P O N E N T  S I D E  

D A R K E R  P A T H S  ON C O M P O N E N T  S I D E  

I 

Figure 5-28. Etched Circuit A5 Component Location 
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4 

0 A N O D E  0 E M I T T E R  

d 

cw 

B O A R D  V I E W E D  F R O M  C O M P O N E N T  S I D E  

D A R K E R  P A T H S  ON C O M P O N E N T  S I D E  

OANODE 0 EM, T TER 

6 9 0 - A - 2 6  

6 9 0 A  - A - 1 9  

B O A R D  V I E W E D  FROM C K T  S I D E  

D A R K E R  P A T H S  O N  C O M P O N E N T  S I D E  

Figure 5-27. Etched Circuit A l l  Component Location 

Figure 5-26 
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Models 691A/692A/693A/694A 

E M I T T E R  

A N O D E  

TEST POINT 
ALC AMP 

TAB ON 016 IDENTIF IES r COLLECTOR , N O T  i E M I T T E R  
B O A R D  V I E W E D  FROM C K T  S I D E  

D A R K E R  P A T H S  ON C O M P O N E N T  S I D E  

Figure 5-29. Etched Circuit A5 Component Location 
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Section V 
Figure 5-31 

/ 
GR"L 

5-38 

Models 691A/692A/693A/694A 

6 9 0 - A -  17 
0 A N O D E  

0 
9 0 A R D  V I E W E D  F R O M  C O M P O N E N T  S I D E  

D A R K E R  F A T H S  O N  C O M F O ' J E N T  S I D E  

\b -\ I I O \ \ i i a  

2 

/ / / / / I  I \ I 

B O A R D  V I E W E D  F R O M  C K T  S I D E  

D A R K E R  P A T H S  ON C O M P O N E N T  S I D E  

Figure 5-31. Etched Circuit A4 Component Location 
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Section V 
Figure 5-34 
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Models 69 1 A/692 A/6 93 A/694A 

e ANODE 6 9 O A - A -  24 

B O A R D  V I E W E D  F R O M  C O M P O N E N T  S I D E  

D A R K E R  P A T H S  O N  C O M P O N E N T  S I D E  

Figure 5-34. Etched Circuit A2 Component Location 
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z z  
L U  ;; 
L U  
m m  

6 9 O A - A -  I6 0 

0 EMITTER B O A R D  V I E W E D  FROM C K T  S I D E  

D A R K E R  P A T H S  ON C O M P O N E N T  S I D E  

Figure 5-32. Etched Circuit A7 Component Location 
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I B O A R D  V I E W E D  F R O M  C K T  S I D E  0 ANODE 
D ~ R K E R  P A T H S  ON COMPONENT S I D E  

I 

Figure 5-35. Etched Circuit A2 Component Location 
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Models 69 lA/692A/693A/694A 

SECTION V I  

t 

Section VI 
Paragraphs 6-1 to 6-7 

REPLACEABLE PARTS 

6-1. I N T R O D U C T I O N .  6-4. Miscellaneous pa r t s  not indexed by reference 
designations a re  listed at the end of Table 6-1. 6-2. This section contains information for ordering 

replacement parts.  Table 6-1 lists parts  in alpha- 
numerical o rder  of their reference designations with 
the description and @ stock number of each part, 6-5. ORDER1 N 0 I N F O  R M A T l O  N. 

together with any applicable notes. Table 6-2 lists 6-6. When ordering a replacement part  listed in 
pa r t s  in numerical order of their  @ stock numbers 

a. Quote the Hewlett-Packard stock number for and provides the following information on each part: 

b. Address order  o r  inquiry to your nearest Hew- 
Code List  of Manufacturers i n  Table 6-3. lett-Packard sales  and service office (see lists at  

Table 6-1: 

a. Description (see list of abbreviations below), the part .  

b. Typical manufacturer in a five-digit code; see 

c. Manufacturer's stock number. 

d. Total quantity used in the instrument (TQ col.). 

the r ea r  of this manual for addresses). 

6-7. To order  a par t  not listed in Tables 6-1 and 6-2: 

NOTE 
a. Give a complete description of the part  including 

its function and location. 

b. Give Sweep Oscillator model number and com- 

c. Address order  or inquiry to your nearest Hew- 
6-3. There a r e  four lists of parts for theA3 assem- lett-Packard sales  and service office (see l is ts  at  
bly, one each for the 691A, 692A, 693A, and 694A. the r e a r  of this manual for addresses).  

Total quantity given for the Model 691A i s  
the same for the Models 692AJ 693AJ and 
694A, unless otherwise indicated, plete ser ia l  number. 

A = assembly 
B = motor 
C = capacitor 
CP = coupling 
CR = diode 
DL = delay line 
DS = device signaling (lamp) 

A = amperes 
A.F.C = automatic frequency control 
AMPL = amplifier 

B. F. 0. = beat frequency oscillator 
BE CU = beryllium copper 
BH = binder-head 
BP = bandpass 
BRS = bras s  
BWO = backward wave oscillator 

ccw 
CER 
CMO 
COEF 
COM 
COMP 
CONN 
CP 
CRT 
cw 

counter-clockwise 
ceramic 
cabinet mount only 
coefficient 
common 
composition 
connector 
cadmium plate 
cathode-ray tube 
clockwise 

DEPC = deposited carbon 
DR = drive 

ELECT = electrolytic 
ENCAP = encapsulated 
EXT = external 

F = farads 
FH = flat head 
FIL H = fi l l ister head 
FXD = fixed 

01194-10 

REFERENCE DESIGNATORS 

E = misc electronic part  MP = mechanical part 
F = fuse P = plug 
FL  = fi l ter  4 = transistor 
J = jack R = resis tor  
K = relay RT = thermistor 
L = inductor S = switch 
M = meter T = transformer 

ABBREVIATIONS 

GE = germanium 
GL = glass 
GRD = ground(ed) 

H = henries 
HEX = hexagonal 
HG = mercury 
HR = hour(s) 

I F  = intermediate freq 
IMPG = impregnated 
MCD = incandescent 
INCL = include(s) 
INS = insulation(ed) 
INT = internal 

K = kilo = 1000 

LIN = linear taper 
LK WASH =lock washer 
LOG = logarithmic taper 
LPF  = low pass fi l ter  

M = milli = 10-3 
MEG = meg= 106 
METFLM = metal film 
MFR = manufacturer 
MINAT = miniature 
MOM = momentary 
MTG = mounting 
MY = "mylar" 

N = nano (10-9) 

N/C = normally closed 
NE = neon 
NI P L  = nickel plate 
N/O = normally open 
NPO = negative positive zero 

(zero temperature 
coefficient) 

field replacement 

replaceable 

NRFR = not recommended for 

NSR = not separately 

OBD = order  by description 
OH = oval head 
OX = oxide 

P = peak 
P C  = printed circuit 
PF = picofarads = 

10-12 farads 
PH BRZ = phosphor bronze 
PHL = Phillips 
PIV = peak inverse voltage 
P/O = part  of 
POLY = polystyrene 
PORC = porcelain 
p 0 S  = position(s) 
POT = potentiometer 
P P  = peak-to-peak 
P T  = point 
RECT = rectifier 
RF = radio frequency 
RH = round head 

TB = terminal board 
T P  = test  point 
V = vacuum tube, neon 

W = cable 
X = socket 
Y = crystal  

bulb, photocell, etc. 

RMO = rack mount only 
RMS = root-mean-square 

S-B = slow-blow 
SCR = screw 
SE = selenium 
SECT = section(s) 
SEMICON = semiconductor 
SI = silicon 
S I L  = silver 
SL = slide 
SPL = special 
SST = stainless steel 
SR = split ring 
STL = steel 

TA = tantalum 
TD = time delay 
TGL = toggle 
TI = titanium 
TOL = tolerance 
TRIM = t r immer 
TWT = traveling wave tube 

u = micro=  10-6 

VAR = variable 
VDCW = dc working volts 

W/ = with 
W = watts 
WW = wirewound 
W/O = without 

02280- 1 
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Section VI 
Table 6-1 

Table 6- 1. Re-drence Designation Index 

Model 69 lA/692A/693A/694A 

Reference 
Designation 

A 1  

A l C l  
A 1 C 2  
A 1 C 3  

A 1 C 4  

A 1 C 5  
A l C 6  
A 1 C 7  
A l C 8  

A 1 C 9  
A l C l O  
A l C l l  
A l C 1 2  
A 1C 13 

A l C 1 4  
A l C 1 5  
A l C 1 6  
A l C 1 7  
A l C 1 8  

A l C 1 9  

A l C R l  
A l C R 2  
A l C 9 3  
A l C R 4  
A l C R 5  

A l C R 6  
A l C R 7  
A l C R 8  
A l C R 9  
A l C R l O  

A l C R l l  
A l C R 1 2  
A l C R l 3  
A l C R 1 4  
A l C R l 5  

A l C R l 6  
A l C R  17 

A l Q l  
A 1 Q 2  

A l R l  
A 1 R 2  
A 1 R 3  
A l R 4  
A l R 5  

A 1 R 6  
A l R 7  

($3 Stock No. 

00692-604 

0150-0052 
0 150-00 12 
0150-0023 

0140-0152 

0150-0023 
0 160-0182 
0 130-00 17 
0140-0149 

0 150-00 12 
0 140-0145 
0 150-0052 
0140-0200 
0150-0052 

0 140-0176 
0140-02 16 
0 140-0152 
0 140-0 145 
0150-0052 

0160-0128 

1901-0025 
1901-0025 
190 1-0028 
190 1-0025 
190 1-0025 

1901-0025 
190 1-0025 
1901-0033 
190 1-0033 
1901-0033 

190 1-0033 
1901-0033 
1902-0038 
1902-0065 

1902-0038 
1901-0033 

1854-0033 
1854-0033 

0687-1041 
0727-0245 
0727-0292 
0686-1665 
0727-0292 

0727-0298 
0727-0226 

Description # 

A S S Y I  SWEEP G E h E R A T O R  

C t F X D  CER 0.05 UF 2 0 %  4OOVDCW 
C I F X D  C E R  O - O I U F  2 0 %  lOOOVDCW 
C I F X D  C E R  2000PF 20% 1 0 0 0 V D C W  
F A C T O R Y  S E L E C T E D  P A R T i T Y P I C A L  V A L U E  G I V E N  
C r F X D  M I C A  1000 PF 51 300 vDCW 
FACTORY SELECTED PART:TYPICAL VALUE GIVEN 

C l F X D  C E R  2000PF 2 0 %  lOOOVDCW 
C l F X D  M I C A  47PF 5% SOOVDCW 
C I b A R  C E R  0-50 PF N750 
C l F X D  M I C A  Q70 PF 5% 300 VDCW 

C l F X D  C E R  C m O l U F  20% lOOOVDCW 
C I F X D  M I C A  22 PF 5% 500 VDCW 
C l F X D  C E R  0105 U F  20% 4OOVDCW 
C l F X D  M I C A  390PF 5% 3 0 0 V D C w  
C I F X D  C E R  OtO5 UF 20% 4 0 0 V D C W  

C I F X D  M I C A  100 PF 2% 300 VDCW 
C I F X D  M I C A  1 2 O P F  2% 3OOVDCW 
C I F X D  M I C A  1000 PF 5% 300 VDCW 
C I F X D  M I C A  22 PF 5% 500 VDCW 
C I F X D  C E R  0905 UF 2 0 %  4OOVDCW 

C I F X O  C E R  2.2UF 20% 25VDCW 

D I G D E t J U N C T I O N 1 5 M A  A T  1 V  100 P I V  
D I O D E t J U N C T I O N I 5 M A  A T  1 V  100 P I V  
D I O D E t S I L I C C N l O o 5 A  4 0 0 P I V  
D I O D E t J U N C T I O N l S M A  A T  1 V  100 P I V  
D I O D E t J U N C T I O N l 5 M A  A T  1 V  100 P I V  

D I O D E t J U N C T I O N : 5 M A  A T  1 V  100 P I V  
D I O D E t J U N C T I O N I S M A  A T  1 V  100 P I V  
D I O D E t S I L I C C N l l N 4 8 5 B  
D I O D E t S I L I C O N I l N 4 8 5 B  
D I O D E t S I L I C O N : l N 4 8 5 8  

D I O D E t S I L I C O N I l N 4 8 5 B  
D I O D E t S I L I C O N l l N 4 8 5 B  
D I C D E t B R E A K L O W I V I  4 5 . 3 V  5% 
D I O D E t B R E A K D O W h 1 4 6 . 4 V  10% 
D E L E T E D  

D I O D E t B R E A K G O W N I  4 5 . 3 V  5% 
D I O O E t S I L I C G N 1 1 N 4 8 5 B  

T R A N S I S T O R 1 k P N  S I  2N3391 
T R A h S I S T O R 8 r : P N  S I  2N3391 

R I F X D  COMP LOOK OHM 10% 1/2W 
R l F X D  D E P C  5 0 0 K  OHM 1 %  1/2W 
R I F X D  D E P C  3 MEGOHM 1 %  1/2W 
R I F X D  COMP 16 MEGOHM 5% 1/2W 
R l F X D  D E P C  3 MEGOHM 1% 1/21 

R I F X D  D E P C  4 MkGOHM 1 %  1/2W 
R I F X D  D E P C  2 5 0 K  OHM 1% 1/2k 

Note 

See list of abbreviations in introduction to this section 
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Section VI 
Table 6-1 \ Models 691A,'692A/693A/694A 

Reference 
Designation 

A l R 8  
A 1 R 9  
AlRlO 
A l R l l  
A 1 R 1 2  

A I R 1 3  
A l R 1 4  
A l R 1 5  
A l R 1 6  
A l R 1 7  

A l R l 8  
A l R 1 9  
A l R 2 O  
A 1 R 2  1 
A 1 R 2 2  

A l R 2 3  
A l R 2 4  
A 1 R 2 5  
A 1 R 2 6  
A l R 2 7  

A 1 R 2 8  
A l R 2 9  
A 1 R 3 0  
A 1 R 3  1 
A I R 3 2  

A l R 3 3  
A I R 3 4  
A 1 R 3 5  
A l R J 6  
A 1 R 3 7  

A 1 R 3 8  
A 1 R 3 9  
A l R 4 0  
A l R 4 1  
A 1 R 4 2  

A 1 R 4 3  
A I R 4 4  
A l R 4 5  
A l R 4 6  
A lR(17 

A l R 4 8  
A l R 4 9  
A 1 R 5 0  
A 1 R 5 1  
A I R 5 2  

A l R 5 3  
A 1 R 5 4  
A 1 R 5 5  
A l R 5 6  
A 1 R 5 7  

A l R 5 8  

Table 6- 1. Reference Designation Index (Cont'd) 

@ Stock No. 

0727-029 1 
0727-0298 
0727-0299 
0727-0299 
0764-0031 

0687-4741 

0687-4731 
0727-0222 
0727-0259 

0687- 1851 

0727-0230 

0727-0287 
0687- 1051 
0687-3331 

0727-0246 
0 7 2 7 - 0 2 7 6 
0730-0144 

0758-0029 
07s8-00a7 

2 100-009 1 
0758-0021 
0727-0232 
0727-0246 
0727-0173 

2100-0913 
0758-0018 
2100-0913 
0812-0053 
0764-0028 

0750-0076 
0687-3321 
0687-4731 
2100-0913 
0727-0208 

072 7-0245 
0727-0254 
0758-0053 
0758-0061 
0687-5631 

0687-472 1 
0684-392 1 

0687-3351 
0727-0292 

0727-0276 
0758-0100 
2 100-0913 
076 1-0033 
0687-474 1 

0687-474 1 

Description # 

R I F X O  D E P C  2.84 MEGOHM 1 %  1/2W 
R I F X O  D E P C  4 MEGOHM 1% 1/2W 
R S F X D  D E P C  b.9 MEGOHM 1% 1/2W 
R t F X D  D E P C  4w9 MEGOHM 1% 1/2W 
R Z F X D  M E T  OX F L M  4 7 K  OHM 2W 

R Z F X D  COMP 4 7 0 K  OHM 10% 1/2W 
R l F X D  C O W  1.8 MEGOHM 10% 1/2W 
R I F X D  COMP 4 7 K  OHM 10% 1/2W 
R I F X O  D E P C  214K OHM 1% 1/2W 
R I F X D  D E P C  9OOK OHM 1% 1/2W 

R I F X D  D E P C  2 8 4 K  OHM 1% 1/2W 
NOT A S S I G N E D  

R I F X D  COMP l M E G  OHM 10% 1/2W 
R I F X D  COMP 3 3 K  OHM 10% 1/2W 

R I F X D  D E P C  6 0 0 K  OHM 1% 1/2W 
R I F X D  D E P C  1 MEGOHM 1 %  1/2W 

R l F X D  MET OX 4 7 0 K  OHM 5 %  1/2W 
R l F X O  M E T  F L M  470 OHM 5% 1/2W 
F A C T O P Y  S E L E C T E D  P A R T : T Y P I C A L  VALUE GIVEN 
R l V A R  COMP 5000 OHM 30% L I N  1/3W 
R I F X O  MET F L M  51K OHM 5s 1/2W 
R J F X D  D E P C  3 1 2 K  OHM 1% 1/2W 
R I F X O  D E P C  6 0 0 K  OHM 1% 1/2w 
R I F X O  D E P C  2 0 K  OHM 1% 1/2W 

R l V A R  COMP 15K OHM 2 0 %  L I N  1/5W 
R I F X O  MET FLH 1 5 K  OHM 5% 1/21 
R I V A R  COMP 15K OHM 2 0 %  L I N  1/5W 

R J F X O  M E T  FLH lOOK OHM 5 %  2W 

R I F X D  M E T  F L M  68K OHM 5% 1/2W 
R I F X D  COMP 3300 OHM 10% 1/2W 
R l F X O  COMP 4 7 K  OHM 10% 1/2W 
R I V A R  COMP 1 5 K  OHM 20% L I N  1/5W 
R t F X O  D E P C  l O O K  OHM 1% 1/2W 

R I F X O  D E P C  500K OHM 1% 1/2W 
R I F X D  D E P C  7 5 0 K  OHM 1 %  1/2W 
R I F X D  M E T  F L M  l O O K  OHM 5 %  1/2W 
R l F X D  M E T  F L M  1 2 0 K  OHM 5% 1/2W 
R I F X D  COMP 56K OHM 10% 1/2W 

R t F X D  CONP 4700 OHM 10% 1/2W 
R I F X D  COMP 3900 OHM 10% 1/4W 
NOT A S S I G N ~ ~ G  
R I F X D  COMP 3.3 MEGOHM 108 ~ / L W  
R I F X O  D E P C  3 MtGOHM 1% 1/2W 

R I F X D  D E P C  1 MEGOHM 1% 1/2W 
R I F X O  M E T  O X  330K OHM 5% 1/2W 
R l V A R  COMP 1 5 K  OHM 2 0 %  L I N  1/5W 
R I F X D  MET OX 220U OHM 5% 1 Y  
R I F X D  COMP 4 7 0 K  OHM 10% 1/2W 

R I F X D  COMP 4 7 0 K  OHM 10% 1/2W 

RIFXD DEPC 2 MEGOHM 1% 1/2w 

R I F X D  D E P C  10.52 MEGOHM 1% l W  

RIFXD w w  5 0 0 K  OHM 1% i / 4 n  

* See list of abbreviations in introduction to this section 

Note 
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Section VI 
Table 6-1 

Models 691A/692A/693A/694A 

Reference 
De signat ion 

A l R 5 9  
A l R 6 0  
A 1R6 1 
A l R 6 2  
A l R 6 3  

A l R 6 4  
A l R 6 5  
A l R 6 6  
A I R 6 7  
A lR68 

A 1R69 
A 1R70 
A l R 7 1  
A l R 7 2  
A I R 7 3  

A I R 7 4  
A l R 7 5  
A 1R76 
A l R 7 7  
A 1R78 

A l R 7 9  

A l V l  
A l V l  
A 1 V 2  
A 1 V 3  
A 1 V 4  

A 1 V 4  
A 1 V 5  
A l V 6  
A 1 V 6  
A l V 7  

A l X V l  
A l X V 2  
A 1 X V 3  
A 1 X V 4  
A l X V 5  

A l X V 6  
A 1 X V 7  

A 2  

A 2 C  1 
A 2 C 2  
A 2 C 3  
A2C4 
A 2 C 5  

A 2 C 6  
A 2 C 7  
A2C8 
A 2 C 9  
A 2 C  10 

ThRU 

Tab, 

@ Stock No. 

0758-0018 
076 1-0033 
2100-0090 
0758-0046 
2100-0094 

076 1-0040 
08 12-0053 
0758-0040 
0758-0007 
0758-0053 

0750-0006 
0607-3331 
0 6 0 7 - 1 0 1 1  
0727-0287 
0758-0022 

076 1-003 1 
0727-0245 
0727-0276 
0770-0009 
076 1-0032 

0687- 1231 

1924-0001 
1220-0010 
1932-0049 
1932-0049 
1923-0043 

1220-00 10 
1932-0049 
1923-0046 
1220-0009 
1923-0045 

1200-0049 
1200-0062 
1200-006% 
1200-0049 
1200-0062 

1200-0059 
1200-0062 

00692-602 

0 150-00 12 
0 140-0195 
0 140-0206 

0 170-0060 
0 150-00 12 

0150-0096 

1. Reference Designation Index (Cont'd) 

Description # 

RIFXD MET FLM 15K OHM 5% 1/21 
RIFXD MET O X  2LOK OHM 5% 1 W  
RIVAR C O W  2000 OHM 30% L I N  1/3W 
RIFXD MET FLM 6200 OHM 5% 1/2W 
R l V A R  COMP 50K OHM 30% L I N  1/5W 

RlFXD MET O X  150K OHM 5% l k  
RIFXD W W  500K O h M  1% 1/4W 
RIFXD MET FLM 47K OHM 5% 1/2W 
RIFXD MET OX 470K OHM 5% 1/2W 
RIFXD MET FLM LOOK OHM 5% 1/2W 

RtFXD MET FLM 10K OHM 5% 1/2W 
RlFXD COMP 33K OHM 10% 1/2W 
RIFXD COMP 100 OHM 10% 1/2W 
RtFXD DEPC 2 MEGOHM 1% 1/2W 
RIFXD MET FLM 82K OHM 5% 1/2W 

RIFXD MET OK 82K OHM 5% 1 W  
RIFXD DEPC 500K OHM 1% 1/2W 
RIFXD DEPC 1 MEGOHM 1% 1/2W 
RtFXD MET O X  47K OHM 5% 4W 
RIFXD MET C X  56K OHM 5% 1H' 

RIFXD COMP 12K OHM 10% 1/2W 

ELECTRON TlrbE15915 PENTAGRID 
SHIELDIELECTROh TUBE 
ELECTRON TlrEElCK 647 
ELLCTRON TLEEICK 6 4 7  
ELECTRON TLEEI  6EW6 PENTOPE 

SHIELDIELECTRON TUBE 
ELECTRON TlrEEICK 647 
ELECTRON TbbE1 6EJ7 (EF 184) PENTODE 
SHIELD-TUBE 
ELECTRON TLEEI 7239 PENTODE 

SOCKETITUBE 7 P I N  MINIATURE 
SOCKETITUBE 9 P I N  MINIATURE 
SOCKETITME 9 P I N  MINIATURE 
SOCKETITUBE 7 P I N  MINIATURE 
SOCKETITUBE 9 P I N  MINIATURE 

SOCKET-TUBE 
SOCKETITUBE 9 P I N  MINIATURE 

A S S Y I  POWER SUPPLY 

DELETED 
DELETED 

ClFXD M I C A  130 PF 5% 300 VDCW 
C IFXD M I C A  270PF 5% 5OOVDCW 

CIFXD MY 0-047lrF 10% 4OOVECW 
CIFXD CER OsOlclF 20% lOOOVDCY 

NOT ASSIGNEL 
CtFXO CER O.05UF lOOVDCW 

ClFXD CER OeOlUF 20% lOOOVDCW 

Note 

# See list of abbreviations in introduction to this section 
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Models 691A/692A/693A/694A Section VI 
Table 6-1 

Table 6- 1. Re-xence  Designation -idex (Cont’d) 

Reference 
Designation 

A 2 C l l  
A2C 12 
A 2 C 1 3  
A 2 C l 4  
A 2 C 1 5  

A2CR 1 
A 2 C R 2  
A 2 C R 3  
A 2 C R 4  
A 2 C R 5  

A 2 C R 6  
A 2 C R 7  
A 2 C R 8  
A 2 C R 9  
A 2 C R 1 0  

A2CR 11 

A 2 R  1 
A 2 R 2  
A 2 R 5  
A 2 R 4  
A 2 R 5  

A 2 R 6  
A 2 R 7  
A 2 R 8  
A 2 R 9  
A 2 R l O  

A 2 R l l  
A 2 R  12 
A 2 R 1 3  
A 2 R l 4  
A2915 

A 2 R 1 6  
A 2 R  17 
A 2 R  18 
A 2 R  19 
A 2 R 2 0  

A 2 R 2  1 
A 2 R 2 2  
A 2 R 2 5  
A 2 R 2 4  
A 2 R 2 5  

A 2 R 2 6  
A 2 R 2 7  
A 2 R 2 8  
A 2 R 2 9  
A 2 R 3 O  

A 2 R 3 1  
~ 2 ~ 3 2  
A ~ R M  
A 2 R 3 4  

~~ 

@ Stock No. 

0170-0022 
0 150-00 12 
0 150-00 12 
0 150-0079 
0150-0012 

1901-0030 
190 1-0030 
1901-0030 
190 1-0030 
1901-0025 

190 1-0050 
190 1-0030 
1901-0030 
190 1-0030 
1901-0025 

190 1-0033 

0687- 100 1 
0758-0036 
0758-0050 
0687-6831 
0687- 1831 

0687-1041 
0681- 1051 
0684-2201 
0684-2201 
0687-1851 

0687-3341 
0687-1831 
0687-5631 
0687- 183 1 
0687-2241 

0758-01 02 
0687-4731 
0727-0237 
2100-0914 
0727-0240 

0758-0049 
0727-0186 
0727-0246 
0758-0053 

0758-0006 
0757-0089 

0687- 1001 
0687-4741 
0684-2201 

Description # 

C I F X D  MY 0 - I U F  20% 6OOVDCW 
C I F X O  C E H  O e O l U F  20% lOOOVDCW 
C I F X D  C E R  0 . 0 1 U F  20% lOOOVDCW 

C I F X D  CER O e O l U F  2 0 %  1OOOVDC’yI 
C I F X D  CER 3300 FF 10% 500 VDCW 

D I O D E t S I L I C O N I 8 0 0  P I V  
D I O D E t S I L I C C N 1 8 0 0  P I V  
O I O C E t S I L I C C N ~ 8 0 0  P I V  
D I O D E I S I L I C C J N ~ ~ O O  P I V  
D I O D E t J U N C T I O N l 5 M A  A T  1 V  100 P I V  

O I O D E , S I L I C O N 1 8 0 0  P I V  
D I O D E ~ S I L I C O N l 8 0 0  P I V  
D I O D E t S I L I C C N ~ 8 0 0  P I V  
D I O D E I S I L I C O N ~ ~ O O  P I V  
D I O D E t J U N C T I O N l 5 M A  A T  1 V  100 P I V  

D I O D E t S I L I C C N t l N 4 8 5 B  

R I F X D  COMP 10 CHM 10% 1 / 2 Y  
R I F X D  M E T  F L M  3600 OHM 5 %  1/2W 
R I F X D  MET F L M  3 9 K  OHM 5% 1/2Y 
R l F X D  COMP 68K OHM 10% 1/2W 
R I F X D  COMP 1 8 K  OHM 10% 1/2W 

R I F X D  COMP l O O K  OHM 10% 1/2W 
R t F X D  C O W  lMEG OHM 10% 1/2W 
R I F X D  COMP 22 OHM 10% 1/4W 
R I F X D  COMP 22 OHM 10% 1/4W 
R t F X D  COMP 1.8 MEGOHM 1 0 %  1/2W 

R I F X D  COMP 3 3 0 K  OHM 1 0 %  1/2W 
R I F X D  COMP 1 8 K  OHM 1 0 %  1/2W 
R l F X D  COMP 5 6 K  OHM 1 0 %  1/2W 
R l F X D  COMP 1 8 K  OHM 10% 1/2W 
R I F X D  COMP i 2 O K  OHM 10% 1/2W 

R t F X D  MET GX 2 7 0 K  OHM 5 %  1/2W 
R I F X D  COMP 4 7 K  OHM 10% 1/2W 
R l F X D  DEPC 3 7 6 K  OHM 1% 1 /21  
R t V A R  COMP 2 5 K  OHM 20% L I N  1/51 
R I F X D  DEPC 4 0 5 K  OHM 1% 1/2W 

R I f X D  MET F L M  3 3 K  OHM 1/2W 

R I F X D  DEPC 6OOK OHM 1% 1/2W 
R I F X D  MET F L M  LOOK OHM 5% 1/2W 
D E L E T E D  

D E L E T E D  
D E L E T E D  
D E L E T E D  
R I F X D  MET F L M  10K OHM 5% 1/2W 
R I F X D  MET F L M  1K OHM 2# 1/2W 

D E L E T E D  
R I F X D  COMP 10 OHM 10% 1/2W 
R I F X D  COMP 4 7 0 K  OHM 10116 1/2W 
R l F X D  COMP 22 CHM 1 0 %  l/4W 

RIFXD DEPC 3 3 . 2 ~  OHM 1% 1/2w 

# See list of abbreviations in introduction to this section 
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Section VI 
Table 6-1 

Reference 
De signation 

A2R35 
A2R36 
A2R37 
A2R38 
A2R39 

A 2 R 4 0  
A2R4 1 
A2R42 
A2R43 
A2R44 

A2R45 
A2R46 
A2R47 
A2R48 
A2R49 

A2RSO 
A2R5 1 
A2R52 
A2R53 
A 2 R 5 4  

A2R55 

A2V 1 
A 2 V 2  
A 2 V 3  
A 2 V 4  
A 2 V 5  

A 2 V 6  
A 2 V 7  
A 2 V 8  
A 2 V 9  
A2VlO 

A 2 V 1 1  

A 2 X V  1 
A 2 X V 2  
A 2 X V 3  
A 2 X V 4  
A 2 X V 5  THRU 
A2XV6 

A 2 X V 7  
A 2 X V 8  
A2XV9 
A2XV 10 

A 3  

A3CR1 
A 3 C R 2  
A 3 C R 3  
A3CR4 
A 3 C R 5  

A3CR6 

Models 69 lA/692A/693A/694A 

Table 6- 1 .  Reference Designati.on Index (Cont'd) 

@ Stock No. 

0687-3331 
0687-2241 
0758-0053 
0687-4731 
0758-006 1 

2100-09 13 
0758-0 100 
0727-01 15 
0727-0226 
0758-0061 

0764-0031 
0758-0053 
0727-0254 
2 100-0 102 
0758-0022 

2100-0102 
0758-0087 
0758-002 1 
0758-0006 
0687-3341 

0687-3341 

1940-0004 
1933-0005 
1933-0005 
1932-0030 
1940-00 12 

1940-0012 
1932-0009 
1923-0006 
1923-0046 
1932-0049 

1940-0012 

1200-0053 
1200-0062 
1200-0062 
1200-0062 

1200-0062 
1200-0062 
1200-0062 
1200-0062 

00691-606 

1901-0033 
190 1-0033 
1901-0033 
1901-0033 
1901-0033 

1901-0033 

Description # 

RIFXD COMP 33K OHM 10% 1/2W 
RlFXD COMP i 2 0 K  OHM 10% 1/2W 
RlFXD MET FLM lOOK OHM 5% 1/2W 
RlFXD COMP 47K OHM 10% 1 / 2 #  
RIFXD MET FLM 120K OHM 5% 1/2W 

RtVAR COMP 15K OHM 20% L I N  l/SW 
RlFXD MET O X  330K OHM 5% 1/2W 
RlFXD DEPC 2000 OHM 1% 1/2W 
RlFXD DEPC 250K OHM 1% 1/2W 
RIFXD MET FLM 120K OHM 5% 1/2W 

RlFXD MET OX FLM 47K OHM 2W 
RIFXD MET FLM lOOK OHM 5% 1/2W 
RlFXD DEPC 750K OHM 1% 1/2W 
RIVAR COMP 5OOK OHM 30% L I N  1/5W 
RlFXD MET FLM 82K OHM 5% 1 / 2 Y  

RIVAR COMP 500K OHM 30% L I N  1/5W 
RlFXD MET O X  470K OHM 5% 1/2W 
RIFXD MET FLM 51K OHM 5% 1/21 
RIFXD MET FLM 10K OHM 5% 1/2W 
RlFXD COMP 330K OHM 10% 1/2W 

RIFXD COMP 3 3 0 K  OHM 10% 1/2W 

ELECTRON T b t E I  OA2 VOLTAGE REGULATOR 
ELECTRON T L b E l  7734 TRIODE PENTOGE 
ELECTRON TLBEI  7734 TRIODE PENTODE 
ELECTRON TLEEt 12AX7 TWIN TRIODE 
ELECTRON TUBEIVOLTAGE REFERENCE 8228 8 1 V  

ELECTRON TUbEtVOLTAGE REFERENCE 8228 61V 
ELECTRON T L b E I  5965 DUAL TRIODE 
ELLCTRON T b E I  6216 PENTODE 
ELECTRON TLbE8 6EJ7 (EF 184) PENTODE 
ELECTRON TbbE ICK 647 

ELLCTRON TLBEIVOLTAGE REFERENCE 8228 8 1 V  

SOCKETITUBE 7 P I N  MINIATURE 
SOCKETITUBE 9 P I N  MINIATURE 
SOCKETITUBE 9 PI lu  MINIATURE 
SOCKETITUBE 9 P I N  MINIATURE 

NOT ASSIGNEC 

SOCKETITUBE 9 P I N  MINIATURE 
SOCKETSTUBL 9 P I N  MINIATURE 
SOCKETITUBE 9 P I k  MINIATURE 
SOCKETITbBE 9 P I N  MINIATURE 

ASSYISHAPIkG(M0DEL 6 9 1 A  ONLY) 

D I O D E t S I L I C G N I l N 4 8 5 B  
D I O D E t S I L I C O N I l N 4 8 5 8  
D I G D E * S I L I C C N I l N 4 8 5 B  
D I O D E t S I L I C C N t l N 4 8 5 B  
D I O D E v S I L I C G N I l N 4 8 5 B  

D I O D E v S I L I C O N I l N 4 8 5 8  

# See list of abbreviations in introduction to this section 
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Section VI \ 
Table 6-1 

Reference 
De signation 

A 3 C R 7  
A 3 C R 8  
A 3 C R 9  

A 3 R l  
A 3 R 2  
A 3 R 3  
A 3 R 4  
A 3 R 5  

A 3 R 6  
A 3 R 7  
A 3 R 8  
A 3 R 9  
A 3 R  10 

A m 1 1  
A M 1 2  

A 3 R 1 3  

A 3 R 1 4  

A 3 R 1 5  

A 3 R  16 

A 3 R 1 7  

A 3 R 1 8  

A 3 R 1 9  

A X 2 0  

A 3 R 2  1 

A 3 R 2 2  

A 3 R 2 3  
A 3 R 2 4  
A 3 R 2 5  

A 3 R 2 6  
A 3 R 2 7  
A 3 R 2 8  
A 3 R 2 9  
A 3 R 3 0  

A 3 R 3 1  

A 3  

A3CR 1 
A 3 C R 2  
A 3 C R 3  
A 3 C R 9  
A 3 C R 5  

Table 6- 1. Reference Designation Index (Cont'd) 

$4 Stock No. 

1901-0033 
190 1-0033 
1901-0033 

2100-0914 
2100-0915 
2100-0917 
2 100-09 17 
2100-09 17 

2100-0918 
2100-0910 
2100-0918 
2100-0917 
2 100-09 16 

2100-0917 
0757-0130 

0757-0355 

0757-019 1 

0757-0353 

0757-0312 

0757-0135 

0757-0135 

0757-0310 

0757-0310 

0757-0353 

0757-0312 

0758-0025 
0758-0017 
0757-0089 

0757-0089 
0757-0089 
0757-0089 
0757-0009 
0757-0089 

0757-0089 

00692-606 

190 1-0033 
190 1-0033 
190 1-0033 
190 1-0033 
190 1-0033 

Descrirkion # 

D I O D E t S I L I C C N t 1 k 9 8 5 B  
D I O D E t S I L I C C N I l N 4 8 5 B  
D I O D E t S I L I C O N l 1 N 4 8 5 B  

R l V A R  COMP 2 S K  OHM 20% L I N  1/5W 
R I V A R  COMP l O O K  OHM 201 L I N  1/5W 
R I V A R  COMP I O O K  OHM L I N  1/5W 
R I V A R  COMP 5 0 0 K  OHM L I N  1/5W 
R l V A R  COMP 5OOk OHM L I N  1/5W 

R I V A R  C O k P  1 MEGOHM 2 0 %  L I N  1/5W 
R t V A R  C O h P  1 MEGOHM 20% L I N  1/5W 
R I V A R  COMP 1 MEGOHM 2 0 %  L I N  1/5W 
R l L A R  COMP 5 0 0 K  OHM 200/0 L I N  1/5w 
R I V A R  COMP 1 MEGOHM 20% L I N  1/5W 

R I V A R  COMP 5 0 0 K  OHM L I N  1/5W 
R l F X D  MET F L M  1 6 2 K  OHM 1% 1/ZW 
F A C T O R Y  S E L E C T E D  P A R T I T Y P I C A L  V A L U E  G I V E N  
R I F X D  MET F L M  2 4 9 K  OHM 1% 1/2W 
F A C T O R Y  S E L K T E D  P A R T I T Y P I C A L  V A L U E  G I V E N  

F A C T O R Y  S E L E C T E D  P A R T I T Y P I C A L  V A L U E  G I V E N  
R I F X D  MET F L M  2 4 9 K  OHM 1% 1/2W 
F A C T O R Y  S E L E C T E D  P A R T I T Y P I C A L  V A L U E  G I V E N  

R l F X D  MET F L M  309K OHM 1% 1/2W 
F A C T O R Y  S E L L C T E D  P A R T I T Y P I C A L  V A L U E  G I V E N  
R t F X D  MET F L M  5 1 1 K  OHM 1% 1/2W 
F A C T O R Y  S E L E C T E D  PARTITYPICAL V A L U E  G I V E N  
R I F X D  MET F L M  5 1 1 K  OHM l V  1/2W 
F A C T O R Y  S E L E C T E D  P A R T I T Y P I C A L  V A L b E  G I V E N  
R I F X D  MET FLH 1 3 3 K  OHM 1% 1/2W 
F A C T O R Y  S E L E C T E D  P A R T t T Y P I C A L  V A L U E  G I V E N  
R I F X D  MET F L M  1 3 3 K  OHM 1% 1/2W 
F A C T O R Y  S E L E C T E D  PARTITYPICAL V A L b E  G I V E N  

R l F X D  MET F L M  2 9 9 K  OHM l h  1/ZW 
F A C T O R Y  S E L L C T E D  P A R T t T Y P I C A L  V A L U E  G I V E N  
R I F X D  MET F L M  309K OHM 1% 1/2W 
F A C T O R Y  S E L L C T E D  P A R T I T Y P I C A L  V A L V E  G I V E N  
R t F X D  MET F L M  160 OHM 5 %  1/2W 
R l F X D  MET F L M  1500 OHM 5% l / L W  
R l F X D  MET F L M  1K OHM 2% 1/2W 

R l F X D  M E T  F L M  1 K  OHM 2 %  1/2W 
R I F X D  MET F L M  1 K  OHM 2% l /ZW 
R l F X D  MET F L M  1 K  OHM 2 %  1/2W 
R I F X D  MET F L M  1 K  OHM 2% 1/2W 
R I F X D  MET F L M  1 K  OHM 2 %  1/2W 

R I F X D  MET F L M  1K OHM 2 %  1/2W 

A S S Y t S H A P I h G ( M 0 D E L  6 9 2 A  O N L Y )  

D I O D E t S I L I C G N I l N 4 8 5 B  
D I O D E * S I L I C G N I l N 4 8 5 B  
D I O D E * S I L I C O N l l N 4 8 5 8  
D I O D E t S I L I C O N I l N 4 8 5 B  
D I O D E t S I L I C O N ~ l N 4 8 5 R  

R I F X D  MET F L M  80.6K OHM 1# 1/2W 

Note 

# See list of abbreviations in introduction to this section 
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Section VI 
Table 6-1 

Models 691A/692A/693A/694A 

Table 6- 1. Reference Designation Index (Cont'd) 
Reference 
De si gnati on 

A 3 C R 6  
A 3 C R 7  
A 3 C R 8  
A 3 C R 9  

A 3 R 1  
A 3 R 2  
A 3 R 3  
A 3 R 4  
A 3 R 5  

A 3 R 6  
A 3 R 7  
A 3 R 8  
A 3 R 9  
A 3 R 1 0  

A 3 R 1 1  
A 3 R 1 2  

A 3 R 1 3  

A 3 R 1 4  

A 3 R 1 5  

A 3 R 1 6  

A 3 R  17 

A 3 R  18 

A 3 R 1 9  

A 3 R 2 O  

A 3 R 2  1 

A 3 R 2 2  

A 3 R 2 3  
A 3 R 2 4  
A 3 R 2 5  

A 3 R 2 6  
A S R 2 7  
A 3 R 2 0  
A 3 R 2 9  
A 3 R 3 0  

A 3 R 3  1 

A 3  

A 3 C R 1  
A 3 C R 2  
A 3 C R 3  
A 3 C R 4  

@ Stock No. 

190 1-0033 
190 1-0033 
1901-0033 
1901-0033 

2 100-0914 
2 100-0915 
2 100-0917 
2 100-0917 
2 100-09 17 

2100-0917 
2100-0917 
2100-0917 
2100-0917 
2100-0916 

2100-0916 
0757-0130 

0757-03 10 

0757-0353 

0757-0312 

0757-0353 

0757-0353 

0757-031 1 

0757-0310 

0757-03 1 1 

0757-019 1 

0757-0310 

0757-0076 
0797-0089 
0757-0089 

0757 - 00 8 9 
0757-0009 
0757-0089 
0757-0089 
0757-0089 

0757-0089 

00693-606 

190 1-0033 
19 0 1-0033 
1901-0033 
1901-0033 

DescriDtion # 

D I O D E * S I L I C O N l l N 4 8 5 B  
D I O D E v S I L I C C N I l N 4 8 5 B  
D I O D E v S I L I C C N 1 1 N 4 8 5 6  
D I O D E t S I L I C C N l l N 4 8 5 8  

R I V A R  COMP 2 5 K  OHM 20% L I N  1/51 
R I V A R  COMP l O O K  OHM 2 0 %  L I N  1/5W 
R l V A R  COMP 5 0 0 K  OHM L I N  1/5W 
R I b A R  COMP 5 0 0 K  OHM L I N  1/5W 
R I V A R  COMP 5OOK OHM L I N  1/5W 

R I V A R  COMP 5 0 0 K  OHM L I N  1/5W 
R I V A R  COMP 5 0 0 K  OHM L I N  1/5W 
R I V A R  COMP 5 0 0 K  OHM L I N  1/5W 
R I V A R  COMP 5 0 0 K  OHM L I N  1/5W 
R l V A R  COMP 2 5 0 K  OHM 20% L I N  1/5W 

R I V A R  COMP 2 5 0 K  OHM 20% L I N  1/5W 
R I F X D  MET F L M  1 6 2 K  OHM 1% 1/2W 
F A C T O R Y  S E L f r C T E D  P A R T I T Y P I C A L  V A L U E  G I V E N  
R S F X D  M E T  F L M  1 3 3 K  OHM 1% 1/2W 
F A C T O R Y  S E L E C T E D  P A R T I T Y P I C A L  V A L U E  G I V E N  
R I F X D  M E T  FLM 2 4 9 K  OHM 1% 1/2W 
F A C T O R Y  S E L L C T E D  P A R T I T Y P I C A L  V A L U E  G I V E N  
R I F X D  M E T  F L M  3 0 9 K  OHM 1 %  1/2W 
F A C T O R Y  S E L € C T E D  P A R T I T Y P I C A L  V A L U E  G I V E N  

R l F X D  MET F L M  2 4 9 K  OHM 1% 1/2W 
F A C T O R Y  S E L E C T E D  P A R T I T Y P I C A L  V A L U E  G I V E N  
R I F X D  M E T  F L M  2 4 9 K  OHM 1% 1/2W 
F A C T O R Y  S E L E C T E D  P A R T I T Y P I C A L  V A L U E  G I V E N  
R I F X D  M E T  F L M  1 8 2 K  OHM I& 1/2W 
F A C T O R Y  S E L E C T E D  P A R T I T Y P I C A L  V A L U E  G I V E N  
R I F X O  MET F L M  1 3 3 K  OHM l m  1/2W 
F A C T O R Y  S E L E C T E D  P A R T I T Y P I C A L  V A L U E  G I V E N  
R l F X D  M E T  F L M  1 8 2 K  OHM 1% 1/2W 
F A C T O R Y  S E L E C T E D  P A R T I T Y P I C A L  V A L U E  G I V E N  

R I F X D  M E T  F L M  8 0 0 6 K  OHM 1% 1/2W 
F A C T O R Y  S E L t C T E D  P A R T I T Y P I C A L  V A L U E  G I V E N  

F A C T O R Y  S E L E C T E D  P A R T I T Y P I C A L  V A L U E  G I V E N  
R I F X D  M E T  F L M  560 OHM 2 %  1/2W 
R l F X D  MET F L M  I K  OHM 2% 1/2W 
R I F X D  MET F L M  1 K  OHM 2% 1/2W 

R I F X D  MET F L M  1 K  OHM 2 %  1/2W 
R I F X D  M E T  F L M  1 K  OHM 2% 1/2W 
R I F X D  M E T  F L M  1 K  OHM 2% 1/2W 
R I F X D  MET F L M  1 K  OHM 2% 1/2W 
R I F X D  MET F L M  1K OHM 2% 1/2W 

R l F X D  MET F L M  1 K  OHM 2% 1/2W 

A S S Y l S H A P I h G ( M 0 D E L  6 9 3 A  O N L Y )  

D I O D E ~ S I L I C C N I l N 4 8 5 B  
D I O D E t S I L I C C N I l N 4 8 5 B  
D I O D E t S I L I C C N I l N 4 8 5 B  
D I O D E ~ S I L I C O N I l N 4 8 5 B  

R:FXD MET FLM 1 3 3 ~  OHM i m  i n w  

a See list of abbreviations in introduction to this section 
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Models 691A/692A/693A3 694A 

Table 6-1. Reference Designation Index (Cont'd) 

Section VI 
Table 6-1 

Reference 
Designation 

A3CRS 
A 3 C R 6  
A 3 C R 7  
A 3 C R 8  
A 3 C R 9  

A 3 R 1  
A 3 R 2  
A 3 R 3  
A3RU 
A 3 R 5  

A 3 R 6  
A 3 R 7  
A 3 R 8  
A 3 R 9  
A 3 R 1 0  

A m 1 1  
A 3 R 1 2  

A 3 R 1 3  

A 3 R l U  

A3R 15 

A3R 16 

A X 1 7  

A3R 18 

A 3 R 1 9  

A31320 

A 3 R 2  1 

A 3 R 2 2  

A X 2 3  
A X 2 4  
A 3 R 2 5  

A 3 R 2 6  
A 3 R 2 7  
A 3 R 2 8  
A 3 R 2 9  
A 3 R 3 0  

A 3 R 3 1  

A 3  

A 3 C R 1  
A 3 C R 2  
A 3 C R 3  

$3 Stock No. 

190 1-0033 
190 1-0033 
1901-0033 
190 1-0033 
19 0 1-0033 

2100-09 14 
2100-0915 
2100-0916 
21 00-09 16 
21 00-09 16 

21 00-0916 
21  00-0916 
2100-0916 
21 00-0916 
21 00-09 16 

2100-09 16 
0757-031 1 

0757-0130 

0757-0367 

07 57-03 12 

07 57-0312 

07 57-03 1 1 

07 57-031 1 

07 57-0130 

07 57-031 1 

07 57-0191 

07 5 7 - 0 1 ' 3 0  

07 57-0076 
07 5 7 - 0 0 8 9  
07 57-0089 

07 57-0089 
07 57-0089 
07 57-0089 
07 57-0089 
07 57-0089 

07 57-0089 

00 6 9 U - 6 0 6  

19 0 1-0033 
19 01-0033 
19 0 1-0033 

Description # 

D I O D E t S I L I C C N I l N 4 8 5 B  
D I O D E * S I L I C C N l l N 4 8 5 B  
D I O D E v S I L I C G N 1 l N 4 8 5 B  
D I O D E t S I L I C G N 1 1 N U 8 5 B  
D I O D E * S I L I C C N I l N 4 8 5 B  

R I L A R  COMP 2 5 K  OHM 20% L I N  1/5W 
R I V A R  COMP l O O K  OHM 20% L I N  1/5W 

R I V A R  COHP 2 5 0 K  OHM 20% L I N  1/5W 
R l V A R  COMP 250K OHM 20% L I N  1 / 5 Y  

R I V A R  COMP 2 5 0 K  OHM 20% L I N  1/5W 
R I V A R  C O k P  2 5 0 K  OHM 20% L I N  1/5W 
R I V A R  COMP 2 5 0 K  OHM 20% L I N  1/5W 
R t V A R  COMP 2 5 0 K  OHM 20% L I N  1/5W 
R I L A R  COMP 2 5 0 K  OHM 20% L I N  1/5W 

R I V E R  COMP 2 5 0 K  OHM 20% L I N  1/5W 
R I F X D  MET FLM 1 8 2 K  OHY 1% 1/2W 
FACTORY S E L L C T E D  P A R T I T Y P I C A L  V A L C  
R I F X D  MET FLM 1 6 2 K  OHM 1% 1/2W 

RIVAR COMP 2 5 0 ~  OHM 2om LIN i /5w 

G VEN 

FACTORY SELECTED PARTITYPICAL VALUE GIVEN 
R I F X D  MET F L M  l O O K  OHM 1% 1/LW 
FACTORY S E L € C T E D  P A R T I T Y P I C A L  V A L U E  G I V E N  
R I F X D  MET FLM 3 0 9 K  OHM 1% 1/2W 
FACTORY S E L E C T E D  P A R T I T Y P I C A L  V A L U E  G I V E N  

R I F X D  MET F L M  3 0 9 K  OHM 1% 1/2W 
FACTORY S E L E C T E D  P A R T I T Y P I C A L  V A L U E  G I V E N  
R I F X D  MET F L M  182K OHM 1% 1/2W 
FACTORY S E L L C T E D  P A R T I T Y P I C A L  V A L U E  G I V E N  
R I F X D  MET F L M  1 8 2 K  OHM 1% 1/2W 
FACTORY S E L E C T E D  P A R T I T Y P I C A L  V A L U E  G I V E N  
R I F X D  MET F L M  1 6 2 K  OHM 1% 1/2W 
FACTORY S E L E C T E D  P A R T I T Y P I C A L  V A L U E  G I V E N  
R S F X D  MET F L M  1 8 2 K  OHM 1% 1/2W 
FACTORY S E L E C T E D  P A R T I T Y P I C A L  V A L U E  G I V E N  

R t F X D  MET FLM 80 .6K  OHM 1% 1/2W 
FACTORY S E L E C T E D  P A R T I T Y P I C A L  V A L U E  G I V E N  
R I F X D  MET FLM 1 6 2 K  OHM 1% 1/2W 
FACTORY S E L t C T E D  P A R T I T Y P I C A L  V A L U E  G I V E N  
R l F X D  MET F L M  560 OHM 2% 1/2W 
R I F X D  MET F L M  1 K  OHM 2% 1/2W 
R l F X D  MET F L M  I K  OHM 2% 1/2W 

R I F X O  MET F L M  1 K  OHM 2% 1/2W 
R l F X D  MET F L M  1 K  OHM 2% 1/2W 
R I F X D  MET FLM 1 K  OHM 2% 1/2W 
R I F X D  MET FLM 1 K  OHM 2% 1/2W 
R I F X D  MET F L M  I K  OHM 2% 1/2W 

R l F X O  MET FLM 1 K  OHM 2% 1/2W 

A S S Y t S H A P I h G ( M 0 D E L  694A O N L Y )  

D I O D E ~ S I L I C O N ~ l N 4 8 S B  
D I O D E t S I L I C O N I l N U 8 5 B  
D I O D E * S I L I C G N ~ l N U 8 5 B  

Note 

# See list of abbreviations in introduction to this section 
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Section VI 
Table 6-1 

Reference 
Designation 

A 3 C R 4  
A 3 C R 5  
A 3 C R 6  
A 3 C R 7  
A 3 C R B  

A 3 C R 9  

A 3 R  1 
A 3 R 2  
A 3 R 3  
A3RW 
A 3 R 5  

A 3 R 6  
A 3 R 7  
A 3 R 8  
A 3 R 9  
A 3 R 1 0  

A 3 R 1 1  
A 3 R 1 2  

A 3 R l 3  

A 3 R 1 4  

A 3 R  15 

A 3 R 1 6  

A 3 R 1 7  

A X 1 8  

A 3 R 1 9  

A 3 R 2 0  

A 3 R 2 1  

A 3 R 2 2  

A 3 R 2 3  
A 3 R 2 4  
A X 2 5  

A 3 R 2 6  
A 3 R 2 7  
A 3 R 2 8  
A X 2 9  
A 3 R 3 0  

A X 3 1  

A 4  

A 4 C  1 

Table 6-1. Reference Designation Index (Cont'd) 

@ Stock No. 

1901-0033 
190 1-0033 
1901-0033 
19 0 1-0033 
1901-0033 

1901-0033 

2100-0914 
21 00-09 18 
2100-09 17 
2100-0916 
2100-0918 

2100-09 16 
2100-09 16 
2100-0917 
2100-0916 
2100-0916 

2100-09 16 
0757-0321 

0757-0135 

0757-03 13 

0757-0137 

0757-0137 

0757-031 1 

0757-0 191 

0757-0135 

0757-031 1 

0757-0367 

0757-0191 

0 57-0076 
0757-0089 
0757-0089 

0757-0089 
0757-0069 
0757-0089 
0757-0089 
0757-0089 

0757-0089 

00692-6 17 

0 140-0192 

Description # 

D I O D E * S I L I C O N l l N 4 8 5 B  
O I O D E ~ S I L I C O N J l N 4 8 5 B  
D I O D E , S I L I C O N I l N 4 8 5 8  
D I O D E ~ S I L I C O N l 1 N 4 8 5 B  
D I O D E t S I L I C C N l l N 4 8 5 B  

D I O D E * S I L I C C N ~ l N 4 8 5 B  

R l V A R  COMP 2 5 K  OHM 2 0 %  L I N  1/5W 
R I V A R  COMP 1 t A E G O H H  2 0 %  L I N  1/5W 
R I V A R  COMP 500K OHM 20111 L I N  1/5W 
R I V A R  COMP  MEGOHM 20% L I N  1/5W 
R I V A R  COMP  MEGOHM 2 0 %  L I N  1/5W 

R I V A R  COMP 2 5 0 K  OHM 2 0 %  L I N  1/5W 
R I V A R  COMP 2 5 0 K  OHM L I N  1/5W 
R I V A R  COMP 500K OHM 2 0 %  L I N  1/5W 
R I V A R  COMP 25OK OHM 20% L I N  1/5W 
R t V A R  COMP 2 5 0 K  OHM 20% L I N  1/5W 

R I V A R  COMP 2 5 0 K  OHM 2 0 %  L I N  1/5W 
R t F X D  M E T  F L M  1 8 2 K  OHM 1% 1/2W 
F A C T O R Y  S E L E C T E D  P A R T I T Y P I C A L  V A L U E  G I V E N  
R l F X D  MET F L M  5 1 1 K  OHM 2% 1/LW 
F A C T O R Y  S E L E C T E D  P A R T I T Y P I C A L  V A L U E  G I V E N  
R I F X D  MET F L M  392 OHM 1% 1/2W 
F A C T O R Y  S E L E C T E D  P A R T I T Y P I C A L  V A L U E  G I V E N  
R I F X D  M E T  F L M  7 5 O K  OHM 1% 1/2W 
F A C T O R Y  S E L E C T E D  P A R T I T Y P I C A L  V A L U E  G I V E N  

R I F X D  M E T  F L M  7 5 0 K  OHM 1% 1/2W 
F A C T O R Y  S E L E C T E D  P A R T I T Y P I C A L  V A L U E  G I V E N  
R I F X D  M E T  F L M  182K OHM 1% 1/2W 
F A C T O R Y  S E L E C T E D  P A R T I T Y P I C A L  V A L U E  G I V E N  
R t F X D  M E T  F L M  8 0 . 6 k H M  1% 1/2W 
F A C T O R Y  S E L E C T E D  P A R T I T Y P I C A L  V A L U E  G I V E N  

F A C T O R Y  S E L E C T E D  P A R T I T Y P I C A L  V A L U E  G I V E N  
R I F X O  M E T  FLH 1 8 2 K  OHM 1% 1/2W 
F A C T O R Y  S E L E C T E D  P A R T I T Y P I C A L  V A L U E  G I V E N  

R l F X D  M E T  F L M  l O O K  OHM 1% 1/2W 
F A C T O R Y  S E L E C T E D  P A R T I T Y P I C A L  V A L U E  G I V E N  

F A C T O R Y  S E L E C T E D  P A R T I T Y P I C A L  V A L U E  G I V E N  
R I F X D  M E T  F L M  560 OHM 2 %  1/2W 
R t F X D  M E T  F L M  1K OHM 2 %  1/2W 
R t F X D  MET F L M  1K OHM 2% 1/2W 

RIFXD MET FLM 5 1 1 ~  OHM 1% 1/2w 

R I F X D  M E T  F L M  8 0 e 6 K  OHM 1% 1 1 W  

R I F X D  M E T  F L M  I K  OHM 2 %  1/2W 
R l F X D  MET F L M  I K  OHM 2% 1/2W 
R l F X D  MET F L M  I K  OHM 2 %  1/2W 
R I F X D  MET F L M  1 K  OHM 2% 1/2W 
R I F X D  MET F L M  1 K  OHM 2 %  1/2W 

R l F X D  MET F L M  1K OHM 2 %  1/2W 

ASSY 1 SUMW I hG 

C I F X D  M I C A  68PF 5% 3OOVDCW 

# See list of abbreviations in introduction to this section 
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Sectioii VI 
Table 6-1 

Models 69 1 A/69 2A/69 3A/694A 

Table 6- 1. Reference Designation Index (Cont'd) 

Reference 
De signation 

A 4 C 2  
A 4 C 3  
A 4 C 4  
A 4 C 5  
A Y C 6  

A 4 C 7  
A 4 C B  
A 4 C 9  

A 4 C R  1 
A 4 C R 2  
A 4 C R 3  
A 4 C R 4  
A 4 C R 5  

A 4 C R 6  
A 4 C R 7  
A 4 C R 8  

A Y Q ~  
A 4 Q 2  
A 4 Q 3  
A 4 0 4  

A 4 R  1 
A 4 R 2  
A 4 R 3  
A 4 R 4  
A 4 R 5  

A 4 R 6  
A 4 R 7  
A 4 R 8  
A 4 R 9  
A 4 R l O  

A 4 R l l  
A 4 R 1 2  
A 4 R 1 3  
A 4 R 1 4  
A 4 R 1 5  

A 4 R  16 
A 4 R 1 7  
A 4 R  18 

A 4 R 1 9  

A 4 R 2 O  
A 4 R 2  1 
A 4 R 2 2  
A 4 R 2 3  
A 4 R 2 4  
A 4 R 2 5  

A 4 R 2 6  
A 4 R 2 7  
A 4 R 2 8  

THRU 

@ Stock No. 

0140-0176 
0 140-0204 
0130-0017 
0140-0204 
0 130-00 17 

0 140-0149 
0 140-0149 
0160-0383 

190 1-0033 
1901-0033 
1901-0033 
1901-0033 
1901-0033 

1901-0033 
190 1-0033 
190 1-0033 

1854-0003 

1854-0003 

0812-0053 
0812-0053 
2100-0912 
0758-0100 
0758-0053 

0687-3941 
0757-0308 
0757-0308 
0757-0308 
0757-0300 

0758-0053 
2100-09 12 
0687-3941 

0758-0005 

0758-0053 
0687-5941 
0758-0037 

0750-0021 

2 100-09 14 
0757-032 1 
0750-0006 

0758-00 l a  

0750-0053 
0687-3941 
0758-0037 

Description # 

C I F X D  M I C A  100 PF 2 %  300 VDCW 
C I F X D  M I C A  ri7PF 5 %  N P O  5OOVDCW 
C I V A R  CER 0-50 PF N750 
C I F X D  M I C A  k7PF 5 %  N P O  5OOVDCW 
C I V A R  C E R  8-50 PF N750 

C I F X D  M I C A  470 PF 5 %  300 VDCW 
C I F X D  M I C A  U70 PF 5 %  300 VDCW 
C I F X D  M I C A  l O P F  10% 

D I O D E ~ S I L I C G N I l N 4 8 5 6  
D I O D E * S I L I C C N I l N 4 8 5 B  
D I O C E t S I L I C C N l l N 4 8 5 8  
D I O D E t S I L I C C N I l P i 4 8 5 B  
D I O O E ~ S I L I C G N l l N 4 8 5 6  

D I O D E t S I L I C O N l l N 4 8 5 8  
D I O D E * S I L I C G N I l N 4 8 5 8  
D I O D E ~ S I L I C O N 1 l N 4 8 5 B  

T R A N S I S T O R I k P N  S I L I C O N  
DELETED 
T R A N S I S T O R I h P N  S I L I C O N  
DELETED 

R I F X D  W W  5OOK OHM 1 %  1/4h 
R I F X D  W W  5 0 0 K  OHM 1 %  1/41 
R I V A R  COMP 5 K  OHM 2 0 %  L I N  1/5W 
R I F X D  M E T  O X  3 3 0 K  OHM 5% 1/2W 
R I F X D  M E T  F L M  1OOK OHM 5 %  1/2W 

R I F X D  COMP 3 9 0 K .  OHM 1 0 %  1/2W 
R l F X D  MET F L M  l e 5 0  MEGOHM 1% 1/2k 
R t F X D  MET F L M  1.50 MEGOHM 1 %  1/2W 
R I F X D  M E T  F L M  l e 5 0  MEGOHM 1 %  1/2W 
R t F X O  M E T  F L M  l e 5 0  MEGOHM 1 %  1/2W 

R l F X D  M E T  F L M  l O O K  OHM 5 %  1/2W 
R I V A R  COMP 5K OHM 20% L I N  1/5W 
R I F X D  COMP 3 9 0 K  OHM 10% 1/2W 
R I F X D  MET F L M  1 5 K  OHM 5% 1/2h 
R t F X D  MET OX 4700 OHM 5% 1/2W 

R I F X D  M E T  F L M  l O O K  OHM 5 %  1/2W 
R I F X D  COMP 3 9 0 K  OHM 10% 1/2W 
R I F X D  M E T  F L M  5100 OHM 5% 1/2W 
F A C T O R Y  S E L E C T E D  P A R T I T Y P I C A L  V A L U E  G I V E N  
R I F X O  M E T  F L M  51K OHM 5 %  1/2W 

R I V A R  COMP 25K OHM 2 0 %  L I N  1/5W 
R I F X O  M E T  F L M  2 0 2 K  OHM 1 %  1/4W 
R I F X D  MET F L M  1OK OHM 5% 1/2W 
D E L E T E D  

NOT A S S I G N E G  

R t F X D  M E T  F L M  l O O K  OHM 5% 1/2W 
R I F X D  COMP 3 9 0 K  OHM 1 O B  1/2W 
R l F X D  MET F L M  5100 OHM 5% 1/2W 
F A C T O R Y  S E L € C T E D  P A R T I T Y P I C A L  V A L U E  G I V E N  

Note 

# See list of abbreviations in introduction to this section 
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Section VI 
Table 6-1 

Models 691A/692A/693A/694A 

Table 6-1. Reference Designation Index (Cont'd) 

Reference 
Designation 

A4R29 
A4R30 
A4R31 
A4R32 
A4R33 

A 4 R 3 4  
A4R35 
A4R36 
A4R37 
A4R38 

A 4 R 3 9  
A4R4O 
A4R4 1 
A4R42 
A4R43 
A 4 R 4 4 - 4 6  
A4V 1 
A4V2 
A4V3 

A4XV 1 
A4XV2 
A4XV3 

A 5  

A 5 C  1 
A X 2  
A 5 C 3  
A5C4 
ASC5 

A 5 C 6  
A X 7  
A 5 C 8  
A 5 C 9  
A X 1 0  

A 5 C l l  
A 5 C  12 

ASCRl 
A 5 C R 2  
A 5 C R 3  
A5CR4 
A5CR5 

ASCR6 
A5CR7 
A 5 C R 8  
A 5 C R 9  
ASCR 10 

A5CRl1  
A 5 C R 1 2  
A 5 C R 1 3  
A5CR14 
A 5 C R l 5  

@ Stock No. 

0758-0021 
2100-0914 
0757-0321  
0758-0006 

0687-1261 
0687-1261 
0687- 10 1 1 
0698-33 04 
s98-3304 

0698-3304 
0130-0038 
0758-0059 
0758-0044  
0758-0044 
0698-3 3 04 
1932-0027 
1932-0030 
1932-0049 

1200-0062 
1200-0062 
1200-0062 

00692-605 

0 170-00 19 
0140-0204 

0180-01 16 
0 140-0198 

0 140-0149 
0 140-01 98 
0180-0116 
0140-0178 

0170-0078 
0180-0061 

1901-0025 
1901-0025 
190 1-0025 
1901-0025 
1901-0025 

1901-0025 
190 1-0025 
190 1-0025 
190 1-0025 
1901-0025 

190 1-0025 
190 1-0025 
190 1-0025 
1901-0025 
190 1-0025 

Description # 

RIFXD MET FLM 51K OHM 5% 1/2W 
R I V A R  COMP 25K OHM 20% L I N  11% 
RIFXO MET FLM 202K OHM 1% 1/4W 
RlFXD MET FLM 10K OHM 5% 1/2W 
DELETED 

RlFXD COMP 12 MEGOHM 10% 1/2W 
RlFXD COMP 12 MEGOHM 10% 1/2W 
RlFXD COMP 100 OHM 10% 1/2W 
RlFXD MET FLM 1 3 0 K  OHM 1% 1 / 2 W  
RlFXO MET FLM 1 3 0 K  OHM 1% 1/2W 

RIFXD MET FLM 1 3 0 K  OHM 1% 1/2W 
RIFXD DEPC 19-4K  OHM 1% 
RIFXD MET FLM 1 l K  OHM 5pI 1 / 2 Y  
RIFXD MET FLM 2 2 0 0  OHM 5% 1/2W 
RlFXD MET FLM 2200 OHM 5% 1/2W 
R:FXD MET FLM 130K OHM 1% 1 / 2 W  
ELECTRON TUBEl lZAT7  
ELECTRON TCILEI 1 2 A X 7  
ELECTRON T M E I C K  647 

SOCKETITUBE 9 P I N  MINIATURE 
SOCKETITUBE 9 P I N  MINIATURE 
SOCKETITUBE 9 P I N  M I N I A T W E  

ASSYIALC AMFLIFIER 

CIFXD MY 0.1 UF 5% 20OVDCW 
CIFXD M I C A  47PF 5% NPO SOOVDCW 
DELETED 
CIFXD ELECT TA 608UF 10s 35VDCW 
CIFXD M I C A  200PF 5% 3OOVDCW 

CIFXD M I C A  4 7 0  PF 5% 300 VDCW 
CIFXD M I C A  200PF 5% 3OOVDCW 

CIFXD M S C A  560 PF 2% 300 VDCW 
NOT ASSIGNEL 

CIFXD MY 0e47UF 5% 15OVDCW 
ClFXD ELECT lOOUF +100%-10$ l5VDCW 

DIODEtJUNCTIONI5MA AT 1 V  100 P I V  
DIODEtJUhCTIONtSMA AT 1 V  100 P I V  
DIODEtJUNCTIONI5MA AT 1 V  100 P I V  
DIODEtJUNCTION15MA AT 1 V  100 P I V  
DIODEtJUNCTIONISMA AT 1 V  100 P I V  

DIODEtJUNCTION15MA AT 1 V  100 P I V  
DIODEtJUNCTIONISMA AT 1 V  100 P I V  
DIODEtJUNCTIONI5MA AT 1 V  100 P I V  
DICDEtJUNCTION15MA AT 1 V  100 P I V  
DIODEtJUNCTION85MA AT 1 V  100 P I V  

DIODEtJUNCTIONl5MA AT 1 V  100 P I V  
DIODEtJUNCTIONISMA AT 1 V  100 P I V  
DIODEtJUNCTION15MA AT 1 V  100 P I V  
DIODEtJUNCTIONI5MA AT 1 V  100 P I V  
DIODEtJUNCTION15MA AT 1 V  100 P I V  

CIFXD ELECT TA 6.8UF 10% 35VDCW 

Note 
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Models 691A/692A/693A/694A Section VI 
Table 6-1  

Reference 
Designation 

A 5 C R 1 6  
A 5 C R 1 7  
A S C R I B  
A5CR 19 
A 5 C R 2 0  

A 5 0 1  
A502 
A503 
A504 
A505 

ASQ6 
A 5 0 7  
A508 
A509 
A5010 

A S Q l  1 
A 5 0 1 2  
A 5 0 1 3  
A5014 
A50 15 

A5016 
A5017 
A5Q10 
A 5 Q 1 9  
A5020 

A502 1 
A5022 
A5023 

A 5 R 1  
A 5 R 2  
A 5 R 3  
A 5 R 4  
A 5 R 5  

A 5 R 6  
A 5 R 7  
A S S 8  
A 5 R 9  
A S R l O  

A S R l 1  
A5R 12 
A S R 1 3  
A5R 14 
A 5 R 1 5  

A 5 R 1 6  
A 5 R 1 7  
A S R l 8  
A 5 R 1 9  
A 5 R 2 0  

A 5 R 2  1 
A S R 2 2  

Table 6- 1. Reference Designation Index (Cont'd) 

$3 Stock No. 

190 1-0033 
190 1-0025 
1901-0025 
1901-0025 

1 8 5 4 - 0 0 0 3  
1854-00 15 
1850-0062 
1850-0062 
1850-0062 

1850-0062 
1 8 5 0 - 0 0 6 2  
1 8 5 0 - 0 0 6 2  
1 0 5 4 - 0 0 0 3  
1 8 5 4 - 0 0 0 3  

1850-0062 
1854-0003 
1 8 5 4 - 0 0 0 3  
1850-0062 
1850-0062 

1854-00 14 
1850-0096 
1 8 5 0 - 0 0 9 6  
1 8 5 4 - 0 0 0 5  

1854-00 15 
1 8 5 3 - 0 0 0 1  
1855-0001 

0758-0076 

0750-0003 
0758-0090 
0750-0053 

0750-0098 
0758-0006 
0757-0079 
0758-0012 
0758-0006 

0758-0090 
0758-0071 
0758-0047 
0758-0039 
0750-0024 

0758-0090 
0750-0053 
0750-0098 
0758-0006 
0757-0079 

0750-00 12 
0758-0006 

Description # 

D E L E T E D  
D I O D E t S I L I C G N S l N 4 8 5 B  
D I O D E v J U N C T I O N S S M A  A T  1 V  100 P I V  
D I O D E * J U N C T I O N I S M A  A T  1 V  100 P I V  
D I O D E t J U h C T I O N 1 5 M A  A T  1 V  100 P I V  

T R A N S I S T O R S N P N  S I L I C O N  
T R A N S I S T O R S h P N  S I L I C O N  
T R A N S I S T O R S G E R M A N I U M  S P L 2 N 4 0 4  P N P  
T R A N S I S T G R S C E R M A N I U M  S P L 2 N 4 0 4  P N P  
T R A N S I S T O R S G E R M A N I U M  S P L 2 N 4 0 4  P N P  

T R A N S I S T O R I G E R M A N I U M  S P L 2 N 4 0 4  P N P  
T R A N S I S T O R I G E R M A N I U M  S P L 2 N 4 0 4  PNP 
T R A N S I S T O R I G E R M A N I U M  S P L 2 N 4 0 4  P N P  
T R A N S I S T O R S N P N  S I L I C O N  
T R A N S I S T O R S k P N  S I L I C O N  

T R A N S I S T O R I G E R M A N I U M  S P L Z N 4 0 4  P N P  
T P A N S I S T O R I N P N  S I L I C O N  
T R A N S I S T O R I N P N  S I L I C O N  
T R A N S I S T O R S G E R M A N I U M  S P L 2 N 4 0 4  P N P  
T R A N S I S T O R l G E R M A N I U M  S P L 2 N 4 0 4  P N P  

T R A N S I S T O R S G U A L  NPN S I L I C O N  
T R A N S I S T O R S G E R M A N I U M  2 N 2 1 8 9  P N P  
T R A N S I S T O R I G E R M A N I U M  2 N 2 1 8 9  PNP 
T R A h S I S T O R I S N 7 0 8  NPN S I L I C O N  
D E L E T E D  

T R A N S I S T O R I N P N  S I L I C O N  BVCBO 5 0 V  
T R A N S I S T O R I P N P  S I L I C O N  3 0 V  900MW 
T R A N S I S T O R S S I L  U N I J U N C T I O N  2 N 1 6 7 1 A  

R I F X D  MET F L M  60K OHM 5% 1 / 2 Y  
D E L E T E D  
RSFXD MET F L M  1000 OHM 5% 1/2W 
RIFXD MET O X  2 2 0 K  OHM 5% 1/2W 
RSFXD MET FLM l O O K  OHM 5% 1/2W 

R I F X D  MET 08 2 2 0 K  OHM 5% 1/2W 
RSFXD MET FLM 1 0 K  OHM 5% 1/2Y 
R I F X D  MET F L M  2700 OHM 2% 1/2W 
R I F X D  MET FLM 1 2 K  OHM 5% 1/2W 
RSFXD MET FLM 1 0 K  OHM 5% 1/2W 

R l F X D  MET OX 2 2 0 K  OHM 5% 1/2W 
R I F X D  MET FLM 4 3 0 0  OHM 5% 1/2W 
R l F X D  MET FLM 7500 OHM 5% 1/2W 
R I F X D  MET F L M  2 0 K  OHM 5% 1/2W 
R I F X D  MET FLM 100 OHM 5% 1/2W 

R l F X O  MET OX 2 2 0 K  OHM 5% 1/2W 
R I F X D  MET FLM l O O K  OHM 5% 1/2W 
RSFXD MET GX 2 2 0 K  OHM 5% I/2W 
R I F X D  MET F L M  10K OHM 5% 1/21 
R I F X D  MET FLM 2700 OHM 2% 1/2W 

R S F X D  MET FLM 1 2 K  OHM 5% 1/2W 
R I F X D  MET FLM 10K OHM 5% 1/2W 

# See list of abbreviations in introduction to this section 

Note 
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Section VI 
Table 6-1 

Models 691A/692A/693A/694A 

Reference 
Designation 

A 5 R 2 3  
A 5 R 2 4  
A 5 R 2 5  
A 5 R 2 6  
A 5 R 2 7  

A S R 2 8  
A 5 R 2 9  
ASRSO 
A 5 R 3  1 
A 5 R 3 2  

A 5 R 3 3  
A 5 R 3 4  
A 5 R 3 5  
A 5 R 3 6  
A 5 R 3 7  

A 5 R 3 8  
A 5 R 3 9  
A 5 R 4 0  
A 5 R 4  1 
A 5 R 4 2  

A 5 R 4 3  
A 5 R 4 4  
A 5 R 4 5  
A S R 4 6  
A 9 3 4 7  

A S R 4 8  
A S R 4 9  
A S R 5 0  
A 5 R 5  1 
A 5 R 5 2  

A 5 R 5 3  
A S R 5 4  
A 5 R S 5  
A 5 R 5 6  
A 5 R S 7  

A 5 R 5 8  
A 5 R 5 9  
A 5 R 6 0  
A S R 6  1 
A 5 R 6 2  

A 5 R 6 3  
A 5 R 6 4  
A 5 R 6 5  
A S R 6 6  
A S R 6 7  

A 5 R 6 8  
A 5 R 6 9  

ASR?O 

A S R 7  1 

Table 6-1. Reference Designation Index (Cont'd) 

($9 Stock No. 

o7sa-0098 
0758-007 1 
0758-0047 
0756-0039 
0758-0024 

0758-0006 
0758-0006 

0727-0246 
0'158-0005 

0758-0003 
0758-0003 
0158-0039 

0751-00 17 

0158-0035 
0687-3341 
0758-0005 
0758-0029 
08 12-005 1 

2100-0912 
0812-0051 
0687-3341 
0750-0029 

0758-0005 

0687-3341 
0750-0039 
0350-0035 

0757-00 17 
0758-0079 
0727-0226 
0758-0021 

0758-0003 
0758-0024 

0687-1541 
0687-1551 

0687-4741 

0687-331 1 

Description # 

R I F X D  MET OX 2 2 0 K  OHM 5% 1/2W 
R I F X D  M E T  F L M  9300 OHM 5% 1/2W 
R I F X D  MET F L M  7500 OHM 5% 1/2W 
R I F X D  M E T  FLH 2 0 K  OHM 5% 1/2W 
R I F X D  M E T  F L M  100 OHM 5 %  1/2W 

D E L E T E D  
D E L E T E D  
D E L E T E D  
D E L E T E D  
D E L E T E D  

R l F X D  MET F L H  1 0 K  OHM 5% 1/2W 
R I F X D  MET F L M  1 0 K  OHM 5% 1/2W 
D E L E T E D  
R I F X D  DEPC 6 0 0 K  OHM 1% 1/2W 
R I F X D  M E T  OX 4700 OHM 5% 1/2W 

R l F X D  M E T  F L M  1000 OHM 5% 1/2W 
R I F X D  MET F L M  1000 OHM 5% 1/2W 
R I F X D  MET F L M  2 0 K  OHM 5% 1/2W 
D E L E T E D  
R I F X D  M E T  F L M  1 MEGOHM 1/2% 1/2W 

R l F X D  MET F L M  3000 OHM 5% 1/2W 
R l F X D  COMP 3 3 0 K  OHM 10% 1/21 
R I F X D  MET OX 4700 OHM 5% 1/2W 
R I F X D  MET F L M  470 OHM 5% 1/2W 
R I F X D  W W  1 5 K  OHM 3% 3W 

R t V A R  C O W  5 K  OHM 20% L I N  1/5W 
R I F X D  W W  1 5 K  OHM 3% 3W 
R t F X D  COMP 330K OHM 10% 1/2W 
R l F X D  MET F L M  470 OHM 5% 1/2W 
D E L E T E D  

R I F X D  M E T  OX 4700 OHM 5% 1/2W 
D E L E T E D  
R I F X D  COMP 3 3 0 K  OHM 10% 1/2W 
R I F X D  MET F L M  2 0 K  OHM SI 1/2W 
R I F X D  M E T  FLH 3000 OHM 5% 1/2W 

R t F X D  M E T  F L M  1 MEGOHM 1/21 1/2W 
R I F X D  M E T  F L H  30K OHM 5% 1/2W 
R t F X D  D E P C  2 5 0 K  OHM 1% 1/2W 
R I F X D  MET F L H  5 1 K  OHM 5% 1/2W 
D E L E T E D  

R I F X O  MET F L M  1000 OHM 5% 1/2W 
R I F X D  MET F L M  100 OHM 5% 1 / 2 Y  
D E L E T E D  
D E L E T E D  
D E L E T E D  

R t F X D  COHP 150K OHM 10% 1/2W 

FACTORY S E L E C T E D  P A R T I T Y P I C A L  V A L U E  G I V E N  
R I F X D  COMP 4 7 0 K  OHM 10% 1/2W 
F A C T O R Y  S E L E C T E D  P A R T I T Y P I C A L  V A L U E  G I V E N  

R I F X D  COMP 1.5 MEGOHM 10% 1/2W 

R I F X D  COMP 330 OHM 10% 1/2W 

Note 
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Models 691A/692A/693A/694A Section VI 
Table 6-1 

Table 6- 1. Reference Designation Index (Cont'd) 

Reference 
Designation 

A5R72 
A5R73 
A5R74 
A5R75 
A5R76 

A5R77 
A5R70 
A5R79 
A5R8O 
A5R0 1 

A5R02 
A5R83 
ASR84 
A5R85 
A5R86 

ASR87 

A 5 V  1 

ASXV 1 

A 6  

A 6 C  1 
A 6 C 2  

A6CR 1 
A6CR2 
A6CR3 

A6R 1 
A6R2 
A6R3 
A 6 R 4  
A6R5 

A6R6 
A6R7 
A6R0 
A6R9 

A6V1 
A 6 V 2  

A6XV 1 
A6XV2 

A? 

A7C 1 
A 7 C 2  
A X 3  
A7C4 
A7C5 

A X 6  
A 7 C l  

@ Stock No. 

0607-1561 
0750-0021 
0750-0053 
0758-0050  

0758-0037 
0750-00 17 
0150-0037 
0750-0039  
0750-0040 

0750-0012 
0758-0 102 
0750-00 10 
0727-0169 
0750-0087 

0758-0006  

1932-0049 

1200-0062 

00692-603 

0170-0022 
0150-0052 

190 1-0030 

190 1-0004 

0758-0024  
0013-0011 
0758-0006 
0764-0020 

0693-4701 

00692-601 

0100-0049 
0 100-0105 
0100-0050 
0 150-0012 
0100-0059 

0180-0059 
0 100-0105 

Description # 

DELETED 
RIFXD COMP 15 MEGOHM 10% 1/2W 
RIFXD MET FLM 51K OHM 5RI 1/2W 
RIFXD MET FLM 1OOK OHM 5% 1/2W 
RIFXD MET FLM 39K OHM 5% 1/2W 

RIFXD MET FLM 5100 OHM 5% 1/2W 
RIFXD MET FLM 1 5 0 0  OHM 5% 1/2W 
RlFXD MET FLM 5100 OHM 5% 1/2W 
RIFXD MET FLM 20K OHM 5% 1/2W 
RIFXD MET FLM 0200 OHM 5% 1/2W 

RIFXD MET FLM 12K OHM 51 1/2W 
RlFXO MET OX 270K OHM 5% 1/2W 
RIFXD MET OX FLM 3300 OHM 5% 1/2W 

RIFXD MET OX 470K OHM 5% 1/2W 

R lFXD MET FLM 10K OHM 5% 1/2W 

ELECTRON TGEEICK 6U7 

SOCKETlTUBE 9 P I N  MINIATURE 

ASSYIHIGH VOLTAGE 

CIFXD MY OmIUF 20% 600VDCW 
CIFXD CER 0.05 UF 20% 4OOVDCW 

DIODE*SILICON1000 P I V  
NOT ASSIGNED 
RECTIF IERIS IL ICON SOMA 4 0 0 0 P I V  

R lFXD MET FLM 100 OHM 5 1  1/2W 
RIFXD W W  330 OHM 5% 5W 
R lFXD MET FLH 10K OHM 5% 1/2W 
RIFXD MET FLM lOOK OHM 5% 2W 
DELETED 

RIFXD DEPC 15.5K OHM 1% 1/2W 

DELETED 
DELETED 
DELETED 
RIFXD COMP 47 OHM 10% 2W 

DELETED 
DELETED 

DELETED 
OELETED 

ASSYIF ILAMEM POWER SUPPLY 

CCFXD ELECT 20UF SOVDCW 
CIFXD ELECT SEMI-POLARIZED W U F  2SVDCW 
CIFXD ELECT 40UF -15%+100% SOVDCW 
CIFXD CER OmOlUF 20% lOOOVDCW 
CIFXD ELECT lOUF -lO%+lOO% 25VDCW 

CIFXD ELECT lOUF -10%+10011 25VDCW 
C lFXD ELECT SEMI-POLARIZED 5OUF 25VDCW 

Note 

# See list of abbreviations in introduction to this section 
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Section VI 
Table 6-1 

Models 691A/692A/693A/694A 

Table 6- 1. Reference Designation Index (Cont’d) 

Reference 
De sienation 

A 7 C 8  
A 7 C 9  
A X 1 0  
A 7 C l l  

A7CR 1 
A7CR2 
A 7 C R 3  
A 7 C R 4  
A7CR5 

A7CR6 
A7CR7 
A 7 C R 8  
A 7 C R 9  
A 7 C R l O  

A7CR11 
A7CRl2 
A 7 C R 1 3  
A 7 C R 1 4  

A7Q 1 
A 7 Q 2  
A7Q3 
A7Q4 
A7QS 

A7Q6 
A 7 Q 7  

A7R 1 
A 7 R 2  
A7R3 
A7R4 
A 7 R 5  

A 7 R 6  
A 7 R 7  
A 7 R 8  
A 7 R 9  
A 7 R l O  

A 7 R l l  
A 7 R 1 2  
A 7 R 1 3  
A7R 1 4  
A 7 R 1 5  

A 7 R l 6  

A 7 R  18 
A7R 19 
A7R2O 

A 7 R 2  1 
A7R22 

~ 7 ~ 1 7  

A8 

ABM1 

@ Stock No. 

0180-0059 
0150-0096 
0180-0059 
0180-0039 

190 1-0025 
190 1-0025 
1902-0031 

1901-0026 
1901-0026 
190 1-0026 
1901-0026 
1901-0025 

1901-0025 
1901-0025 

1850-0064 
1854-0015 
1854-0015 
1854-00 15 
1854-0015 

1850-0062 
1850-0062 

0687-1521 
0687-47 11 
0687-2241  
0687-6831  
0684-2701  

0684-1001  
0687-1011  
0758-0101  
0758-0057 
0758-0005 

0758-0098 
0758-0006 
2 100-0090’ 
0758-0038 
0758-0004  

0758-0104 
0758-0029 
0764-0031 
0687-1011  
0758-0009 

2 100-01 54 
0758-0004 

00692-608 

10 10-0005 

Description # 

CIFXD ELECT lOUF -1o$+loo% 2SVDCW 
CIFXD CER OoO5UF lOOVDCW 
CIFXD ELECT lOUF -101+100% 25VDCW 
CtFXD ELECT lOOUF l2VDCW 

SEMICON DEVICEIDIODE S IL ICON 
SEMICON DEVICEIDIODE S IL ICON 

DELETED 
DELETED 

D I O D E t S I L I C O N ~ O o 5 A  ZOOPIV 
DIODEtSIL ICONIOo5A 200PIV  
D I O D E V S I L I C O N I O O ~ A  200PIV  
D I O D E V S I L I C O N I O O ~ A  2 0 0 P I V  

D I O D E I B R E A K D O W N I ~ ~ ~ ~ V  5% 

SEMICON DEVICEIDIODE S IL ICON 

SEMICON DEVICEtDIODE S IL ICON 
SEMICON OEVICEIDIODE S IL ICON 
DELETED 
DELETED 

TRANSISTORIGERMANIUM 2N1183 PNP 
TRANSISTOR1WN SIL ICON 
TRANSISTORINPN S IL ICON 
TRANSISTORINPN S IL ICON 
TRANSISTORINPN SILICON 

TRANSISTOR1GERMANIUM SPLZN404 PNP 
TRANSISTOR~GERMANIUM SPL2N404 PNP 

RIFXD COMP 1500 OHM 10% 1/21 
RIFXD COMP 4 7 0  OHM 10% 1/2W 
RIFXD COMP 220K OHM 10% 1/2W 
RlFXD COMP 68K OHM 10% 1/2W 
RIFXD COMP 27 OHM 10% 1/4W 

RlFXD COMP 10 OhM 10% 1/4W 
RIFXD COMP 100 OHM 10% 1/2W 
RIFXD MET OX 150K OHM 5% 1/2W 
RtFXD MET FLH 5600 OHM 5% 1/2W 
RIFXD MET C X  4 7 0 0  OHM 5% 1/2W 

RIFXD MET OX 220K OHM 5% 1/2W 
RIFXD MET FLH 1OK OHM 5% 1/2W 
RtVAR COMP 2000 OHM 30% L I N  1/3W 
RlFXD MET FLM 9100 OHM 5% 1/2W 
RlFXD MET FLM 2700 OHM 5 1  1/2W 

RIFXD MET OX l 8OK OHM 5% 1/2W 
RIFXD MET FLH 4 7 0  OHM 5% 1/2W 
RIFXD MET OX FLM 47K OHM 2W 
RtFXD COMP 100 OHM 10% 1/2W 
RIFXD MET FLH 6 8 0 0  OHM 5% 1/2W 

R I V A R  COMP 1K OHM 301 L I N  0015W 
RtFXD MET FLH 2700 OHM 5 1  1/2W 

ASSY: TIME METER 

INPICATORIELAPSED TIME 

# See list of abbreviations in introduction to this section 

Note 

~ 
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Models 691A/692A/693A/694A Section VI 
Table 6-1 

Reference 
De si gnati on 

ABRl 
A8R2 
ABR3 
A8R4 
A8RS 

A 9  

A9DS 1 
A9DS2 
A9DS3 
A9DS4 

A9R l  
A942 
A 9 R 3  
A9R4 

A 10 
A l l  

A l l C R l  
A l l C R 2  
A l l C R 3  
A l l C R 4  

A l l Q l  

A l l R 1  
A l l R 2  

A l l R 3  

A l l R 4  

A l l R 5  

A 12 

A 12 

A l 2 J l  

A 12s 1 

A 13 
A 13 
A 1 3 "  

A13' 

e1 
01 

c 1  

02280- 1 

0758-0054  
2100-0912 
2 100-0912 
2 100-09 12 
0686-2455 

00692-618 

2140-0043 
2140-0043 
2 140-0043 
2140-0043 

0684-1001  
0684-1001 
0684-1001  
0684-1001  

00692-661 

19 10-00 14 
1901-0033 
1901-0033 
19 10-00 14 

1854-0003 

2100-0094 
0758-0040 

0758-0055 

0758-0032 

0687-2241 

00691-610 

00693-610 

1250-0083 

3 10 1-00 1 1 

7860 
7870 

3160-0026 
5060-0878 

0150-0012 

Description # 

RIFXD MET FLM 2 4 0 0  OHM 5% 1/2W 
RIVAR COMP SK OHM 20% L I N  1/5W 
R I V A R  COMP 5K OHM 20% L I N  1/5W 
RtVAR COMP 5K OHM 20% L I N  1/5W 
RIFXO COMP 2.4 MEGOHM 5% 1/2W 

ASSYI MODE INDICATOR BOARD 

LAMPIINCANDESCENT 6 V  0.04 AMP 
LAMPIINCANDESCENT 6 V  0.04 AMP 
LAMPtINCAhC€SCENT 6 V  0.04 AMP 
LAMPIINCANDESCENT 6 V  0.04 AMP 

RIFXD COMP 10 OHM 10% 1/4W 
RIFXD COMP 10 OHM 10% 1/4W 
RIFXD COMP 10 OHM 10% 1/4W 
RIFXD COMP 10 OHM 10% 1/4W 

NOT ASSIGNED 
ASSY.MODULATOR BOARD 

SEMICON DEVICEIOIODE GERMANIUM 1N277 
DIODEtSILICON81N485B 
D IODE*SIL ICONI1N4858  
SEMICON DEVICEIDIODE GERMANIUM 1N277 

TRANSISTORIhPN S IL ICON 

R I V A R  COMP 50K OHM 301 L N /!5B 
R:FXD MET FLM 47K OHM !5d lf2W 
FACTORY SELECTED PARTr iYPICAL VALUE GIVEN 
RIFXD MET FLM 360 OHM 5% 1/2W 
FACTORY SELECTED PARTITYPICAL VALUE GIVEN 
RIFXD MET OX 8 2 0  OHM 5% 1/2w 
FACTORY SELECTED PARTITYPICAL VALUE GIVEN 
RlFXD COMP 220K OHM 10% 1/2W 

ASSYICOUPLER BRACKET*INCLUDES A12J1,  A 1 2 S 1  BRACKET 

ASSYrCOUPLER BRACKET INCLUDES A 1 2 J 1 ,  A 1 2 S 1  BRACKET 

@PTION 01 MOOEL 693A ONLY) 

CONNECTORIBNC 

AND 2-COWUCTOR CABLE 
@PTION 01 MCOELS 6 9 1 A ~  692Ae 694A ONLY) 

BRACKET AND 2 CONDUCTOR CABLE 

SWITCHlSLIDE DPDT 0.5 AMP 125 VDC 

DIRECTIOkAL DETECTOR* MODEL 6 9 1 A  ONLY 
DIRECTIONAL DETECTORt MODEL 692A ONLY 
DIRECTIONAL COUPLER/DETECTOR-CONSISTS 
OF NARDA 3044-10 DIRECTIONAL COUPLER/ 
HP 423A CRYSTAL DETECTOR 
DIRECTIONAL COUPLER/DETECTOR-CONS I STS -QF 
NARDA 30458-10 DIRECTIONAL COUPLEV 
HP 423A CRYSTAL DETECTOR 

FANIBLADE 105-120 V c  50-60 CPS 
F I L T E R I A I R  

CtFXO CER OmOlUF 20% lOOOVDCW 

Note 

# See list of abbreviations in introduction to thii section 
O R D E R  OY DESCRIPTIOW 
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Section VI 
Table 6-1 

Models 691A/692A/693A/694A 

Table 6- 1. Reference Designation Index (Cont'd) 
Reference 
Designation 

c2 
c3  
c4 
c5 
C 6  

c7 
C 8  
c9 
c 10 
c11  

c 12 
C 13 
C 14 
C 15 
C 16 

C 17 
c 18 
C 19 
c 20 
c21 

c 22 
C 23 

C R 1  
C R 2  
C R 3  
C R 4  
C R 5  

C R 6  
C R 7  
C R 8  
C R 8  
C R 9  

c R 9  
C R l O  
C R l O  
C R l l  
C R l l  

C R 1 2  
C R 1 2  
C R 1 2  
C R 1 2  
C R 1 2  

C R 1 3  

D S l  
D S l  
D S 1  
D S 2  
D 52 

D S2  

@ Stock No. 

0150-0012 
0160-0382 
0 160-038 1 
0170-0022 
0170-0073 

0 150-00 14 
0 160-0798 

0160-0779 
0160-0384 

0 1 8 0 - 0 0 2 5  
0160-0083 
0160-0083 

0180-0136 

0180-0125 
0 1 8 0 - 0 0 1 6  
0 1 8 0 - 0 0 1 6  

0 180-0128 

0 180-0128 
0180-0063 

190 1-0033 
190 1-0033 
190 1-0025 
1901-0040 
190 1-0025 

1903-0002 

1901-0032 
1200-0088 
1901-0032 

1200-0088 
190 1-0032 
1200-0088 
1901-0032 
1200-0088 

1902-0215 
1200-0080 
1205-0003 
1205-0007 
1205-0008 

1901-0025 

2140-0047 
5040-023rl 
5 0 4 0 - 0 2 3 5  
2 140-0047 
5040-0234 

5040-0235 

016 0- 01 9 2 

Description # 

C I F X D  CER 0 . 0 1 U F  20% lOOOVDCW 
C t F X D  M Y L A R  0 . 0 0 1 U F  10% 4OOVDCW 
C l F X D  M Y L A R  0.01JF 10% 4OOVDCW 
C I F X D  MY O - l U F  20% 6OOVDCW 
C I F X D  MY 1 L F  10% 6OOVDCW 

C I F X D  CER 5 0 0 0 P F  M I N  5OOVCCW 
C l F X D  P O L Y  O e O 4 7 U F  10% 3OVDCW 
D E L E T E D  
C t F X D  MY O o C 2 U F  10% 3OOOVDCW 
C t F X D  CER 5 6 0 0 P F  +00-20% 3KVDCW 

C I F X D  E L E C T  4 SECT 2OUF 4 5 o V D C k  
C l F X D  PAPER 3 U F  20% -10% 2OOOVDCW 
C I F X D  PAPER 3 U F  208 -10% 2 0 0 G V D C N  

C:FXD M I C A  525PF 5% 3 0 0 V D C W ( F A C T O R Y  S E L E C T E D  V A L U E )  
C I F X D  E L E C T  l O U F  -10+100% SOVDCW 

C I F X D  ELECT 4 SECT 2OUF +jO -10% 4 5 O V O C W  
C l F X D  E L E C T  S X l O U F  -10/+50$ 45OVDCW 
C t F X D  E L L C T  3 X l O L ; F  -10/+50% 45OVDCW 
NOT A S S I G h E L  
C I F X D  E L E C T  2 8 0 0 ~ ~  -10+30% SOVDCW 

C l F X D  E L E C T  2 8 0 0 U F  -l0+30% 30VDCW 
C t F X D  E L E C T  5 0 0 U F  -10%+100% 3VDCW 

D I O D E  * S I L I C O N  t i N 4 8 5 B  
D I O D E t S I L I C O N t l N 4 8 5 B  
S E M I C O N  D E V I C E t D I O D E  S I L I C O N  
S E M I C O N  G E V I C E I D I O D E  S I L I C O N  
S E h I C O N  D E V I C E 1 D I O D E  S I L I C O N  

D I O D E 9 4  L A Y E R 1  S I L I C O N  20V 
NOT A S S I G N E C  
R E C T I F I E H t S I L I C O N  15 AMP 1 N 3 2 0 9  
I N S U L A T O R t C l O D E  A N O D I Z E D  ALUMINUM 
R E C T I F I E R I S I L I C O N  15 AMP l N 3 2 0 9  

I N S U L A T O R l C I O D E  A N O D I Z E D  ALUMINUM 
R E C T I F I E R t S I L I C O N  15 AMP 1 N 3 2 0 9  
I N S U L A T O R I C I O D E  A N O D I Z E D  A L U M I N U M  
R E C T I F I E R t S I L I C O N  15 AMP I N 3 2 0 9  
I N S U L A T O R I C I O D E  A N O D I Z E D  A L U M I N U M  

D I O G E ~ B R L A K U O k h 8  6.49V 5% 1 . 5 W  
WASHERSFLAT I N S U L A T I N G  A N O D I Z E D  A L  0.53100 
B U S H I N G I H E A T  S I N K  NYLON 
N U T t H E A T  D I S S I P A T O R  
H E A T  D I S S I P P T O R I B O D Y  

S E h I C O N  D E b I C E I D I O D E  S I L I C O N  

L A M P t G L O k  hEON l / l O W  
L A M P H O L D E R t ( F 0 R  4 L A M P S )  
B A S E t L A M P H C L D E R  
L A K P  I GLOk hEON l / l O W  
L A M P H O L D E R I ( F 0 R  4 L A M P S )  

B A 5 E t L A M P h C L D E R  

Note 
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Models 69 1A/692A/693A /694A Section VI 
Table 6-1 

D 53 
D s3 
us3 
D 54 
D S4 

0 5 4  

F1 

F 1  

F l  
FL1 
F L l  
FL1 

J1 
J 2  
J3 
J 4  
JS 

J6 

J7 
J8 
J9 
J10 
J 10 

J11 
J 12 
J 13 
J 1 4  
J15 

J 16 

I K l  

K 2  

K 3  

KU 

KS 

P 1  
P 2  

Q1 
Q l  

Table 6-1. Reference Designation Index (Cont'd) 

$3 Stock No. 

2 140-0047 
5040-0230  
5040-0235 
2 140-00117 
5040-0234 

5040-0235  

2 110-0055 

2 1 10-0002 

1400-0084 
3600 
00693-604 
00694-604 

1250-0123 

1510-0008 

1510-0009 
0340-0086  
0340-0090 
0340-0090  

1250-0123 
125 1-0148 
00692-2 1 1 
08731-210 

1250-0123 
1250-0 123 
1250-0123 
1250-0123 
1250-0123 

1250-0123 

0490-0123  

0490-01  14 

0490-01 15 

0490-0124 

0490-0026  

1850-0050 
1200-0043 

Description ## 

LAMP 1 GLOh hEON 1/ low 
LAMPHOLDERI(F0R 4 LAMPS) 
BA5E:LAMPHCLDER 
LAMPSCLO'Yr NEON l / l O W  
LAKPHOLDLRI(F0R 4 LAMPS) 

BA5E:LAMPHCLDER 

FUSEICARTRILGE 4 AMP 250V 
115 VOLT OPERATION 
FUSEICARTRILGE 2 AMP 3 AG 
230 VCLT OPERATION 
FUSEHOLDER 8tXTRACTOR POST TYPE 

RF L O W  PASS FILTER(1:ODEL 692A 0NLY)SEE OPTION 01 L I S T  
RF LOW PASS FILTER(M0DEL 693A ONLY) 
RF LOW PASS FILTER(MoDEL 694A ONLY )%kk %f'l%% % k'l%? 
DELETED 
DELETED 
CONNECTOR:BNC(MARKER OUTPUT) 
DELETED 
CONNECTOR IPENL I F T  ,CI)NS I STS OF : 
BINDING POSTIRED 

B I hD ING POST: BLACK 
EXTERIOR INSULATORIBINDING POST ELACK 
INTERIOR 1NSULATOR:BINDINC POST BLACK 
1NSULATOR:EINDING-POST DOUBLE 
DELETED 

DELETED 

CONNECTORIFOWER 3 P I N  MALE 
CONNECTORIN TYPE (RF OUTPUT) 
NUTILOCK FOR J10 

CONNECTORtbNC 
CONNECTOR IBhC 
CONNECTOR 8 BhC 
CONNECTOR IBNC 
CONNECTOR 8BkC 

CO~\~NECTOR:EK:(POWER METER 1 NPUT) 

CONNECTORIBNC 

RELAYIARMATLRE SPDT 2-AMP/COIL 6VDC 

RELAYIARMATURE SPDT/COIL 125MW SENSIT IV ITY  

RELAYIARMATURE 3PDT/COIL 6VDC 

~ E N L  IF T) 

@ELI x OVERLOAD) 

(TIME DELAY) 

QiEATEF OVER-VOLTAGE$) 

(ANODE VOLTAGE CONTRCL) 

RELAY83PDT 6 V  5.1 OHM C O I L  

RELAYIDPDT 115V AC 

NSR PART OF W 1  
NSR PART OF W 1  

TRANSISTORlGERMANIUM 2N457A PNP 
INSULATORlTHANSISTOR ANODIZED ALUMINUM 

# See list of abbreviations in introduction to this section 

Note 
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Section VI 
Table 6-1 

Models 69 lA./692A/693A/694A 

Table 6- 1. Reference Designation Index (Cont'd) 
Reference 
De si gnati on 

01 
Q2 
02 
Q2 
Q3 

Q3 
Q3 
Q3 
Q4 
Q4 

0 4  
Q5 
Q5 
Q5 
Q 6  

Q6 
Q6 

R 1  
R2  
R5 
R4 
R 5  

R6  
R7  
R8 
R9  
R 10 

R11  
R12 
R15 
R 1 6  
R 17 
R 1 8  

R19 
R20 
R2 1 
R22 
R23 

R24 
R25 
R26 
R27 
R28 

R29 
R30 
R31 
R31 
R51 

R32 
R 3 3  

THRU 

ThRU 

. @ Stock No. 

1200-008 1 
1850-0050 
1200-0043 
1200-0081 
1850-0064 

1200-0076 
1200-0092 
1200-0087 
1850-0050 
1200-0043 

1200-008 1 
1850-0050 
1200-0043 
1200-0081 
1P50-0050 

1200-0043 
1200-0081 

0687- 1031 
0727-0332 
0727-0254 
2 100-0753 
0758-0020 

0687-5631 
2 100-0043 
0687-6841 
2100-0752 
2100-0752 

0687-  104 1 

0693- 1531 
0687-331 1 
0687-331 1 

E: 73.3: : 
0687-331 1 
0687-331 1 
0687-331  1 

068 7-3 3 11 
068 7-3 3 11 
0758-0073 
0727-0100 

2 100-0968 
1410-0112 
5020-0446  

Description # 

BUSHINGIINSULATOR NYLON 
TRANSISTORIGERMANIUM 2N457A PNP 
INSULATORtThANSISTOR ANODIZED ALUMINUM 
BUbHINGIINSULATOR NYLON 
TRANSISTOPtEERMANIUM 2N1183  PNP 

INSULATORtTRANSISTOR 
BUSHINGITRANSISTOR 
CLAMPITRANSISTOR 
TRANSISTORlCERMANIUM 2N457A PNP 
INSULATORtTRANSISTOR ANODIZED ALUMINUM 

BUSHINGtINSbLATOR NYLON 
TRANSISTORIEERMANIUM 2N457A PNP 
INSULATORITRANSISTOR ANODIZED ALUMINUM 
BUSHINGIINSULATOR NYLON 
TRANSISTORlGERMANIUM 2N457A PNP 

INSULATORITRANSISTOR ANODIZED ALUMINUM 
BUSHINGlIhSULATOR NYLON 

RIFXD COMP IOK OHM 10% 1/2W 
RIFXD DEPC 1 5 0 K  OHM 1% 1/28 
R lFXD DEPC 750K OHM 1% 1/2W 
RtkAR COMP 500K OHM 20% LIN 1/2W W/DPST SW 
RIFXD MET FLM 22K OHM 5% 1/2W 

RIFXD COMP 56K OHM 10% 1/2W 
RIVAR COhP SOOK OHM 10% L I N  2W 
RtFXD COMP t8OK OHM 10% 1/2W 
RtVAR W W  50K OHM 3% L I N  1.5W IO-TLRN 
RtVAR W W  50K OHM 3111 L I N  1.5W 10-TURN 

RIFXD C O W  1OOK OHM 10% 1/2W 

NOT ASSIGNEG 

RIFXD COkP 330 OHM 10% 1 / 2 Y  
RIFXD COHP 330 OHM 10% 1/2W 

R:FXD COMP 330 OHM 10% 1/2W 
RIFXD COhP 330 OHM 10% 1/2W 
RIFXD COMP 330 OHM 10% 1/2W 
RIFXD COhP 330 OHM 10% 1/2W 
RtFXD COkP 330 OHM 10% 1/2W 

8:FXD COMP 330 OHM IC% 1 / 2 W  
R:FXD COMP 330 OHM 1% 1 / 2 W  
RIFXD MET FLM 24K OHM 5111 1/2k FACTORY S E L E C T E D  V A L U  

DELETED 

DELETED 
NOT ASSIGNED 
RIVAR COMP 1UK OHM 30% 2OCCWLOG 1/8W 

R ~ F X D  COMP 1 5 ~  OHM 10% 2wl 

R IFXD DEPC 1000 OHM 1% 1/2w i F A C T O R Y  S E L E C T E D  V A L U  

BUSHINGISLEEVE BRS NP 0.37500X0*4385/16-32 
NUTIHEX BRS 5/16 X 32 0.438 

NOT ASSIGNED 

Note 

=t See list of abbreviations in introduction to this section 
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Models 691A/692A/693A '694A Section VI 
Table 6-1 

Reference 
De signation 

R34 
R35 
R 36 
R37 
R38 

R 39 
R40 
R 4 l  
R42 
R43 

R44 
R45 
R46 
R47 
R48 

R49 
R 5 0  
R51 
R52 
R53 

R54 
R55 
R 56 
R 5 7  
R 58 

R 5 9  
R59 
R 5 9  
R60 
R 6 l  

RT1 

SI 

5 2  
s3 

5 4  

s5 

56 

s 7  

S 8  

59 

s 1 0  

511 

$3 Stock No. 

2100-0752 
2100-0752 

0758-0029 
0758-0029 

0758-0028 
9758-0020 
0750-0029 
2100-0751  
0757-0128 

2 100-00 n 
0687-1051  
0818-0025 

0687-4721  

08 13-0019 
0813-00 19 
0813-00 19 

08 13-00 19 
0813-0019 
08 16-00 15 
0699-0001 
0684-4731  

2100-0953 
1410-01 12 
5020-0446 
0684-  103 1 
0727-0012 

0839-0006 

00692-624 

00692-625 

310 1-0091 

3 10 1-0052 

3101-0042 

3 101-0042 

3101-0042 

3101-0042 

3101-0032 

3101-0078 

Description # 

RIVAR W W  5CK OHM 31 L I N  1.5W 10-TURN 

DELETED 
RIFXD MET FLM 470  OHM 5% 1 / 2 *  
RIFXO MET FLM 470  OHM 5 %  1/2W 

RlFXD MET FLM 2 7 0  OHM 5% 1/2W 
RtFXD MET FLM 22K OHM 5% 1/2w 
RlFXD MET FLM 4 7 0  OHM 5% 1/2% 
RlVAR COMP 3X1K OHM 20% L I N  l r (  GANGED 
RIFXD MET FLM 200K OHM 1% 1/2w 

R I V A R  W W  50K OHM 3% L I N  1.5W 10-TURN 

RlVAR COMP 12% OHM 20% L I N  1/3W 
RIFXD COMF 1 MEGOHM 10% 1/2W 
RIFXO W W  10k OHM 5% 2 5 1  
DELETED 
RIFXD COMP 4700  OHM 10% 1/2W 

DELETED 
DELETED 
RIFXD W W  0.47 OHM 10% 1/2W 
RIFXD W W  0.47 OHM 10% 1/2W 
R8FXO W W  0.47 OHM 10% 1/2W 

R I f X O  Q W  0.47 OHM 10% 1/2W 
RIFXD W W  0.47 OHM 108 1/2W 
R I f X D  W W  50 OHM 10% 1OW 
R I f X O  COMP 2.7 OHM 10% 1/2W 
RlFXD COMP 47K OHM 10% l/4W 

R l V A R  COMP 10K OHM 30% l o C w L O G  1/8W 
BUSHINGISLEEVE BRS NP 0*3750DX0*4385 /16 -32  
NUTIHEX BRS 5/16 X 32 0.438 
RlfXD COMP 10K OHM 10% 1/4W 
RlFXD DEPC 20 OHM 1% 1/21 

THERMISTORS 10 OHM 10% AT 25C 

SWITCHISWEEP SELECTOR ASSEMBLY I N C L I  
Cl*C2*C7*RltR6*R8*R39*CRl*CR3*CR5*Sl 
NSR PART OF R4 
SWITCHISWEEP TIME(SEC) ASSY INCLUDES- 
C ~ V C ~ * C ~ * C ~ * R ~ * R ~ * R ~ * R ~ * S ~  
SWITCH14-PUSHBUTTON 
ASSYIPUSHBLTTON FUNCTION 4 SECTION 
SWITCHtPUSHbUTTON SPST NORMALLY OPEN 
(MANUAL TRIGGER) 
SWITCHIPUSHBUTTON SPST 
MARK 1 
SWITCHIPUSHEUTTON SPST 
MARK 2 
SWITCHIPUSHEUTTON SPST 

SWITCHIPUSHEUTTON SPST 
EXT AM 

A L C  PWR LEVELIhG INPUTS 

SWITCHIPUSHEUTTON 3PDT 
A L C  

INT. SQ. WAVE 

SWITCHISLIDE 4 PUT 0.5 AMP 125 VDC 

Note 

# See list of abbreviations in introduction to this section 
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I Section VI 
Table 6-1 

Models 691A/692A/693A/694A 

512 

S 13 

S l 4  
S15 

T1 

12 

TB 1 
TB 1 

V I  
v 1  
V I  
v 1  
v 1  

v 1  
v2 
v2 
v2 
v2 

v2 
v2 
v3 
v4 

v4 

v 4  

v 4  

v4 

W l  
w2 

X A 1 1  

xv1 
xv2 
x v3 

Table 6- 1.  Reference Designation Index (Cont'd) 

@ Stock No. 

3 101-0041 

3 10 1-0034 

310 1-001 1 

9 100-0243 

9100-0242 

00692-275 
0360-0361 

1923-0048 
1401-0006 
1 4 0  1-0007 
1400-00 19 
1600-0030 

00692-016 
1923-0048 
1400-0019 
1 4 0  1-0007 
1600-0030 

140 1-0006 
00692-016 

195 1-00 17 

195 1-0020 

195 1-002 1 

1951-0023 

0069 1-2 13 

8120-0078 
00691-6 16 

1251-0194 

1200-0005 
1200-0005 
1200-0005 

Description # 

SWITCHITOG DPDT 3 POS IS AMP 1 2 5 V A C  
L I N E  

L I N E  VOLTAGE 
DELETED 
SWITCHISLIGE DPDT 0.5 AMP 125 VDC 
BLANKING 

TRANSFORMERIPOWER (LOW VOKTAGE) 

SWITCHISLID€ 4 PDT 0.5 AMP 125 VDC 

TRANSFORMER~POWER (HIGH VOLTAGE) 

SHIELD 1 SAFETY 
TERMINAL BCARDI7-TERMINAL 

ELECTRON TU6El 8068 BEAM PENTOOE 
C L I P  8 TUBE 
CLIPIELECTRON TUBE CER I N S  1 / 4 I D  
CLAMPITUBE 
SHIELDIELECTRON TU6E FINGER LINER 5 X 2 

SHIELD TUBE MU-METAL 
ELECTRON TLBEI 8068  BEAM PENTODE 
CLAMPITUBE 
CLIPlELECTRON TUBE CER INS 1/41D 
SHIELDIELECTRON TUBE FINGER LINER 5 X 2 

CL IP :  TUBE 
SHIELDITUBE MU-METAL 

ELECTRON TLBEIBWO 2.0-4.0 GC (STEWART) 
MODEL 692A ONLY 
ELECTRON TUBElBWO 1-2 GC (STEWART) 
MODEL 6 9 1 A  ONLY 

ELECTRON TLBE I BWO 4-8GC (STEWART) 
MODEL 693A ONLY 
ELECTRON TLBEIBWO 8-12.4GC (STEWART) 
MODEL 694A ONLY 
BWO MOUNTING PLATE 
STEWART B I C  ONLY 

CABLEIPOWER 7.5FT. 
ASSYICABLE BNC (OPTION 01 ONLY) 

CONNECTORIPRINTED CIRCUIT 15-CONTACT 

SOCKETrTUBE 
SOCKETITUBE 
S0CKET:TUBE 

Note 
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Section VI 
Table 6-1 

Reference 
Designation 

Table 6-1. Reference Designation Index (Cont'd) 

@ Stock No. 

0370-0025 

0730-ooSlc 

0370-0099 

0370-0104 

0370-0118 

0370-0134 

0370-0138 

03 70-0149 

00691-681 
00691-682 

00692-282 
00692-681 

00692-682 
00693-621 
00693-622 
00694-621 
00694-622 

3150-0002 
5000-0235 
5000-0236 
5000-0237 
5000-02 38 

5000-0239 
5000-0240 
5000-0241 
5000-0242 
5000-0243 

5000-0286 

8500-0059 

00692-244 

5000-0200 

Description # 

MISCELLANEOUS 

KNOB: BLACK 7 D I A  % D I A  SHAFT 
MARKER a, MARKER 2, 
KNOB: BLACK 5/8 I N  WITH ARROW 
MANUAL SWEEP I N T  SQ WAVE FREQ 
KNOB: BLACK CONCENTRIC 13/16 D I A  % SHAFT 
SWEEP TIME (SEC) 
KNOB: BLACK BAR W/ARROW 13/16 D I A  
SWEEP SELECTOR 

KkOE: GREY PUSHBUTTON 11/16 D I A  

KNOB: RED, ARROW % D I A  
SWEEP TIME (SEC) VERNIER 
KNOB: BLACK W/WHITE ARROW 5/8 D I A  
POWER LEVEL 
KNOB: BLACK CRANK ASSY 
START/CW, STOP/A F 
CRANK ASSY I NCLUDES : 
HANDLE, CRANK, BLACK 
BUSHING, CRANK HANDLE 
SCREW, CRANK HANDLE 

MARKER ASSY: RIGHT (MODEL 6 9 l A  ONLY) 
WINDOW: SCALE LUCITE FOR M A I N  D I A L  

MARKER ASSY: LEFT (MODEL 6 9 2 A  ONLY) 

MARKER ASSY: RIGHT (MODEL 6 9 2 A  ONLY) 

MARKER ASSY: RIGHT (MODEL 6 9 3 A  ONLY) 
MARKER ASSY: LEFT (MODEL 6 9 4 A  ONLY) 
MARKER ASSY: RIGHT (MODEL 6 q 4 A  ONLY) 

OIL: A I R  F I L T E R ,  WATER SOLUBLE O I L  

LABEL: PUSHBUTTON ALC) 
LABEL : PUSHBUTTON F )  

LABEL: PUSHBUTTON (EXT AM) 
LABEL: PUSHBUTTON 
LABEL: PUSHBUTTON 
LABEL: PUSHBUTTON 
LABEL: PUSHBUTTON 

LABEL: PUSHBUTTON ( I N T  ALC) (OPTION 01 ONLY) 
WINDOW: COUNTER GREY PLASTIC (MARKER 1 & 2) 
S I L I C O N E  GREASE FOR SEMICONDUCTOR HEAT SINKS, 
D I SS I PATER 

ALC-FUNCTION-AMPLITUDE-MOD SELECTORS 

MARKER ASSY: LEFT (MODEL 6 9 1 ~  ONLY) 

NUT: KNURLED (OPTION 01 ONLY) MOUNTS RF OUTPUT CONN. 

MARKER ASSY: LEFT (MODEL 6 9 3 ~  ONLY) 

Note 
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Section VI 
Table 6-1 

Models 691A/692A/693A/694A 

Table 6- 1. Reference Designation Index (Cont'd) 
Reference 
De signation 

A 1 2  

A 1 2 J 1  
A 1 2 S 1  
A 1 3  

w2 

A 1 2  

A 1 2 J 1  
U 2 S 1  
A 1 3  

FL1 
w2 

A 1 2  

A 1 2 J 1  
A 1 2 S 1  
A13 O 

FL1 
w2 

A 1 2  

A 1 2 J 1  
A 1 2 S 1  
A 1 3 '  

F L 1  
w2 

@I Stock No. 

00691-610 

1250-0083 
3101-0011 
786D 

5000-0286 
00691-616 

00692-282 

00691-610 

12 50-0083 
3101-0011 
78 70 

36OD 
00691-616 
5000-0286 
00692-282 

00693410 

1250-0083 
3101-0011 

00693-604 
00691-616 
5000-286 
00692-282 

00691-610 

1250-0083 
3101-0011 

00694-604 
30691-616 
5000-0286 
30692-282 

Description # 

OPTION 01 PARTS 

MODEL 6 9 l A  
ASSY:COUPLER BRACKET, INCLUDES A12J1, A 1 2 S 1  BRACKET, 

CONNECTOR :BNC 
SW1TCH:SLIDE DPDT 0.5 AMP 125VDCW 
31RECTIONAL DETECTOR 

4SSY :CABLE BNC 

YUT:KNURLED, MOUNTS RF OUTPUT CONNECTOR 

AND 2-CONDUCTOR CABLE 

LABEL:PUSHBUTTON( I NT ALC) 

MODEL 692A 
9SSY:COUPLER BRACKET INCLUDES A12J1,  A 1 2 S 1  BRACKET, 

2ONNECTOR :BNC 
4ND 2-CONDUCTOR CABLE 

jWITCH:SLIDE DPDT 0.5 AMP 125VDCW 
I IRECTIONAL DETECTOR 

?F LOW-PASS F I L T E R  
4SSY :CABLE BNC 
-ABEL:PUSHBUTTON(INT ALC) 
UUT :KNURLED, MOUNTS. RF OUTPUT CONNECTOR 

MODEL 6 9 3 A  
4SSY:COUPLER BRACKET INCLUDES A12T1, A 1 2 S 1  BRACKET, 
\ND 2-CONDUCTOR CABLE 
ZONNECTOR :BNC 
;WITCH:SLIDE DPDT 0.5 AMP 125VDCW 
IIRECTIONAL COUPLER/DETECTOR FOR MODEL 6 9 3 A  CONSISTS 01 
I IRECTIONAL COUPLER AND -nr- 4 2 3 A  CRYSTAL DETECTOR 

1F LOW-PASS F I L T E R  
\SSY :CABLE BNC 
.ABEL :PU+HBUTTON( I NT ALC) 
WT:KNURLED, MOUNTS RF OUTPUT CONNECTOR 

MODEL 6 9 4 A  
rSSY:COUPLER BRACKET, INCLUDES A12J1, A 1 2 S 1  BRACKET, 

:ONNECTOR :BNC 
iWITCH:SLIDE DPDT O.% AMP 125VDCW 
IIRECTIONAL CDUPLER/DETECTOR FOR MODEL 6 9 4 A  CONSISTS 01 

\ND 2-CONDUCTOR CABLE 

I IRECTIONAL COUPLER AND -MP- 4 2 3 A  CRYSTAL DETECTOR 

IF LOW-PASS F I L T E R  
iSSY :CABLE BNC 
.ABEL:PUSHBUTTON(INT ALC) 
IUT:KNURLED, MOUNTS RF OUTPUT CONNECTOR 

Note 

# See list of abbreviations in introduction to this section 
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Section VI 
Table 6-1 

Models 691A/692A/693A/694A 

Description # Reference 
Designation @ stock No- 

CABINET PARTS 

Reference Designation Index 

Note 

1 
2 

3 
4 

5 
6 
7 
8 
9 

4TTACRlNG HDIL 
10 

4TTACHING HOW 

4TTACHING HDW 

4TTACHING HDW 

11 
(TTACHING HOW 

12 
4TTACH I NG HDW 

000.8-11 

5060-0736 
00692-026 
2 53 0-0012 
5060-0763 
5060-0765 
2550-0013 
5060-0767 
1490-0030 
500&0053 
5060-0777 
5 000-074 7 
2370-0020 
00692-654 
2370-0013 
0590-0053 
5060-0752 
2370-0013 

251 F - O O l V  
:gg::g 

FRAME ASSEMBLY 
PANEL :FRONT 
R-32 X 1/2" F L A T  HEAD,SLOT DR W/INTEGRAL 
EXT TOOTH LO~KWASHER 
HANDLE ASSEMBLY : S  I DE 
RETA1NER:HANDLE 
#8-32 X 5/16" BINDING HEA0,PHILLIPS DRIVE 
FOOT ASSEMBLY 
STAND :TI L T  
TRIM:STRIP 
K I T :RACK MOUNT I NG 
COVER rS I DE,PERFORATED 
6 3 2  X 3/16",100° F L A T  HEAD P H I L L I P S  D R I V E  

#6-32 X 3/8",100O F L A T  HEAD,PHILLIPS DRIVE 

COVER ASSEMBLY:BOTTOM UNPERFORATED 

PANEL :REAR 

COVER ASSEMELY :TOP U N P E R F O R A ~ O  

f i - 3 ~  NUT CAPTIVE,"J" TYPE FOR .125* MATERIAL 

#6-32" NUT CAPTIVE,"JW TYPE FOR .125w MATERIAL 
#6-32 X 3.L8",100° FLAT HEAD P H I L L I P S  DRIVE 

#8-32 X 1/4" PHILLIPS,PANHEAD ,W/INT LOCKWASHER 
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Models 69 lA/692A/693A/694A 

@ Stock No. 

SectionVI 
Table 6-2 

6- 26 

0130-0017 
0 140-0 145 
0 140-0149 
0 140-0 152 
0 140-0176 

0140-0178 
0 140-0192 
0 140-0 195 
0 140-0 198 
0140-0200 

0 140-0204 
0 140-0206 
0 140-02 16 
0150-0012 
0 150-0014 

0 150-0023 
0150-0052 
0 150-0079 
0 150-0096 
0160-0083 
0160-0128 
0 160- 0182 
0 160- 0192 
0 160-038 1 
0160-0382 
0160-0383 

0160-0384 
01 60-0779 
0 160-0798 
0170-0019 
0170-0022 

0 170-0060 
0170-0073 
0170-0078 
0180-0016 
0180-0025 

0 180-0039 
0 180-0049 
0180-0050 
0 180-0059 
0 180-0061 

0 180-0063 
0 180-0 105 
0180-0116 
0 1 80- 0125 
0180-0128 
0180-0136 
0340-0086 
0340-0090 
0360-0361 
0370-0025 
0370-0084 

Description # 

C t V A R  CER 8-50 PF N750 
C I F X D  M I C A  22 PF 5 %  500 VDCW 
C l F X D  M I C A  470 PF 5% 300 VDCW 
C l F X D  M I C A  1000 PF 5% 300 VDCW 
C r F X D  M I C A  100 PF 2% 300 VDCW 

C I F X D  M I C A  560 PF 2 %  300 VDCW 
C I F X D  M I C A  68PF 5 %  3OOVDCW 
C I F X D  M I C A  130 PF 5% 300 VDCW 
C l F X D  M I C A  2 O O P F  5 %  3OOVDCW 
C I F X D  M I C A  390FF 5 %  3OOVDCW 

C I F X D  M I C A  47PF 5% NPO SOOVDCW 
C t F X D  M I C A  270PF 5% SOOVDCW 
C I F X O  M I C A  120PF 2 %  3OOVDCW 
CIFXD CER 0 e O l U F  2 0 %  lOOOVDCW 
C I F X D  CER 5000PF M I N  5 0 0 V D C W  

C l F X D  C E R  2000PF 20% lOOOVDCW 
C I F X D  C E H  0.05 UF 2 0 %  4 0 0 V D C W  
C I F X D  CER 3300 PF 10% 500 VDCW 
C t F X D  C E R  0e05UF lOOVDCUl  
C I F X D  P A P E R  3 U F  20% -10% 2OOOVDCW 
C:FXD CER 2.2 UF 20% 25VDCW 
C ~ F X D  M I C A  47 PF 5% 3OOVDCW 
CIFXD M I C A  525 PF 5% 3OOVDCW 
C t F X D  M Y L A R  0.01UF 10% 400VDCW 
C S F X D  MYLAR O e O O l U F  10% 4OOVGCk 
C I F X D  M I C A  l O P F  10% 

C I F X D  C E R  5600PF + 8 0 - 2 0 %  SKVDCU 
C I F X D  MY 0.02UF 10% 3OUOVDCW 
C l F X D  P O L Y  0.047UF 10% 3OVDCW 
C t F X D  MY 0.1 UF 5 %  2OObDCW 
C I F X D  MY 0.1UF 2 0 %  6OoVDCW 

C I F X D  MY O e 0 4 7 U F  10% 4 0 0 V D C W  
C f F X D  MY 1UF 10% 6OOVDCW 
C l F X D  MY 0047UF 5 %  150VDCW 
C t F X D  E L E C T  3 X l O U F  -10/+50% 45OVDCW 
C t F X D  E L E C T  4 SECT 20UF 4 5 0 V D C ' k  

C t F X D  E L E C T  l O O U F  l 2 V D C W  
C I F X D  E L E C T  20UF SOVDCW 
C t F X D  E L E C T  40UF - 1 5 % + 1 0 0 %  5UVOCW 
C t F X D  E L E C T  l O U F  - 1 0 % + 1 0 0 %  25VDCW 
C I F X D  E L E C T  l O O U F  +loo%-10% 15VDC'k 

C I F X D  E L E C T  500UF -10%+100% 3VUCW 
C I F X D  E L E C T  S E M I - P O L A R I Z E D  50UF 25VDCW 

C r F X D  E L E C T  4 SECT 20 UF +3O-l0"b 45OVDCW 
C I F X D  E L E C T  2800 UF +30-1C% 3OVDCW 
C:FXD ELECT 10 UF +100-1@6 5OVOCW 
I N S U L A T O R I B I N D I N G  P O S T ( E X T E R I 0 H  I N S U L A T O R )  
I N T E R I O R  I N S U L A T O R I B I N D I N G  POST B L A C K  
T E R M I N A L  B O A R D I 7 - T E R M I N A L  
K N O B I B L A C K  3/4 D I A  1/4 D I A  S H A F T  
K N O B I B L A C K  5/8 I N  WITH ARROW 

C I F X D  E L E C T  T A  6.8UF 10% 35VDCW 

Mfr. 

2848C 
0 4 0 6 2  
0406; 
0406i 
0 4 0 6 2  

0 4 0 6 2  
0 4 0 6 2  
0406i 
0 4 0 6 2  
0406i 

0 4 0 6 2  
0 4 0 6 2  
0406i 
5 6 2 8 5  
0 4 2 2 2  

9 1 4 1 E  
5 6 2 8 5  
7 2 9 8 2  
9 1 4 1 E  

14655 
0406.2 
01281 
01281 
0 4 0 6 2  

7 1 5 9 6  
7 1 4 3 6  
5 6 2 8 9  
28482 
0 9 1 3 4  

84411 
0 9 1 3 4  
8 3 3 2 5  
37942 
56289 

56289 
56289 
56289 
2 8 4 8 C  
5 6 2 8 4  

56289 
56289 
56289 
2848C 

56285 
28480 

75173 
28480 
28480 

%%! 

0085: 

2848~ 

Mfr. Part No. 

0130 0017 
D M  1 5 C 2 2 0 J  
D M 1 5 F 4 7 1  J 
D M 1 6 F  102J 
D M 1 5 F l O l G  3 0 0 V  

D M 1 5 F 5 6 l G  3 0 0 V  
D M 1 5 E 6 8 0 J  
D M l 5 F l 3 l J  3 0 0 V  
D M 1 5 F 2 0 1 J  3 0 O V  
D M 1 5 F 3 9 1 ~  3 0 0 V  

DM 15E470J 
D k 1 5 F 2 7 1 J  5 0 0 V  
D M 1 5 F 1 2 1 G  3 0 0 V  
H 1038 
Dl 4 

T Y P E  JF e 0 0 2  20% 
3 3 C  1 7 A  
# e l l  000 Y 5 F 0 3 3 2 K  
- T A  
71 
5E15 
CD15E 470J 300V 
RDMlqE(525) J3C 
663Uh 
663UW 
R D M 2 0 C 1 0 0 K 2 5 S  

D A 1 7 2 - 0 9 8 C B  
PMS 2 0 3 - 3 M  
l l 4 F 4 7 3 9 R 3 S 4  
0 170-0019 
T Y P E  27 

T Y P E  663 UIY 
1041 
1 0 7 V 4 7 4  J 
T Y P E  FP 103090 
032452 

3 0 0  1 5 4 A  1 
3 0 D 1 9 8 A 1  
D 3 2 5 3 8  
3180-0059 
3 0 D 1 7 2 A  1 

3 0 D  1 2 0 A  1 
S 9 7 4 4  1 
1 5 0 D 6 8 5 X 9 0 3 5 B 2  
0180-0125 
505 1010 02 
40D193A2 
1340-0086 
0340-0090 
3 5 3 - 1 6 - 0 7 - 0 0 1  
1370-0025 
1370-0084 

- 
r( 
- 

1 
d 

1 
4 
1 
1 

1 
1 
1 
2 
1 

3 
1 
1 

. o  
1 

2 
5 
1 
2 
2 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
3 

1 
1 
1 
2 
2 

1 
1 
1 
4 
1 

1 
2 
2 
1 
2 
1 
2 
2 
1 
1 
1 

- 
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Models 69 1A/692A /693A /694A Section VI 
Table 6-2 

@ Stock No. 

0370-0099 
0370-0 104 
0370-01 18 
0370-0134 
0370-0138 

0370-0149 
0490-0026 
0490-01 14 
0490-01 15 
0490-0123 

0490-0124 
0684-1001 
0684-1031 
0684-2201 
0684-270 1 

0684-3921 
0684-4731 
0686- 1665 
0 6 8 6- 24 55 
0687- 1001 

0687-1011 
0687-1031 
0687-1041 
0687- 1051 
0687-1231 

0687- 1261 
0687- 1521 
0687- 1541 
0687- 1551 
0687-1561 

0687-1831 
0687- 185 1 
0687-2241 
0687-33 11 
0 6 87- 33 2 1 

0687-5331 
0687-3341 
0687-335 1 
0687-3941 
0687-47 11 

0687-4721 
0687-4731 
0687-4741 
06 87- 56 3 1 
0687-6831 

&87;;16841 
N93-1531 
Q693-4701 
0698-3304 
oS99-0001 

00691-2 13 
OC691-606 
00691-610 
00691-616 

De scription # 

KNOBtBLACK CONCENTRIC 13/16 PIA l/4SHAFT 
KNOBIBLACK BAR W/ARROW 13/16 D I A  
KNOBIGRAY PUSHBUTTON 11/16 D I A  
KNOBIRED ARROW 1/2 D I A  
KNOBIBLACK W/WHITE ARROW 518 D I A  

KNOBIBLACK CRANK ASSY 
RELAYIDPDT 115 VAC 
RELAYIARMATURE SPDT/COIL 125kW SENSITIVITY 
RELAYIARMATURE 3PDT/COIL 6VDC 
RELAYIARMATURE SPDT 2-AMP/COIL 6VDC 

RELAYISPDT 6V 5.1 OHM C O I L  
RlFXD COMP 10 OHM 10% 1/4W 
RIFXD COMP 10K OHM 10% 1/4W 
RIFXD COMP 22 OHM 10% 1/4W 
RIFXD COMP 27 OHM 10% l/4W 

RIFXD COMP 3900 OHM 10% 1/4W 
RIFXD COMP 47K OHM 10% 1/4W 
RlFXD COMP 16 MEGOHM 5% 1/2W 

RIFXD COMP 10 OHM 10% 1/2W 

RIFXD COMP 100 OHM 10% 1/2W 
RIFXD C O W  10K OHM 10% 1/2% 
RIFXD COMP l O O K  OHM 10% 1/2W 
RIFXD COMP l M E G  OHM 10% 1/2W 
RIFXO COMP 12K OHM 10% 1/2W 

RIFXD COMP 12 MEGOHM 10% 1/2h 
RIFXD COMP 1500 OHM 108 1/2W 
RIFXD COMP 150K OHM 10% 1/2W 
RIFXD COMP 1.5 MEGOHM 10% l /Zh  
RIFXD COMP 15 MEGOHM 10% 1/2W 

RIFXD COMP 18K OHM 10% 1/2W 

RlFXD COMP 220K OHM 10% 1/2W 
RIFXD COMP 330 OHM 10% 1/2W 
RIFXD COMP 3300 OHM 10% 1/2W 

RIFXD COMP 33K OHM 10% 1/2W 
RIFXD COMP 330K OHM 10% 1/2W 

RIFXD COMP 390K OHM 10% 1/2W 
RIFXO COMP 470 OHM 10% 1/2W 

RIFXD COMP 4700 OHM 10r  1/2W 
RIFXD COMP 47K OHM 10% l/2W 
RIFXD COkP 470K OHM 1OY 1/2W 
RIFXD COMP 56K OHM 10% 1/2W 
RIFXO COMP 68K OHM 10% 1/2W 

R : F X D  COMP 680K OHM 10% 1/2W 

R : F X D  COMP 47 OHM 109~ 2W 
R : F X D  M E T  F L M  130K OHM 1% 1/2W 
R : F X D  COMP 2.7 OHM 1Vh 1/2W 

BWO MOUNTING P L A T E  
ASSY tSHAP I N G ( M 0 D E L  6 9 1 A  ONLY) 
A S S Y  :COUPLER B R A C K E T ,  INCLUDES A12J1, A12S 
CABLE ASSY, BNC (OPTION 01 O N L Y )  

RIFXD COMP 2.4 MEGOHM 5% 1/2h 

RIFXD COMP 1.8 MEGOHM 10% 1/ZW 

RIFXD COMP 3.3 MEGOHM 10% 1/2k 

R:FXD COMP 1 5 ~  OHM 10% 2w 

Mfr. 

28480 
28480 
28480 
28480 
28480 

28480 
77342 
77342 
77342 
77342 

77342 
0 1  121 
0 1  121 
01 121 
01  121 

01121 
01  121 
01121 
01  121 
01121 

01  121 
0 1  121 
0 1  121 
0 1  121 
01121 

01121 
G1121 
01  121 
01121 
01  121 

01  121 
01121 
0 1  121 
01  121 
0 1  121 

01  121 
0 1  121 
01121 
01 121 
01  121 

01  121 
01121 
0 1  121 
01  121 
01121 

011 ' 
01121 
2848( 
01121 

2848f 
P848( 
2848( 
2848( 

oii.23 

Mfr. Part NO. 

0370-0099 
0370-0104 
0370-01 18 
0370-0134 
0370-0138 

0370-0149 
K A 1 1 A Y  
KA 2577-1 
KA14DY 
RS5D 

K A  14AY 
CB 1001 
CB- 1031 
CB 2201 
CB 2701 

CB 3921 
CB 4731 
EB 1665 
tB 2455 
E61001 

EB 1011 
EB 1031 
E8 1041 
tB 1051 
EB 1231 

t b  1261 
t B  1521 

Et, 1551 
EB 1561 

EB 1831 
t B  1851 
EB 2241 
EB 3311 
Et3 3321 

EB 3331 
EB 3341 
EB 3351 
EB 3941 
EB-47 11 

LB 4721 
EB 4731 
EB 4741 
EB 5631 
EB-6831 

t a  1541 

EHBe 
HE 4701 
0698-3304 
EB 27Gl 

00691-213 
00691-606 
00691-610 
00691-616 

- 
rc 
- 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
5 
1 
3 
1 

1 
1 
1 
1 
2 

4 
1 
3 
3 
1 

2 
1 
1 
1 
1 

3 
2 
4 
7 
1 

3 
6 
1 
4 
1 

2 
4 
5 
3 
2 

1 
1 
1 
6 
1 

1 
1 
2 
1 

- 
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Section VI 
Table 6-2 

Models 691A/692A/693A/694A 

@ Stock No. 

00691 -68 1 
00691-682 
00692-016 
00692-2 11 
00692-244 

00692-275 
00692-282  
00692-601  
00692-602 

00692-603  
00692-604 
00692-605 
00692-606 
00692-608 

00692-617 
00692-6 18 
00692-624  
00692-625 
00692-661  

00692-681  
00692-682 

00693-604 

00693-6 10 
00693-621 
00693-622 
00694-604 
00694-621  

00694-622 

0727-0012 
0727-0100 
0727-01 15 

0727-0169 
0727-C173 
0727-0186 
0727-0200 
0727-0222 

0721-0226 
0727-0230  
0727-0232  
0727-0237 
0727-0240  

0727-0245  
0727-0246  
0727-0254 
0727-0259 
07 2 7- 0 276 

Description # 

MARKER ASSYILEFT(M0DEL 6 9 1 A  ONLY) 
MARKER ASSYIRIGHT(M0DEL 6 9 1 A  O h L Y )  
SHIELD TUBE MU-METAL 
CONNECTORIN TYPE (RF OUTPUT) 
WINDOW:SCALE* LUCITE FOR MAIN D I A L  

SHIELDSSAFETY 
NUTIKNURLED(O1 MODELS ONLY) 
ASSYIFILAMENT POWER SUPPLY 
ASSYI POWER SUPPLY 

ASSYIHIGH VOLTAGE 
ASSYI SWEEP GENERATOR 
ASSYIALC AMPLIFIER 
ASSYlSHAPING(M0DEL 692A ONLY) 
ASSYI TIME METER 

ASSYI SUMMING 
ASSYI MODE INDICATOR BOARD 
SWITCHISWEEP SELECTOR ASSEMBLY 
SWITCHtSWEEP TIME(SEC1 ASSY 
ASSY)MODULATOR BOARD 

MARKER ASSYILEFT(M0GEL 692A ONLY) 
MARKER ASSYIRIGHT(M0DEL 692A O h L Y )  

RF LOW PASS FILTER(M0DEL 693A O h L Y )  

ASSYICOUPLER BRACKET INCLUDES A12J4A12Sl  
MARKER ASSYlLEFT(M0DEL 693A ONLY) 
MARKER ASSYIRICHT(M0DEL 693A ONLY) 
RF LOW PASS FILTER(M0DLL 694A OlrlLY) 
MARKER ASSYILEFT(M0DEL 6 9 3 A  ONLY) 

MARKER ASSYIRI6HT(MODEL 694A O h L Y )  

RIFXD DEPC 20 OHM 1% 1/2W 
RIFXD DEPC 1000 OHM 1% 1/2W 
RIFXD DEPC 2000 OHM 1% 1/2W 

RIFXD DEPC 15.5K OHM 1s 1/2W 

RIFXD DEPC 33.2K OHM 1% 1/2W 
RIFXD DEPC 20K OHM 1% 1/2W 

RtFXD DEPC lOOK OHM 1% 1/2w 
RIFXD DEPC 214K OHM 1% 1/2W 

RIFXD DEPC 250K OHM 1% 1/2W 
RIFXD DEPC 284K OHM 1% 1/2W 
R lFXD DEPC 312K OHM 1% 1/2W 
RIFXD DEPC 376K OHM 1s 1/2W 
RtFXD DEPC 405K OHM 1% 1/2W 

RIFXD DEPC 500K OHM 1% 1/2W 
RIFXD DEPC 600K OHM 1% 1/2# 
RIFXD DEPC 750K OHM 1% 1/2W 
RIFXD DEPC 9OOK OHM 1% 1/2% 
RIFXD DEPC 1 MEGOHM 1% 1/2W 

Mfr. 

2848(  
2848(  
2848(  
2848(  
2848(  

2848(  
2848(  
2848(  
2848(  

2848(  
2848(  
2848E 
2848(  
2 8 4 8 i  

2848C 
2848(  
2848(  
2848(  
2848(  

28486 
2848C 

2848C 

2848C 
2P48C 
2848C 
2848C 
2848C 

2848C 

28480  
28480  
28480  

28480  
28480  
28480  
28480  
28400  

28480  
28480  
28480  
28480  
28480  

28480  
28480 
28480 
28480 
28480 

Mfr. Part No. 

3069  1-68 1 
30691-682 
30692-0 16 
30692-2 11 
30692-244 

30692-275 
30692-282 
30692-601 
30692-602 

20692-605 
30692-604 
10692-605 
30692-606 
30692-608 

10692-6 17 
30692-618 
30692-624 
30692-625 
30692-661 

10692-68 1 
)O69  2 -6 8 2 

10693-604 

10693-6 10 
)0693-621  
10693-622 
10694-604 
10694-621 

)0694-622 

)727-00 12 
1727-0100 
1727-0115 

1727-0169 
1727-0173 
1727-0186 
1727-0208 
1727-0222 

,727-0226 
,727-0230 
,727-0232 
1727-0257 
1727-0240 

1727-0245 
1727-0246 
1727-0254 
1727-0259 
1727-0276 

- 
Y 
- 

J 
1 

1 
J 

d 

1 
1 
J 
1 

1 
1 
1 

1 

1 
1 
J 
1 
1 

1 
1 

1 

2 
1 
1 
1 
2 

1 

1 
1 
1 

1 
1 
1 
1 
1 

5 
1 
1 
1 
1 

3 
4 
3 
1 
3 

- 

It See list of abbreviations in introduction to this section 
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Models 691A/692A/693A/694A 

Mfr. 

28480 
28400 
28480 
28480 
28480 

28480 
28480 

65092 
07115 

07115 
07115 
28480 
75042 
20480 
28480 
7504% 
28480 
28480 
28480 
28480 

28480 
28480 
28480 
07115 
07115 

28480 
07115 
07115 
28480 
07115 

07115 
07115 
07115 
07115 
07115 

07115 
07115 
07115 
07115 
28480 

2e480 

@ Stock No. 

0727-0207 
0727-0291 
0727-0292 
0727-0298 
0727-0299 

0727-0332 
0730-0038 

9851 V A M I S T O R  
C 20 

C 20 
C 20 
0757-0128 
CEC T - 0  
0757-0135 
0757-0137 
CEC T - 0  
0751-0308 
0757-0310 
0757-0311 
0757-0312 

0757-0321 
0757-0353 
0757-0367 
C 20 
C 2G 

0758-0005 
C 20 
C 20 
0758-0010 
C 20 

C 20 
C 20 
C 20/22K-5% 
C 2G/51K-5K 
C 20 

C 20 
C 20 
C 20 
C 20 
0758-0032 

0730-0144 

0727-0287 
0727-0291 
0727-0292 
0727-0298 
0727-0299 

0727-0332 
0730-0038 
0730-0144 
0757-0017 
0757-0076 

0757-0079 
0757-0089 
0757-0128 
0757-0130 
0157-0135 

-01 7 
0917-0 121 
0757-0308 
0757-03 10 
0757-03 11 
0757-0312 

0757-0321 
0757-0353 
0757-0367 
0750-0003 
0758-0004 

0758-0005 
0758-0006 
0758-0009 
0758-0010 
0750-0012 

0750-0017 
0758-0018 
0758-0020 
0758-0021 
0758-0022 

0758-0024 
0 7 5 8- 0025 
0758-0028 
0758-0029 
0758-0032 

0758-0034 
0758-0035 
0750-0036 
0758-0037 
0758-0030 

0758-0039 
0150-0040 

0758-0044 
0750-0046 

07115 
07115 
07115 
2040U 
07115 

07115 
07115 

07115 
07115 

Table 6- 2. Replaceable Parts (Cont 'd) 

C 20 
C 20 
C 20 
0758-0037 
C 20 

C 20 
C 20 

C 20 
C 20 

Description -# 

R t F X D  D E P C  2 MEGOHM 1% 1/2W 
R t F X D  D E P C  2084 MEGOHM 1 I  1/2Y 
R t F X D  D E P C  3 MEGOHM 1% 1/21 
R I F X D  D E P C  4 MEGOHM 1% 1/2W 
R t F X D  D E P C  409 MEGOHM 1% 1/22 

RIFXD DEPC ~ S O K  OHM i m  1/2w 
R t F X D  D E P C  1904K OHM l b  
R I F X D  D E P C  10052 MEGOHk 1% 12 
R I F X D  M E T  F L M  1 MEGOHM 1/21 1/2k 
R I F X D  M E T  F L M  560 OHM 2% 1/2N 

RIFXD M E T  F L M  2700 OHM 2% 1/22 
R t F X D  MET F L M  1 K  OHM 28 1/2w 
R I F X D  M E T  F L M  200K OHM 1% 1/2W 
R I F X D  M E T  F L M  162K OHM 1% 1/2W 
R I F X D  M E T  F L M  511K OHM 13 1/2W 
R:FXD MET FLM 7 OK OHM 1% 1/?W 
R I F X D  M E T  F L M  8 2 6 K  OHM 1% ~ / L H  

R r F X D  M E T  F L M  133K OHM l a  1/2W 
R l F X D  M E T  F L M  182K OHM 1% 1/2W 
R I F X D  MET F L M  309K OHM 11 1/2W 

R t F X D  MET F L M  202K OHM 1% l/4W 
R t F X D  M E T  F L M  249K OHM I& 1/22 
R I F X D  M E T  F L M  lOOK OHM 1% 1/2h 
R I F X D  M E T  F L M  1030 OHM 5% 1/2W 
R l F X D  MET F L M  2700 OHM 5W 1/21 

R t F X D  M E T  OX 4700 OHM 5% 1/2Y 
R I F X D  M E T  F L M  10K OHM 5% 1/2W 
H t F X D  M E T  F L M  6800 OHM 5% 1/2W 
R I F X D  M E T  OX F L M  3300 OHM 5% 1/2W 
R t F X D  M E T  F L M  12K OHM 5% 1/2W 

R t F X D  M E T  F L M  1500 OHM 5% 1/2W 

R t F X D  M E T  F L M  22K OHM 5% 1/2W 
R I F X D  M E T  F L M  51K OPM 5% 1/2k 
R t F X D  M E T  F L M  82K OHM 5% 112% 

R I F X D  M E T  F L M  100 OHM 5% 1/2W 
R I F X D  M E T  F L M  160 OHM 5s 1/2W 
R I F X D  M E T  F L M  270 OHM 5% 1/2W 
R I F X D  M E T  F L M  470 OHM 5% 1/2W 
R t F X D  M E T  OX 820 OHM 5% 

R I F X D  MET F L M  2400 OHM 5% 1/2W 
R I F X D  M E T  F L M  3000 OHM 5% 1/2W 
R t F X D  M E T  F L M  3600 OHM 5% 1/2W 
R I F X D  MET F L M  5100 OHM 5% 1/2W 
R I F X D  M E T  F L M  9100 OHM 5% 1/2W 

R I F X D  M E T  F L M  20K OHM 5% 1/2W 
R l F X O  M E T  F L M  47K OHM 5% 1/2b 

R I F X D  M E T  F L M  2200 OHM 5% 1/2W 
R I F X D  M E T  FLU 6200 OHM 5% 1/2W 

R t F X D  MET F L M  1.50 MEGOHM 1% l / i W  

R ~ F X D  MET FLM ~ S K  OHM 5m 1/2w 

t See list of abbreviations in introduction to this section 
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c 
r( 

Q) 
W - 
rc - 

2 
1 
3 
2 
2 

1 
1 
1 
2 

2 
8 
1 
1 
2 

2 
4 
2 
0 
2 

2 
3 
4 
2 

5 
-4 
1 
1 
3 
2 
3 
2 
6 
2 

4 
1 
1 
7 
1 

1 
2 
1 
1 
1 

5 
1 

2 
1 
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@ Stock No. Description X 

Models 69 lA/692A/693A/694A 

Mfr . 

0750-0047 
0750-0040 
0750-0049 
0750-0050 
0750-0053 

0758-0055 
0758-0057 
0750-0059 
0750-0061 
0758-0071 

0750-0073 
0750-0076 
0750-0079 
0758-0087 
0750-0090 

0750-0100 
0750-0101 
0750-0102 
0758-0104 

R I F X D  M E T  F L M  7500 OHM 5% 1/2W 
R t F X D  MET F L M  8200 OHM 5% 1/22 
R t F X D  MET F L M  33K OHM 1/21 
R t F X D  MET F L M  39K OHM 5% 1/2Y 
R t F X D  MET F L M  l O O K  OHM 5% 1/2W 

R t F X D  M E T  F L M  360 OHM 58 1/2k 
R t F X D  MET F L M  5600 OHM 5b 1/22 
R l F X D  M E T  F L M  11K OHM 5% 1/2W 
R t F X D  MET F L M  l2OK OHM 5% 1/2W 
R I F X D  MET F L M  4300 OHM 5% 1/2W 

R I F X D  M E T  F L M  24K OHM 5% 1/22 
R l F X D  M E T  F L M  60K OHM 5% 1/2k 
R t F X D  M E T  F L M  30K OHM 5% 1/22 
R l F X D  M E T  OX 470K OHM 5% 1/2k 
R t F X D  M E T  OX 220K OHM 5% 1/2W 

R t F X O  M E T  OX 330K OHM 5% 1/2W 
R t F X D  MET OX 1 5 M  OHM 5% 1/2k 
R I F X D  M E T  OX 270K OHM 5% 1/22 

TPWB'&T ox ~ O K  onM 5% 1/2w 

071 15 
07115 
07115 
07115 
07115 

28400 
07 115 
071 15 
07 115 
07115 

07 115 
07115 
07 115 
20400 
28480 

07115 
20480 
28480 
381180 

c 20 
c 20 
c20 
c 20 
c20 

0750-0055 
c 20 
c 20 
c 20 
c 20 

c 20 
c 20 
c 20 
0750-0087 
0750-0090 

c 20 
0750-0101 
0758-0102 
0758-0 I OlL 

TQ 

2 
1 
1 
2 

12 

1 
1 
1 
3 
2 

1 
2 
1 
4 
7 

3 
1 
2 
1 



Models 69 lA/692A/693A/694A Section VI 
Table 6-2 

@ Stock No. 

1220-0009 
1220-0010 
1250-0083 
1250-0123 
1 2 5  1-0148 

1251-0 194  
1400-0019 
1400-0084 
1401-0006 
1401-0007 

1410-0112 
1 5  10-0008 
15 10-0009 
1600-0030 
1850-0050 

1850-0062 
1850-0064 
1850-0096 
1853-0001 
1854-0003 

1854-0005 
1854-00 1 4  
1854-0015 
1854-0033 
1855-0001 

190 1-0025 
1901-0026 
1901-0028 
1901-0030 
1901-0032 

190 1-0033 
190 1-0040 
190 1-0084 
1902-0031 
1902-0038 

1902-0065 
1902-02 15  
1903-0002 
19 10-00 14 
1923-0006- 

1923-0043 
1923-0045 
1923-0046 
1923-0048 
1924-0001 

1932-0009 
1932-0027 
1932-0030 
1932-0049 
1933-000s 

Description -# 

SHIELD-TUBE 
SHIELDIELECTRON TU@€ 
CONNECTOR :BNC 
CONNECTOR IBNC 
CONNECTORIPOWER 3 P I N  MALE 

CONNECTORIPRINTED CIRCUIT 15-CONTACT 
CLPMPITUBE 
FCSEHOLDERIEXTRACTOR POST TYPE 
C L I P  8 TUBE 
CLIPIELECTRON TUBE CER INS 1 / 4 r D  

BUSHINGISLEEVE BRS NP 0*375ODXO*4385/16-32 
BINDING POSTIRED 
BINDING POSTIBLACK 
SHIELDIELECTRON TUBE FINGER L I M R  5 X 2 
TRANSISTORIGERMANIUM 2bl457A PNP 

TRANSISTOR~GERMANIUM SPL2N404 PNP 
TRANSISTORIGERMANIUM 2N1183 PNP 
TRANSISTORIGERMANIUM 2N2189 PNP 
TRANSISTORIPNP S IL ICON 3 0 V  9 0 0 M Y  
TRANSISTORINPN S IL ICON 

TRPNSISTORI2N708 NPN S IL ICON 
TRANSISTORSDUAL NPN S IL ICON 
TRANSISTORINPN S IL ICON 
TRANSISTORINPN S I  2N3391 
TRANSISTORISIL UNIJUNCTION 2N1671A 

DIOCE*JUNCTIONlSMA AT 1 V  100 P I V  
D IOCE*SIL ICON~O*SA 20OPIV 
DIODE*SILICONIO.5A 4 0 0 P I V  
DIODE*SILICON:800 P I V  
RECTIF IERIS IL ICON 15 AMP 1N3209 

D I O D E * S I L I C O N I l N 4 8 5 B  
SEMICON DEVICEIDIODE S IL ICON 
RECT1FIER:SILICON 5 0 M A  UOOOPIV 
DIODEtBREAKDOWN112.7V 5% 
DIODE*BREAKDOWNI 45.3V 5% 

DIODE*BREAKDOWN:46.4V 10% 
DIODE*BREAKDOWNt6,4 V y4 1 . 5 W  
DIODE94 LAYER: SILI?ON 2 0 V  
SEMICON DEVICEIDIODE GERMANIUM l N 2 7 7  
ELECTRON TUBEl 6 2 1 6  PEIvTODE 

ELECTRON TUBE 6EW6 PENTODE 
ELECTRON TUBE: 7239 PENTODE 
ELECTRON TUBE1 6EJ7  (EF 1 8 4 )  PENTODE 
ELECTRON TUBEI 8068  BEAM PENTODE 
ELECTRON TUBE15915 PENTAGRID 

ELECTRON TUBE: 5965 DUAL TRIODE 
ELECTRON TUBEl l2AT7  
ELECTRON TUBEl 1 2 A X 7  TWIN TRIODE 
ELECTRON TUBEICK 6 4 7  
ELECTRON TUBEl 7734 TRIODE PENTODE 

Mfr. 

71785 
71785 
2 8 4 8 0  
9 1 7 3 7  
6 0 4 2 7  

9 5 3 5 4  
9 1506 
7 5 9 1 5  
9 1 4 1 8  
7 6 4 8 7  

28480 
2 8 4 8 0  
2 8 4 8 0  
9 8 9 7 8  
0 1295 

2 8 4 8 0  
02735 
01295 
2 8 4 8 0  
2 8 4 8 0  

0 7 2 6 3  
2 8 4 8 0  
2 8 4 8 0  
0 3 5 0 8  
0 3 5 0 6  

2 8 4 8 0  
2 8 4 8 0  
2 8 4 8 0  
2 8 4 8 0  
0 4 7 1 3  

28480 
2 8 4 8 0  
12060  
2 8 4 8 0  
2 8 4 8 0  

2 8 4 6 0  
2 8 4 8 0  
2 8 4 8 0  
0 3 8 7 7  
9 3 3 3 2  

33173 
33173 
7 3 4 4 5  
33173 
8 6 6 8 4  

33173 
80131 
00001 
9 4 1 4 4  
07138 

12627 
12621 
1250-0083 
UG-1-94/U N I  RH 
H-10611G-3L 

SD-615TS 
120F5-63A 
342G14 
SPP-3 
36004 

1410-01 12 
15 10-0008 
1510-0009 
712-1220-5H 
2N457A 

1850-0062 
2N1183 
2N2189 
1853-0001  
1854-0003  

2Iv708 
1854-00 1 4  
1854-00  15 
2N3392 
2N1671A 

1901-0025 
190 1-0026 
1901-0028 
190 1-0030 
1N3209 

1901-0033 
1901-GO40 
)I-1163 
1902-0031 
1902-0038 

1902-0065 
1902-0215 
1903-0002 
1N277 
5216 

5EC6 
7239 
5EJ7 (EF 1 8 4 )  
9068 
5915 

5965 
12AT7 
1 2 A X 7  
:K C47 
7734 

- 
rc 
- 

1 
2 
1 
8 
1 

1 
2 
1 
2 
2 

2 
1 
1 
2 
5 

1 
2 
2 
1 
8 

1 
1 
6 
2 
1 

h4 
4 
1 
9 
4 

8 
1 
1 
1 
2 

1 
1 
1 
2 
1 

1 
1 
2 
2 
1 

1 
1 
2 
6 
2 

- 

# See list of abbreviations in introduction to this section 
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Section VI 
Table 6-2 

Models 69 1 A/692A/693A/694A 

@ Stock No. 

1940-0004 
1940-0012 
1951-00 17 
1951-0020 
195 1-002 1 

1951-0023 

2 100-0043 
2 100-00 73 
2 100-0090 

2100-0091 
2 100-0094 
2 100-0 102 
2 100-0 154 
2100-0751 

2 100-0752 
2100-0753 
2 100-09 12 
2100-0913 
2100-0914 

2 100-09 15 
2100-0916 
2100-0917 
2100-0918 
2100-0953 

2 100-0968 
2 1 10-0002 
2110-0055 
2 140-0043 
2 140-0047 

3 10 1-001 1 
3101-0032 
3101-0034 
3 101-0041 
3 101-0042 

3101-0052 
3101-0078 
3 10 1-0091 
3 150-0002 
3 160-0026 

5000-0200 
5000-0235 
5000-0236 
5000-0237 
5000-0238 

5000-0239 
5000-0240 
5000-0241 
5000-0242 
5000-0243 

Description # 

ELECTRON TUBE t OA2 VOLTAGE REGULATOR 
ELECTRON TUBEtVOLTAGE REFERENCE 8228 8 1 V  
ELECTRON TUBEtBWO 2.0-4.0 GC 
ELECTRON TUBEtBWO 1-2 GC 
ELECTRON TUBElBWO 4-8GC 

ELECTRON TUBE: BWO 8-12m4GC 

R t V A R  COMP 500K OHM 10% L I N  2W 
R t V A R  COMP l 2 5 K  OHM 201) L I N  1/3& 
RtVPR COMP 2000 OHM 30B L I N  1/3W 

RtVAR COMP 5000 OHM 30s L I N  1/3k 
RIVAR COMP 50K OHM 30% L I N  1/51 
RtVAR COMP 500K OHM 30% L I N  1/5W 
R t V A R  COMP 1K OHM 30% L I N  Oo15W 
RtVAR COMP 3XlK OHM 20r L I N  1 W  GANGED 

RIVAR W W  5OK OHM 3% L I N  1.5W 10-TURN 
RIVAR COMP SOOK OHM 208 L I N  1/2k W/DPST SY 
RtVAR COMP 5K OHM 20% L I N  1/5W 
R t V A R  COMP 15K OHM 20% L I N  1/51 
R l V A R  COMP 25K OHM 20% L I N  1/51 

R t V A R  COMP lOOK OHM 20% L I N  1/59 
RIVAR COMP 2 5 0 ~  OHM 20% LIN i / 5 h  
R I V A R  COMP 500K OHM 20% L I N  1/5W 
R t V A R  COMP 1 MEGOHM 20% L I N  1/5W 
RIVAR COMP 1 0 K  OHM 30% l o C w L O G  1/8k 

R I V A R  COMP 1OK OHM 30% 2OCCWLOG 1/8W 
FUSEICARTRIDGE 2 AMP 3 AG 
FUSEICARTRIDGE 4 AMP 250V 
LAMPIINCANDESCENT 6 V  0004 AMP 
LAMPtGLOW NEON l / l O W  

SWITCHtSLIDE DPDT 0.5 AMP 125 V L C  
SWITCHtSLIDE 4 PDT 0.5 AMP 125 VDC 
SWITCHISLIOE 4 PDT 0.5 AMP 125 VDC 
SWITCHtTOG DPDT 3 POS 15 AMP 1 2 5 V A C  
SWITCHIPUSHBUTTON SPST 

SWITCHIPUSHBUTTON SPST NORMALLY OPEN 
SWITCHIPUSHBUTTON 3PDT 
SWITCHI4-PUSHBUTTON 
O I L I A I R  FL*WATER SOLUBLE O I L  
FANSBLADE 105-120 V c  50-60 Cps 

WINDOWtCOUNTER GRAY PLASTIC (MARKER 1&2) 
LABELIPUSHBUTTON(START/STOP) 
LABELIPUSHBUTTON(EXT FM) 
LABELtPUSHBUTTON(ALC) 
LABELIPUSHBUTTON(AF) 

LPBELtPUSHBUTTON(EXT AM)  
LABELtPUSHBUTTON(MARK 1) 
LABELIPUSHBUTTON(MARK 2 )  
LABELIPUSHBUTTON(1NT SQ WAVE) 
LABELIPUSHBUTTON(MARKER SWEEP) 

Mfr. 

86684 
7344! 
28481 
2848( 
2848( 

2848( 

2848( 
2848( 
2848( 

2848( 
2848( 
2848( 
2848( 
2848( 

2848( 
2848( 

2848( 
2848( 

2848( 
2848( 
2848( 
2848( 
284W 

2848( 
75911 
75911 
24455 
24459 

42 19C 
42 19C 
4219C 
8814C 
2848C 

82385 
2848C 
2848C 
82866 
2848C 

2848C 
2848C 
2848C 
2848C 
2848C 

28480 
28480 
Z848C 
28486 
2848c 

284a( 

O A 2  
8228/221000 
195 1-00 17 
195 1-0020 
195 1-002 1 

1951-0023 

2100-0043 

2 100-0090 

2100-0091 
2 100-0094 
2 100-0 102 
2 100-01 54 
2100-0751 

2 100-0752 
2100-0753 
2 100-09 12 
2 100-09 13 
2100-0914 

2 100-09 15 
2100-0916 
2100-09 17 
2 100-09 18 
2 100-0953 

i100-0968 
312 0002 
312006 
1730 
380 

4603 
5613 M SPEC 
5633 
3906K370 
3 101-0042 

2100-0073 

361 LESS m w  
5 101-0078 
510 1-0041 
5N 411 
5 160-0026 

5000-0200 
5000-0235 
5000-0236 
5000-0237 
5000-0238 

5000-0239 
i000-0240 
i000-0241 
5000-0242 
5000-0243 

- 
'I 
- 

1 

1 
1 
1 

1 

1 
1 

1 

4 

1 
1 

* 
1 
1 

1 

1 
6 

1 
1 

1 
9 
9 
1 

1 

1 
1 
1 
u 
4 

2 
1 
1 
1 
4 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

- 
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Models 69 1 A/692A/693 A/694A 

Mfr. 

28480 
28480 
28480 
28480 
28480 

70903 
71984 
28480 
28480 
28480 

28480 
28480 

$3 Stock No. Mfr. Part No. 

5000-0286 
5020-0446 
5040-0234 
5040-0255 
5060-0878 

KH4147 
15 COMPOUND 
08731-210 
9100-0242 
9100-0243 

7860 
7860 

5000-0286 
5020-0446 
5040-0234 
5040-0235 
5060-0078 

8 120-0078 
8 500-0059 
08731-210 
9100-0242 
9 100-0243 

7860 
7870 

Description # 

LABELIPUSHBUTTON(1NT A L C )  
NUTIHEX BRS 5/16 X 32 0.438 
LAMPHOLDERS(F0R 4 LAMPS) 
BASEXLAMPHOLDER 
F I LTER :A I R 

CABLEIPOYER 7.5FT. 
SILICONE GREASE 
NUTILOCK FOR JlO 
TRANSFORMERIPOWER 
TRANSFORMERIPOWER 

DIRECTIONAL DETECTOR* MODEL 6911 ONLY 
DIRECTIONAL DETECTOR* MODEL 692A ONLY 

Section VI 
Table 6-1 

# See list of abbreviations in introduction to this section 

- 
'6 - 

1 
2 
4 
4 
1 

1 
1 
1 
1 
1 

1 
1 
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Section VI 
Table 6-3 

Table 6-3. Code List of Manufacturers (Sheet 1 of 2) 

Models 69 lA/692A/693A/694A 

The following code numbers are from the Federal Supply Code for Manufacturers Cataloging Handbooks H4-1 (Name to Code) 
and H4-2 [Code to Name) and their latest sup lements. The date of revision and the date of the supplements used appear at 
the bottom of each page. Alphabetical codes R ave been arbitrarily assigned to suppliers not appearing in the H4 handbooks. 

Cod. 
Ne. Manuhehlnr Addmas 

00000 U.S.A. Common Any supplief 01 U.S. 
00136 McCoy E lcc l ron lcs  Mount Hol ly  Springs. Pa. 
00213 Sage Eleclron!cr Colp. Rochester, N. Y .  
00334 Humidai l  Co. Colton. Calif. 
00335 WeSllel COrQ. New York, N.Y. 
00373 Gar lo tk  Packing Co.. 

Electronic Produt ls  Dlv. Camden, N.J. 
00656 Aerovo i  Cow. New Bedtoid. Mars. 
00779 Amp, Inc. Hanisbufg. Pa. 
00781 A i r c l d l  Radio Cocp. Boonton. N.J. 
00815 Norlhern Englneerlng Laboralorlet. Inc. 

Bui l ing lon ,  1 1 s .  
00853 Sangamo E lec t r i c  Company. 

Ord i l l  Division (Capacitors) Marion. 111. 
00866 Goe Englneerlng Co. Los  Angeles. Callf. 

01121 Al len  Bfadley Co. Milwaukee. Wls. 
01255 L i l t o n  Industries. Inc. Beverly H i l l s .  Calit. 
01281 TRW Semconduclois Inc. Lawndale. Cali l. 
01295 Texas Instruments. Inc. 

Transislor P ioduc l r  Div. Dallas, T e x a i  
01349 The A l l iance Mlg. Co. All iance, Ohio 
01561 Chasr i -Trak  Corp. Indlanapol!s. l id .  
01589 P a r i l i c  Relays. Inc. Van Nuys. Calif. 
01930 Amerock Corp Rocktoid, 111. 
01961 Pulse Eng ineermi  Co. Sanla Clara, Calit. 
02114 Fel io icube Cofp. 01 America Saugerlies. N.Y. 
02286 Cole Mlg. Co. Palo Alto, Calif. 
02660 Anphenol-Bore E lec l ion ics  Co i r .  C h i c a p  Ill. 
02735 Radio Corp. 01 America. Senironductor 

and Male l ia ls  Dlv. Somerv!lle. N.J. 
02771 Vocaline Co. 01 America, Int.  

Old Saybtook. Conn. 
02777 H0pkb.s Engineering Co. San Fernando. CaIIf. 
03508 G.E. SemnlCondYCI~~PrOduttr Depl. Syracuse. N.Y. 
03105 Apex Machme 6 Tool Co. Daylon. Ohio 
03797 Eldema Corp. E l  Monla. Calif. 
03877 Tranrllron Elcc l ron ic  Corp. Wakefield. Mars. 
03888 Py io l i lm Resistor Co. Y o r r l i t o m .  N. J. 
03954 Al r  Marine MOIOO. Inc. LOS Ange le l .  Call l. 
04009 Arrow. Hart and Hegeman E l e c t  Co. 

00891 C a l l  E. HOlDeS COfp. LO5 Ange le l .  Callf. 

Hartlord. Conn. 
04013 Taurus Corp. Lambt r lv i l le ,  N. 1. 
04062 E l m m c o  P l o d u t l s  Co. NewYork .  N.Y. 
04222 HI-Q Divirion of Aeisvor  Myrt le Beach, S.C. 
04298 Elg in  National Watch Co,, 

E lcc t ron lcs  Division Burbank. Calif. 
04354 Pier is ion  P a p r  Tube Co. ChCagO. Ill. 
04404 Dymet Division 01 Hel le l l -Packa id  Co. 

Pa lo  A l to ,  C a l ~ t .  
04651 Sylvanla E l rc l r~c  Prods., Inc. 

Mountain V w .  Calif. 
04713 Molotola. InC., Semconductor Plod. Ow. 

Phoenix. Arizona 
04732 F i l l r o n  Co.. Inc.. We11em O w  C u l r r t  C l l y ,  Cali l. 
04773 A u l o a a l x  E lec t r i c  Co. Northlake. 111. 
04777 Aulomalic E l r t t r l c  Sales Corp. Northlake. Ill. 
04796 Sequoia Wife 6 Cable Co. Redwood Cify. Calif. 
04811 P l r c l r l o n  Cot1 Spring Co. E l  Monle, Calcl. 
04870 P. M. Moloi Company Chicago 44. Ill. 
05006 T r e n l w l h  Century PIISIICI. Inc. 

L o r  Angeles, Cali l. 

Seml.Conduclo# Depl. Youngwood. PI. 
05347 Ullronix. Inc. Sm MIICO. Calil. 
05593 IIIUmttrOnlC Engineering Co. Sunnyvale. Calif. 
05616 C o r m  P las t ic  

Cleveland. Ohio 
05624 Barber Colman Co. Rockloid. Ill. 
05728 Titt in Optical  Co. 

ROSlyn  HIIgh11, Long Island. N.Y. 
05729 Meliopol i lm Trl~commvn~calms Corp., 

Millo Cap. Division Blooklyn, N.Y. 
05783 SIcvtarl Engineering Co. S i n l a  Cru i .  Calif. 
05820 Wakt l ie ld  E n g i ~ r i n i  Int. Wakefield. Mass. 
06004 The Barrlck Co. Btldpapotl. Conn. 
&I75 Baurch and Lomb Optical CO. RQthCSlel. N.Y. 

EIeCltOnic Tube DIV. 

05277 WeSl l lgh lY IC Elttlrlr Corp., 

( c  0 Elec t i i ca l  Spec. Co.) 

06402 E.T.A.  Pioducls Ca. 01 America Chicago, 111. 
06475 Western D ~ Y I C L S ,  Inc. I n g k ~ o o d ,  Call l. 
06540 Amlorn  E l a c l r a n ~ c  

New Rochelle. N. Y. 
06555 Berds  E l e t l r i c a l  Inslrumenl Co.. Inc. 

Penacook. N.H. 
06751 U. I. Semcor Division 01 Nuclear Corp. 

of A n e i m  Phoenix. Afuona 
06812 Torrington Mlg. Co., West Dw.  Van N ~ y s ,  CIIII. 
07088 Kelv in  E l a c l r ~  Co. V a n  N u y i ,  Calif. 

Haidware Co. Inc. 

b d .  
Ne. Unulochlr.. Add.... 

07115 Corning Glass Works 
Eleclronic Components Dcpl. Bradlord. Pa, 

07126 D i g i t r a ~  Co. Pasadena, Cali l. 
07137 Tranristor E I e c I m t c s  Corp. Mmneapolis, Minn. 
01138 Wer l lnghour r  E lac l r i c  Corp. 

Electronic Tube Dw. Elmira, N.Y. 
07149 Filmohm Coip. New York, N. Y. 
07233 Cinch-GIaphik Co. City 01 Industry, Calif. 
07261 Avne l  COID. L o r  A n ~ e l a ~ ,  Calif. 
01263 Fi i rCh i ld  Semiconductor Corp. 

Mountain View. Calif. 
07322 Minnesota Rubbef Co. Minneapolis, Minn. 

07381 The B i l k h e r  Csrp. L o r  an gale^, Call l. 
07700 Techn ica l  W l r l  P l p d u t l r  Sptlngfleld. N.J. 
01910 Continental Device Corp. H i i l h o r n e .  Calif. 
07933 Rheem Semiconduclor C o w  Mountain Vtrw.  C a l ~ f .  
07966 Shockley Sem.Condwtor 

Labolatories Pa lo  Allo. Calif. 
07980 Boonton Radio Corp. Boonton. N.J. 
08145 U.S. EnKlneerlnK CO. LOS AnReler. Calif. 
08289 Bllnn. Delbert. Co. Pomona. Calif. 
08358 BU~KCII B i l l e f y  Co. 

Niagara Fa l l s .  Ontario. Canada. 
08717 Slmn Company Burbank. Calif. 
08718 Cannon Eletlrbc Co.,Phoenlr ON. Phoenlx, A m  
08792 CBS E I e c t r o n m  Semlconduclor 

08984 Mel.Ram Indianapolis. Ind. 
09026 Babcock Relays. Inc. Cosla Mesa. Calif. 
09134 Texas C a p m l o r  Co. H o u I ~ ~ .  T e r a s  

OpClallQnS.DlV.Ol c.B.S..Int Lowel l .  Mass. 

09145 Alohm E lec l ron lc r  Sun Valley. Calif. 
W250 Eleclro Assemblies. Inc. ChKIRO. 111. 
09569 M i l l o r y  Battery Co. 01 

Canada, Lld. Toronlo. Onlai io.  Canada 
W664 The Blislol Co. WaIerbury. Conn. 
10214 General Transislor Weslern C a p .  

L o r  AIIRCICI. Calif. 
10411 Ti.TaI, Inc. BeIkeIey. Calif. 
10646 Carborundum Co. N la la ra  Fa l l s .  N.Y. 
11236 CTS 01 Berne, Inc. Berne, Ind. 
11237 Chicago Telephone of Cal ! foma,  Inc. 

So. Pasadena. Cali l. 
11312 Micmwave Electronics Cow. Pa10 Alto. Ca l l l .  
11534 Duncan E l r c l r o n x .  lnc. b n l a  Ana, Csli l. 
11711 Geneial Inrlmml Corpoialion 

Semlconduclor Div is ion Newark. N. J. 
11717 Imperial Ele t l ion ic .  Inc. Buena Park. Calif. 

Palo Alto. C a l k  11870 Melabs. Inc. 
32136 Philadelphia Handle Co. Canden. N. J. 
12697 C b i o i t a l  Mfp. Co. Dover. N.H. 
12859 N W O n  E l e c t f i t  Co.. Lld. Tokyo. Japan 
12930 Della Sanicmdur lo r  Int. Newpout Beach. Ca l l l .  
13103 T h e m l l o y  Dallas, T e r a s  
13396 Tr le funken (G.M.B.H.) HI~IDYII. Germany 
13835 Midland Mlg. Co. Kansas City, Kansas 
14099 Sam-Tech Newbury Park. Calif. 
14193 Cal l l .  Rrrlslor Ccfo. Sanla Monica. Calif. 
14298 A m t i c a n  Components. Inc. Conrhohocken, Pa. 
14655 Cornell Dub l l ie r  EIec. Corp. So, Plainftald. N.J. 
14960 Williams MI#. Ca. San Jose, Calif. 
15203 Websler E l e c t i ~ n i ~ s  Co. Inc. Brooklyn. N.Y. 
15291 Adlustable Bushing Co N. Hollywood. C a l ~ l .  
15772 Twenl ie lh  Century 

CDll spr,ng c o .  Sanla Clara. Calif. 
15909 The Divrn Co. L IV~~RSIOR. N.J. 
16031 Spruce Pine Mica Co. Spruce Pine, N. C. 
16352 Campvler Diode Corp. Lodi. N. J. 
16688 De Jur-Amsro Corpoialion 

Long Island City I ,  N.Y. 
16758 DeIco Radio Dw. of G.M.  Corp. Kokomo, Ind. 
17109 T h m o n s t 8 c r  IN, Canoga Park, C a l ~ l .  
17474 Tranex Company M o ~ n l i i n  V i e r .  Calif. 
18486 Radio Industries Des Pla in is .  Ill. 

MI. KISCO, N.Y. I8583 Cur l i s  I n s t r ~ m e n l  Inc. 
I8873 E.I. DuPon land Co.. Inc. W i l ~ g l o n .  Del. 
19315 Ecl ipse  Pioneer. O w .  01 

Bendla Av ia l ion  Cow. Teterbolo. N.J. 
19500 Thomas A. E d i m  IndusIrIcs. 

Dlv. 01 MrGrawEdison Co. West Orange. 1.1. 
19701 Eleclra M i ~ l i ~ l ~ i i n i  Co. Kansas C ~ l y .  Mo. 
20183 E k C l t Q n N  Tube COW. Philadelphia. Pa. 
21226 Exetu l i ve .  Inc. New York. N.Y. 
21520 Fansfee l  MCIIIIUIK~CaI COO. NO. Chicago. Ill. 
21315 The Fa ln i r  Bearing Co. New B ~ i h n .  Conn. 
21964 Fed. Telephoneand Radm Corp. C l i l l on .  N.J. 
24446 General E lec l r l c  Co. Schenecl idy, N.Y. 
24455 G.E.. Lamp Division Nala Park, Cleveland. Ohio 

Add,.,. 

71785 Cinch Mtg. Corp. 
71984 D O r  COlnlng COW. 
72092 E l l e l  MtCYIIDYgh. 1°C 
72136 E l r t l r o  Motive Mlg Co , 

71707 Colo C o i l  Co.. h c ,  
72354 John E. Fas t  L Co. 
72619 Dia l igh l  Corp. 
72656 General Ceramics Corp. 
72699 General Inrlnaenl Coip. 

72758 G l f a i d - H o p k m  
72765 D n k c  YIP. Co. 
72825 Hugh H. Eby Int. 
72928 Gvdemin Co 
72964 Roberl M. Hadley Co, 
72982 E m  Refistor  Coip. 
73061 H i n s e n  MI& Co., Inc. 
73076 H.M. Harpel Co. 
73138 Hellpol Dlr. of  Beckman 

Ssniconduclor DIV. 

Instruments. Inc. 

70485 
70563 
70903 
70998 
71002 
71041 

71218 
71286 
71313 

71400 

71436 
71450 
71468 
71471 
71482 
71590 

24655 General Radio Co. West Concord. Mass. 
26365 G i r l s  Reproduce! C o w  New Rochelle. N .Y.  
26462 Grobet F i l e  Co. 01 America. Inc. Car l r lad l .  N .J .  

28480 Hei le l l .Pack i rd  Co. Pi10 A l to .  Ca l i l .  
33113 G.E. R e ~ t i v i n g  Tube Dept. Oranrboio. Ky. 
35434 Lectrohm Inc. Chlc lgo .  Ill. 
36196 Slanwych Corp. Havkeibuiy,  Ontario. Canada 
37942 P.R. M i l l o r y  6 Co.. Inc .  Indianapolis. Ind. 
39543 Mechanical Industries Prod. Co. Akron, Ohio 
40920 M i n i a l ~ i e  P i e r i r i o n  Bearings, Inc. Krene, N.H.  

43990 C.A. Noigren Co. E n g l ~ o o d .  Colo. 
44655 Ohmile Mtg. Co. Skokte, 111. 
41904 P o l l l o i d  Corp. Canbiidge. Miss. 
48620 Piec is ion  Thermometer and 

Insl. Co. Philadelphia. Pa. 

52090 Rowan Controller Co. Baltimore, Md. 
63741 Ward Leonard E lec t r i c  MI. Vernon. N.Y. 
54294 S h a l l c m r  Mlg. Co. Selma. N.C. 
55026 Smpson Elec l r i c  Co. Chicago. 111. 

Elmsford. N Y. 55933 Sonolone cwp.  
55938 Solenson 6 Co., Inc. So .  N o w i l k .  Conn. 
56137 SpaUldlng Fibre Co.. Inc. Tonavanda. N.Y. 
56289 Spragve E l e r l r i c  Co. No i th  A d a m .  M I S S .  
59446 Telex,  Inc. SI. Paul. Minn.  
59130 Thomas 6 Bells Co. E l m b e l h  1. N.J. 
60141 Trippletl E l e c t w a l  Inc. Bluffton, Ohio 
61715 

62119 Unwersa l  E lec l r l c  Co. Ororro. Mach. 
63743 Wi6d.Leonild E l e t l r i c  Co. MI. Veinon, N.Y. 
64959 Werlein E l e c l i ~  Co., Inr. New Yolk,  N.Y. 
65092 Wellon Inst. DIV. of Dayslrom. Inc. Newark. N.J .  
66295 Willek Manufacturing CO. ChlCagO 23. 111. 
66346 Wallenrak Opt ical  Co. R o c h i i l e r ,  N.Y. 
70216 Al len  Mlg. Co. Haitloid. Cann. 
70309 A l l i e d  Control Co , Inc New York. N . Y .  
70319 Allmetal Sciaw Plod. Co.. I n t .  

Garden City. N.Y. 
A t lan l l c  Indl8 Rubbei Works, Inc. Chlcago. 111. 
Ampi r i le  Co.. h c .  New Yolk.  N.Y. 
Br lden 11g. Co. ChlCagO, Ill. 
Bird ElecIr0,nic Carp. Cleveland, Ohio 

N c w Y o f k ,  N.Y. B i f n b i t h  Radio Co. 
Boston Gear Works Diu. 01 

Murray Co. 01 Texas Quincy.  Mass. 
Bud Radio Inc. Cleveland, Ohio 
Camloc Far lane i  Cow. Paramus. N . 1  
A l len  D. C i r d r i l l  Elatbonbc 

Plod. cwp.  P l a , n l l l e .  Con". 
Burrnann Fuse DIV. 01 McGrar-  

Edi ron  Co. SI. Louis. Mo. 

CTS cmp. Elkharl. Ind. 
Cannon Electric Co. LOI ~ ' n g e i a ~ ,  C~III. 
Cinema E W ~ C C W  0 .  Burbank. Calif. 

Cantlalab O w  01 Globe U n m  Inc. 

26992 Hami l lon Witch Co. Lancastrr. Pa. 

42190 Mule1 Co. ChILIRO. 111. 

49956 Raytheon Company L tX lng ton ,  Mass. 

Unlon S w k h  and Signal. O l v .  01 
WLrllnghoure A l l  B lake  CO. Sr issva le .  Pa. 

Chicago Condenrci Corp. ChICagO. 111. 

C.P. Clare 6 Co. ChltagO, 111. 

Milwaukee. Wis. 

71700 The Cornish Wire Co. N i r Y o i k .  N.Y. 

71753 A.O. Smith C o w ,  C r a r l c ~  DIV. 

71616 Cornmerml  P las t ics  Co. ChlCagO. 111. 

71744 ChlClgO Mlnlllulr Lamp Works ChlcagO. Ill. 

Wesl Orange, N.J. 
ChlCagO, 111. 

Midland. Mich. 
San Bruno, Calil. 

W1llfrnl"IlC. Con". 
Pfovidence, R.I. 

Chicago, Ill. 
Blooklyn. N.Y. 
Keasbey. 1.1. 

N r r a r k .  N.J. 
Oakland, C a l k  

ChICIgO. Ill. 
Philadelphia, Pa. 

ChlCag0. Ill. 
L o r  Angelar. Calif. 

Erie. Pa. 
P i in ta ton .  Ind. 

1°C 

ChlCago, Ill. 

F Y I I L I ~ ~ .  Calif. 

73293 Hughes Products Division 01 
Hughes A i i c i i f l  Co. N e w o i l  Be lch ,  CIIII. 

13445 Amperex Electronic Co , Diu. 01 Noith 
American Ph i l l i ps  Co. Inc HiCkIv i l le  N Y 

73490 Beckman Hellpot  Corp. So. P i i i d e n i ,  Calif. 
13506 Bradley Samiconduclo! Corp. Hamden, Conn. 

Hartloid. Conn. 71559 C i i l i n g  E l e c l m  Inc. 
73682 Geslge K. Garret1 Co.. Inc .  Phi lade lph ia  Pa. 
73734 Federal Swer Prod. Co. ChlCago, 111. 
73143 Fische i  S p e m  Mlg. Ce. C m r ~ n n a l ~ .  Ohlo 
73193 The General lndur t i ie r  Co. E I y m  Ohio 
73846 Gorhen Stamping 6 Tool Cs. Gorhen, lod. 
13899 JFD Electronics Carp. Brooklyn, N. Y .  
73905 Jennlngr Rad60 Mlg. Ca. Sa" Jose, Calif. 

NOD~UPI. N.J. 74216 S i g n i l i t ~  Inc. 
74455 J.H W ~ n n r .  and Sons WinLheiter. MISS. 
14861 lndus l i ia l  Condenser Carp. Chicago, 111 .  
74868 R. F. Products Oivirion 01 Amphenol- 

BOFK Elec l ron lc r  C o w  Oanburv, Conn. 
Wi ieca ,  M m .  14970 E.F. Johnion CO, 

75042 l n t e r n a l i ~ n a l  R e l i l t a n r e  Ca. Philadelphia, Pa. 
75113 Jones,  Howard 8. .  D#v#rion 

75378 James K n l g h t l  CO. Sandrich, 111, 
75382 Kulka Elec t r i c  Corporation M I  ,Vernon. N Y 
75818 Len2 Electr ic Mfg. Co. ChlCaRO, 111. 

of Cinch Mfg. Cow. ChlWKO. 111 .  

15915 L i t t l e l ~ s e  Inc. oer Plamer ,  111. 
76005 Lord Mtg. Co. E r i e  Pa. 
76210 C.W. M i w e d e l  San Francisco. Cali l. 
76433 MImmOId Electronic Mtg. Cow. Brooklyn, N.Y. 
76487 James M i l l e n  Mlg. Co.. lor. Malden, MISS. 
76493 J.W. Miller Co. L o r  AIIRIILS. Cali l. 
76530 Monadnock Mil ls  San Leandio. Cali l. 
16545 MwIIe# EIec l r i c  Co. Cleveland. Ohio. 
76854 Oak ManUl l t lU l lng  CO. C l y r l a l  Lake. 111. 
71068 Bendix Pac i f i c  Division 01 

Bendt i  Corp. No. H ~ l l y w o o d ,  CaItI. 
71075 PacI t Ic  Metals Co. Sa" F i a n m c o ,  Calif. 
77221 Phaor l ian  In~liumenl and 

E i e r t m i c  Co. South Pasadena. Calif. 
77250 Phor l i  M I &  Co. ChICPgO, Ill. 
77252 Philadelphia Steal and Wire Corp. 

Philadelphia, Pa. 
11342 P o t l r i  and Bumf ie ld ,  DIV.  of American 

Princelon, Ind. 
Camden, N.J. 11630 Radio Condenser Co. 

77638 Radin Receplor Co., Inc. BIooklyn. N.Y. 
77764 ReSlSlanCL Produt l f  CO. HI I I I IbUIg ,  Pa. 
77969 Rubbeicrsfl Coip. 0 1  Calif. Torrance. Calif. 
78189 Shakepioof Division 01 I l l inois 

T o o l  Works E lg in ,  111. 
78283 Slgnl l  l n d l c l l o l  Corp. New Yo lk ,  N.Y. 

Pitman. N. J. 78290 Sl~u lher r -Dunn lnc. 
78452 Thompson.Biemer 6 Co. ChlCagO. 111. 
7847l Tll ley Mlg. Co, San Francirco. Calif. 
78488 Slackpole Carbon Co. St. Mirys.  Pa. 
18493 Standard Thonron Corp. Wiltham, M a s .  
78553 Tinnamman Pmddutls, Inc. Cleveland, Ohio 
78790 Tranrloinrr E n g i ~ i i i  Pasadena, C8111. 

Nrwtonu i l le .  Mass. 78947 Ucini le  Co. 
79142 Vccdei Root. IOL. Haitlord, Conn. 

Chicago. 111. 79251 Wcnro Mtg. Co. 
79727 Cont inenta l - l i f t  E l e c l r o n ~ r  Corp. 

Pht ladebh ia .  Pa. 
79963 Z i t r i c k  Mlg. Corp. New Rochelle, N.Y. 
80031 Mepco Divirion 01 S e s s m s  

Clock Co. Monislorn. N. 1. 
80120 SChnilze! A l loy  P iodut ls  E I !z ibe lh ,  N. J. 
80130 Tines F a t s m i l e  Corp. New Yolk. N . Y .  
80131 Electronic lndur l r ie r  Arroc!alion. Any brand 

lube rnelllng EIA I t l n d l l d l  Warhlnglon, D. C. 
80207 Uninai Switch, 08v. 01 

W.L. YarSQn COV. Wal l fngkrd ,  Cmn. 
80223 United Tranrlorrner Coip. New Yo lk .  N.Y. 
80248 Oxlord E l e t l t i c  Cow. ChlCaKO, Ill. 
80294 Bourns Laboratories. Inc. Riveisidel CIIII. 
80411 Acto  Dlv. 01 R o b r r l r h a r  

Columbus 16. Ohio 
80486 A l l  Star Products Ioc. Defiance, Ohio 
80509 Avefy Adhesive Labe l  Corp. Monrovia, Calif. 
80583 Hammeilund Co.. Int. New YoIk. N.Y. 
80640 Stevens, Arnold, Co.. Inc. Boslon. Mars. 
81030 Inleinational Inrlrummlr, lnc, 

New Haven,  Conn. 

81095 Tr iad  Tranrformcr Corp. Vaolce. CI I I I .  

Machine and Foundry 

Fullon Conlrols Co. 

81073 Grayh i l l  Co. LaGrange, 111. 

81312 Winchester EIecl#ontcr Co., Inc. Norwalk, Conn. 
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Models 69 IA/692A/693A/694A 

Table 6-3. Code List of Manufacturers (Sheet 2 of 2) 

Cod. 
N.. 

81349 
81415 
81453 

81483 
81541 
81860 
82042 
82142 

82110 
82209 
82219 

82316 
82389 
82641 

82866 
82877 
82893 
83013 
83058 
83086 

83125 
83148 
83186 
83298 
83315 
83330 
81385 
83501 

83594 

83140 
83117 
81811 
84111 
84396 
84411 
84910 
85454 
85471 

Lbnubctu..r Add,... 

M ~ l i t a i y  S ~ c c ~ l ~ c a t ~ o n  
Wilkar Products. Int.  Cleveland. Ohio 
Raytheon Mlg. Co., lndurtrial Components 

O w  Induslr. Tube Oprralmr N e r l o n .  MISS.  
I n l D l n l l l O n l l  ReCl l l le l  CMp. E l  Seguodo, Callf. 
The A i rpar  Pioducts Co. C l m b l ~ d g e .  Mass. 
Early Controls, 1°C. Watertorn. Mass. 
carter Part* c s .  Skokie. 111. 
l e l t ~ i i  Elec l ron ic r  Divirion 01 

Allen 0 O u M ~ n l  Labs. Inc Cli l ton. N 1. 
MIRY~IP Indurtuer, Inc. Greenwich. Conn. 
S y l v a n i a  E l e t l i i c  Prod. Inc. 

E l e r l r o n ~ c  Tube Div.  Ernpowm. Pa. 
Artron Co. E a r l  Newark. N.J. 
Sr i l chc ia l t ,  Inc. ChlCaRO, 111. 
Metalrand Conl ro l r ,  Inc.. Oiv .  01 

. . . . . . . , 

S p e u  Carbon Co. 0" 00,s.  Pa. 

Teras  I n s l w m m t i .  Inc.. 
spcntar Plods. Allleb010. Mass. 

Reiea ich  P i ~ d u t l s  Corp. Midison.  1 1 s .  
Rotron  Manulacluiing Co., Inc. Wooddllock. N.Y. 
Vet lo r  Electronic Co. Glendale. Cali f .  
Weslern Wash i i  MI!. Co. Lor A ~ g e l e ~ .  Cali f .  
Carr Fastener Co. ClmbrldgL, MIIS. 
New Hampshllc B a l l  B e a m g ,  Inc. 

PetelbDIOURh. N H. 
Pyramid E lec t r i c  Co. O8r l tnKlOn.  S.C. 
E l r t t i o  C o i d i  Co. L o r   angel^. Cali t .  
V i c t i i y  E n g i n e i ~ n g  COW. Svmgfield.  N. 1. 
Bendti  Corp.. Red Bank Oiv .  Red Bank. N J 
Hubbe l l  Cmp. M u n d e I m .  111 .  
smllh. H e m a n  H.. IW. Bmoklyn,  N.Y. 
Cenlral S c r w  Co. Chicago. 111 .  
G a v i t l  Wire and Cable Co.. 

Diu.  o f  A m m e  Cow.  Brookfleld. M m .  
BUlrDYghl C l l p . ,  

Eleclrmir Tube Oiv .  Pla in l i e ld .  N.J. 
Eveready Bat tery  H e r  York.  N.Y. 
Model Eng. and Mfg. .  1 ° C .  H ~ ~ l i n g I ~ n .  Ind. 
LOyd SCrugRS CO. FCSIUS, Mo. 
A m  Elaclronir, Int .  New Ymk. N.Y.  
A . l  Glersnei Co.. In(. I a n  F r a n t ~ s c o .  Cali f .  
Good A l l  Elecl! lr  MIg. Cs. Ogal la l8 ,  Neb. 

Boonlan Molding Company Boonton. N . 1 .  
A.B. Boyd Co. San F r a n t i r r o ,  Ca ld .  

S a i k e i  Taizian. Inc .  B l O O ~ l n R t O n .  Ihd. 

Add".. 

85114 
85660 
85911 
86191 
86519 
86684 

81216 

81413 

81664 
87930 
88140 
88220 
88698 
89231 
89462 
89413 

89636 
Chicago, 111. 

89665 United Transforms! Co. ChlCaga, Ill. 
90119 U S Rubbei Co , M e c h m c i l  

90970 BIlr lnR EnglOClllnR CO. San F l m C t r r o .  Caltf .  
91260 COnool S W n R  MfR. t o .  Sa0 FlanClrro. Cald .  
91345 M i l l e i  D i a l  6 Namtv la le  Co. E l  Monte. Calt l .  
91418 Radio M a l ~ r r a l s  Co. Chccago. Ill. 
915C6 Augal B r i l h e r i ' ,  Inc. Att leboro. Mass. 
91631 Dale E lec t ron ic r .  I n t .  Columbus. Neb! 
91662 E l m  Corp. Phi ladelphia. Pa. 
91731 Glemal  Mlg. CO.. 1°C. Wakel~e ld .  Mass. 
91821 K F Oevalovmenl  Co. Redwood C l t y  Calt l .  
91929 Mlnnclpairr-nonct.*cii R ~ X U I ~ I O ~  CO., 

M i c w $ w # l c h  O w .  Fieev011, 111 .  
Oakland. Cali f .  91961 Nahm-Bios. Spring Co. 

92180 Tw-Connector Carp. Peabody, Mass. 
92196 Univairal  Metal Prod , Inc  Basset1 Pueole. Ca l i l .  
92361 Elgeel  O p t l ~ l l  Co.. I ~ c .  Rocheslei. N.Y. 
92607 Tinsa l i te  Insulated W m  Co. Tarrylown. N.Y. 
93332 S y l v a n l a  Elecl i lc  Prod. Inr., 

Senlronduclor 01". Wobum Mass. 
93369 Robbins and MVIII. Inr. New Y o l k ,  N.Y 
93410 SlevLnr Mfg. CO., 1°C.  Mansfield. Ohio 
91188 H O w l l d  1. Smith 1°C P o l l  Monmoulh. N 1. 

Goods ow.  Passaic, N.J. 

R.M. Biaramonte 6 Co. fan F i a m i s c o ,  Ca l i l .  
Kolled Kords, Inc. New Haven. Conn. 
Seamless Rubbei Co. Chicago, 111 .  
Cl l f tOn PltClSlOO P l C d ~ L l f  C l l f l on  Heights. Pa. 
PILCislOn Rubbe! P loduc t r  Corp. O i y t o n .  Ohio 
Radio Corv. 01 Amema.  RCA 

E l a r l i o n  Tube O l v .  Harrison, N.J. 
Pht lco  Corpoial ion ( L a n d a l e  

Lanrda lc ,  Pa. Ol"lSl0") 

Westein F ib lous  Glass Pioductr Co. 
Sa" F i a n c i r t o .  Ca l i l .  

Van Waters L Rogers Inc. Scatl le. Wash. 
Tower Mlg. Colp Providence. R. I. 
C"lle,-Harnnrr. 1°C. LIIILOI". 111. 
G O ~ l d - N a l i ~ n a l  Baltorier. Inc. SI. Paul, Mino. 
Genera l  MII Is .  Inc. Bullalo,  N.Y. 
Giaybai Elrtllic Co. Oakland, C a t ~ l  
W i l d e l  Kohinool. lnc. Cambridge. M a i l  
GClrlal ElattrK Ol l l l l bU l lng  COIp. 

Schenectady. N Y 
Cartel Pa i l s  Olv .  01 Economy Bale! Co. 

Cod. 
Ma. 

91929 
93983 

94131 
94141 

94145 

94148 

91154 
94197 

94222 
94310 

94330 
94682 

95023 
95236 
91238 
95263 
95264 
95265 
95215 
95348 
95354 
95712 
95981 
96067 
96095 
96256 

96296 
96130 
96341 
96501 
91464 
91539 

91966 

97919 
98141 
98159 

M.nub.tur.r Addr.ss 

G. v Conlrolr Livmgrlon. N. J. 
1nrullne.Van Norman Ind.,  Inc. 

E l e c t r m r  D w r m  Manchester. N.H. 
Genera l  Cable Carp. Bayonne. N.I. 

O i v . .  Receiving Tube Opeial ion Quinry.  Mars. 
Raytheon Mlg. Co.. Semiconductor O i v . ,  

Calcloinia Slreet Plant Newton. Mars. 
S c ~ e n l t l ~ c  Radio  Prsdur l r .  Inc. 

L w e l a n d .  Cola 
Tuflg-Sol EICLIIIC. Int. Newark, N.J. 
Cuitlss.Wright Corp., 

Electronics O i v .  E a r l  PI~LIIOII. N.J. 
Southto Civ. 01 S Chestel Corp. Les ter ,  Pa. 
TI" Ohm P i i d  O w  01 Model 

Englneeiing and Mtg. CO. ChlClRO, 111. 
W i re  C lo lh  Produc t i  Inc .  Chicago, 1 1 1  
WoIceIteI P i e r r e d  AIumnum Corp. 

W m e f l e r .  Mars. 
Phi lb r i t k  Reiearchers, Inc. Boston. Mass. 
A l l ies  Products Cow.  Miami.  Fla. 
Continental Connector Corv. Woodride. N . Y .  
LeecrafI Mlg. Co.. Inc. New York. N.Y. 
L s i r o  E lec t ron~cs .  Inc. Burbank. Cali f .  
Nal ional Cot1 Co. Sheridan. wvo. 
V l l l lmo" ,  1°C. BlldKLVOII. Con". 

Bloomfield. N.J. Goidas Corp. 
Yethoda Mlg. Co. ChlClgO, Ill. 
Daee L l e i l i ~ c  Co., In t .  Fmklm. Ind. 
Weckessei Co. Chicago. 111. 

Sunnyvale. Cali f .  H U R R ~ O S  Laboralaries 
H8.Q Division 01 Aerovox Olean. N.Y. 
Thorda#sOn-Meissnei ON. of 

MI. Carael. Ill. 
Solar Manufacturine Ca. L o r  An ie les .  Cali f .  
Cai l lon Screw Co. 
Microwave Associate% Inc. B ~ i l i n g t ~ n ,  Mass. 

Oakland, Cali f .  Exce l  Tranrlormer Co. 
lndurliial R e t a ~ f l t n g  Ring Co l i ~ i n g l ~ n .  N . 1  
A ~ l o m 8 l l C  and Prac i r ion  Mlg. Co. 

Yankerr. N Y. 
CBS E l e c t m c r ,  

Danvrrr, Mars. 
Reon Rerirtoi Corp. Yonkers, N.Y. 

Jamaica. N.Y. 
Rubber T w k ,  lnc, Gardena, Calif. 

RlYlhLOn Mlg. CO.. IndUIt l la l  Componenlr 

MaRuIIe Industries. Inc. 

ChlCIgD, 111. 

DIU. 01 C. 6.5.. Inc. 

Axe l  BlOthers Inc. 

Section VI 
Table 6-3 

Address 

98220 Francis 1. Mosley Pasadena. Ca l i l .  

98291 Saaleclro Cor). Yamaroneck. N.Y. 
98405 Caiad Corp. Redwood City. Cali l .  
98111 General Mil ls  M#nneapolls, M m .  
98821 North H i l l s  E l e c t r ~  Co. Minrola. N.Y. 
98925 Clev i le  Tianrislor Plod. 

O l v .  01 Clev i le  Corp. waltham. M a s  
98918 l n l e i n a t i ~ ~ i l  Electronic 

Research C O ~ D .  Burbank, Calif. 
99109 Columbia Technical Corp. New Yolk. N . Y .  
99313 Vaiian Associates Pa lo  A l t o ,  Calif .  
99515 M i r i h i l l  Indurlrier, Election 

Pasadena. Cali f .  Products Divis ion 
99107 Canlrol Switch Owision.  Controls Co. 

01 Aaeuca E l  Scgundo. CaIiI. 
99800 Orlevan Elec l ron fc r  COW. East AUIOII. N.Y. 
99848 Wil ro  Corporation Indmavolts.  Ind. 
99934 Ranbrandt. IK. Boston. Mass. 
99942 Hoffman Semiconductor Div. of  

Hoffman Electmcr  Corv. Evanrton. 111. 

Newbuiy Park. Calif. 01 Cald. 

T H E  FOLLOWING H-P  VENDORS H A V E  NO NUM- 
BER ASSIGNED I N  T H E  L A T E S T  SUPPLEMENT TO 
T H E  F E D E R A L  SUPPLY CODE FOR MANUFAC- 
TURERS HANDBOOK. 

JOOOO WinCheslei E lec t ron ic r .  Inc. 
Santa Monica. Cal i f  

OOOOF M a k o  Too l  and Ole Lor AngelLS, Cali f .  
OOOOM Wei tem C o i l  0,". 01 Automatic 

Ind.. Int .  Redwood Ci l y .  Cali f .  
QOOOP Ty.Car MIX. Co., Inc. Holl~rton, Mars. 
OOOOZ W i l l ~ w  Lealher Pieducts Corp. Newark, N.J. 
OOOAA Br i t i sh  Radio Electionicr Lld. WaShlnglOn, O.C. 
OOOAB E T A  England 
OOOAC Indiana Geneial Csrp.. Elect. O w .  l n d m s  
OOOBB P i r r i r i o n  I n i l i ~ m e n l  Coavsntn ls  Co. 

Van NUYS. Calif .  
OOQMM Rubbr i  Eng. 6 Owelopmen1 Haywud.  Cali f .  
OOONN A "N" 0 M i n ~ l i ~ l u r ~ n g  Co. San Jose 27. Call l .  
00099 Coallron Oakland. Ca111. 
00055 Control 01 E lg in  Watch Co. Burbank. Cali f .  
OOOWW Cali lornia Eastern Lab. B u i l i n g a m ~ .  Calif .  
WOYY S.K. Smith Ca. 

98218 Microdot. Inc. so. Pasadma. Calli. 

99951 TeLhnOlOgy lnrtlulrnl COlp 

Lor Angelel 45, Calif. 
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Models 69 1A/69 2A/693A/ 694A 

Serial  Number 

501-00861through 501-01035 

500-00764 
500-007 66 
500-00770through 500-00772 
500-00822 

APPENDIX I 

MANUAL CHANGES 

Make Change(s) 

1 

1, 2 

This manual applies directly to Model 691A, 692A, 693A, and 694A Sweep Oscillators 
having serial numbers prefixed 524-, and 507-. To adapt the manual to serial num- 
be r s  prefixed 501-, 500-, 435-, 429-, and 424-, make the changes indicated in the 
table below. For  serial number prefixed higher than 524-, see the yellow Manual 
Changes insert  included in this manual. 

, 

435-00561through435-00860 
435-001 53 
435-001 54 
43 5 -0037 5 
435-00446 
435-00448 
43 5 -00459 

43 5 -00498 
435-00463 

1, 2, 3 

I 429-00415 through 429-00560 I 1, 2, 3, 4 I 
I 424-00361 through 424-00414 I 1, 2, 3, 4, 5 I 

Appendix I 

CHANGE 1 Page 6-12, Table 6-1: 
Delete A4R44, A4R45 and A4R46, hp Stock No. 0698-3304. 

Change A4R37, A4R38, and A4R39 to hp Stock No. 0760-0029, R:fxd met flm 261 K ohm 1% 1 w 

Page 6-27, Table 6-2: 

Page 6-30, Table 6-2: 

Substitute page 1-3 circuit board component location illustrations for  Figure 5-31, page 5-38. 

Page 5-31/5-32, Figure 5-20: 

Delete hp Stock No. 0698-3304 

Add hp Stock No. 0760-0029, R:fxd met flm 261K ohm 1% Iw 

In the control grid circuit  of A4VlB show - 3 ser ies  connected 261K-ohm res i s tors  shunted 
by A4C9 instead of - 6 13OK-ohm. 

NOTE 

The 13OK-ohm resis tors  are the preferred 
replacements for  all Sweep Oscillators 
covered by this manual. 

CHANGE 2 Page 5-35, Figure 5-26: 
Change R44 to lOOK ohms 

Page 6-21, Table 6-1: 
Change R44 to hp Stock No. 2100-0063, R:var comp lOOK ohm 20% lin 1/3W 

02280-1 1-3 
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Appendix I 

CHANGE 2 
(cont'd) 

CHANGE 3 

CHANGE 4 

CHANGE 5 

1-2 

Models 691 A/692A/693A/694A 

Page 6-32, Table 6-2: 
Delete hp Stock No. 2100-0073 
Add hp Stock No. 2100-0063, R: var  comp 100K-ohm 20% lin 1/3W; Mfr. 28480; 

Mfr Part No. 2100-0063; TQ1 (691A column) 

Page 6-24, Table 6-1: 
Delete FL1, hp Stock No. 360D 

Page 6-19, Table 6-1: 

Page 6-31, Table 6-2: 

TQ (691A column) 1. 
Page 6-28, Table 6-2: 

Page 6-25, Table 6-1: 

Page 5-35, Figure 5-26: 

Page 6-21, Table 6-1: 

Page 6-29, Table 6-2: 

Change J10 to hp Stock No. 1250-0144 and delete hp Stock No. 08731-210. 

Add hp Stock No. 1250-0144, connector: type N, Mfr. 91737, Mfr. Pa r t  No. UG/1094, 

Delete hp Stock No. 00692-211 

Change item 2 to  00692-018, panel, front. 

Delete R61, change R43 to 150K-ohms and R40 to 47K-ohms 

Change R40 to hp Stock No. 0758-0040, R:fxd met flm - 47K ohm 5% 1/2W 

Change TQ to 2 for hp Stock No. 0758-0040. 
Change TQ to 1 for hp Stock No. 0758-0020. 

Page 6-21, Table 6-1: 
Change R43 to hp Stock No. 0761-0040, R:fxd met ox 150K-ohm 5% 1W. 

Page 6-30, Table 6-2: 
Change TQ to 2 for  hp Stock No. 0761-0040. 

Page 6-29, Table 6-2: 
Delete entire entry for 0757-0128. 

Page 6-21, Table 6-1: 
Delete entire entry for  R61, hp Stock No. 0727-0012 

Page 6-28, Table 6-2: 
Delete entire entry for  hp Stock No. 0727-0012 

Page 5-31/5-32, Figure 5-20: 
Delete capacitor C15 

Page 6-18, Table 6-1: 
Delete entire entry for C15, hp Stock No. 0160-0192 

Page 6-26, Table 6-2: 
Delete entire entry for hp Stock No. 0160-0192 

Page 5-29, Figure 5-16: 
Change AlV2, V3, V5 from type CK647 to type 7728 
Change A4VlA from 1/2 12AT7 to 1/2 7728 

Change A4VlB from 1/2 12AT7 to 1/2 7728 

Change A4V3A and A4V3B from 1/2 CK647 to 1/2 7728. 

Change A5VlA and A5VlB from 1/2CK647 to 1/2 7728 

Change A2VlOA and A2VlOB from 1/2CK647 to 1/2 7728 

Change AlV2, AlV3, and A1V5 to hp Stock No. 1932-0041, electron tube: 7728 

Change A2V10 to hp Stock No. 1932-0041, electron tube: 7728 

Change A4V1 to hp Stock No. 1932-0041, electron tube: 7728 
Change A4V3 to hp Stock No. 1932-0041, electron tube: 7728 

Change A5V1 to hp Stock No. 1932-0041, electron tube: 7728 

Add hp Stock No. 1932-0041, electron tube: E1A type 7728, Mfr. 81453, 

Delete entire entry for  1932-0027, and 1932-0049. 

Page 5-31/5-32, Figure 5-20: 

Page 5-34, Figure 5-22: 

Page 5-37, Figure 5-30: 

Page 5-41/5-42, Figure 5-36: 

Page 6-4, Table 6-1: 

Page 6-6, Table 6-1: 

Page 6-12, Table 6-1: 

Page 6-15, Table 6-1: 

Page 6-31, Table 6-2: 

Mfr. Part No. CK7728, T Q 7 .  

02280-1 
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Models 69 1 A/69 2A/693A/694A 

B O A R D  V I E W E D  F R O M  C O M P O N E N T  S I D E  

D A R K E R  P A T H S  O N  C O M P O N E N T  S I D E  

6 9 0 A - A  - 27 B 

A N O D E  

Appendix I 

WHT-BRN-GY 
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APPENDIX II Model 691A/692A/693A/694A 

moaels DIRECTIONAL 7 8 6 ~  
DETECTORS 7870 

7886 

O P E R A T I N G  NOTE 15 A P R  65 

Figure 1. Model 786D and Option 02 Accessory Load Resistor 

Table 1. Specifications 

Low Level 

Frequency 
Range 

Model 
Minimum 

35 mw 

3.5 mw 

Noise: Less than 200 p v  peak-to-peak with CW power 
applied to produce 100 mv output 

Detector Output Polarity: Negative 

Detector Output Connector: BNC female 

Detector Output Impedance: 15Kmax shunted by about lOpf 

Detector Element: Supplied 
R F  ~onnectors5 :  @ precision type N, one male (input), 

m e  female 

Size: Refer to Figure 2 

Equivalent Max Max 
Source Main Main 

Reflection Frequenc Line Line Insertion 
Coefficient6 Respons2 SWR Input Loss4 

Net Weight: 
786D - 16 oz (450 g) 
787D - 12 02 (340 g) 
788C - 12 oz (340 g) 

Options: 
02. Furnished 9 11523A load resistor for optimum square-law 

characteristics at 24°C (75"F), <+O. 5 db variation from 
square-law for outputs up to 50 mv peak (working into an 
external load >75K). Sensitivity when load is used is 
typically > I  pv'pw CW for 786D and 787D, and >IO pvlpw 
CW for 788C. 

03. Positive polarity detector output. 

With respect to power output 

Power required to produce at least a 100-mv output 

CAUTION: *p precision type N connectors do not mate with 
each other. They mate only with standard type N connectors. 

A s  read on a meter calibrated for square law 

Including loss due to coupling 

The apparent reflection coefficient at the output of an RF  gen- 
erating system, such a s  the output of a directional detector 
when it is  lrsed in a closed-loop leveling system. 

01986-3 
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Appendix I1 Model 691A/692A/693A/694A 

1. I N T R O D U C T I O N .  

2. The Directional Detector, a directional coupler 
with built-in crystal  detector, is designed for use in 
coaxial systems over a relatively wide frequency 
range. Applications include closed-loop leveling, ob- 
servation of R F  envelope variation, and power moni- 
toring. Output polarity of detected signal is normally 
negative, but positive output polarity is available as 
Option 03. Figure 1 shows Model 786D with Option 02 
Load Resistor, available when optimum conformance 
to square-law characteristics is required. Table 1 
lists complete instrument specifications. 

3. 
law load (@ 11523A) are separately housed. This 
arrangement permits choice of directional detector 
operation for  optimum square-law response for de- 
tected outputs of up to 50 mv (with the load attached) 
o r  maximum output sensitivity (without the load). For 
proper identification the directional detector carries 
the same ser ia l  number as the load. Always check 
that the serial number of the load and directional de- 
tector are identical. 

The directional detector and the optional square- 

4. PRECAUTIONS.  

5. STATIC ELECTRICAL DAMAGE. 

6. The maximum pulse rating for the detector ele- 
ment (diode) used in the directional detector is 0 .1  
e rg  of energy. A four-foot length of coaxial RG58/U 
cable, the equivalent of a 100-pf capacitor, when 
charged to 14 volts, is the equivalent of 0.1 e rg  of 
energy. Be certain that connecting cables a r e  always 
connected to associated equipment and discharged be- 
fore connecting to the detector output. 

7 .  HANDLING DAMAGE. 

LESSLY. Static electricity which builds up on the 
body, especially on cold, dry days, must never be 
allowed to discharge through the detector element. 
Avoid exposed leads to o r  from the detector output, 
since these are often touched accidentally. Refer to 
Paragraph 23 for proper precautions. 

9. O P E R A T I O N .  

10. The directional detector is useful as the sampling 
and detection device in closed-loop leveling setups as 
described in Paragraph 16. It can also be used as a 
calibrated power monitor by determining the correla-  
tion between detected output and main-line R F  output 
levels, o r  for relative R F  envelope observation with 
an oscilloscope. If the directional detector is to be 
permanently mounted for any application, refer to 
Figure 2, which i l lustrates the location of the four 
mounting holes and the general side dimensions. Be- 
fore  installing in any setup, the following should be 
considered: 

nectors which are designed to mate with standard 50- 
ohm type N connectors. When mating with any other 
device equipped with @ precision type N connectors, 
connector damage will result  unless an adapter is 
used. Precision connector dimensions a re  given in 
Figure 3. 
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8. DONOTHANDLEDETECTORELEMENTNEED- 

a. The type N connectors are @ precision typeNcon- 

b. The detector element used is sensitive to either 
amplitude-modulated or  continuous-wave (CW) R F  
power. If R F  power is amplitude modulated at  a 
1000-cps i 2 %  rate, the sensitive @ Model 415B o r  
415D (SWR Meter) can be used as the indicator. For  
CW detection, a DC milliammeter o r  millivoltmeter 
(with an input impedance of a t  least  lOOK ohms), such 
as the @ Model 425A Microvolt-Ammeter can be used 
as the indicator. 

of r i se  times less  than 5 psec, the coaxial cable con- 
necting the detected output and the oscilloscope should 
be as short as possible and terminated with a shunt- 
ing resis tor .  Ideally, this res is tor  should be 50 ohms 
to terminate the coaxial cable in i ts  characterist ic 
impedance. However, with 50 ohms, the video pulse 
may have too small an amplitude to drive some oscil- 
loscopes. Typically, the required value is between 
50 and 2000 ohms. The larger  the resistance, the 
slower the observable r ise  time. Oscilloscopes ideal 
for this application are the @ Models 140A o r  175A, 
depending upon required bandwidth. 

c .  When using an oscilloscope to observe waveshapes 

d.  A low-pass fi l ter  should be used in all  applica- 
tions of the directional detector where harmonic fre- 
quencies may be present. 

11. SENSITIVITY CHARACTERISTICS. 

1 2 .  The sensitivity characteristics of the Directional 
Detectors is well defined in two ranges of main line 
R F  power output, a lower range extending up to 500 
pw (50 pw for the 788C) and a higher range between 
5 and 35 mw (0.5 and 3 .5  mw for the 788C). In the 
lower range the ratio of detected output to main line 
R F  power output (sensitivity), in microvolts per  
microwatt, is at  least  4:l (40:l for the 788C). In the 
higher range the ratio, in millivolts per  milliwatt, is 
at least  2.85:l (28.5:l for the 788C). Between ranges, 
and beyond the higher range, sensitivity characteristics 
vary from detector element to detector element. Be- 
yond the higher range sensitivity diminishes to a 
saturation level (a maximum detected output of 300 to 
500 mv) where increased main line R F  power produces 
no significant increase in detected output. 

13. SQUARE -LAW LOADING. 

14. The square-law load (@ 11523A) is selected for 
optimum response (minimum deviation from square 
law) at 24°C (75°F). Typically, detected output var ies  
&O. 3 db from exact square law for  values of output 
voltage between 5 mv and 50 mv. At higher temper- 
a tures  output voltage vs  input power deviation is more 
negative and at lower temperatures the opposite is 
true.  The change with temperature is approximately 
0.04 db/"C. For  example, a detected output which 
var ies  i 0 . 3  db from exact square law at 24°C would 
vary about -0.2 to +0.4 db at 22°C (72°F). 

15. CLOSED-LOOP LEVELING. 

16. TECHNIQUE. The Directional Detector has a 
direct  application in systems employing closed-loop 
leveling of an R F  source. Any variation in the R F  
output level causes a proportional variation in the de- 
tected output level, and this is fed back to maintain a 
virtually constant R F  output level. Generally, an 
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7 8 6 D  DIMENSIONS 

r 3 + ( 8 g ) 4  

PED HOLES 
I P T H  

3 7 8 7 D  DIMENSIONS 

8-32 TAPPED HOLES 

7 8 8 C  DIMENSIONS f l ; L O ) - l  
6-32 TAPPED HOLES 

b4 ( 6 )  DEPTH 
4 HOLES 

23 

I 
i ! 1 g @--- 

786D-E-4B NOTE: D IMENSIONS I N  INCHES AND MILL IMETERS 

Figure 2. Outside Dimensions 
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0.070 MIN. i 
0.072 MAX. 4 . 

T 

0.207 M I N .  
0.213 MAX. 

0.063 M I  N. 
0.066 MAX. 

4 le 0.194 M I N .  
0 . 2 0 0  MAX. 

7 R f i n - A - A  

Figure 3.  Precision Type N Connector Dimensions 

amplifier, such as the @ Model H01-8401A is required 
between the detector and the R F  source, although some 
sources  such as the @ 690 series Sweep Oscillators 
have built-in leveling amplifiers. 

CAP CONNECTOR 
5020 - 0210 

i 
A 

RES I ST WE MATER I A L 

DETECTOR ELEMENT 
. (SEE NOTE I )  

CAPSULE 
SPACER ASSEMBLY 

00423- 6 0 2  
(SEE N O T E 2 1  I 

I 

CRYSTAL MOUNT 

N O T E S  

. Negative polarity diode #00423-802 (00423-800 if 
matched load resis tor  needed for 11523A); positiv 
polarity diode #00423 -803 (00423 -801 if matched 
load resis tor  needed for 11523A). 

. Capsule spacer includes polyiron insert. Capsule 
spacer must always be inserted so that black poly 
iron insert  contacts with crystal  mount (not under 
side of diode). 

7860  - 0  - 5  

Figure 4. Detector Unit Assembly 
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17.  LEVELING CAPABILITY. The leveling capability 
of the leveler-amplifier/directional-detector combi- 
nation is limited mainly by the frequency response of 
the detector and the response of the leveler amplifier. 
When the 786D is used to level the 
Sweep Oscillator, R F  variations into a matched load 
are less  than rt0.3 db. 
18. CALIBRATED POWER MONITOR. 

19. The Directional Detector can also be used as a 
power monitor. By determining the correlation be- 
tween the detected output and the main-line R F  output 
levels the detected output can be calibrated directly 
in mv/mw and the directional detector can then be 
used to sample and indicate R F  power levels at any 
point in  a system. A power meter  can be used to 
measure main-line R F  output levels for  calibration 
of the detected output. An Oscilloscope, DC Volt- 
meter, o r  SWR Meter can be used to measure the 
detected output. 

20. M A I N T E N A N C E .  

21. Succeeding paragraphs give instructions for re- 
pair  of the directional detector and the 11523A (Option 
02) Load Resistor. Figure 4 illustrates the replace- 
able detector assembly for the 786D, 787D, and 788C. 
Figure 5 i l lustrates the replaceable load assembly for 
the 788C, 786D and 787D load assemblies are not field- 
replaceable. Figure 6 and 7 illustrate the replaceable 
11523A load resis tor  assembly. Stock numbers re -  
quired when ordering replacement par t s  a r e  given in 
the respective assembly illustrations. T o  order  a 
replacement part, address  order  of inquiry to your 
local Hewlett- Packard sales and service office (see 
listings at  the rear of this Note). 

Model 691A 

22. DETECTOR ELEMENT REPLACEMENT. 
C A U T I O N  

The detector element (see Figure 4) can 
be damaged electrically by incorrect 
handling. Read the following handling 
precautions before doing anything which 
involves detector element. 

01986-3 



Model 691A/692A/693A/694A Appendix II 

,LOAD OUTER 
1-1 RESISTOR* CONTACT SPRING I \ / 5 0 0 0 - 0 2 3 4  

FLAT HEAD SCREW 
4 - 4 0  X 1/4" 

2 SCREWS 

I 788C-8-2 

Figure 5. 788C Load Assembly 

23. HANDLING PRECAUTIONS. 

a.  Before installing detector element in mount, 
touch exposed metal on mount with hand to discharge 
any static charge. Then insert detector element. 

b. When handing crystal to another person, touch 
hands first to ensure there is no difference in static 
electrical potential between you. 

c .  Do not use a n  ohmmeter to measure forward- 
and back-resistance. The open-circuit voltages and 
short-circuit currents from the ohmmeter can dam- 
age detector element (diode). 

24. PROCEDURE. 

a.  Note Figure 4 and remove connector cap from 
body. To remove connector cap, use gas pliers with 
nylon teeth or protect connector body with heavy paper 
o r  tape. 

b. Remove old detector element. 
c .  Install replacement detector element; black 

resistive end goes into crystal  mount (detector element 
is a snug fit bilt not a forced fit). 

d. Replace connector cap and TIGHTEN FIRMLY. 

Note 

A resistor is  included with each replacement 
detector element ordered by the -800 o r  -801 
number given in Figure 4.  The resistor is for 
use in 11523A Load Resistor and must be in- 
stalled to retain proper square -law operation 
if the directional detector is equipped with 
this optional load. 

M A L E  BNC 
1 2 5 0 - 0 0 9 5  

SOLDER THESE HOUSING 
POINTS 5 0 2 0 - 3 2 1 5  

* Replacement resistor is supplied with replacement 
detector elements ordered by the -800 o r  -801 number 
given in Figure 4 .  Note: entire assembly minus re- 
sistor is available a-523-600. 

Figure 6. 11523A Cutaway View 

25. DETECTOR BNC REPLACEMENT. 

26. TOOLS REQUIRED. 

a. Needle-point soldering iron. 

b.  Gas pliers with nylon teeth. 

c .  Male BNC mating connector. 

d. Tweezers. 

27. PROCEDURE. 

a. Refer to Figure 4. Remove BNC connector and 
lockwasher. 

b. Unsolder spring soldered to center conductor 
lead. 

c .  Slip spring over center conductor lead of new 
BNC and solder. 

d .  Let spring cool and then replace lockwasher 
and connector i n  connector cap. 

28. 788C LOAD REPLACEMENT. 

a.  Refer to Figure 5. Remove two retaining screws 
and the load outer conductor. 

b. Remove load and any loose o r  broken portions 
of the old load from inside the load outer conductor. 

c .  Replacement is the reverse  of removal. 

29. REPLACEMENT O F  11523A MALE BNC. 

a. Refer to Figure 6. Unscrew male BNC and 
lockwasher from housing by using a 3/8-inch open- 
end wrench and holding housing either in a vise o r  
with gas pliers.  

Note 

If gas pliers do not have nylon teeth, the 
housing should be protected. 

b. Unsolder resistor.  

c .  Solder resistor to new BNC. 

01986-3 
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CONNECTOR 
1250-0254 

7 0 6 0 -  A-7 

Figure 7 .  11523A BNC Assembly 

d.  Let res is tor  cool, then check resistance from 
male BNC pin through resis tor ;  resistance measured 
should be within 10% of that indicated by the coding. 

e.  Replace lockwasher and male BNC. 

30. REPLACING 11523A FEMALE BNC. 

used as a wrench. 
a. Unscrew BNC with a BNC wrench or  male BNC 

b. Unsolder contact spring. 

c .  Prepare replacement BNC connector: 

(1) Cut center conductor lead to approximately 

(2) With flat file, smooth end of lead; wipe off bur r  

1/32 inch (refer to Figure 7 ) .  

with tweezers OP similar metal instrument. 

d .  Slip contact spring over center conductor lead 
and solder.  

C A U T I O N  

U s e  solder sparingly o r  it will creep back 
on spring. Solder on spring destroys its 
usefulness and is difficult to remove. 

e .  Let contact spring cool and then screw BNC 
into housing. 

31. P E R F O R M A N C E  CHECKS. 

32. The performance check procedures given in 
Paragraphs 33 through 36 verify that the Directional 
Detector meets i ts  specifications. Test  equipment 
recommended for checking specifications is listed 
in Table 2. The cri t ical  specifications listed are the 
specific limitations a n  instrument type must meet and 
a r e  not meant to be complete instrument specifications. 
Similar equipment having equal o r  better specifications 
than those listed may be substituted for the equipment 
listed. Test  setups and instructions a r e  given only 
for the 786D. Measurement techniques for the 787D 
and 788C are similar and differences in specification 
a re  mentioned where they exist. 

33. FREQUENCY RESPONSE CHECK. 

FREQUENCY RESPONSE: io. 2 db 
( i0 .3  db - 788C) 

a. Set up test  equipment as shown in Figure 8 .  

b.  Set Sweep Oscillator for a leveled R F  output. 

c .  Set R F  output level for a convenient reference 
near full scale on Power Meter. 
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POWER METER 
($4310 m SWEEP OSCILLATOR : @ 3 6 0 C  ATTENUATOR lOdb @786D THERMISTOR Q 4 7 8 A  7861)-A-10 MOUNT 

Figure 8. Frequency Response Check 

LOW PASS 
FILTER 

d.  Set Sweep Oscillator for 100-second sweep and 
note Power Meter indication. Specification: variation 
should not be greater  than 0.4 db (0.6 db - 788C). 

e. If variation exceeds 0.4 db (0.6 db - 788C), 
then a single frequency check must be made across  
the band. A method of checking a t  single frequencies 
across  the band is to tune from point to point and 
compare main line R F  output against auxiliary line 
output. 

34. SENSITIVITY CHECK. 

SENSITIVITY: 100 mv detected output for 
35 mw (3.5 mw - 788‘2) R F  output. 

a. Set up tes t  equipment as shown in Figure 8 with 
the following exceptions: the 10-db Pad should be 
connected between 786D and 478A and detected output 
connected to a DC Voltmeter through a BNC-to-binding 
post adapter. 

C A U T I O N  

An R F  power level exceeding 10 mw will 
damage Thermistor Mount. Be careful 
not to exceed 10 mw to mount. 

b. Starting at  minimum, carefully increase CW-RF 
power to obtain a 100-mv reading on the DC Voltmeter. 
Specification: 35 mw (3.5 mw - 788C) o r  less (Power 
Meter reading plus attenuation of Attenuator) produces 
a 100-mv detected output. 

c. Repeat above check at  all points of interest 
across  the band. 

35. SWR CHECK. 
MAIN LINE SWR: 1 1 . 1 5  (1.20 - 788C) 

a. Set up test equipment as shown in Figure 9. 

b.  Set Sweep Oscillator for a single frequency, 
1000-cps square-wave modulated R F  output. 

c.  Adjust square-wave modulation frequency for  
optimum SWR Meter indication on 40-db NORMAL 
scale.  

d .  Phase Sliding Load to obtain minimum SWR 
scale indication. 

e. Adjust Slotted Line carr iage for minimum SWR- 
scale indication as near center of slotted section as 
possible. Repeat step d, if necessary. 

01986-3 
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ATTENUATOR 

D 

@C05-805C 

Figure 9. SWR Check 

f .  Set a 1 .0  indication on SWR Meter SWR-EXPAND 
scale. 

g. Adjust Slotted Line for  a maximum SWR-scale 
indication. 

h. Phase Sliding Load for  a minimum reading and 
record. Specification: SWR reading must be equal 
to o r  less than 1.15 (1.20 - 788C). 

36. DIRECTIVITY CHECK. 

(26 db - 787D; 20 db - 788C) 

a. Set up equipment as shown in Figure 10. 
b. Set Sweep Oscillator for  leveled, square-wave 

c.  Set 0-db reference on SWR Meter. 

d. Remove Attenuator from setup. 

e. Connect Sliding Load to  male connector (786D 

MINIMUM DIRECTIVITY: 30 db 

modulated R F  output. 

under test) and using a female-to-female adapter 
connect 786D under test to 786D. 

f.  Set Sweep Oscillator for  100-second sweep rate. 

g. Note SWR Meter indication and continuously 
phase Sliding Load. If both minimum and maximum 
indications are greater  than the 0-db reference, the 
directional detector meets the directivity specification. 

SWEEP OSCILLATOR 
@ 691 A / B 

LOW PASS 
FILTER 

SWR METER 
@415D 

ATTENUATOR 
V 

I SLIDING LOAD 

@786D @906A 
7860-1-11 

Figure 10. Directivity Check 
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However, these readings are uncorrected, smaller-  
than-actual-value readings. 

h. To  determine actual directivity first add atten- 
uation of Attenuators used in step a to each reading 
made in step g; then subtract maximum from mini- 
mum readings and find difference value (Mi). For  
example, if readings were 0.5 and 5.4 db and assum - 
ing attenuation of Attenuators used is equal to 30 db, 
then the minimum is 30.5 db and the maximum is 35.4 
db. The difference between the two readings is 4.9 
db (which is M1). 

i. Refer to Figure 11. Determine values for M 
which are the two correction factors to be used. A8d 
the minimum reading of s tepg  to each correction (M2). 
For  example, if the difference in db (MI) is 4.9 db, 
then from the graph (Figure 11) the two corrections 
are 2.1 and 13.3 db. One corrected value is Sliding 
Load return loss and the other is 786D directivity. 

j . To identify directivity reading, loosen Sliding 
Load center conductor lock and slightly loosen con- 
nection to 786D without rotating center conduction. 
Tighten lock. 

k. Repeat steps d through i. The corrected value 
for  Sliding Load return loss  should remain practically 
the same as original corrected reading (within a few 
tenths of a db). The 786D directivity is the other 
original corrected reading. 

m. The following is an example of measurement 
s teps  with actual readings anti conclusions. 

(1) SWR Meter readings were 0.5 and 5.4 db. 
(2) The attenuators used were 20 db and 10 db; 

hence, the readings indicate 30.5 and 35.4 db. 

(3) The difference between the minimum and max- 
imum readings is then 4.9 db. 

(4) Referring to Figure 11, the two correction 
factors are 2.1 and 13.3 db. 

(5) The minimum reading (30.5 db) added to each 
results in two corrected readings: 32.6 and 
43.8 db. 

(6) To determine which reading represents the 
Sliding Load, the center conductor is partially 
unplugged from the 786D. 

(7) The above steps were repeated which resulted 
in SWR Meter indications of 25.5 and 28.0 db. 
The difference between the two readings is 2.5 
db which from Figure 11 determined the two 
correction factors to be 1 .2  and 18.0 db. 

(8) The two correction factors added to the 25.5 
db minimum gave corrected readings of 26.7 
and 43.5 db. 

db, because making a bad connection between 
the Sliding Load and the 786D did not affect this 
reading much. 

making a bad connection between the Sliding 
Load and the 786D did affect this reading caus- 
ing an erroneous reading which did not agree 
with either of the previous corrected readings. 

(9) The Sliding Load return loss was 43.5 to 43.8 

(10) The 786D directivity was 32.6 db, because 
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CHART FOR SEPARATING TWO SIGNALS 
W H E N  THEIR SUM AND D I F F E R E N C E  
ARE KNOWN 

M, = D IFFERENCE IN DB B E T W E E N  
MINIMUM AND M A X I M U M  R E T U R N  
LOSS M E A S U R E  M E N  T S 

Me= CORRECTION I N  DB TO B E  ADDED TO 
S M A L L E S T  D B  READING 

I F  LOAD REFLECTION IS GREATER THAN 
UNKNOWN U S E  e L > e u n  CURVE; 
I F  LOAD REFLECTION IS SMALLER T H A N  
UNKNOWN U S E  eun>eL CURVE 

M 2  -CORRECTION IN DB 7 1 6 0 - 8 - 2  

Figure 11. Signal Separation Chart 
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Table 2. Recommended Test  Equipment 

Critical Specifications 
~~ 

Check 

All 

Model Instrument Type 

691A/B (786D) 
H01-692A (787D) 
H01-693A (788C) 

Sweep Oscillator Frequency Range: (directional detector) 
Power Output: 10 mw 
Leveled Capability*: io. 1 db 
Residual FM: Less  than 50 kc 
Frequency Range: (directional detector) 
Rejection: Not less than 40 db 

360B (786D) 
360C (787D & 786D) 
360D (787D & 788C) 
8435A (788C) 
8436A (788C) 

Low-Pass or  
Bandpass Fil ter 

All 

Frequency Range: (directional detector) 
Power Range: -10 to +10 dbm 
Accuracy: +3% 

431B (meter)and 
478A (mount) 

Power Meter and 
Thermistor Mount 

Frequency Response 
Sensitivity 

Fixed Attenuator 
~~ ~ 

Frequency Range: (directional detector) 
Attenuation: 10 db 

Frequency Response 
Sensitivity 
SWR 

Weinschel 210-10 

Frequency Range: (directional detector) 
Attenuation: (directional detector 

directivity) 

Directivity Weinschel 
210-10 (786D) 
210-20 (all) 
210-6 (787D) 

Range: 20 to 100 mv 
Input: 10 megohms 
Accuracy: i 2 %  of full scale 

Sensitivity 410C DC Voltmeter 

415B or  415D SWR Meter Frequency: 1000 cps +2% 
Calibration: Square Law 
Accuracy: io. 05 db (on EXPAND scale) 
Input: 200K ohms 

Frequency Range: (directional detector) 
Detected Output: Negative 
Sensitivity: 4 mv/mw 
Frequency Response: +O. 3 db 

SWR 
Directivity 

Directivity 786D (786D) 
787D (787D) 
788C (788C) 

Directional Detector 

Frequency Range: (directional detector) 
Connectors: Standard type N 
Residual SWR**: 1.05 

SWR 
Directivity 

906A Sliding Load 

C05-805C 
(786D & 787D) 

C05-806B (788C) 
809B (788C) 

Slotted Line Frequency Range: (directional detector) 
Connectors: Standard type N 
Residual SWR: 1.04 

SWR 

* 
** Residual SWR: 1.10 from 1.0 to 1 .5  Gc 

Excluding coupler and detector variation (with the 786D the leveling capability would be io. 3 db) 
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APPENDIX 111 

OPERATING NOTE 

/- 

XI 
OPTION 02 

Figure 1. Model 423A Crystal Detector 
and Option 02 Accessory 

-. INTRODUCTION. 

2. The Model 423A Crystal Detector is designed for 
use in coaxial systems in the measurement of relative 
microwave power up to 100 mw in the range from 
10Mc to 12.4 Gc. Output polarity of the detected sig- 
nal is normally negative but positive output polarity is 
available as Option 03. Complete specifications and 
listed options are given in Table 1. The 423A and 
Option 02 Load Resistor are shown in Figure 1. 

3. Separate housing of square - law load (Load Re- 
s is tor ,  Option 02; see Figure 1) and detector permits  
easy conversion from optimum square-law response 
operation (with the Load Resistor) to maximum output 
voltage (without the Load Resistor). Each load is 
labeled with the serial number of the Model 423A de- 
tector to which it is matched. If you have more than 
one load (q Model 11523A), always check that you are 
using the proper 11523A for the 423A in use. 

4. Uses of the detector include peakRF power meas-  
urement, reflectometer measurements, closed loop 
leveling, and observation of R F  envelope variation. 

4 2 3 A  
CRYSTAL 
DETECTOR 

Table 1. Specifications 

FREQUENCY RANGE: 
10 Mc to 12.4 Gc. R F  leakage through video out. 
put connector may be present below a 1.0-Gc op. 
erating frequency; leakage may be eliminated, i 
objectionable, with suitable low-pass filter. 

FREQUENCY RESPONSE: * 
i o .  2 db per octave, 10 Mc to 8 Gc; +O. 5 db over a1 

MAXIMUM POWER: 100 mw, peak or average 

SENSITTVITY: 
High Level - less than 0.35 mw produces 100 mr 

Low Level - 0.4 mv dc/uw CW 
output 

SWR: 10 Mc to 4.5 Gc, less than 1.20 
4.5 Gc to 7.0 Gc, less than 1.35 
7.0 Gc to 12.4 Gc, less than 1.50 

OUTPUT IMPEDANCE : 
Less  than 15K shunted by 10 pf 

DETECTOR ELEMENT: Supplied 

OUTPUT POLARITY: Negative 

NOISE: Less than 200 pv peak-to-peak, with a C F  
power applied to produce an output of 100 mv 

CONNECTORS: 
423A - type N male and BNC female 
11523A - BNC (one male, one female) 

OPTION 01: 
Matched pair .  Frequency response characterist ics 
(exclusive of basic sensitivity) t rack within +O. 2 d t  
per octave from 10 Mc to 8 Gc, +0.3 db from 8 tc 
12.4 Gc. 

OPTION 02: 
Furnished with matched load resis tor  for optimum 
square law characteristics at 24°C (75'F), * less 
thani0.5 db variation from square law from low 
level up to 50 mv peak output working into an ex- 
ternal load greater  than 75K. Sensitivity typically 
greater  than 0.1 mv/pw when load resis tor  is used. 
Overall length, 423A Option 02,4-1/2 in. (114 mm). 

OPTION 03: 
Output polarity positive 

* A s  read on a meter  which is calibrated for use 
with square-law detectors. 

01613-5 
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P U L S E  
SOURCE 

Model 691A/692A/693A/694A 

@ MODEL 
1 3 0 C  OSCILLOSCOPE 

5. PRECAUTIONS.  

6. ELECTRICAL SHOCK. 

7. DISCHARGE OF STORED ELECTRICAL ENERGY 
CAN EASILY DAMAGE THE CRYSTAL DETECTOR. 
A 100-pf capacitor, the equivalent of four feet of co- 
axial cable, charged to 14 volts s tores  0 .1  e rg  of 
energy which is the maximum safe pulse rating of the 
detector. Be certain that a cable is connected to as- 
sociated equipment and discharged before connecting 
it to crystal  detector. 

8. HANDLING DETECTOR ELEMENT. 

@ M O D E L  4 2 3 A  

9. DO NOT HANDLE DETECTOR ELEMENT USED 
IN CRYSTAL DETECTOR NEEDLESSLY. Static elec- 
tricity which builds up on a person, especially on a 
cold, d ry  day, must never be allowed to  discharge 
through the Crystal Detector. Avoid exposed leads to 
or from the crystal  detector, since these are often 
touched accidentally. R e f  e r t o  Paragraph 2 4 f o r  
proper precautions. 

10. GENERAL. 

11. The Model 423A Crystal Detector can be used as 
a demodulator to obtain a pulse envelope which can 
then be observed on an oscilloscope. The Model 423A 
can also be used as a general purpose detector. 

12. When using the crystal  detector with an oscillo- 
scope and the waveshapes to be observed have rise 
times of less than 5 psec, the coaxial cable connecting 
oscilloscope and detector should be as short as pos- 
sible and shunted with a resis tor .  Ideally, this re- 
s is tor  should be 5 0  ohms to terminate the coaxial 
cable properly. However, with 50 ohms resistance, 
possibly the output video pulse may be too small  to 
drive some oscilloscopes. Therefore, t h e  c a b  1 e 
should be shunted with the smallest value of resist- 
ance that will obtain suitable deflection on the oscil-  
loscope; typically the value will lie between 50 and 
2K ohms. The larger  the resistance the more degra- 
dation of rise time. 

13. The power applied to the Model 423A Detector 
can be either modulated o r  continuous wave (CW). If 
modulated at a 1000-cps rate the sensitive @ Model 
415B/D can be used as the indicator. For  CW detec- 
tion, a dc milliammeter o r  millivoltmeter such as the 
($2 Model 425A Microvolt-Ammeter can be used as the 
indicator. 

14. PEAK POWER MEASUREMENT. 

15. The arrangement of equipment for peak power 
measurement is shown in Figure 2. The procedure 
involves calibration of an oscilloscope which in turn 
is used to calibrate a CW generator. The output of 
the calibrated CW generator is measured with a power 
meter; the peak power of a pulse is thereby measured. 
The procedure is as follows: 

a. Connect equipment as shown in Figure 2, s tep 1. 

b. Observe pulse on a dc - coupled oscilloscope. 
Using a marking pencil, mark on the graticule the 
base-to-peak amplitude of the pulse envelope. 

111- 2 

STEP @ 

CONT I NUOUS @ MODEL 

GENERATOR 
I 3 0 C  OSCl LLOSCOPE 

0 M O D E L  43 i 
STEP @ POWER M E T E R  

C O N T l  NUOUS 

GENE RATOR M O D E L  4 7 8 A  
T H E R M I S T O R  MOUNT 

I . 0 - M -  .SO 

Figure 2. Peak Power Measurement 

c. Replace the pulse source with a CW generator 
(step 2). While observing the oscilloscope trace, ad- 
just amplitude of CW generator output to make crystal  
output equal to that of pulse generator as indicated by 
markings on graticule (step b). 

d. While performing the next step, leave CW gen- 
erator  at setting obtained in step c. DisconnectModel 
423A detector from CW generator. Connect output of 
C W generator to a thermistor and p o w  e r m e t  e r.  
Measure adjusted level (step c) of C W g e n e  r a t  o r 
output. 

e. The peak power of the pulse envelope observed 
in step b is equal to the o u t p u t  p o w e r  of the CW 
generator. 

16. REFLECTOMETER APPLICATION. 

17. For information about reflectometer systems and 
measurements, see @ ApplicationNotes 54 and 61 and 
Hewlett-Packard Journal Vol. 12, No. 4, copies of 
which are available upon request. 

18. H A R M O N I C  F R E Q U E N C Y - C O M P A R I S O N  
MEASUREMENTS. 

19. The Model 423A can be used as a mixer in har-  
monic-frequency comparison measurements. See @ 
Application Note 2. 

20.  REPLACEMENT O F  PARTS.  

21. Succeeding paragraphs give instructions for re- 
pair of the Model 423A, and the Option 02 Load Re- 
sistor,  Model 11523A. Additional maintenance infor - 
mation can be obtained from your local H e w  1 e t  t - 
Packard field office. Stock numbers for replaceable 
par ts  are given in Table 2. 
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TYPE N 
MALE NUT 

RUBBER 

CT 
BLY 

TYPE N NUT LO r I I. 

RETAINING RING 

Figure 3. Model 423A Assembly 

22. Detector elements as replacement par ts  a r e  avail- 
able as listed in Table 2. The Detector Element As-  
sembly includes the detector element and a Load Re- 
sistor replacement resistor which must be installed if 
the detector has a matching load. The replacement 
resistor may be used in a Load Resistor Body Assem - 
bly (see Table 2) should a square-law load be desired 
for your Model 423A. 

23. DETECTOR ELEMENT REPLACEMENT. 

WARNING 

The special detector element (see Figure 3)  
contained in the Model 423A can be damaged 
in handling, removal, o r  installation if c e r -  
tain precautions a r e  not taken. The handling 
precautions which follow should be read be- 
fore performance of any operation with the 
detector element when it is out of either the 
Model 423A o r  the detector element shipping 
container. 

24. DETECTOR ELEMENT HANDLING 
PRECAUTIONS. 

a. Before installing detector into mount, touch ex- 
posed metal on mount with your hand to discharge 
static electricity. Then insert detector into mount. 

b. When handing crystal  to another person, touch 
hands first to ensure there i s  no difference in static 
electrical potential between you. 

c .  Ohmmeters shouldNOT be usedto measure for- 
ward- and back-resistance since it is rather easy to 
damage these diodes. (The difficulty arises because 
of the ohmmeter open-circuit voltages and short-cir - 
cuit currents.  It i s  easy for these currents o r  volt- 
ages to damage the diode. ) 

25. REPLACING DETECTOR ELEMENT. 

26. Parts mentioned in the following procedure a r e  
identified i n  Figure 3. 

a. Remove connector cap from body. To remove 
connector cap, use a pair of gas pliers with plastic 
teeth o r  protect body with heavy paper or tape. 

b. Remove old detector element. 

c .  Install replacement detector element; resistive 
end goes into body. 

CAUTION 

When inserting the detector element, do not 
force the tip (resistive end) into the center 
conductor in  the body as the fingers of the 
center conductor might be damaged. 

d. Replace connector cap and TIGHTEN FIRMLY. 

Note 

The Detector Element Assembly includes a 
detector element and a resis tor .  The r e -  
sistor is for use  in the Model 1152311 and 
must be installed to match it to the Model 
423A. 

27. REPLACING 423A BNC CONNECTOR. 

28. TOOLS REQUIRED. 

a .  Needle-point soldering iron 

b. Wire  cutters 

c .  Flat file, #4 

d. Tweezers 

29. PROCEDURE. Pa r t s  mentioned in the following 
procedure a r e  identified in Figures 3 and 4 .  

a. Remove BNC connector and lockwasher. 

b. Unsolder contact spring soldered t o  c e n t e r  
conductor lead. 

(1) Cut center conductor lead to a p p r o x i m a t  e 1 y 
1/32 inch (see Figure 4). 

(2) With flat file, smooth end of lead; wipe off burr  
with tweezers o r  similar metal instrument. 
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CONTACT - 
SPRING 

L D -  5 - 364 

Figure 4 .  Cutting Center Conductor Lead 
to Accommodate Contact Spring 

c. Slip contact spring over center conductor lead, 
and solder.  

CAUTION 

U s e  solder sparingly or it will creep back on 
spring. Solder on spring destroys its use- 
fulness, and solder is difficult to r e m o v e 
from spring. 

d. Let spring cool, and then replace lockwasher 
and connector in connector cap. 

RESISTOR CONTACT SPRING 

LOCK WASHER \ / LOCK WASHER 

SOLDER T H E S E  
POINTS 

M A L E  BNC 

4C'O-1-2 

Figure 5. Model 11523A Load Resistor, 
Cutaway View 

30. REPLACEMENT OF 11523A PARTS. 

31. Pa r t s  mentioned in  the following procedure are 
identified in Figures 4 and 5. Tools required a r e  
listed i n  Paragraph 28. 

32. REPLACING MALE BNC CONNECTOR. 

a. Remove male BNC connector and lockwasher 
from housing. To remove BNC, use a 3/8-inch open- 
end wrench and hold the housing either in a vise or 
with gas pliers.  Before putting pl iers  on, protect the 
housing of the 11523A with material such as heavy 
paper. 

b.  Unsolder res is tor .  

c .  Solder res is tor  to new BNC. 

d. Let res is tor  cool andthen check resistance from 
male BNC pin through resis tor ;  resistance measured 
should be *lo% that indicated by the coding. 

e. Replace lockwasher and male BNC 

33. REPLACING FEMALE CONNECTOR. 
a. Remove BNC connector. To remove or install 

BNC, use a BNC wrench o r  use a male BNC connector 
as a wrench. 

b .  Unsolder contact spring. 

c. Prepare  replacement BNC connector: 

(1) Cut center conductor lead to approximately 
1/32 inch. 

(2) With flat file, smooth end of lead; wipe off bur r  
with tweezers o r  s imilar  metal instrument. 

d .  Slip contact spring over center conductor lead, 
and solder. 

CAUTION 

Use solder sparingly or it will creep back 
on spring. Solder on spring destroys its use- 
fulness and is difficult to remove. 

e. Let contact spring cool and then screw connector 
into mount. 

34. REPLACEABLE PARTS. 

35. This section contains information pertaining to 
replaceable par ts  (see Table 2) and the ordering of 
these par ts  for the Models 42341 and 11523A. 

36. To order  a replacement part, address order  or  
inquiry to your local Hewlett - Packard field office 
(see list at rear of this Note). 

37. Specify the following information for each part: 

a. Model number 

b .  Hewlett-Packard stock number 

c. Description of par t  
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Table 2. Replaceable Parts, Models 423A and 11523A 

Description 

Connector, male BNC, includes lockwasher 

Connector, female BNC, includes lockwasher 

Connector Assembly, includes connector, female BNC, 

Connector, cap 

Type N Connector Assembly and body 

Housing 

Capsule Spacer Assembly 

Detector Element 

Detector Element Assembly, includes detector element and 

and contact assembly 

(with negative polarity probe) 
(with positive polarity probe) 

matching resis tor  for matching 11523A (replacement for 
Option 02) 

(with negative polarity diode) 
(with positive polarity diode) 

Load Resistor Assembly without resistor,  includes serial 
number plate to be attached to Crystal Detector 

TQ - Total quantity used in the instrument. 

@ S t o c k  N u m b e r  

423A 
- - -  

1250-0251 

00423-600 

5020-0210 

00423 -601 
--- 

00423-602 

00423-802 
00423 -803 

00423 -800 
00423 -801 

11523A 

1 
1 

1 

1 

0 

- 
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W A R R A N T Y  C L A I M  AND A D J U S T M E N T  PROCEDURE 
for microwave tubes supplied by the 

for  use in Hewlett-Packard instruments 
HEWLETT-PACKARD COMPANY 

The procedure described below is for  use within the United States. For warranty claims arising uutside 
the U.S.A., before returning the tube, fill out the form on the reverse  side and send i t  with a request for 
shipping instructions to your nearest Hewlett-Packard Sales and Service Office o r  to: 

(in Western Europe) (Rest of World) 
Hewlett-Packard S.‘A. Hewlett-Packard Co. 
54 Route des Acacias International Marketing Dept. 
Geneva, Switzerland 1501 Page Mill Road 
Telephone: (022) 42.81.50 Palo Alto, California, 94304, U. S. A. 
Telex: 2.24.86 Telephone: (415) 326-7000 
Cable: HEWPACKSA Telex: 033811 

Cable: HEWPACK 

Microwave tubes supplied by the Hewlett-Packard Company, either as original o r  replacement, for use in Hewlett- 
Packard instruments are actually warranted by the tube manufacturer and not by Hewlett-Packard, However, 
Hewlett-Packard will process warranty claims for you, and will promptly pass  on all allowances granted by the 
tube manufacturer. 

In the event that your tube is found to be repairable, the tube manufacturer reserves  the right to repair and 
return the tube in lieu of issuing pro-rata credit. 

For  your convenience, warranty claims for all microwave tubes supplied by the Hewlett-Packard Company may 
be made on this single form; merely f i l l  out the information on the reverse  side and return this from, along with 
the defective tube, to your Hewlett-Packard Sales andservice Office o r  to Hewlett-Packard. Please be su re  each 
space on the form is filled in--lack of complete information may delay processing of your claim. 

Each tube manufacturer has his own warranty policy. Copies of individual Conditions of Warranty a re  available 
f rom your Hewlett-Packard Sales and Service Office or  from the Hewlett-Packard Company. 

S H I P P I N G  I N S T R U C T I O N S  

The following instructions a re  included to aid you in preventing damage in transit. Package your tube carefully-- 
no allowance can be made on broken tubes. 

1. Carefully wrap tube in 1/4-inch thick cellulosic cushioning, cotton batting, o r  other soft padding material. 
Cable assemblies and other accessories not rigidly mounted to the tube should be padded and wrapped 
separately to prevent damage to the tube during shipment. 

Wrap the above in heavy kraft paper. 

Pack in a rigid container which is at  least  4 inches larger  than the tube in each dimension. 

all around the tube. 

Tubes returned from outside the continental United States should be packed in a wooden box. 
Mark container FRAGILE and ship prepaid via Air freight or Railway Express. Do not ship via Parce l  Post  
o r  A i r  Parcel  Post since experience has shown that fragile items are more apt to be damaged when shipped 
by these means. 

2. 
3. 

4. Surround the tube with at least  2 inches of shock absorbing material. Be certain that the packing is tight 

5. 

6. 

Note 
Tubes with permanent magnets can interfere with magnetic compasses. 
For air shipment plainly mark container: “MAGNETIZED MATERIAL” 

In warranty tubes purchased from Hewlett-Packard may be returned, with a completed warranty Claim Form, 
to your local Hewlett-Packard Sales and Service Office, o r  to: 

Hewlett-Packard Company 
Eastern Service Center 
Green Pond Road 
Rockaway, New Jersey, 07866 
USA 

Hewlett -Packard Company 
Western Service Center 
395 Page Mill Road 
Palo Alto, California, 94306 
USA 
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MICROWAVE TUBE WARRANTY CLAIM 
INFORMATION FORM 

IMPORTANT: Please answer all questions fully -- insufficient information may delay processing 
of your claim. 

- 

FROM: (Tube Owner) 

Company 

Address 

Tube type 

Tube serial No. 

Tube mfr.  

Use  in ($8 Model 

Instrument serial no. 

Tube is Original ( ) or Replacement ( ) 

Date tube received 

Date f i r s t  tested 

Date placed in service 

Date 

FOR FURTHER INFORMATION CONTACT: 

Name 

Title 

Company 

Address 

Tube purchased from 

On P. 0. number 

Hours use per  day (average) 

Number of days in service 

Total hours filament operation 

Date of failure 

SYMPTOMS: (Please describe conditions pr ior  to and at t ime of failure, along with description of 
tube’s defect, if known) 

Were there other circuit  component failures at t ime of failure? Which ones? 

Signature 

Title 

10/15/62 
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SALES AND SERVICE OFFICES IN THE U.S. AND CANADA 

A LA BA M A 
Huntsville, 35801 
Hewlett-Packard 
Southern Sales Division 
Holiday Office Ctr., Suite 18 
(205) 881-4591 
TWX: 510-579-2204 

ARIZONA 
Scottsdale, 85251 
Hewlett-Packard 
Neely Sales Division 
3009 No. Scottsdale Rd. 
(602) 945-7601 
TWX: 602-949-01 11 
Tucson, 85716 
Hewlett-Packard 
Neely Sales Division 
232 So. Tucson Blvd. 
(602) 623-2564 
TWX: 602-792-2759 

CALIFORNIA 
Los Angeles Area 
Hewlett-Packard 
Neely Sales Division 
3939 Lankershim Blvd. 
North Hollywood 91604 
(213) 877-1282 and 766-3811 

Sacramento, 95821 
Hewlett-Packard 
Neely Sales Division 
2591 Carlsbad Ave. 

San Diego, 92106 
Hewlett-Packard 
Neelv Sales Division 

TWX: 910-499-2170 

(916) 482-1463 
TWX: 916-444-8683 

1055 Shafter Street 
(714) 223-8103 
TWX-714-2764263 
San Francisco Area 
Hewlett-Packard 
Neely Sales Division 
501 Laurel Street 
San Carlos 94071 
(415) 591-7661 
TWX: 910-376-4390 

COLORADO 
Englewood, 80110 
Hewlett-Packard 
Lahana Sales Division 
7965 East Prentice 
(303) 771-3455 
TWX: 303-771-3056 

CONNECTICUT 
Middletown, 06458 
Hewlett-Packard 
Yewell Sales Division 
589 Saybrook Rd. 
(203) 346-6611 
TWX: 203-346-7433 

FLORIDA 
Miami, 33125 
Hewlett-Packard 
Florida Sales Division 
2907 Northwest 7th St. 

Orlando, 32803 
Hewlett-Packard 
Florida Sales Division 
621 Commonwealth Ave. 

(305) 635-6461 

(305) 425-5541 
TWX: 305-275-1234 
St. Petersburg, 33708 
Hewlett-Packard 
Florida Sales Division 
410-150th Ave., Madeira Beach 
(813) 391-0211 
TWX: 8 13-39 1-0666 

GEORGIA 
Atlanta, 30305 
Hewlett-Packard 
Southern Sales Division 
3110 Maple Drive, N. E. 
(404) 233-1 141 
TWX: 810-751-3283 

ILLINOIS 
Chicago. 60645 
Hewlett-Packard 
Crossley Sales Division 
2501 West Peterson Ave 
(312) 275-1600 
TWX: 9 10-22 1-0277 

INDIANA 
Indianapolis, 46205 
Hewlett-Packard 
Crossley Sales Division 
3919 Meadows Dr. 
(317) 546-4891 
TWX: 317-635-4300 

KENTUCKY 
Louisville. 40218 
Hewlett-Packard 
Southern Sales Division 
Suite 4, 3411 Bardstown Rd. 
(502) 459-4140 
TWX: 8 10-535-3 128 

MARY LAND 
Baltimore, 21207 
Hewlett-Packard 
Horman Sales Division 
6660 Security Blvd. 

Washington, 0. C. Area 
Hewlett-Packard 
Horman Sales Division 
941 Rollins Avenue 

(301) 944-5400 

Rockville 20852 
(301) 427-7560 
TWX: 710-828-9684 

MASSACHUSETTS 
Boston Area 
Hewlett-Packard 
Yewell Sales Division 
Middlesex Turnpike 
Burlington 01804 
(617) 272-9000 
TWX: 710-332-0382 

MICHIGAN 
Detroit, 48235 
Hewlett-Packard 
Crossley Sales Division 
14425 West Eight Mile Road 
(313) 342-5700 
TWX: 313-342-0702 

MINNESOTA 
St. Paul, 55114 
Hewlett-Packard 
Crossley Sales Division 
842 Raymond Avenue 
(612) 646-7881 
TWX: 612-551-0055 

M ISSOU Rl 
Kansas City, 64131 
Harris-Hanson Company 
7916 Paseo Street 

St. Louis, 63144 

(816) 444-9494 
TWX: 816-556-2423 

Englewood, 07631 
Hewlett-Packard 
RMC Sales Division 
391 Grand Avenue 
(201) 567-3933 

NEW MEXICO 
Albuquerque, 87108 
Hewlett-Packard 
Neely Sales Division 
6501 Lomas Blvd., N. E, 
(505) 255-5586 
TWX: 505-243-8314 
Las Cruces, 88001 
Hewlett-Packard 
Neely Sales Division 
114 S. Water Street 
(505) 526-2486 
TWX: 505-524-2671 

NEW YORK 
New York, 10021 
Hewlett-Packard 
RMC Sales Division 
236 East 75th Street 

Rochester, 14625 
Hewlett-Packard 
Syracuse Sales Division 
800 Linden Avenue 

Poughkeepsie, 12601 
Hewlett-Packard 
Syracuse Sales Division 
82 Washington St. 

Syracuse, 1321 1 
Hewlett-Packard 
Syracuse Sales Division 
Pickard Bldg., E. Molloy Rd. 

(212) 879-2023 
TWX: 7 10-58 1-4376 

(716) 381-4120 
TWX: 716-221-1514 

(914) 454-7330 
TWX: 914-452-7425 

(315) 454-2486 
TWX: 315-477-1375 

NORTH CAROLINA 
High Point, 27262 
Hewlett-Packard 
Southern Sales Division 
1923 N. Main Street 
(919) 882-6873 
TWX: 510-926-1516 

OHIO 
Cleveland, 44129 
Hewlett-Packard 
Crossley Sales Division 
5579 Pearl Road 
(216) 884-9209 
TWX: 216-888-0715 
Dayton, 45409 
Hewlett-Packard 
Crossley Sales Division 
1250 W. Dorothy Lane 
(513) 299-3594 
TWX: 513-944-0090 

PENNSYLVANIA 
Camp Hill 
Hewlett-Packard 
Robinson Sales Division 
(717) 737-6791 

Philadelphia Area 
Hewlett-Packard 
Robinson Sales Division 
144 Elizabeth Street 
West Conshohocken 19428 
(215) 248-1600 and 828-6200 

Pittsburgh Area 
Hewlett-Packard 
Crossley Sales Division 
2545 Moss Side Blvd. 
Monroeville 15146 

TWX: 215-828-3847 

(412) 271-5227 
TWX: 7 10-797-3650 

TEXAS 
Dallas, 75209 
Hewlett-Packard 
Southwest Sales Division 
P.O. Box 7166, 3605 lnwood Rd. 
(214) 357-1881 and 332-6667 

Houston, 77027 
Hewlett-Packard 
Southwest Sales Division 
P.O. Box 22813, 4242 Richmond Ave. 

TWX: 9 10-86 1-408 1 

(713) 667-2407 
TWX: 713-571-1353 

UTAH 
Salt Lake City, 84115 
Hewlett-Packard 
Lahana Sales Division 
1482 Major St. 
(801) 486-8166 
TWX: 801-521-2604 

VIRGINIA 
Richmond, 23230 
Hewlett-Packard 
Southern Sales Division 
2112 Spencer Road 
(703) 282-5451 
TWX: 703-282-9986 

WASHINGTON 
Seattle Area 
Hewlett-Packard 
Neely Sales Division 
11656 N. E. 8th St. 
Bellevue 98004 
(206) GL4-3971 
TWX: 910443-2303 

CANADA 
Montreal, Quebec 
Hewlett-Packard (Canada) Ltd. 
8270 Mayrand Street 
(514) 735-2273 
TWX: 610421-3484 
Ottawa, Ontario 
Hewlett-Packard (Canada) Ltd. 
1762 Carling Avenue 
(613) 7224223 

Toronto, Ontario 
Hewlett-Packard (Canada) Ltd. 
1415 Lawrence Avenue, West 

TWX: 610-562-1952 

(416) 249-9196 
TWX: 610-492-2382 

Harris-Hanson Company 
2814 South Brentwood Blvd. 
(314) 647-4350 
TWX: 314-962-3933 

NEW JERSEY 
Asbury Park Area 
Hewlett-Packard 
Robinson Sales Division 
Shrewsbury 
(201) 747-1060 
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INTERNATIONAL SALES AND SERVICE OFFICES 

ARGENTINA 
Mauricio A. Saurez 
Telecommunicaciones 
Carlos Calvo 224, Buenos Aires 
Tel: 30-6312 

Sample Electronics (Vic.) Pty. Ltd. 
9-11 Cremorne Street 
Richmond E. 1, Victoria 
Tel: 42-4757 (3 lines) 
Sample Electronics (N.S.W.) Pty. Ltd. 
4 Grose Street, Glebe, Sydney 
New South Wales 
Tel: 69-6338 (6 lines) 

Unilabor G.m.b.H. 
Rummelhardtgasse 6/3 
Vienna 
Tel: 426.181 

BELGIUM 

AUSTRALIA 

AUSTRIA 

Hewlett-Packard Benelux S.A. 
20-24 Rue de I’Hopital, Brussels 
Tel: 11.22.20 

BRAZIL 
Ciental lmportacao E Comercio Ltda. 
Rua,Cons. Crispiniano, 69, 8. And., 
Coni. 81, Sao Paula 
Tel: 32-4332 

Hewlett-Packard (Canada) Ltd. 
8270 Mayrand Street 
Montreal, Quebec 

Hewlett-Packard (Canada) Ltd. 
1762 Carling Avenue 
Ottawa, Ontario 

Hewlett-Packard (Canada) Ltd. 
1415 Lawrence Avenue W. 
Toronto, Ontario 

CANADA 

(514) 735-2273 

(613) 722-8162 

(416) 249-9196 
CHILE 

Hector Calcagni 
Casilla 13942 
Santiago 
Tel: 6.42.26 

DENMARK 
Tage Olsen A/S 
Ronnegade 1 
Copenhagen 0 
Tel: 29.48.00 

FINLAND 
INTO O/Y 
P. 0. Box 153 
Meritullinkatu 11, Helsinki 
Tel: 66.39.09 and 35.125 

FRANCE 
Hewlett-Packard France 
150 Boulevard Massena 
Paris 13e 
Tel: 707.97.19 

GERMANY 
Hewlett-Packard V.m.b.H. 
Steindamm 35, Hamburg 
Tel: 24.05.51 
Hewlett-Packard V.m.b.H. 
Kurhessenstrasse 95 
Frankfurt am Main 
Tel: 52.00.36 

Hewlett-Packard V.m.b.H 
Reginfriedstrasse 13 
Munich 9 
Tel: 49.51.21/22 
Hewlett-Packard. Vm.b.H. 
Technisches Bur0 
Herrenbergerstrasse 110 
703 Boblingen, Wirttemberg 
Tel: 6971 

GREECE 
K. Karayannis 
Klaftmonos Square, Athens 124 
Tel: 230.301 (5 lines) 

INDIA 
The Scientific Instrument Company, Ld 
6, Tej Bahadur Sapru Road, Allahabad 1 
Tel: 2451 
The Scientific Instrument Company, Ld. 
240, Dr. Dadabhai Naoroji Road, 
Bombay 1 
Tel: 26-2642 
The Scientific Instrument Company, Ld. 
11, Esplanade East, Calcutta 1 
Tel: 23-4129 
The Scientific Instrument Company, Ld. 
30, Mount Road, Madras 2 
Tel: 86339 
The Scientific Instrument Company, Ld. 
9-7, Ajmeri Gate Extn., New Delhi 1 
Tel: 271053 

IRAN 
Telecom Ltd. 
P. 0. Box 1812, Tehran 
Tel: 43850, 48111 

ISRAEL 
Electronics & Engineering Ltd. 
16 Kremenetski St., Tel Aviv 
Tel: 35021 (3 lines) 

Hewlett-Packard ltaliana S.p.A 
Viale Lunigiana 46, Milan 
Tel: 69.15.841516 
Hewlett-Packard ltaliana S.p.A. 
Piazza Marconi, 25 
Roma-Eur 
Tel: 59.25.44/5 

Yokogawa-Hewlett-Packard Ltd. 
2270 Ishikawa-cho 
Hachioji, Tokyo 
Tel: Hachioji 0426-3-1231 (19 lines) 
Yokogawa-Hewlett-Packard Ltd. 
No. 3, 6-chome, Aoyama-Kitamachi 
Akasaka, Minato-ku, Tokyo 
Tel: 403-0073, 403-0074, 403-0075 
Yokogawa-Hewlett-Packard Ltd. 
No. 8, Umeda, Kita-ku, Osaka City 
Tel: 361-3084, 341-2095 
Yokogawa-Hewlett-Packard Ltd. 
No. 4, 3-chome, Himeikedori, 
Chigusa-ku, Nagoya City 
Tel: 75-8545 

American Trading Company, Korea, Ltd. 
112-35 Sokong-Dong 
Seoul P. 0. Box 1103 
Seoul 
Tel: 3-7049, 3-7613 

ITALY 

JAPAN 

KOREA 

NETHERLANDS 
Hewlett-Packard Benelux N.V. 
23 Burg Roellstraat, Amsterdam W. 
Tel: 1020) 13.28.98 and 13.54.99 

NEW ZEALAND 
Sample Electronics (N. 2 . )  Ltd. 
8 Matipo Street 
Onehunga S. E. 5, Auckland 
Tel: 565-361 

Morgenstierne R Co. WS 
lngenifirfirma 
6 Wessels Gate, Oslo 
Tel: 20 16 35 

PORTUGAL 
Telectra 
Rua Rodrigo da Fonseca 103 
P. 0. Box 2531 

NORWAY 

Lisbon 1 
Tel: 68 60 72 and 68 60 73 and 68 60 74 

PUERTO RlCO & VIRGIN ISLANDS 
San Juan Electronics, Inc. 
150 Ponce de Leon, Stop 3 
P. 0. Box 5167 
Pta. de Tierra Sta., San Juan DO906 
Tel: 722-3342. 724-4406 

SPAIN 
ATAIO, lngenieros 
A. Aguilera, No. 8, Madrid 15 
Tel: 223.27.42, 223.41.71, and 224.84.97 

SOUTH AFRICA 
F. H. Flanter & Co. (Pty.), Ltd. 
Rosella House 
Buitencingle Street, Cape Town 
Tel: 3-3817 

H-P Instrument AB 
Centralvagen 28, Solna Centrum 
Tel: 08-83.08.30 and 10-83.08.30 

SWITZERLAND 
Max Pual Frey 
Wankdorffeldstrasse 66, Bern 
Tel: (031) 42.00.78 

TAIWAN (FORMOSA) 
Hwa Sheng Electronic Co., Ltd. 
21 Nanking West Road, Taipei 
Tel: 4-6076, 4-5936 

TELEKOM Engineering Bureau 
P.O. Box 376-Galata, Istanbul 
Tel: 49.40.40 

UNITED KINGDOM 
Hewlett-Packard Ltd. 

SWEDEN 

TURKEY 

Dallas Road 
Bedford, England 
Tel: Bedford 68052 

VENEZUELA 
Citec, C. A. 
Edif. Arisan-Of # 4  
Avda. Francisco de Miranda-Chacaito 
Apartado del Este 10.837, Caracas 
Tel: 71.88.05 

YUGOSLAVIA 
Belram S.A. 
83 Av. des Mimosas 
Brussels 15, Belgium 
Tel: 35.29.58 

For Sales and Service Assistance in Areas Not Listed Contact: 
IN EUROPE IN LATIN AMERICA ELSEWHERE 

Hewlett-Packard Inter-Americas Hewlett-Packard Hewlett-Packard, S. A. 
54 Route des Acacias 1501 Page Mill Road 
Geneva, Switzerland Palo Alto, California 94304, U.S.A. 

Telephone: (415) 326-7000 Telephone: (022) 42.81.50 
Telex: 2.24.86 TWX: 910-373-1267 Telephone: (415) 326-7000 

International Marketing Department 
1501 Page Mill Road 
Palo Alto, California 94304, U.S.A. 

Telex: 033811 Cable: HEWPACK 
Cable: HEWPACKSA Telex: 033811 Cable: HEWPACK TWX. 910-373-1267 
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