- HP Archive

This vintage Hewlett Packard document was
preserved and distributed by

- www. hparchive.com

" Please visit us on the web !

'Oné.line curator: Tony Gerbic



f

631A
692A

- 693A

634A

~ SWEEP

OSCILLATORS

- -OPERATING AND SERVICE MANUAL

VAW HPARCHIVE COM

WWW.HPARCHIVE.COM
For Free Distribution Only

HEWLETT E PACKARD

i




e

OPERATING AND SERVICE MANUAL

MODELS
691A
692A
693A
694A

SWEEP OSCILLATORS

SERIALS PREFIXED: 524-, AND 507-

ALSO SERIALS PREFIXED
429-, 435., 500-, AND 501-

424 -,
SEE APPENDIX |

WWW . HPARCHIVE.COM
For Free Distribution Only
HEWLETT-PACKARD COMPANY 1965
PALO ALTO. CALIFORNIA, U5 A

Copyright
1501 PAGE MILL ROAD,

Printed: OCT 1965

02280-1



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

Section

Table of Contents

TABLE OF CONTENTS

I GENERAL INFORMATION. .......ss.

1-1.

1-10.
1-11.
1-14.
1-16.
1-18.

I INSTALLATION

Description ........0 0004 ;
Instrument Options
Option 01
Option 02 . . ...
Instrument Identification . . . .. ..
BWO Tube Warranty

...............

.................

2-1. Incoming Inspection ..........
2-3. Preparationfor Use ..........
2-4, Power Requirements .......
2-6. 115/230 Volt Operation . . . ...
2-9. Power Cable . ......... -
2-12, Coolng: ¢o% dad aiein s on sies i
2-14, B PREBT . i vocia ares siain see s
2-16. Magnetic Interference ......
2-18. BenchUse ...4v044 2ils Wil
2-21. Rack Mounting ...........
2-24. Repackaging for Shipment . ... ..
ML OPERATION & aicv aioie a als aais 2 a/s aiain a
3-1. Imtroduction .......«. P
3-14, General Operating Information . . .
3-15. Output Power Range . . ......
3-17. RF Input Limitation ........
3-19. BWO Eife i vns sioe sveni
3-22. Magnetic Interference ......
3-24. Controls, Connectors & Indicators .
3-26. Basic Operating Procedures .. ..
3-217, TUEN<ERY. o sieis seis siers 5ol s
3-28. Standby Operation .........
3-31. Sweep Functions ......... E @
3-33, Start-Stop Sweep . .. .......
3-35. AF SWEED o s s /as sios waia ifaa s
3-317. Marker SwWeep . . « .« + « .
3-39, ExtBEM cos vivin b s s s
3-44. SweepModes ....... 0.
3-46. AV i sah Sk bk G5 ue
3-50. Triggered ...... i dGee ae W
3-55. BW C o ne's il $05E Fek Ve s
3-58. Maxunls cen veie s wve s =
3-62. The Sweep Time Control .......
3-65. The Sweep Output ...........
3-67. The Sweep Reference Output . ...
3-69. The Penlift ........ oS wikse
3-71. RFBlanking . .........c0.0..
3-73. Expanded Sweep Operation......
3-77. Four Preset CW Frequencies ...
3-79. Amplitude Modulation . . .......
3-80. External AM . .......0000.
3-82. Internal Frequency Markers ..
3-85. Internal Square Wave .......
3-87. RF Power Leveling ..........
3-94. Leveling Point Considerations .
3-100, Dependency of Maximum
Leveled Power on Frequency
3-102. Leveling Equipment , .......
3-111. Leveling Performance .., ....
3-114. Leveling Controls, Indicators
andInpots o o oai ecaii sle s
02280-1

WL HPARCHIVE.COM

L)
[ R R e e

€O 0O €O LD 60 6O L3 L0 GO 0 63 65 L0 85 63 &3 83 &5 &S
1
OO O LI GO Lo GO Lo Lo GO GO O GO b b bt 2 bt bt

3-10

Section

I OPERATION (Cont'd)

3-124,

3-126.
3-128.

3-131.
3-134.
3-139.
3-142,
3-143,

3-148.
3-151.

IV PRINCIPLES OF OPERATION

4-1
4- 4.
4-8.

4-16,
4-21,

4-121.
4-123.

<
=
2

ronnonanann
]

i B =T N b Ba5
.

.

1 1] 1
.

(XK
.

5-20.

. Low-Pass Filter

NTENANCE ......

Operating Modes for RF
Power Leveling . . ........
Leveling at the RF Output . ... ..
Standard Sweep Oscillator
Using Crystal Detector . . . ..
Standard Sweep Oscillator
Using Power Meter
Option 01 Sweep Oscillator . .
Preparing Option 01 Sweep
Oscillators for Remote-Point
Leveling
Displaying Swept-Frequency
Measurements
Oscilloscope Display
X-Y Recorder Display
Recorder Calibration .......

.......

..............

.......

Introduction
The Voltage-Tuned Oscillator . . .
The Backward-Wave Oscillator
Tube
The Frequency Control Section,
The Ramp Generator
The Unity Gain Inverter
The Unity Gain Follower .. .....
The Ramp Combining Circuit .
The Helix Voltage Generator . ...
The Anode Voltage Generator. . ..
The Amplitude Modulation Section .
The BWO Cathode Current
Modulator
The Blanking Switch . .
The Square-Wave Generator .
The Frequency Marker Section, . .
The Automatic Level Control
AmplHer .. caci sien wive s wn
Option 01 Directional Detector . . .

.................

A R

----- RN

The Primary Power Turn-On
Sequence

----------------

. The Power Supplies ........ 5

General Operating Prmciples
The -300 Volt Supply
The + 275 Volt Supply
The -6.3 Volt Supply
The 12.6 Volt Supply
The + 20 Volt Supply . . ..... .
BWO Tube Helix Over-Current
Protection

.......
.......
.......

.......

...............

Introduction
Maintenance Precautions
Periodic Maintenance . . .......
Cleaning the Air Filter ... ...
Lubrication
Performance Tests ..
Frequency Calibration and
Stability Tests
Spurious Signals Test . ... ...

---------------

......

.............

[4%]
[}

—

=]

b
1]
e

| 10
(PR = = T PR R

W e
1



Table of Contents

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

List of Illustrations
TABLE OF CONTENTS (CONT'D)
Section Page Section Page
V MAINTENANCE (Cont'd) V MAINTENANCE (Cont'd)
5-23. Crystal Detector ALC, AM 5-93. Low Pass Filter (692A, 693A,
Frequency Response, and 694A) v was sen vas o 9=10
Sweep Triggering Tests .... 5-5 5-95. Option 01 Directional Detector 5-16
5-28. Power Meter RF Leveling and 5-99, Blanking Circuit .......... 5-16
AM Sensitivity Tests ...... 5-6 5-101. Square Wave Generator ..... 5-16
5-32. Penlift Test .. .vevveevsws 5T 5-107, Isolating a Trouble in the ALC
5-34, Sweep Time, Line Sync, Sweep AMPUHEIOT oo aave svan svae e 5-17
and Sweep REF Output Tests . 5-7 5-111, Isolating a Trouble in the Tran-
5-35. Frequency Linearity Test . ... 5-8 sistorized Power Supplies . . ... 5-17
5-38. Residual AM Test ......... 5-8 5-118, Isolating a Trouble in the Electron
5-39. Adjustments ...........c0 00 5-8 Tube Power Supplies ........ 5-18
5-42, Adjusting the DC Operating 5-122, Isolating Trouble in Transistor
Yoltages: ... cois sisis movs wipis 5-8 Clireults . Joom vew sise yam anaa 5-18
5-46. BWO Anode Voltage Generator 5-124. In-Circuit Testing . ........ 5-18
Adjustment . .. .......... 5-9 5-127. Testing Transistors with an
5-49, Tuning Voltage Generator Ohmmeter ....cvs00000. 5-20
CARUBPAION' . oo anie sws nee 5-9 5-129. Replacing Power Supply Tran-
5-51. Manual Sweep Calibration . . . 5-10 sistors and Diode CR12....... 5-21
5-53. CW-Start Scale Calibration . 5-11 5-131, A5Q16 Lead Identification ,...,. 5-21
5-55, Stop Scale Calibration ...... 5-12 5-133. Aligning V, V2, V3 Plate Con-
5-517. Fast Sweep Linearity ....... 5-12 nectors to Avoid Breakage .... §-21
5-58. AF Scale Calibration ....... 5-12 5-135, BWO Tube Replacement ....... 5-21
5-60, Marker Sweep Calibration . ... 5-13 5-136. Warranty .. ...coveannoas 5-21
5-62. Marker Calibration ........ 5-13 5-138. Ordering a Replacement BWO
5-64. Zero External FM Adjustments. 5-13 TUDE « s siale aten suens se .. b-21
5-65. ALC Amplifier Balance ..... 5-13 5-140, BWO Tube Removal ........ 5-21
5-66. Troubleshooting ............ 5-14 5-141, BWO Tube Installation ...... 5-21
5-69., Isolating a Trouble to a Circuit 5-144. Tube Semiconductor Replacement . 5-22
SecHoNv o w oa s vaii s s ves B=14 5-146, Btched Circuits . . . v c v v e v e v v s 5-22
5-75. Isolating a Trouble in the Tuning
Voltage Generator . ......... 5-14 VI REPLACEABLE PARTS 6-1
5-80. Isolating a Trouble in the Helix 6-1. Introduction 6-1
Voltage Generator .......... 5-15 6-5. Ordering Information 6-1
5-86. Isolating Trouble to the BWO
Tube oo ies vaE sEh Ja)s v 5-15 APPENDIX I I-1
5-91, Isolating a Trouble in the Ampli- APPENDIX II -1
tude Modulation Section ...... 5-16 APPENDIX III mI-1
LIST OF ILLUSTRATIONS
Number Title Page Number Title Page
1-1.  Model 691A and Supplied Accessories . 1-0 3-12, Coaxial Leveling Loop Using Crystal
Detector 3-16
2-1. Accessory Control Panel Cover . .... 2-0  , .o o = "~ - - o s,
2-2. Accessory Extension Slides for Rack 3-13. Waveguide Leveling Loop Using
Crystal Detector . ............. 3-16
55 TRl » s s e s s - 3-14. Coupler-Compensated Waveguide
TER paratl Ngeww- . B Leveling Loop Using Crystal
3-1. Front Panel Controls, Connectors, DEEEIOT v viris sy mimie niw 4 wor e 3-17
and Indicators . . .......0 000 3-2 3-15. Coaxial Leveling Loop Using Power
3-2. Rear Panel Controls and Connectors .. 3-4 MEter . . v sns vinw sin € Lo AL e 3-17
3-3. Start-Stop Sweep Operation ........ 3-5 3-16. Waveguide Leveling Loop Using
3-4, AF SweepOperation............. 3-6 Power Meter ... .ox cuis snw s e 3-18
3-5. Marker Sweep Operation . . ........ 3-17 3-17. Coupler-Compensated Waveguide
3-6. External FM Operation . .......... 3-8 Leveling Loop Using Power Meter .. 3-18
3-7. External FM Limitations ......... 3-9 3-18. Typical X-Y Recorder Setup to Plot
3-8. Typical RF Power Output Character- Sweep Oscillator Power Output
istics of 1-2GeBWO .. ov v v e 3-12 Characteristic. . ..ovvevuveras. 3-19
3-9, Typical Leveling Loop ........... 3-12
3-10, Effect of Leveling Point on Power 4-1, Simplified Block Diagram ......... 4-0
Varlalion . suw sew vae ales 9 s .. 3-13 4-2. Block Diagram Showing Section
3-11. Comparison of Maximum Leveled RF Constituents . ... ..o nnn 4-2
Power and Frequency Range Swept. .. 3-13 4-3. The Backward-Wave Oscillator Tube.. 4-3
iv 02280-1

VIV HPARCHIVE.COM



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

List of Illustrations
List of Tables

LIST OF ILLUSTRATIONS (CONT'D)

Number Title Page
4-4, Tuning Voltage Generator Block
DIREYRIN . oo om0 o miw mice, wimse waonus e 4-4
4-5, Simplified Schematic Diagram of Ramp
Generator in Trigger Mode ....... 4-5
4-6. Simplified Schematic Diagram of Ramp
Generator in Auto Mode ........ . 4-8
4-7, Simplified Schematic of Ramp Gene-
rator Blanking Pulse Circuit ...... 4-8

4-8, Unity Gain Inverter Functional
Schematic Diagram ............ 4-9
4-9,  Function Switch Simplified Schematlc

DRASTAIN . arm i 3ais, Siarh SeEe B A 4-10
4-10. Ramp Combining Circuit Simplified

DIQETam iy e s S i avers wiw 4-11
4-11. Helix Volrage Generator Block

DIRETaht ; 455 wave sl Bt coase & EPTREE T o
4-12, Marker Generator Simplified

Schematic Diagram ., ........... 4-14
4-13. Turn-On Sequence Diagram ........ 4-16
4-14, Regulated Power Supply Block

DEAOTAN o s e sims sias iee wieis eis 4-18
4-15. Sequence Diagram for BWO Tube

Heater Over-Voltage and Helix

Over-Current Protection. . ....... 4-19

5-1. Setup to Measure Unleveled RF Output. 5-1
5-2, Setup for Frequency Calibration and

External FM Tests. .. ..o vuvwwan 5-4
5-3.  Setup for Testing Crystal Detector
BE LovVelng: + o« siecs s simis mme sie 5-5

5-4, Setup for Testing Power Meter
Leveling and External AM ,
5. Setup for Measuring Residual AM .
-6. Right Side View Showing Convenient
Points for Measuring BWO Tube and

sie wiave as; DA
5-8

Number Title
5-11. Schematic Diagram Notes .........
5-12. Tuning Voltage Generator .........
5-13. Etched Circuit A8 Component

Location .....ccccccvctesaaas
5-14. Etched Circuit A1 Component

Localion. . .o« s s ces e v v e
5-15. Etched Circuit A1 Component

Toeation. . c.ox cos 2Tus sieis e s
5-16. Tuning Voltage Generator .........
5-17. SWEEP TIME (SEC) Switch S3 Show-

ing Attached Components ........
5-18. Etched Circuit A6 Component

Lotation. « s s eate sas e s
5-19, Etched Circuit A3 Component

Location .........
5-20. Helix Voltage Generator ..........
5-21. SWEEP SELECTOR Switch S1 Show-

ing Attached Components ........
5-22, Amplitude Modulation Section. . ... ..
5-23. Etched Circuit A9 Component

Location. . cois sov wisis s 08 sivs s
5-24. Etched Circuit A5 Component

LDCHEON o onn 500 sieim emn o bk
5-25. Etched Circuit A5 Component

Locatlon. : s s s s s e s 0n e vas
5-26, Amplitude Modulation Section ......
5-27. Etched Circuit A11 Component

Location. . c v« s aa sas s as SIdls ek
5-28. Etched Circuit A5 Component

Loeation s 5 7755 5 eee sials soaie simia
5-29. EtchedCircuit A5 Component Location .
5-30. Automatic Level Control (ALC)

AmpHfier . ..« vov sre s ves aaa
5-31. Etched Circuit A4 Component

£ £77701: L) | R e P
5-32. Etched Circuit A7 Component Location .
5-33. 12.6, +20, -6.3 Volt Power Supplies

Primary Power Circuit..........
5-34, Etched Circuit A2 Component Location.
5-35. Etched Circuit A2 Component Location.
5-36. BWO Tube Anode, + 275 and -300 Volt

Power Supplies . .. ...ccv0v v
5-37. FUNCTION Selector WIRING

DIAGRAM. . . ..ccocssnssss wim

LIST OF TABLES

Principal Operating Voltages . ..... 5-10
5-7. Locations of Internal Adjustments

and Etched Circuits ............ 5-11
5-8, Transistor Biasing and Operating

Characteristies . ... con van waw o 5-19
5-9. Interior View Showing Locations of

Unlabeled Chassis Components . ... 5-25
5-10. Interior View Showing Locations of

Unlabeled Chassis Components 5-26
Number Title Page
1-1. Specifications ... ccvvievnsennn 1-1
3-1. Coaxial Leveling Equipment. ....... 3-14
3-2., Waveguide Leveling Equipment. .. ... 3-14
3-3 Leveling Performance of Coaxial

Leveling LoOpPS . .. v.vsovsanass 3-15
3-4. Leveling Performance of Waveguide

Levellng LoOpS . .. v vt nvaness 3-15

5-1. Test Equipment Required for

Performance Testing . ....... ... 5-2
5-2. Test Equipment Required for Cali-

bration and Troubleshooting ...... 5-9

02280-1

VAW HPARCHIVE.COM

Number Title
5-3. Trouble Locating Guide for Transis-
torized Power Supplies . .........
5-4. Out-of-Circuit Transistor
Resistance Measurement. . .......
5-5. Safe Ohmmeter Ranges for Tran-
sistor Resistance Measurements ...
5-6. Checks Following Tube, Semi-
conductor Replacement . . . .......
5-7. Etched Circuit Soldering Equipment . .
6-1. Reference Designation Index .......
6-2. Replaceable Parts ..............
6-3. Code List of Manufacturers ......

Page
5-27
5-28
5-28
5-28

5-29
5-29

5-29
5-30

5-31
5-32

5-33
5-34

5-34
5-34

5-35
5-35

5-35

5-36
5-37

5-37

5-38
5-39

5-39
5-40
5-41
5-41

5-43

Page
5-18
5-20
5-20

5-23
5-24

6-1
6-26
6-34



Section I Models 691A/692A/693A/694A
Figure 1-1

MODEL 691A

POWER CABLE RACK MOUNTING KIT

Figure 1-1. Model 691A and Supplied Accessories
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Models 691A/692A/693A/694A

Section I
Paragraphs 1-1 to 1-7

SECTION |
GENERAL INFORMATION

1-1. DESCRIPTION.

1-2. The g 690 series Sweep Oscillators are elec-
tronically tuned microwave signal sources. Detailed
specifications of the Models 691A, 692A, 693A, and
694A are 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 start and stop frequencies which are con-
tinuously adjustable over the entire frequency range
of the oscillator to permit sweeping up or down in
frequency. The narrowband sweep varies the RF out-
put upward through a0to 10% segment of the oscillator
frequency range, the segmentbeing centered anywhere
in the oscillator range,

1-4. One of the broadband sweeps has two internally-
generated, calibrated frequency markers. The mark-
ers, individually activated and separately tuned, occur

Table 1-1.

as triangular notches in the RF 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. Asanindication
of leveling performance, a panel light flashes auto-
matically if any segment of the sweep is unleveled.
Option 01 Sweep Oscillators are completely equipped
internally for automatic output leveling.

1-7. Provision for oscilloscope and graphic recorder
display of swept-frequency measurements includes

Specifications

FREQUENCY RANGE

691A: 1to 2 Ge
692A: 2 to 4 Ge

B93A: 4 to B Ge
694A: 8 to 12.4Ge

SWEEP FUNCTIONS
Start-Stop Sweep

Sweeps from ““start’’to “‘stop”’’ frequency setting

Range: Both settings continuously adjustable
over entire frequency range

End-Point Accuracy: 691A, 892A: 10 Mec;
693A: +20 Mc; 694A: £30 Mc

Marker Sweep

Sweeps from ‘‘Marker 1" to ‘“Marker 2" fre-
quency setting

Range: Both settings continuously adjustable
over entire frequency range

End-Point Accuracy: 691A,602A: £10 Mc; 693A:
+20 Me; 694A: +30 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: +20% of AF being swept
+2% of maximum AF; 692A, 693A, 694A: £10%
of A F being swept +1% of maximum AF

Center-Frequency Accuracy:
691A, 692A: +10 Mc; 693A: £20 Mc, 694A:
+30 Mc

FREQUENCY MARKERS
Two frequency markers, independently adjustable
over entire frequency range, amplitude modulate
RF output, Marker amplitude adjustable from front
panel, Markers also available for external use.
Accuracy: 691A, 692A: £+10 Mec; 693A: +20 Mc;

694A: +30 Mc
Resolution: Better than 0.05% at any frequency

Marker Output: Triangular pulse, typically -5V
peak into 1000-ohm load

CW OPERATION
Single-frequency RF output selected by START
STOP or MARKER 1 control, depending upon
sweep function selected.
Accuracy: 691A, 692A: +10 Mc; 693A: 20 Mc;
694A: £30 Mc
Preset Frequencies: Start-stop sweep endpoints
and marker frequencies can be used as four
preset CW frequencies.

RF OUTPUT CHARACTERISTICS

Frequency Stability:
With Temperature: + 0.01%/°C
With 10% Line Voltage Change:
691A, 692A: 1 Mc; 693A, 694A: 2 Mc
With 10-db Power Level Change:
691A, 692A: 1500 ke; 693A, 694A: 1 Mc
Residual FM: 691A, 692A: < 30 ke peak; 6934,
694A:< 50 ke peak
Residual AM: At least 40 db below CW output
Spurious Signals:
Harmonics, at least 20 db below CW output;
non-harmonics, at least 40db below CW output.

02280-1
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Section I
Table 1-1 cont'd

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

Table 1-1. Specifications (cont'd)

SWEEP CHARACTERISTICS
Sweep Mode

Auto: Sweep recurs automatically

Manual: Front-panel control varies RF fre-
quency between the end-frequency settings of
any of the sweep functions.

Triggered; Sweep actuated by front-panel push-
button or by externally applied signal, less
than -25 volts peak, greater than 1 psec pulse
width, greater than 0.1 volt/uisec 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
RF output. Source impedance, 10,000 ohms.

Reference Output: Direct-coupled voltage pro-
portional to RF frequency, approximately +4

volts at low end of band, approximately +70 volts
at high end. Output impedance, 2000 ohms.

Frequency Linearity: 691A, 692A: +10 Mc; 693A.
£20 Me; 694A: +30 Mc with respect to either
sweep output or reference output.

Blanking: RF automatically turned off during re-
trace, on during trace. On auto sweeps, RF 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)

Less than 10 db

Power Variation, Unleveled:
over entire frequency range

Power Variation External Leveling: 0.1 db
excluding coupler and detector variations

Power Variation, Internal Leveling (Option 01):
6914, 692A: 0.3 db
693A: +0.5 db (into matched load)
694A: +1.0 db (into matched load)

Power Leveling Amplifier: Internal DC-coupled
leveling amplifier provided

EQUIVALENT SOURCE MATCH
Unleveled: Less than 2.5:1
Externally Leveled: Depends upon coupler

Internally Teveled: 691A: 1.13:1; 692A: 1.16:1;

MODULATION

Internal AM: Square-wave modulation contin-
uously adjustable from 950 to 1050 eps, 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 ke leveled
Sensitivity: -10 volts reduces RF output level
at least 30 db below rated CW output
Input Impedance:  Approximately 1000 ohms

External FM

Frequency Response: DC to 20 ke

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 or 230 volts +10%, 50 to 60 cps,
approximately 350 watts . N
r I'l!;l [ ‘

Dimensions:
T T
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NOTES
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(4] ElA FACE HEMMT a
FOR CABINET MEIGHT [INCLUDING FEET | ADD ﬁ {B,01 10 E1& RACK HEIGNT

{H] REAR APRON RECESS

Weight: Net 75 1b (34 kg)

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

External Leveling Accessories (not supplied):
691A 692A 693A 694A

Directional 786D T8TD T88C  T89C
De_ttector

Directional 796D 797D 798C H/XT52
Coupler
Crystal 423A 423A 423A H/X424A
Detector

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

693A: approx. 1.5:1; €34: approx. 2:1 Ton A ShE SR H/X486A
Output Impedance and/or Connector: 50 ohms/
type N (precision type N with Option 01) Option 02: Rear-panel RF output
1-2 02280-1

WAL HPARC HIVE COM




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

RF shut-off (blanking) during retrace, pen lift during
the off interval of the sweep, manual sweep control,
a linear 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 the Sweep Oscil-
lators 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, aninternal time indicator
registers hours of BWO operation.

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

1-10. INSTRUMENT OPTIONS.
1-11. OPTION 01

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

1-13. RF OUTPUT CONNECTOR. Option 01 Oscil-
lators have precision type N RF output connectors
which are intended for use with standard type N con-
nectors (e.g., UG-21 D/U) only. CAUTION: DQ NOT
COUPLE TWO PRECISION CONNECTORS. The male
connector center conductor has larger diameter than
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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
RF output connectors. In all other respects, they
are identical to the standard models.

1-16. INSTRUMENT IDENTIFICATION.

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

1-18. BWO TUBE WARRANTY.

1-19. The backward-wave oscillator tube (BWO) used
as the microwave source in the Sweep Oscillators is
not manufactured by the Hewlett-Packard Company.
Separate terms of warranty, specified by the tube
manufacturer, apply to the performance of the BWO.
Warranty eclaim and adjustment procedures for the
BWO are 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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Figure 2-1. Accessory Control Panel Cover

2-0

VAW HPARC HIVE.COM

Figure 2-2.

Accessory Extension Slides for Rack Mounting
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Section IT
Paragraphs 2-1 to 2-22

SECTION 11
INSTALLATION

2-1. INCOMING INSPECTION.

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 test electrical
performance using the procedure given in Paragraph
5-13.If there is damage or deficiency, or if electrical
performance is not within specifications, see the
warranty inside the front cover of this manual.

2-3. PREPARATION FOR USE.
2-4. POWER REQUIREMENTS,

2-5. The Sweep Oscillator requires a power source
of 115 or 230 volts ac +10%, single phase, which can
supply approximately 350 watts.

2-6. 115/230 VOLT OPERATION.

2-7. A two-position slide switch, on the rear panel
above the power cable receptacle, permits operation
from either a 115- or 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 slider corresponds to the available line
voltage, and install a fuse of correct rating.

CAUTION

To avoid damage to the Sweep Oscillator,
before connecting the power cable, set 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-
set 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 air is drawn into the cabinet by a
fan and exhausted through the cabinet side covers.

02280-1
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The air intake, fan, and filter are located at the rear
of the cabinet. To ensure adequate ventilation, main-
tain about three inches of clearance at the sides and
rear of the cabinet.

CAUTION

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

2-14. AIR FILTER,

2-15, The air filter, as 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
at 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
or 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 are 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 are 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 pushbutton
latches. To obtain a Control Cover for the Model
691A, 692A, 693A, or 694A, order # Stock No.
5060-0829.

2-21. 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 or vibration, provide addi-
tional bracing at the rear of the cabinet,
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INSTRUCTIONS

I. REMOVE TILT STAND, PLASTIC FEET,
AND TRIM STRIPS.

2. ATTACH FILLER STRIP AND RACK
MOUNTING FLANGES, KEEPING LARGE
NOTCH ON FLANGES TO INSTRUMENT"
BOTTOM.

RACK MOUNTING
FLANGE (LH)*
.@ 5020-07i2

LARGE
NOTCH

FILLER STR! P‘/I/

@ 5040-0164

L~
TILT STAND—

RACK MOUNTING FLANGE (RH)
dy) 5020-0713 N

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

L]

STRIP
00-0053

5 B8-32x /16 IN.MS, BH,
/ * 55, PHILLIPS DRIVE
WITH EXT. TOOTH
LOCKWASHER

PLASTIC FOOT

FOOT RELEASE BUTTON

BOTTOM COVER

* PART OF RACK MOUNTING KIT
@ 5060-0777

LLLTeEReT

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 in the slides, yet
permit easy removal and replacement. The extension
slides are available in stationary-member lengths of
18-7/32 inches and 22-7/32 inches to accommodate
various distances between front and rear supports.
To obtain a 16-7/32 inch kit order # 0403-0500 and
% 0403-0052. To obtain a 22-7/32 inch kit order
g 0403-0051 and 0403-0052.

2-24. REPACKAGING FOR SHIPMENT.

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

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

2-2
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Hewlett-Packard service facility, attach a tag indi-
cating type of servicing required, return address,
model number, and full serial number.)

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

c. Use enough shock-absorbing material (3 to 4
inch layer) around all sides of instrument to provide
firm 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
assure careful handling.

Note

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

2-26. In any correspondence refer to the Sweep Os-
cillator by model number and full serial number.
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SECTION Il
OPERATION

3-1. INTRODUCTION.

3-2. The 690 series Sweep Oscillators are electron-
ically tuned microwave signal sources. Each Oscil-
lator is capable of four types of sweep: start-stop,
marker, & F, and external FM. The firstthree sweeps
are internally generated, while external FM 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 rest (CW) frequency.

3-3. For start-stop sweep independent controls de-
termine the startand stop frequencies. Eachfrequency
can be set anywhere within the Oscillator frequency
range allowing output frequency to increase or de-
crease with time.

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

3-5. AF sweep is a narrowband, variable-width
sweep centered on a CW frequency. The CW frequency
can be set anywhere within the range ofthe Oscillator,
and sweep width is variable from 0 to 10 per cent of
the full 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 RF sweep width,
rate and symmetry controlled by the externally-gen-
erated FM signal,

3-7. For start-stop sweeping, two internal RF fre-
quency markers can be individually positioned any-
where within the selected sweep range. Each marker
is produced by amplitude modulation of the RF output
at the frequency selected. Since eachmarkeris push-
button-selected, one or both markers can be used.
The triangular marker pulses are available atarear-
panel output and there is amplitude control for the
RF-modulating pulses.

3-8. Common to all three internal sweeps are the
sweep modes, the sweep time selector, and modulation
capabilities, Each sweep may be automatically re-
current, manual, or triggered. Automatically recur-
rent 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 or by external
negative signals.

3-9. For fixed-frequency (CW) operation, either of
two controls can be used to set the output frequency:
the start control of the start-stop sweep or the start
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control of the marker sweep. Eachcontrolis 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 RF 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
RF sample of known proportion, a crystal detector
to sense the RF level variations, and an amplifier to
furnish a signal of appropriate polarity and magnitude
to control the RF source and maintain RF 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 or graphic recorder
display of swept-frequency measurements include a
sawtooth voltage output of constant amplitude which
can be used as a time base or frequency axis, pen
lift on the two slowest sweeps to raise X-Y recorder
pens between sweeps, RF shut-off (blanking) between
sweeps, manual trigger and manual sweep for display
calibration, and visual indication of sweep duration
for positive determination of sweep start and stop.

3-14. GENERAL OPERATING INFORMATION.
3-15. OUTPUT POWER RANGE.

3-16, Typical maximum unleveled RF 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 RF output is about 800 mw for the
Models 691A and 692A, and 200 mw for the Models
693A and 694A.

3-17. RFINPUT LIMITATION.

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

3-19. BWO LIFE,

3-20. The backward-wave oscillator tube (BWO),
used as the RF source in the Sweep Oscillator, is
warranted against electrical failure for a limited

3-1
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Models 691A/692A/693A/694A

-& [891A SWELP DBCILLATOR
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1. START/CW. Selects start frequency for start-
stup sweep, CW frequency for CW operation,
mid-frequency fora F sweep on slide-rule GC
scale.

2. MARKER 1. Selects marker 1 frequency or
marker sweep start frequency.

3. SWEEP ON. Lights during sweep.

4. MARKER 2. Selects marker 2 frequency or
marker sweep stop frequency.

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

6. SWEEP TIME (SEC).
time.

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

Selects range of sweep

8. INT SQ WAVE FREQ. Adjusts frequencyofin-
ternal square wave modulation.

9. OUTPUTS. RF:RF output. SWEEP: Sweep
voltage output (0 to +15V regardless of RF
sweep width or direction).

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

./o{ ® @é@%\@ ép\\%""“

11.

12,
13.

14.
15.
16.

17.
18.

19.

20.

21.

MARKER AMP. Adjustsamplitude of RF-mod-
ulating frequency markers, but does not affect
rear-panel MARKER output,

XTAL. Accepts leveling signal from crystal
detector.

ALC (INT ALC on Option 01 Models).
automatic RF leveling.

GAIN. Gain adjust for RF leveling loop.
POWER LEVEL. Adjusts RF amplitude.

FUNCTION. Selects an internal sweep or ex-
ternal FM (SWEEP SELECTOR must be set to
CW for external FM; apply FM signal to
connector).

TRIGGER. Triggeredsweep started with MAN-
UAL pushbutton or signal applied to EXT
connector.

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

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

SWEEP SELECTOR. Selects modeof operation:
CW, automatic (free running) sweep, manual
sweep, or triggered sweep.

Selects

ALC UNLEVELEDIF FLASHING. Lightflashes
if POWER LEVEL set too high for leveling
across selected frequency range.

Figure 3-1.
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Front Panel Controls, Connectors, and Indicators
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period of time, usually specified in hours of heater
operation. Accordingly, an internal meter registers
hours of heater operation to a maximum of 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 rear of the
cabinet;

b. ensure that the air filter is clean; and

c. avoid prolonged operation of the Sweep Oscillator
with the LINE switch at STANDBY. Although there is
no RF output in this state, both the BWO heater and
the time meter are energized,

3-22. MAGNETIC INTERFERENCE.

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

3-24 CONTROLS, CONNECTORS &
INDICATORS.

3-25. Front- and rear-panel controls, connectors,

and indicators are shown and described in Figures

3-1 and 3-2. Locations and descriptions apply to
each of the Models B891A, 692A, 693A, and 694A.

3-26. BASIC OPERATING 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 is directly abovethe 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-
ure of the indicator to glow is an indication of trouble
within the instrument,

CAUTION

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

3-28, STANDBY OPERATION,

3-29. When the LINE switch is set to STANDBY there
is no RF output, but heaters of all electron tubes are
heated and operating potentials are supplied to all
circuits except the RF oscillator. This permits nearly
immediate RF output when the LINE switch is set to
RF, provided at least one minute has elapsed between
OFF and STANDBY.

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

02280-1
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3-31. SWEEP FUNCTIONS.

3-32. The Sweep Oscillators have four sweep functions
which are designated Start-Stop, AF, Marker, and
External FM. Four separatepushbuttons, eachlabeled
for the function it selects, determine the type of
swept-frequency operation.

3-33. START-STOP SWEEP.

3-34, For the start-stop sweep function, the sweep
start and stop frequencies are separately adjustable
to any frequency within the range of the Sweep Oscil-
lator. Since the output frequency of the Oscillator
varies from the start frequency to the stop frequency,
sweeping can be either up or down with time, In ad-
dition, sweeping can be automatically recurrent,
triggered or 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
are given in Figure 3-3.

3-35. AF SWEEP,

3-36. With AF sweep, output frequency variesupward
through a band segment adjustable in width from zero
to 10% of full band and centered on 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 or 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 start and stop frequency controls and
frequency registers which are separate from those of
the start-stop sweep. The only functional difference
between start-stop and marker sweep is that the RF
frequency markers cannot be used with the marker
sweep. Figure 3-5 gives instructions for obtaining
marker sweep.

3-39. EXT FM.

3-40. The External FM function provides a means of
obtaining output frequency which varies 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 also
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 and manually
adjustable over the full frequency range. When rest
frequency is set below mid-range, total deviation can
be full band. The external FM inputis direct-coupled
to permit remote frequency programming,

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

3-3
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Models 691A/692A/693A/694A

RF PWR ML PWR LEVEL NG|
ouTRyT INPUTS

G)f

1. PENLIFT. Terminals shorted during sweep 6. MARKER. Frequency markers output. Pulses
(AUTO or TRIG sweep, two slowest sweep are triangular, typically -5 volts amplitude.
time ranges only). Pulse amplitude is not affected by front-panel

2, RF PWR OUTPUT (Option 02 only). RF output MABKER AMP control,
on rear panel,

3. PWR METER. Accepts leveling signal from 1. gﬁ‘}fpusz' Output voltage proportional to
power meter output, (Disconnect any external eq b
load from XTAL connector when using power 8. Power cable receptacle (offset pin connected to
meter leveling.) ; ;

Oscillator cabinet).

4. ALC PWR LEVELING INPUTS, Selects crystal
Getaclon on power mecer as levellng sggual 5 Yiem%h Barmits operstion from 118'0r 990
source,

volts ac.

5. BLANKING. Allows RF to remain on during
sweep recovery (OFF position). Blanking is 10. FUSE. Select rating to matchline voltage (cor-
automatically disabled during power meter rect rating above number visible on 115/230
leveling. switch slider).

Figure 3-2. Rear Panel Controls and Connectors
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Figure 3-3
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Set LINE to RF; RF indicator glows. decreases time. To synchronize AUTO sweep

ith power-line frequency, switch VERNIER in-
2. Press START-STOP; on dial START and STOP s e &
glow. Check that all other pushbuttons are % 'LINE: SYNC position. (LINE SYNC gives

Teleased. shortest sweep time of the range selected.)

Select sweep start frequency with START/CW. 7. Use POWER LEVEL as an uncalibrated output
attenuator. RF output is maximum at 10, min-

Select sweep stop frequency with STOP/AF. imum at 0, Attenuation range depends on

Choose AUTO, MANUAL or TRIGgered sweep whether RF is leveled or unleveled, With un-

mode with SWEEP SELECTOR. See Sweep leveled operation range is 30 db minimum. See

Modes for mode characteristics. RF Power Leveling for leveled operation
6. With AUTO or TRIG mode set SWEEP TIME to whaiacteriptics.

desired range. Varytime within selected range 8. Start-stop sweep has full amplitude modulation

with red VERNIER: clockwise rotation capability. See Amplitude Modulation.

Figure 3-3. Start-Stop Sweep Operation
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Figure 3-4

]’ |69u SWEEP DSCILLATON |
WIWLETT  FACNARS ]

\ e s Wbl ';’...l..L.l...|.l.|....l....| Lol Lesuibiiil

\ PO I 17 13 [ 15 15 17 8 19 10 6C
Al imnr T L | |||l1|||||||||||||||||||.l T ||~[|||||~|||| ) | T T i e ||||| ||..||||||r|... |r|~[||_.-r

1 w m »n L L) w w n L] e

P/

P START / CW MARKER G 6C MARKER 2
AraRt e o
L
SWEEP SELECTOR MANUAL SWEEP POWER _LEVEL INT S0 WAVE FREG viRmIER
PP o T SWEEP TIME (SEC)

T AnAL

7
b

m-*@l’/
LiNE STeC
AMPLITUDE MOD
Il ouTRUTS
| i ne
| 1

!

1
\

®

Set LINE to RF; RF indicator glows. decreases time. To synchronize AUTO sweep
. F with power-line frequency, switch VERNIER in-
2. Press AF; on dial, CW and A F glow. Check to LINE SYNC position. (LINE SYNC gives

that all other pushbuttons are released. shortest sweep time of the range selected.)

3. Select sweep center frequency with START/CW.
7. Use POWER LEVEL as an uncalibrated output

4. Select sweep width on MC scale withSTOP/AF. attenuator. RF output is maximum at 10, min-
imum at 0. Attenuation range depends on
5. Choose AUTO, MANUAL, or TRIGgered sweep whether RF is leveled or unleveled. With un-
mode with SWEEP SELECTOR. See Sweep leveled operation range is 30 db minimum. See
Modes for mode characteristics. RF Power Leveling for leveled operation
characteristies.
6. With AUTO or TRIG mode set SWEEP TIME to
desired range. Vary time within selected range 8. AF sweep has full amplitude modulation capa-
with red VERNIER: clockwise rotation bility. See Amplitude Modulation.

Figure 3-4. AF Sweep Operation
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1. Set LINE to RF; RF indicator glows. with red VERNIER: -clockwise rotation
decreases time. To synchronize AUTO sweep

2. Press MARKER SWEEP. Check that all other with power-line frequency, switch VERNIER in-
pushbuttons are released. to LINE SYNC position. (LINE SYNC gives

shortest sweep time of the range selected.)
3. With MARKER 1START/CW set start frequency

on adjacent GC digital counter. 7. Use POWER LEVEL as an uncalibrated output

attenuator. RF output is maximum at 10, min-

4. With MARKER 2 STOP set stop frequency on imum at 0. Attenuation range depends on

adjacent GC digital counter. whether RF is leveled or unleveled. With un-

leveled operation range is 30 db minimum. See

5. Choose AUTO, MANUAL, or TRIGgered sweep RF Power Leveling for leveled operation
mode with SWEEP SELECTOR. See Sweep characteristics.

Modes for mode characteristics.
8. Marker sweep has external amplitude and in-
6. With AUTO or TRIG mode set SWEEP TIME to ternal square wave modulation capability. See
desired range. Varytime withinselected range Amplitude Modulation.

Figure 3-5. Marker Sweep Operation
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1. Set LINE to RF; RF indicator glows.
2. Set SWEEP SELECTOR to CW.

3. Press EXT FM; on dial, CW glows. Check

that all other pushbuttons are released.

4. Select rest frequency with START/CW. Rest
frequency is the output frequency with 0 volts
applied to external FM input.

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

LLIL R S

CAUTION

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

6. Use POWER LEVEL as an uncalibrated output
attenuator. RF 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
RF Power Leveling for leveled operation
characteristics.

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

Figure 3-6. External FM Operation
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Figure 3-7. External FM Limitations

RF output power may be leveled or unleveled. In-
structions for external FM operation are given in
Figure 3-6.

3-42. FM LIMITATIONS.

CAUTION

The Sweep Oscillator can be damaged by ap-
plication of FM 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
FM signal frequencies less 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 volts peak-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 are designated CW, AUTO,
MANUAL, and TRIG, the mode in use being deter-
mined by the setting of the SWEEP SELECTOR.

02280-1
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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-synchronized outputs areactivated
during AUTO operation: SWEEP, SWEEP REF and
PENLIFT. In addition, the Oscillator RF output is
automatically turned off, or blanked, between sweeps
if the rear-panel BLANKING and ALC PWR LEVELING
INPUTS switches are 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 asuitable 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.

3-9
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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 ysec and rise
time of at least 0.1 volt/usec. Less than 25 volts
amplitude will trigger 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 RF output
is automatically turned off, or blanked between
sweeps if the rear-panel BLANKING and ALC PWR
LEVELING INPUTS switches are at 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 or marker
sweep functions. Output frequency can be set any-
where in the Oscillator frequency range. Obtain CW
output as follows:

a. Set LINE to RF.
b. Set SWEEP SELECTOR to CW.
¢. 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 at least 30 db with unleveled output, 10 db with
leveled output.

f. Internally square wave or externally amplitude
modulate the RF output. See Amplitude Modulation,

g. Use automatic RF power leveling to stabilize
output level and improve source match. See RF
Power Leveling,.

3-57. During CW operation RF blanking, pen lift,
SWEEP ON, and SWEEP output are not operational.
However, a voltage proportional to output frequency
is available at 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,
or AF sweep. Any of the amplitude modulation func-
tions may be used with manual sweep, and RF output
can be leveled or unleveled, Both the SWEEP and
SWEEP REF outputs are operational during manual
sweeping, but RF blanking, pen lift and the SWEEP
ON indicator do not function,

3-60. To sweep a frequency range manually, set con-
trols for the desired sweep function using the appro-
priate instructions from Figures 3-3, 3-4, or 3-5
but set SWEEP SELECTOR to MANUAL and use
MANUAL SWEEP to vary output frequency. Clock-
wise rotation varies output frequency toward the stop
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frequency of the selected sweep. Counterclockwise
rotation varies output frequency toward the sweep
start frequency. The SWEEP ON light does not fune-
tion with manual sweeping.

3-61. Manual sweep is particularly useful for cali-
bration of a display device such as an oscilloscope
or graphic recorder prior to automatic swept-fre-
quency measurements. Its use in this aoplication is
described in more detail under Displaying Swept-
Frequency Measurements.

3-62. THE SWEEP TIME CONTROL.

3-63. The sweep time control consists of a four-po-
sition range selector and a vernier for continuous ad-
justment of sweeping time within the limits of each
time range. Clockwise rotation of the vernier de-
creases sweeping time, the clockwise rotation limit
giving the minimum time, and the counterclockwise
limit 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
restricts sweeping time to the minimum of the range
selected.

3-64. The sweep time controls are operational with
start-stop, AF, 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 start frequency and +15 volts
always coincident with the sweep stop frequency.
With automatie and triggered sweeps SWEEP output
is a linear ramp synchronized with the RF sweep.
During manual sweeps the SWEEP output voltage
change is concurrent with output frequency change.
SWEEP output functions with start-stop, marker, and
AF sweeps in the AUTO, MANUAL and TRIG modes,

3-67. THE SWEEP REFERENCE OQUTPUT.

3-68. The rear-panel SWEEP REF output is adirect-
coupled positive wvoltage proportional to Oscillator
output frequency. SWEEP REF is typically +4 volts
at the lowest frequency in the Oscillator range, +70
volts at the highest frequency. Voltagechangeis con-
current with output frequency change, the actual range
and dc limits being determined by the RF 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 are shorted
during the RF 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 BLANKING.

3-72. The RF blanking automatically attenuates the
Oscillator output at least 30 db between sweeps giving
a no-output reference trace 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 RF sweep
start 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
RF leveling when blanking is automatically disabled.

3-73. EXPANDED SWEEP OPERATION.

3-74. Certain swept-frequency measurements, such
as 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. For 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) merits 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 full presentation and sweep time. With-
out further adjustment, the original sweep may be
restored at 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. FOUR PRESET CW 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/A F, MARKER 1, and MARKER 2 controls.

b. Rotate MANUAL SWEEP fully clockwise.
¢. Set SWEEP SELECTOR to CW.

d. Press START-STOP to obtain CW output at fre-
quency indicated by start dial pointer.

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

{. 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 at fre-
quency indicated by stop dial pointer.
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3-79. AMPLITUDE MODULATION.
3-80. EXTERNAL AM

3-81. The Sweep Oscillator RF 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 RF output and dc to 50 Ke
for leveled output. Negative 10 volts reduces RF
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 full 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 RF output with a
wedge-shaped notch at the frequency indieated 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 at 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
or simultaneously during start-stop, AF, or external
FM operation with auto, manual, or 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 or sweep mode
and with marker or external amplitude modulation,
At rated RF 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 POWER LEVELING.

3-88. A microwave signal source which tunes auto-
matically through a preset frequency range in a pre-
set time, such as the & 690 series Sweep Oscillator,
facilitates rapid, broadband evaluation of microwave
devices. An additional requirement for such meas-
urements is constant RF power in the frequency range
of interest, Characteristically, however, the back-
ward-wave oscillator (BWQO) used as the microwave
source in the Sweep Oscillator does not generate
constant RF power throughout the operating frequency
range. The RF power output of a BWO usually con-
sists of minor, narrowband variations superimposed
on a gross variation, as illustrated in Figure 3-8.
Minor variations are less than 3 db while the gross
variation may be as great as 10 db. By deriving a
signal which is the inverse of this power character-
istic and applying it as amplitude control, the RF
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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Figure 3-8. Typical RF Power Output
Characteristic of 1- 2 Ge BWO

3-89, The leveling system provided for in the Sweep
Oscillator is the negative feedback closed loop, a
system which senses RF power variations and pro-
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 RF output, a crystal detector to convert instantan-
eous RF power variations in the sample to proportional
de, and a differential amplifier to compare the de
against a reference and furnish an amplified difference
signal. This difference signal, applied as RF ampli-
tude control, determines magnitude of leveled power
and reduces power variations.

RF SAMPLER
SWE&I;ING (DIRECTIONAL COUPLER) LEVELED
L] 1
OSCILLATOR | &feor { RF samPLE o
by RF_LEVEL
DETECTOR
(CRYSTAL)

AM
sionaLt
DIFFERENTIAL

=—0C FACSIMILE

(COMPARISON) OF RF LEVEL
AMPLIFIER “—[0C VARIATIONS
ADJUSTABLE

DC REFERENCE

LI TR

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 de reference and, by feedback action, causes
the leveling loop to maintain crystal detector output
constant. The same feedback action would also main-
tain RF power in the coupler main line constant, but
between the detector output and the coupler main line
are several frequency-dependent variables whichpre-
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 RF power in the
coupler main line. Nevertheless, the leveling loop
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can reduce power variations from a deviation as great
as 10 db to less than 1 db over the Oscillator tuning
range.

3-92. In addition to holding RF 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 ofthe RF-
sampling directional coupler: the greater the direct-
ivity and the smaller the main-line SWR, the greater
the source match improvement. Thepracticallimitto
the effect of directivity, however, isusually the coupler
main-line SWR. For coaxial couplers having main-line
SWR of 1.2:1, for instance, directivity exceeding 26 to
30db produces no significant source match improve-
ment. Similarly, for a waveguide coupler having main-
line SWR of 1.05:1 the practical directivity limit is
about 40db.

3-93, Standard Sweep Oscillators include the differ-
ential amplifier required for RF power leveling.
Other components of the leveling system, such as the
directional coupler and detector, are 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. LEVELING POINT CONSIDERATIONS.

3-95. The closed leveling loop holds RF power con-
stant at the point of RF sampling. Thus, if sampling
is done at the Sweep Oscillator RF output, discon-
tinuities in the transmission system between Oscil-
lator and load cause uncontrollable power variations
at the load. However, if the sampling point is located
as near the load as possible transmission system
discontinuities are contained within the leveling loop
and their effects are 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 was made with a # 360C Low-
Pass Filter (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 1.4:1 and the load, con-
sisting of a 50-ohm termination and 7z 478 Thermistor
Mount, has an SWR of about 2:1. The resultant power
variation inthe 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 for
remote-point leveling by disabling the internal level-
ing loop as described in Paragraph 3-139.

3-99. Remote-point leveling is accomplished using
the same systems and procedures as those given in
succeeding paragraphs for leveling at the RF output,
the only difference being that the RF-sampling direc-
tional coupler and the RF detector are located at the
system point where leveled RF is required, not at
the Sweep Oscillator RF output.
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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 in the frequency
range being swept. Also, the maximum leveled RF
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
characteristic of a typical 1 - 2 Ge oscillator and in-
dicates the maximum leveled RF power available for
three sweep ranges. Dot shading indicates maximum
leveled power available over the full frequency range;
diagonal shading shows additional leveled power avail-
able in segments of the frequency range. Microwave
oscillators in the frequency range 2 - 12.4 Gec have
similar output power characteristics; that is, RF out-
put is minimum toward the lower frequency limit of
the tuning range and increases with frequency to a
maximum at, or near, the upper limit of the tuning
range. However, actual maximum and minimum RF
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 as the fz 431B with appropriate thermistor
mount is required both for determining maximum
leveled RF power and for obtaining required RF power.

400 ///////
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? .

1.0 |2 1.4 1.6 1.8 20
FREQUENCY (GC) o

Figure 3-11. Comparison of Maximum Leveled
RF Power and Frequency Range Swept
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Table 3-1. Coaxial Leveling Equipment

i FREQUENCY RANGE

EQUIPMENT 1-2Ge 2 -4Gce 4 - 8 Ge 8 -12.4 Ge
Sweep Oscillator 691A 692A 693A 694 A
Low-Pass Filter 360C 360D
Bandpass Filter B8430A 8431A 84354 B8436A
Directional Coupler 796D 797D T98C
Crystal Detector 423A 423A 423A 423A
Directional Detector 786D 787D 788D 789C
Power Meter 431B 431B 431B 431B
Thermistor Detector 478A 478BA 4T8A 478A (to 10 Ge)

Table 3-2, Waveguide Leveling Equipment

tp FREQUENCY RANGE

EQUIPMENT 2.60 - 3.95 Ge 3.95 - 5.85Ge 5.85 - 8.2 Ge 7.05 - 10.0 Ge 8.2 -12.4 Ge
Sweep Oscillator 692A 693 A 693A 693A, 694A 694 A
ng:ﬁ;’;fi;:;ter S281A G281A J281A H281A X281A
Low-Pass Filter 360D X362A
Bandpass Filter 8431A B436A
Directional Coupler $752D GT752C J752C HT752C X752C
Crystal Detector S424A G424A J424A H424A X424A
Directional Detector XT781A
Power Meter 431B 431B 431B 431B 431B
Thermistor Detector 5486A G4B6A J486A H486A X486A
Mgtched Directional SE01-752D GEO01-752C JE01-752C HEO01-752C XED1-752C

ouplers

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

3-102. LEVELING EQUIPMENT,

3-103. The leveling amplifier in the Sweep Oscillator
is intended for use with % 423A and 424A Crystal De-
tectors, f Directional Detectors, and the % 431B
Power Meter. Since these components are available
in both coaxial and waveguide models, RF leveling is
possible in either transmission system. Components
for coaxial RF leveling systems are listed in Table
3-1, components for waveguide leveling systems in
Tabel 3-2.

3-104. THE RF SAMPLER. The RF power output of
the Sweep Oscillator can be sampled either by a direc-
tional coupler or 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 are grouped
and specified as frequency response.

3-105. Whether the RF sampler is a directional
coupler or directional detector there is a critical
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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 theleveling.

3-106. THE RF DETECTOR. Either a crystal detec-
tor or microwave power meter may be used to derive
the dc signal proportional to RF 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 use
with % 423A and 424A Crystal Detectors, the i 431B
Power Meter and % Directional Detectors.

3-107. A crystal detector permits use of the full
sweep time range of the Sweep Oscillator. Thus,
sweeping time can be short enough to give steady os-
cilloscope display of swept-frequency measurements,
a capability especially useful for continuous display of
the effects of tuning or adjusting a device under test.
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Table 3-3. Leveling Performance of Coaxial Leveling Loops

Maximum Power Variation (db]I
Leveling Loop Load SWR = 1 Load SWR = 1.5
1-2Ge 2 -4 Ge 4 - 8Ge |8-12.4Ge 1-2Ge 2 -4Ge 4 -8Ge | 8-12.4 Ge

Figure 3-12 with

Coupler and Detector %066 0. 68 £0.72 +0.82 +0.88 +0.92
Figure 3-12 with

Directional Detector +0.40 0. 40 +0.40 +0. 60 +0.56 +0. 60 +0. 60 40,80
Figure 3-15 +0.46 +0.48 +0.50 +0.62 +0. 68 +0.70
! Worst case: Errors summed arithmetically (see Paragraph 3-112).

Table 3-4. Leveling Performance of Waveguide Leveling Loops

Maximum Power Variation (db)l
Leveling Loop Load SWR =1 Load SWR = 1.5
2.60 - 3.95- |5.85- | 7,05 - 8.2 - 2.60 - 3.95 - 5.85 - 7.05 - 8.2 -
3.95 Ge 5.85 Ge[8.2Ge | 10.0Ge| 12.4Ge || 3.95Ge | 5.80Ge | 8.2 Ge 10.0 Ge | 12.4 Ge
Fig. 3-13 with
Coupler and +0.94 +0, 94 +0,94 +0.94 +1,04 +0.98 1+0.98 1+0.98 +0.98 +1.08
Detector
Fig. 3-13 with
Directional +0. 60 +0. 64
Detector
Fig. 3-14 +0. 64 +0.64 | +0.64 +0. 64 0. 74 +0.68 +0, 68 +0,68 +0.68 +0.78
Fig. 3-16 +0.68 +0.72 | #0.72 +0.72 +0.72 +0.72 +0.76 +0.76 +0.76 +0.76
Fig. 3-17 +0.46 +0.50 | 0.50 +0.50 +0.50 +0.50 +0.54 +0.54 40,54 +0.54
1 Worst case: Errors summed arithmetically (see Paragraph 3-112),

3-108. The microwave power meter/thermistor de-
tector combination gives continuous indication of both
leveling performance and actual RF output of the
leveling system, but characteristic slower response
to RF 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-frequency measurements.

3-109. LOW-PASS OR BANDPASS FILTER. To min-
imize the effects of RF harmonics, which candegrade
leveling and cause measurement errors, a low-pass
or bandpass filter should be inserted into the RF main
line within the leveling loop. Including the filter in
the leveling loop provides automatic compensation
for its transmission properties.

3-110. OSCILLOSCOPE MONITOR. For RF power
leveling using a crystal detector, an oscilloscope
should be used to indicate when the POWER LEVEL
and GAIN controls are 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 or by means of a type BNC
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tee connector at the crystal detector video output or
at the Sweep Oscillator XTAL input.

3-111, LEVELING PERFORMANCE.

3-112. The RF power leveling capability of the sys-
tems illustrated in Figures 3-12 through 3-17 is de-
termined mainly by the frequency-dependent perform-
ance variables of the RF sampler and RF 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 are those resulting from
the maximum effect of the error sources present in
leveling loops assembled from components listed in
Tables 3-1 and 3-2. However, the error effects in
such leveling systems are vector quantities having
phase relationships which vary with frequency and do
not always cause maximum error. Rather, total error
is more usually the rms of the error 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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H -« LEVELED
RF

| .SWEEP OSCILLATOR

2,LOW PASS OR BANDPASS FILTER

3.DIRECTIONAL COUPLER & CRYSTAL
DETECTOR OR DIRECTIONAL DETECTOR

LE TR

Figure 3-12. Coaxial Leveling Loop Using
Crystal Detector

results from the imperfect directivity of the RF-
sampling coupler which allows some of the power re-
flected from the load to reach the RF 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
RF power.

3-118. GAIN CONTROL., The GAIN control varies
leveling loop sensitivity to RF level variations.

3-119. ALC PWR LEVELING INPUTS. The rear-
panel ALC PWR LEVELING INPUTS switch sets the
internal leveling amplifier to accept a power meter
or erystal 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. Whenglowing stead-
ily it indicates the entire sweep isleveled. When flash-
ing it signifies all or part of the sweep is unleveled.

3-122, In general, the GAIN control determines the
ability of the leveling system to reduce RF power
variations and POWER LEVEL controls the magnitude
of leveled power. Thus, GAIN can be considered an
RF flatness control and POWER LEVEL anRF ampli-
tude control. However, there is enough functionover-
lap between GAIN and POWER LEVEL that the settings
of both controls must be optimized during initial
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|. SWEEP OSCILLATOR

2 .WAVEGUIDE -TO- COAXIAL ADAPTER

3.LOW PASS OR BANDPASS FILTER

4.DIRECTJONAL COUPLER

5.CRYSTAL DETECTOR $30.4-10

Figure 3~13. Waveguide Leveling Loop Using
Crystal Detector

leveling adjustments and thereafter whenever RF
amplitude is changed. Clockwise rotation of GAIN
improves RF 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
coarse power level adjustment, the knob a fine or
vernier adjustment. During leveling, if POWER
LEVEL is set for more RF power than is available
in some part of the selected sweep range the POWER
LEVEL light flashes.

3-124. OPERATING MODES FOR RF POWER

LEVELING.

3-125. RF 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 RF
blanking is inoperative and sweep time must be longer
than 30 seconds. Disabling of RF blanking is auto-
matic and a function of the Sweep Oscillator whereas
the sweep time restriction is due to the response
characteristic of the power meter.

3-126. LEVELING AT THE RF OUTPUT.

3-127. Figures 3-12 through 3-17 illustrate closed
loop leveling systems for automatically leveling the
Sweep Oscillator RF 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 are 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 or better. Matched coupler model numbers
for the waveguide frequency ranges covered by the
Models 691A, 692A, 693A, and 694A are given in
Table 3-2. Model numbers given provide correct
coupling attenuation for the Sweep Oscillator of the
same frequency range.
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3.LOW PASS OR BANDPASS FILTER
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6. LOAD

7. CRYSTAL DETECTOR

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,
or 3-14 using appropriate equipment from Table 3-1
or 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 or to a BNC tee connector at the crystal de-
tector video output, and connect the horizontal input
(de-coupled) to the Sweep Oscillator SWEEP output.

3-130. LOOP OPERATION.

a, Set rear-panel ALC PWR LEVELING INPUTS
to XTAL.

b. Obtain desired mode of operation from the
Sweep Oscillator.

¢. 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 RF 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 RF 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
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assure maximum leveled RF power without loop
oscillation.

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

RECORDER ]
QUTPUT (REAR)

PWR METER

INPUT [REAR)

LEVELED
= RF

|. SWEEP OSCILLATOR

2.LOW PASS OR BANDPASS FILTER

3.DIRECTIONAL COUPLER

4. THERMISTOR DETECTOR

5.POWER METER LECRRT

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, or 3-17 using appropriate
equipment from Table 3-1 or Table 3-2.

3-133. LOOP OPERATION.

a, Set rear-panel ALC PWR LEVELING INPUTS
ta PWR METER.

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

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

d. Rotate GAIN maximum clockwise,
e, Press ALC.

f. Set Sweep Oscillator to sweep the frequency
range of interest. (Sweep time should be longer than
30 seconds when the iz 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 RF 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 RF
power in a segment of the sweep is unleveled. To
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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 RF power 5 db
per range. Thus, from maximum, leveled output can
be reduced at least 10 db. Within each 5-db step use
POWER LEVEL for fine adjustment of leveled output.

k. The GAIN control permits optimizing leveling
loop sensitivity to RF power variations. Clockwise
rotation increases sensitivity. For optimum leveling
set sensitivity as high as possible without causing the
leveling loop to oscillate. Oscillation of a power
meter leveling loop may cause erratic fluttering of
the meter pointer on the power meter or may be evi-
dent only on an oscilloscope display of the leveled
RF 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 RF power. However, Option 01 Oscil-
lators 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-
eration.

b. Set rear-panel ALC PWR LEVELING INPUTS
to XTAL.

3-18
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c. Rotate GAIN maximum clockwise.
d. Press INT ALC.

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

(1) Rotate serewdriver-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,
Qutput RF power is now leveled at maximum
possible in the selected frequency range.

f. To reduce leveled output rotate POWER LEVEL
counterclockwise: attenuation rangeis 10db, minimum.

3-138. The GAIN control permits optimizing leveling
loop sensitivity to RF power variations. Clockwise
rotation increases sensitivity. For optimum leveling
set sensitivity as high as possible without causing os-
cillation within the leveling loop. Because of funetion
overlap between the POWER LEVEL and GAIN controls
both should be adjusted to obtain optimum RF power
flatness at desired RF output without evidence of loop
oscillation. These adjustments can be made using
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 use in a remote-point leveling system by
disabling the internal leveling loop. Then the Oscil-
lator can be used in the same way a standard
Oscillator is used.

RECORDER
DUTPUT (REAR)
e

b

, 5
PwR METER
INFUT (REAR)
L1
ouTru T
& "
0
: ., LEVELED
= a V=R
|, SWEEP OSCILLATOR
2. WAVEGUIDE -TO- COAXIAL ADAPTER
3.LOW PASS OR BANDPASS FILTER
4.5.MATCHED DIRECTIONAL COUPLERS
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 RF output, set 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. DISPLAYING 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 whichis 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, it provides an accurate
axis of frequency for the display. In addition, auto-
matic blanking of the RF output during retrace results
in a continuous zero-power reference trace for the
display.

3-146. The display oscilloscope should have direct-
coupled vertical and horizontal inputs and 10-ke¢ min-
imum vertical bandwidth. Reflection measurements
can require vertical sensitivity of microvolts per
centimeter: 50 to 100 1v/cm is usually adequate. The
2 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 Oscillatoris 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 Ge frequency
range; and a set of scales calibrated in reflection
and transmission units which can be affixed directly
to the oscilloscope graticule. Copies of Application
Note 65 are available at 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-frequency
measurements, providing a plot of transmission
variations with time or 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 start and stop; in-
ternally-generated, tunable frequency markers for
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accurate calibration of frequency range; and automatic
pen lift to raise 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 are
open-circuit in the interval between sweeps during
CW and triggered sweep operation with either of the
two slowest sweep time ranges.

SWEEP OSCILLATOR seniirr X-Y RECORDER
TR PENLIFT
HEAR] INPUT
.- {;mj:;__..
4
o DETECTOR

)l-INPUY
AR AVIR AR

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 as 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 start frequency), and
adjust recorder Y-zero for convenient pen position.

d. Adjust recorder X-system to locate pen at a
convenient start point.

e. Rotate MANUAL SWEEP from full counterclock-
wise to full clockwise (for CW output at 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 traverse at a convenient location onthe chart, and
adjust Y-sensitivity to give required resolution.

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

h. Set SWEEP SELECTOR to AUTO or TRIG, de-
pending on whether recurrent or triggered sweeping
is required. For one-shot sweeps, set SWEEP SE-
LECTOR to TRIG and press MANUAL TRIGGER to
start sweep. (A sweep can be terminated and re-
started by pressing MANUAL TRIGGER while asweep
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 1V
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 are 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 RF 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 are shown in Figure 4-3.

4-9. The tube consists of an electrongun, a wire 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 as close aspossible 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 or its
housing completely covers the tube and cannot be re-
moved or adjusted in any way. Operating potentials
are 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-
est output frequency. The RF output signal is gener-
ated on the helix and is coupled out of the tube at the
gun end through a dc blocking capacitor or balun. Ap-
proximate potentials required to operate the BWO are
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 are critical operating
parameters and must not exceed the power dissipating
capability of the element.

4-11. Operating current maximums for the anode and
helix are 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, RF power output is the
primary indicator of tube performance.

4-12, As the BWO is turned on, oscillation evolves
from 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. As the electron bunches
pass the spaces between helix turns their electric
fields appear outside the helix. At some frequency
these electric fields are 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 set by the accelerating electrode which
has the same potential as the helix. Frequency of
oscillation varies linearly with time as helix voltage
varies 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 are 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 or
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 as 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 series 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 RF output, or a dc volt-
age that produces single frequency output, or a
combination ramp and de voltage for narrowband
sweeps, or a combination of a dc voltage and an
external signal to give external frequency modu-
lation. The section also furnishes automatically
repetitive or triggered sweeps, and permits manual
sweeping by a front-panel control as well as in-
dividual tuning of the frequency markers. The
Frequency Control Section includes all of etched
circuit board Al and parts of etched circuit boards
A4 and AB.

4-18. The Frequency Control Section consists of
a Tuning Voltage Generator and a Helix Voltage
Generator. The Tuning Voltage Generator (Fig-
ure 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

Section IV
Paragraphs 4-16 to 4-22

ramp that is supplied to the Helix Voltage Gene-
rator for application to the BWO helix. This ad-
justable ramp controls the RF output connector
for testing purposes. The approximate ramp volt-
age vs RF 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 RF 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 A1V1,
Cathode Follower A1V2A with ramp limiting diodes
AICRS8, AICRY9, and AICRI1O0 on etched circuit Al.
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 limits at the start and stop
ends of the ramp. The low-voltage end is clamped
to near 0 volts by diodes AI1CR9, AI1CR10, and is

P o e
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adjusted by A1R35. The high-voltage end is clamped
by A1CRS8 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 RF 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 atrigger received,
or it can be switched off to permit manual frequency
control.

4-25. RAMP GENERATOR OPERATION. Ramp Gen-
erator tube AlV1, 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
from 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 1), plate currentto flow and
start a negative-going ramp and 2), screen current
to decrease causing screen voltage to rise and light
the SWEEP ON indicator. Note that although the
SWEEP ON indicator lights at the start of a ramp,

SWEEP
SELECTOR
sl
CRI
it
EXT
TRIGGER - AAA
INPUT

Ji I

/

SWEEP
TIME (SEC)
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the RF sweep does not start until the ramp voltage
crosses the + clamp voltage,

4-27, During AUTO operation, the switching grid
receives plate current cutoff bias of about -13 volts
from voltage divider A1R10, A1R11; during trigger
operation, -40 volt bias is supplied from divider
AlR16, A1R17. The bias required to turn plate cur~
rent on is received from one of three places: 1) for
manual trigger operation, pressing the TRIGGER
MANUAL button applies a positive-going pulse from
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 a posi-
tive -going pulse on the sereen grid which is coupled
through A1R16 to the switching grid; and 3) for AUTO
operation, the positive-going plate flyback is delayed
by A1RS8, AlC4, and applied through A1CR4 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
AICRT and A1CR6. A1CR6 maintains a positive volt-
age at switching grid pin 7 to keep A1V1 plate current
flowing and complete the ramp.

4-28. After triggering, a ‘‘feedback integrator’ cir-
cuit produces a linear, negative-going, voltage ramp
at Al1V1 plate. In the circuit, shown simplified in
Figure 4-6, C is an integrating capacitor initially
charged to the grid-plate voltage of Al1V1 (about
+235 volts).

4-20, At the instant of triggering, plate current is
turned on abruptly by switching grid pin 7. The

+275V
]

b
2 AIRT

*=RAMP OUTPUT

>
+235V  AIRIOZ

& . &
S AIRII ZAIRIT SAIRI4
1 <

ARRA-C-4B

[ o
-300V -300V

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 A1V1 control grid and steps
grid voltage enough negative to cause the control grid
to assume control of tube current. Capacitor C then
begins discharging through the tube and resistors
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 A1R16, AIRI17
junction opens diodes A1CR6 and A1CR7. A negative
voltage from the A1R10, A1R11 junction is then ap-
plied to switching grid pin 7and cutsoff plate current.
Plate voltage, control grid voltage and tube current
rise sharply. The increased tube current goes to the
screen grid reducing screen voltage to a saturation
level of +30 volts. Capacitor C recharges through
AIRT7 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 as 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 trigger input circuit, Figure 4-5, diode CRI1
passes only negative-going pulses from the EXT input
connector, while clamp diodes AICR1 and AI1CR2
limit the amplitude of the input pulse to 20 volts.
Coupling diode AICR3 is forward-biased by AlV1
plate voltage between ramps to pass negative-going
trigger pulses. After triggering, the plate voltage
drops and back-biases AICR3, disconnecting the
trigger circuit from the integrator circuit. At the
end of the plate flyback, plate voltage again forward-
biases AICR3 and the trigger circuit is reactivated.

4-33. MANUAL TRIGGER CIRCUIT. Manual triggers
are generated by S5 (Figure 4-5). Before triggering,
the junction of A1R16 and A1R17is about-30 volts and
the junction of A1R13 and Al1R14 is about -45 volts,
putting a 15-volt charge on AIC7. 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 A1R13, A1R14 junction
is near +15 volts, the switching grid is +0.6 volt, and
the charge on AICT is about 15 volts. Pressing S5
grounds the + end of AI1C7, thus applying a -15 volt
pulse to the switching grid which stops the sweep and
returns the plate voltage to the start condition. Press-
ing 85 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 RF output signal.

02280-1
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Both pulses are initiated from voltage divider A1R18
and A1R20 between AlV1 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 from point D and lasts
until the sereen voltage again rises at 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 RF blanking
pulse, obtained through A1CR5 (point C, Figure 4-7),
is terminated before the end of the penlift pulse by the
plate flyback voltage delayed by AI1R5 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 A1CR5 to the bases of A5Q12
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, point B is moving from posi-
tive to negative, but is clamped by AICR5 to +1.7
volts at point D. At the end of the sweep, when
A1CR5 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 AS5CR13) initiating the blank-
ing signal fed to A5Q12.

4-38. During plate voltage flyback point C voltage
moves positive and, near the endof the flyback, moves
through 0 volts opening ASCR13. Point C excursion
stops at +1.2 volts ending the blanking pulse fed to
ASQ@12. Refer to the explanation of the Blank-
ing Switch for further blanking action.

4-39. THE UNITY GAIN INVERTER.

4-40. For AUTO, AF, and MANUAL operation, the
Unity Gain Inverter receives the negative-going ramp
from the Ramp Generator. It produces a mirror-
image, positive-going ramp having exactly the same
period and de voltage limits. This ramp is applied
to the STOP/AF side of the Ramp Combining Circuit
as 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 Al
(upper chassis). Unity gain is achieved by using a
degenerative feedback circuit around the entire in-
verter 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 resistor A1R65 to input (series)
resistor A1R36. For swept and CW RF output
signals, equal resistors give unity gain. Forexternal
frequency modulation, unequal resistors A1R52 and
A1R53 are substituted to obtain amplification.

4-42, The voltage at (2), Figure 4-8, is preset to
+78V, half the amplitude of the linear ramp from the
Ramp Generator. When operating as a unity gain in-
verter, the circuit acts to maintain the voitage at (1)
equal to the voltage at (2). To achieve this, the cir-
cuit produces a positive-going ramp at (3). The in-
stantaneous ramp voltages at (3) and (4) are averaged
by resistors Al1R36 and A1R65 to produce about

4-7
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Figure 4-8. Unity Gain Inverter Functional Schematic Diagram
+78V at (1). The negative- and positive-going ramps for the START/CW side through the emitter follower

supplied to the Ramp Combining Circuit must have
exactly the same dec voltage limits. To obtain this
equality, the dc voltage limits of the positive ramp
from the Inverter are adjustable. A1R41 sets the low
voltage limit, and ABR2 sets the high voltage limit.

4-43. When the Sweep Oscillator is set for external
frequency modulation, the inverter circuit is modified
by 1) replacing the dec reference voltage at A1V3,
pin 7 with the modulation signal, 2) replacing equal
resistors A1R36 and AIR65 with unequal resistors
A1R52 and A1R53 to obtain 3:1 gain, and 3) substi-
tuting a de reference from A1R55 for the ramp volt-
age. The AlR55 reference is adjusted so that there
is no RF frequency shift when EXT FM is pressed
and no modulating signal is applied. The amplified
external FM signal, applied to the STOP/A F side of
the Ramp Combining Circuit, modulates the dc level
at the combining point.

4-44. Diodes A1CR13 and AICR14 provide the volt-
age drop necessary to de-couple the plate of the In-
verter Amplifier A1V4 to the grid of cathode follower
AlV2B or A1V5B.

4-45. When the Sweep Oscillator is set 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 START/CW side.

4-46. THE UNITY GAIN FOLLOWER.

4-47. The Unity Gain Followers A1V5A/Al1Ql and
Al1V5B/A1Q2 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 is to couple the large (up to
-150 volt) de swing of the ramp inputto the combining
circuit with minimum loss in signal linearity and
minimum loading of the potentiometers. This is done

02280-1
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and diode A1Q1/AICRI11, with cathode follower A1V5A
supplying a relatively constant base-collector voltage
for the transistor. Diode A1CR11 provides a voltage
across its junction that is equal and opposite to that
across AlQl emitter-base junction and counteracts
any voltage change in the emitter-base junction due
to temperature. A1Q2/AI1CR12 and A1V5B function
in the same way for the STOP/AF side.

4-48. THE RAMP COMBINING CIRCUIT.

4-49. The Ramp Combining Circuit controls the de
voltage levels that determine the RF output frequency.
The Ramp Combining Circuit consists of the START/
CW and STOP/AF potentiometers RO and R10 on the
frequency dial mechanism, Unity Gain Followers
Q1/V5A and Q2/V5B on etched circuit Al (upper
chassis) and combining resistors 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 mirror-
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 or both ramps, the resultant ramp
is made continuously adjustable and either positive-
or negative-going. Figure 4-10 shows the combining
circuit and a graph of two sample input ramps (Ej,
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 Ej and Eg at
the same instant. The approximate RF output fre-
quency produced by the resultant ramp is shown by
the scale on the right side of the graph.
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Figure 4-9. Function Switch Simplified Schematic Diagram

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
The ramp from
the inverter is attenuated and applied to the STOP/AF
The voltage at the combining point,

obtained from A1R33 (Figure 4-9),

potentiometer.

selected by the START/CW potentiometer, is thus

modulated by anamount set by the STOP/ AF potentiom-
AlR61 adjusts the amplitude of the modulating
ramp fed to the STOP/A F potentiometer to give a max-
imum AF sweep equal to 10% of the full bandwidth
To prevent shifting the CW
(center) frequency set by the START,/CW potentiometer

eter.

(about 15 wvolts at R10).
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as the amount of AF is changed, the voltage center of
the modulating ramp must be set to exactly 0 volts.
The attenuated ramp from Al1V2B is all positive po-
tential; A1R63 shifts the de limits ofthe 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-
tiometer is a steady dc voltage equal to the upper
voltage limit of the ramp (+150 volts at R9) obtained
from V2A cathode. The STOP/AF potentiometer is re-
placed by a ground. The voltage at the combining

02280-1
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Figure 4-10. Ramp Combining Circuit
Simplified Diagram

point is adjustable from 0 to +75 volts (giving full
band coverage) by the START/CW potentiometer.

4-53. During EXT FM operation, the Ramp Generator
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 at 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 de voltage that is continuously adjustable, by
RY, 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/AF potentiometer, without
changing any other circuitry.

4-55. THE HELIX VOLTAGE GENERATOR.

4-56. To sweep the RF 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 or dc voltage from
the Tuning Voltage Generator and converts it 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, V2andV3on the lower
chassis are the series regulators, A1V6 and A4V1B
on the upper chassis are the differential ‘‘Compari-
son'’ amplifier, and A1V7 is the Control Amplifier.

4-58. There are two main differences between the
Helix Voltage Generator and the power supply shown
in Figure 4-14: 1) the de 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); Rg is a linear
element, Ry is the non-linear element. Rp 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 are non-con-
ducting; Rp is potentiometers R1, R2. As the RF
output frequency is tuned upward through the band,
helix voltage increases, the diodes conduct one-by-
one shunting R1, RZ with their series potentiometers
and decreasing the value of Rp. Since the gain of
the Differential ‘‘Comparison’’ Amplifier is pro-
portional to the ratio Ra/Ry, as Ry decreases the
gain increases.

4-59. Since BWO tuning characteristics vary slightly
from tube to tube, the potentiometers adjust helix
voltage to track the RF output frequency with the fre-
quency dial. Note that as the output frequency in-
creases, more diodes conduct; thus, setting ofalower
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 anunregulated
power supply (A6CR1, Cl2 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 series reg-
ulators, Clamp diode AICR17 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 verylow level,
Diode AICR16 maintains a constant screen-cathode
voltage to hold Al1V6 gain constant with changing
cathode voltage.

4-62. THE ANODE VOLTAGE GENERATOR.

4-63, Ancde Voltage Generator A2V4B, A2V7B re-
ceives the tuning voltage from A4V1A and automatically
raises BWO tube anode voltage in the lower half of the
RF tuning range to coarse-level BWO output power.
Tuning voltages for RF frequencies below midband
are shifted negatively relative to ground potential in
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divider A2R46, A2R47. Tuning voltages for RF fre-
quencies above midband are clamped to ground by
A2CR10. Tuning voltage at A2V4B grid is most nega-
tive at the lowest RF 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 A2VTB 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, A2VTB
grid is connected to AZR50 to establish operating
voltage, but is clamped to the charge voltage on
Cl19A. C19A charges through A2CR11 and A2R49
until AZCRI11 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 AlICR3 and lights the RF on indicator DS3.

4-65. THE AMPLITUDE MODULATION 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 Filter
and Directional Detector.

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

4-68. THE BWO 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 All (lower chassis). QI is connected
in series with the BWO cathode current. The RF
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-
emitter voltages from being applied to A11Q1. Clamp
diode Al11CR1 prevents the BWO cathode from being
driven negative. Diode A11CR4 provides a low-im-
pedance path for grid current thus preventing negative
self bias at the grid. Potentiometer Al1R1 adjusts
the grid-to-cathode voltage over a small range to mini-
mize the RF frequency shift when the BWO cathode is
driven to maximum current during a modulationcycle.
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4-71. THE BLANKING SWITCH.

4-72, The Blanking Switch consists of transistors
Q12 through Al5 on lower chassis etched circuitboard
A5. The purpose of the switchis to provide automatic
turn-off of the Sweep Oscillator RF power during
automatically recurrent and triggered sweeping when
the rear-panel BLANKING switch S15 is set to ON,
Automatic RF blanking is possible with automatically
leveled RF power, but only when the level-controlling
signal is obtained from acrystal detector because the
rear-panel ALC PWR LEVELING INPUTS switch S10
disconnects the blanking signal when set to PWR
METER.

4-73. The Blanking Switch receives a 1.7-volt pulse
from the Ramp Generator and supplies a concurrent
negative 8-volt pulse for application directly to the
BWO Cathode Current Modulator. The blanking pulse
shape and timing with respect to the RY¥ sweep is
shown in Figure 4-7, The switch circuit presents a
high input impedance to prevent loading A1RS5 in the
Ramp Generator and a low output impedance to drive
the Modulator. Clamp diode ASCR13 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 asmall
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
A5Q11 on etched circuit board AS.

4-76. In the relaxation oscillator, C8 charges through
R43 and R44 toward +275 volts. At +20 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 ASCRI1Z2 protects the base of
A5Q9 from excessive negative voltage.

4-78. The output square wave from Emitter Follower
A5Q11 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 RF out-
put at 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 parts 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, A4RS.
Cathode Follower A4V3A, Amplifier A4Q1, Marker
Generator A5Q3, A5Q4, and Emitter Follower A5Q5
(upper chassis).

4-81. The frequency marker pulses can be added to
the START STOP sweep, A F, or external frequency
modulation. Markers cannot be added to the MARKER
sweep. To locate the marker at the desired RF out-
put frequency, a duplicate of the RF frequency-con-
trolling signal from A4V1A in the Ramp Combining
Circuit is fed to the two marker channels in parallel.
The instantaneous values along this ramp are com-
pared against a dc reference voltage from the MARK-
ER 1 control through equal resistors 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 RF output frequency.
For example, for a full band sweep upward in fre-
quency, the ramp voltage input from 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 ¢ross zero when the
input ramp crosses +38.5 volts. For this to happen,
the voltage from the marker 1 control must be set
for -38.5 volts. (Actually, the marker 1 control
voltage must be slightly more negative to compensate
for the grid-cathode voltage of Cathode Follower
A4V24A). Frequency markers are 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,
marker triggering occurs in the same manner for
AF and EXT FM operation.

4-83. The voltage at the junction of A4R7, A4RS is
amplified by A4Ql, and applied to Marker Generator
A5Q3, A5Q4. As the voltage at the A4R7, A4RS8
junction crosses 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 AS5R7, ASR10. 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 ASR7, ASR10.

4-84. The rise and fall of the collector voltages as
the input signal goes from negative to positive, or
positive to negative, and the resultant voltage at the
resistor junction are shown in the graph in Figure
4-12. The resultant voltage, shown as a perfect V"
is the marker pulse obtained when the A5R12, ASR13
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;
if higher, the pulse will be reduced in amplitude,
During the ramp flyback, the Marker Generator is
returned to its previous state and a second marker
pulse is produced but is obscured by the blanking
pulse.

4-85. Clamp diodes AS5CR3 and A5CR5 limit the am-
plitude of the marker pulse and protect A5Q3 and
A5Q4 from excessive negative collector voltages.
Clamp diode ASCR2 prevents excessive negative volt-
age at the base of A5Q3; ASCR4 holds A5Q5 base
voltage near 0 volts between marker pulses. A5SCR6
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 from 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 from being applied to A4Ql. Cathode Fol-
lower A4V3A isolates the summing circuit from the
transistor amplifier A4Ql. A4C4 (MARKER 1 Lin-
earity) compensates for the input capacitance of
A4V3A and is adjusted for minimum frequency shift
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with sweep time changes. A4R3 (MARKER 1 HF)
sets marker 1 frequency equal to the MARKER 1
counter reading at the high end of the Oscillator
tuning range. A4R20 (MARKER 1 LF) sets 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 are grounded, disabling the
Frequency Marker Section. Frequency markers are
thus not available when using the Marker Sweep.
The marker sweep is simply a second sweep having
all the characteristics of the START STOP sweep ex-
cept that its start and stop frequencies are 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
AB8R3 and ABR4 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 R8; R35is connected
into the Ramp Combining Circuit in place of R10; no
other marker circuitry is operational. ABR3 and
ABR4 calibrate the MARKER SWEEP so there is no
difference in RF output frequency between the START
STOP and MARKER sweeps for identical end-point
settings.

4-89. THE AUTOMATIC LEVEL CONTROL
AMPLIFIER.

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 RF out-
put. In the feedback system, the ALC amplifier re-
ceives a negative dec signal voltage directly propor-
tional to RF power from an external crystal detector
or power meter. It compares this dc voltage against
an internal dec 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 RF output
power nearly constant as output frequency changes.
The internal de¢ reference voltage is adjustable by
the POWER LEVEL control R42B to provide manual
control of RF 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 RF 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
at the Sweep Oscillator output. For amplitude mod-
ulation of RF power leveled by a system using a
crystal detector, modulator ASQZ22 super-imposes
amplitude modulation signals onthe reference voltage.
Leveling loop monitor A5Q21 flashes lamp DS2 when
the differential amplifier output indicates the RF
leveling loop is open. When the leveling loop is
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closed, A5Q21 holds DS2 lighted steadily. Output
amplifier A5Q19 inverts and amplifies the differential
amplifier output.

4-92, THE DIFFERENTIAL AMPLIFIER. The differ-
ential amplifier consists of two differential ampli-
fiers that function as one. Double transistor A5Q16
forms an input differential amplifier, and A5Q17,
A5Q18 form an output differential amplifier. A5Vl
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 RF power is applied to AS5Q16A
base, and a difference voltage is obtained at A5Q18
collector.

4-93. Serewdriver-operated POWER LEVEL R42C,
shunting R42B, determines the range of reference
voltage available from R42B.

4-94. The effectiveness of the RF power leveling
system depends upon the gain of the ALC ampli-
fier and the sensitivity of the RF power-sensing
device. GAIN control R59 compensates the sensi-
tivity of the RF power-sensing device to (1), 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 RF 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 set tolevelfroma power meter,
gain-shaping networks A5C4, A5R43 and A5C8, ASR57
reduce the bandwidth of the ALC Amplifier to nearly
equal that of the power meter. Diodes A5CR14 and
A5CRI15 prevent reverse voltage from being applied
to electrolytic capacitors A5C4 and A5CS.

4-96. A5Q16 is a dual transistor to equalize de drift
with temperature between the two sides of the input
differential amplifier., ALC BALANCE potentiometer
A1R48 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 A5QL6A and A5Q16B during RF power level-
ing. An indication of significant difference between
these wvoltages is a step in the normally straight-
line, between-sweep Oscilloscope display of blanked
RF 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 RF power output. During leveling A5Q19
collector voltage reduces current through A5Q21 and
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allows DS2 to glow from current supplied through
ABR68 and A5R69. If the RF leveling loop opens,
A5Q19 collector voltage rises and turns on A5Q21
placing DS2 directly across A5C11 to form a relaxa-
tion oscillator. The relaxation oscillator flashes DS2
to indicate an open condition in the leveling loop.

4-98. OPTION O1 DIRECTIONAL DETECTOR.

4-99, Directional Detector unit Al3, supplied with
Option 01 Sweep Oscillators only, completes an in-
ternal RF power leveling loop. The Directional
Detector is a directional coupler with a crystal
detector at the secondary line output. Located be-
tween the output of the BWO tube and the Sweep
Oscillator RF output, the Directional Detector samples
RF power output and converts level variations in the
sample to proportional de. During automatic level-
ing, this de signal is applied to the ALC Leveling
Amplifier which reduces RF level variations. INT-
EXT switch Al12S1, on the Directional Detector
mounting bracket, must be at INTernpal for internal
RF power leveling. The EXTernal position opens
the internal leveling loop to permit external remote-
point and power meter leveling.

4-100. LOW-PASS FILTER.

4-101. Low-Pass Filter FLI1, supplied with Option
01 Models 692A, 693A and 694A Sweep Oscillators,
is a passive low-pass RF 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 RF power leveling.

4-102. THE PRIMARY POWER TURN-ON
SEQUENCE.

4-103. Primary power turn-on to the Sweep Oscil-
lator 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 TI1.
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. AS5C12 then begins to charge toward these
voltages through A5R70. Eventually (60-90 seconds),
the charge on ABC12 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 eircuits
are held operational by safe values of helix current
and heater voltage, and are released if either is
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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 restore operation. These pro-
tective circuits are explained in Paragraphs 4-117
and 4-124,

4-105. THE POWER SUPPLIES.

4-106. GENERAL OPERATING PRINCIPLES.

4-107. All the dc operating voltages shown in Fig-
ure 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 series
with the load and the de 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-
trol voltage; the higher the control voltage, the
higher the output voltage. A sample of the Series
Regulator output voltage is compared against a
stable de 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, it may be fol-
lowed by an additional Control, or Driver, amplifier
to improve regulation. The Comparison Amplifier
is a differential type for temperature stability.
The de reference voltage used for comparison is
obtained from voltage regulator electron tubes, from
semi-conductor voltage reference diodes, or 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 A2V11 for reference, but
its -300 volt output is the reference for the +275
and -6.3 volt supplies. Consequently, if 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) has separate voltage reference (A2V11) 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
A2V11 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
A2V10B. Cathode follower A2V10B furnishes -83
volts to the MARKER 1 and MARKER 2 potentiom-
eters. Series Regulator A2V8 obtains screen voltage
from 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 series 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
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Operating Principles except that it uses the -300
volt supply as the dc reference and requires three
series regulators (Q4, 5, and 6) in parallel to
supply the required current. It also includes elapsed
time indicator M1l. 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 A8BR5 sets 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 series regulator transistors., Theover-
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 series regulator transistor
short circuits, the supply output voltage rises 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 CR10 and CR11 from the -6.3 volt reg-
ulator and connect CR10, CR11 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 set 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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Figure 4-15. Sequence Diagram for BWO Tube Heater Over-Voltage and Helix Over~-Current Protection

4-118. THE 12.6 VOLT SUPPLY.

4-119. The 12.6 volt supply provides regulated heater
power for two tubes on etched circuit board Al, four
tubes on etched circuit board A2, two tubes on etched
circuit board A4 and one tube on etched circuit board
A5,

4-120. The positive side of the supply is connected to
a +65 volt tap on voltage divider ATR3, ATR4 from
which the supply maintains a -12.6 volt difference.
Breakdown diode ATCR3 furnishes regulated base
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voltage for driver transistor A7Al which controls
parallel-connected series regulators Q1 and Q2.
Diodes ATCR1 and ATCR2, which have response to
temperature change opposite to ATCR3, counteract
reference voltage variation caused by temperature.

4-121. THE +20 VOLT SUPPLY,

4-122, The +20 volt supply provides regulated oper-
ating power for transistors on etched circuit boards
Al, A4, and A5. The regulator circuit operates as
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explained under General Operating Principles. De
reference for the Comparison Amplifier is obtained
from voltage divider ATR8, ATRO connected between
the regulated +275 volts and ground potential. The
Comparison Amplifier A7Q4, A7Q5 is followed by
current amplifier (Driver) ATQ3 which supplies base
current to Series Regulator ATQ2. Diodes ATCR10,
ATCR11, and ATCR12, in conjunction with ATR6, form
a current limiting circuit. When Series Regulator
current is excessive, the voltage at ATR6, ATCRI10
junction is negative enough to cause the three diodes
to conduct and drive ATQ3 base negative by the amount
of their voltage drop. This negative voltage at ATQ3
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
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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 series with the
Helix Voltage Generator, disconnects operating volt-
age from the helix if 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 set to the off position, allowing the re-
lays to reset for a normal turn-on cycle. How-
ever, a furn-on cycle should not be restarted
until the cause of shut-down has been in-
vestigated.
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Section V
Paragraphs 5-1 to 5-14

SECTION V
MAINTENANCE

5-1. INTRODUCTION.

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

5-3. MAINTENANCE PRECAUTIONS.

WARNINGS

VOLTAGES IN EXCESS OF 1000 VOLTS
INSIDE CABINET

- hinged upper chassis under metal shield
- right side on terminal strip TBI1
- lower chassis on etched circuit A6, deck-

mounted capacitors C10-C14, and T2.

STRONG, PERMANENT MAGENTIC FIELD
AROUND BWO TUBE

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

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

5-4, PERIODIC MAINTENANCE.
5-5. CLEANING THE AI LTE

9-6. Inspect the air filter regularly and, if neces-
sary, remove and wash it in detergentand water. Dry
filter and coat withair-filter oil suchas ‘*Filter Coat”’
by Research Products Corp (see Table 6-1 for HP
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 parts (e.g., marker, slide rule dial as-
semblies) only when necessary, using light machine
oil on marker assembly shaft bearings and dry mol-
ybdenum or 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 ecalibration. The tests can be
performed without access to the Sweep Oscillator in-
terior. The specifications of Table 1-1 are the per-
formance standards.

5-11. TEST EQUIPMENT REQUIRED. The test in-
struments required to make the performance tests
are listed in Table 5-1. Test instruments other than
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those listed may be used provided performance equals
or 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 AF 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 RF power output and tuning range precedes
the detailed frequency accuracy measurements.

5-14, RF POWER OUTPUT TEST. Test unleveled
RF power output as follows:

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

b. Set Sweep Oscillator controls as follows:
LINE. o o0 sinis sieraintne uiuis s s sia  TRE
SWEEP SELECTOR s va % s/5is aiais avas AUTO
SWEEP TIME (SEC) ..... 100-10 LINE SYNC
START/CW . siois o low end of Swp Osc range
STOPIAP wie rvive 5 high end of Swp Osc range
POWER LEVEL :: oo Suis ot st sl max cw
ITARTBTOR . cov anwm sane sieie some depressed
BLANKING (rearpanel) . + . .+« o0 v v v v OFF
AMPLITUDE MOD selectors . ... all released

@ssm. 6924, 0R 693A —
SWEEP OSCILLATOR |

20-DB
FIXED
ATTENUATOR

THERMISTOR
MOUNT

@pe9aa
SWEEP OSCILLATOR

POWER METER

!

" X-BAND * '

.-liTENUATOR I

X-BAND -BAND
TO COAX HERMISTOR
ADAPTER OQUNT

=%

ABO- k-9

* SET FOR 10-DB ATTENUATION

Figure 5-1. Setup to Measure Unleveled RF Output
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Table 5-1
Table 5-1, Test Equipment Required for Performance Testing
Instrument Critical Specifications Recommended Models

Adjustable line voltage

Voltage Range: 90 to 130 volts

General Radio W10MT3A

transformer Current: 7.5 amperes Superior Electric UCIM
Voltmeter Accuracy: +1 volt
Oscilloscope Vertical Bandwidth: 5 Mc hp 140A with 1402A & 1420A Plug-Ins

Vertical Sensitivity: 5 mv/cm
Sweep Time Accuracy: + 3%

hp 175A with 1752A Plug-In

Crystal Detector

Frequency Range: 10 mc - 12,4 gc
Sensitivity:
100 mv de from < 0,35 mw, high
level; > 0.4 mv de/pw, low level
Frequency Response: +0.5 db or
better

hp 423A1 for Models 691A, 692A,
6934,
hp 424A1 for Model 694A

Variable Attenuator

Frequency Range: Same as Sweep
Oscillator
Attenuation Range: 0 - 20 db

hp X382A for Model 694A

Fixed Attenuator

Frequency Range: Same as Sweep
Oscillator
Attenuation: 20db + 0.5 db
10db +0.5 db

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

Frequency Meter

Frequency Range: Same as Sweep
Oscillator
Accuracy: +0.08%

hp 536A2 for Models 691A, 692A
hp 5372 for Models 693A, 694A

Power Meter and
Thermistor Mount

Frequency Range: Same as Sweep
Oscillator
Power Range: 1 pw to 10 mw

hp 431B with hp 478A for Models
691A, 692A, 693A
hp X486A for Model 694A

Waveguide-to-Coaxial
Adapter

Frequency Range: 8.2 to 12.4 ge

hp X281A for Model 694A

Square-Wave Generator

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

hp 211A

Audio Oscillator

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

hp 200 AB, 201C

AC Voltmeter

Average - responding, rms calibrated
Range: -28 to -60 dbm, minimum
Accuracy: +5%

hp 400D

DC Voltmeter

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

Simpson Model 260

DC Voltage Source

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

hp 721A Transistor Power Supply

1 Option 02 (square law compensated)
Calibrated to specified accuracy
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c. Set line voltage transformer to deliver 115 (or
230) volts. Be sure 115-230 volt switch on rear of
Oscillator is set correctly.

d. Set LINE to RF: STANDBY indicator lights and
cooling fan operates. Between 1 and 2 minutes
later the RF 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 mustbe greater than 100 mil-
liwatts for the model 691A, 70 milliwatts for the Model
6924, 20 milliwatts for the Model 693A, and 20 milli-
watts for the Model 694A. Maximum RF power output
must not exceed minimum RF 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 RF power) and meas-
ure RF power output., Then rotate POWER LEVEL
maximum ccw and measure minimum RF power out-
put. Minimum power should be at least 30 db below
maximum power,

g. Repeat step [ at the highest frequency inthe Osc-
illator range.

5-13. OPTION 01 RF LEVELING TEST. The follow-
ing procedure tests the power leveling capability of
Sweep Oscillators having internal leveling systems
(Option 01).

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

b. Set Sweep Oscillator controls as follows:

STARTSTOP & s sa5% 7a s a3 s depressed
START/CW ...... low end of Swp Osc range
STOR/AF o5 @ da high end of Swp Osc range
SWEEP SELECTOR .. .« .o s cwwais AUTO
ALC PWR LEVELING INPUTS

(Fear panel), «iv s wu e sreie sin i o soe XTAL
INT ALE .0 swce wms pobom 508 Fids depressed

¢. Obtain maximum leveled RF 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 RF 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 ecalibration 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 are the
same for all frequencies in the Oscillator range. Un-
less otherwise noted, the calibration accuracy tests
are performed with the Sweep Oscillator operating
from 115 (or 230) volts, 60 cps.

a. Connect test equipment as shown in Figure 5-2,
omitting connections A and B. Allowabout 15 minutes
for the equipment to stabilize,

b. Set Sweep Oscillator controls as follows:

LINE s vuers aneve wiere gists woase sipe simze misss RF
SWEEP SELECTOR & v« vaic s vd vns san s CwW
START/CW....... low end of Swp Osc range
STOP/AF . i v vnus low end of Swp Osc range
MARKER 1l ....... low end of Swp Osc range
MARKER 2 ....... low end of Swp Osc range
MANUAL SWEEP .............. max cw
POWER LEVEL .....v.v0«.:. « v .. Max cw
AMPLITUDE MOD selectors . ... all released
START STOP ...c.00evsiviesa depressed
BLANKING (rear panel) ...... o o s ¥ ON

c. Adjust the Oscilloscope to observe CRT beam dot
displacement as Frequency Meter is tuned through
the Oscillator output frequency. No sweepis 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 START/CW and Frequency Meter
readings must agree within £17%.

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 +1%.

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 +1%.

g. Depress MARKER SWEEP., On dial, START
and STOP extinguish. Rotate MANUAL SWEEP max-
imum ew, Tune Frequency Meter to obtain maximum
displacement of Oscilloscope dot display. The MARK-
ER 2 counter and Frequency Meter readings must
agree within +1%,.

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

+1%.

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 and MARKER
1 counter readings must agree within +1%.
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Figure 5-2
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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 +1%.

k. Release MARK 2 and depress AF. Tune Fre-
quency Meter to obtain maximum displacement of
Oscilloscope dot display, The START/CW and Fre
quency Meter dial readings must agree within +1%,

m. This completes the frequency calibration accu-
racy tests at the lowest frequency in the Sweep Os-
cillator range. To test calibration aceuracy at the
high end of the Oscillator frequency range, repeat
steps d through k above, starting with the controls
set as follows:

LINES & ot oo Ui s Bind sund-oine s RF
SWEEP SELECTOR ... ..%couaurvas CcwW
START/CW ...... high end of Swp Ose range
STOP/AF . ivs v high end of Swp Osc range
MARKER 1 ...... high end of Swp Ose range
MARKER 2 ...... high end of Swp Osc range
MANUAL SWEEP .. s et 50560 maximum cw
POWER LEVEL .. v v v v e ve maximum cw

AMPLITUDE MOD selectors. ... all released

n. To test frequency calibration accuracy at inter-
mediate frequencies in the Sweep Oscillator range,
set SWEEP SELECTOR to CW and tune START/CW to
frequencies of interest. At each frequency, CW dial
and Frequency Meter readings must agree within+1%.

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 or 127 line volts by more than
1 Me for the Models 691A and 692A, 2 Mc for
the Models 693A and 694A.

g. To test AF 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 AF 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 .1-.01 (red knob to LINE SYNC).

(3) Set Oscilloscope display width to exactly 10
em. This display represents maximum AF
deviation,

(4) Tune Frequency Meter to measure frequency
at center and at each end of the Oscilloscope
display. Total & 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 error of 1% (2%, 691A) of maximum
AF, For example, both maximum AF and the
highest numbered AF scale calibration onthe
Model 691A are 100 Mc. Maximum acceptable
Model 691A AF error is then 20% of 100 Mc
(the AF setting) plus 2% of 100 Me (maximum
AF), or +22 Mec total. Similarly, if theAF
setting were 50 Mc, maximum acceptable error
would be 20% of 50 Mc (the AF setting) plus 2%
of 100 Mc (maximum AF), or +12 Me total,

(5) The AF center (CW) frequency must equal the
START/CW dial reading within +1%.

02280-1



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

r. To test external frequency modulation capability:

(1) Add connections B in Figure 5-2, and set Audio
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 tests should be made using transfer
oscillator techniques or a microwave spectrum ana-
lyzer. Measuring systems including the Dymec 5796
Transfer Oscillator Synchronizer with HP HO6-540B
Transfer Oscillator, or 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 are described in
HP Application Note 63, available free of charge from
yvour HP Sales and Service Office.

5-19. Because time-varying magnetic fields of trans-
formers 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,

9-20. SPURIOUS SIGNALS TEST.

5-21. The most convenient means of measuring Sweep
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 TRIGGERING TESTS.

5-24. The following procedures test: 1) Sweep Os-
cillator capability to automatically maintain RF out-
put power constant with charging output frequency;
2) internal and external amplitude modulation capa-
bility with leveled and unleveled RF output; and 3)
manual and external sweep triggering.
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Section V
Paragraphs 5-17 to 5-25

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

a. Set Sweep Oscillator controls as follows:

LIS e evemio, snain SneES swiie Bieiid EnsEE e OFF
SWEEP SELECTOR .« cuiie s als v aiis aiaa AUTO
SWEEP TIME (SEC)

(red knob in LINE SYNC detent) ... .1 - .01
START/CW .. ces s low end of Swp Osc range
STOP/AF ....... lowendof Swp Osc range
START SEOP u wevw visin 404w alas siacin depressed
AT ¢ e i e TS YR E eSnd roes depressed

POWER LEVEL

(screwdriver adjust max cw) . approx, 5
GO, wvaa wais sl drug s i 1/4 ew rotation
BLANKING (rearpanel) .. ........... ON
ALC PWR LEVELING INPUTS
(rearpanel) .........cuuuuu.. XTAL
COUARE (g 691a, 692A,693 A
WAVE SWEEP OSCILLATOR
GENERATOR
CRYSTAL **
DETECTOR

FIXED %
ATTENUATOR

OSCILLOSCOPE

or

‘ J

* 20DB FOR MODELS 691A,6924A
|0DB FOR MODEL 633A

%% LOADED FOR OPTIMUM SQUARE LAW
RESPONSE (e.g. &423;& OPTION 02)

f@-sam
5 ]
S\%ﬁEE SWEEP OSCILLOSCOPE
GENERATOR
3
@ X-BAND  X-BAND
TO COAX CRYSTAL
— E— ADAPTER  DETECTOR
15 W \
] /1l
O
X-BAND *
L ATTENUATOR
BNC T
oscuoscops
JEHT
. hum:
N
% SET TO 10DB
%% LOADED FOR OPTIMUM SQUARE LAW
RESPONSE(e.q.w\Azauﬁ OPTION 02) TP

Setup for Testing Crystal Detector
RF Leveling

Figure 5-3.
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b. Set LINE to RF. Allow a few minutes for sta-
bilization, then adjust Oscilloscope to display RF
output level.

c. Rotate POWER LEVEL screwdriver-operated
control cew 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 RF output is now leveled at maximum possible
output for a full-band sweep.

e, Set Oscilloscope display of the zero-power ref-
erence (retrace) and detected RF levels to obtain
calibrated voltage measurement. Record detected
RF voltage as 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 as 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,
if 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 cecw.
Frequency range must be 950 to 1050 eps, minimum.
During RF off intervals of square wave, display of
RF 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 eapability without RF leveling:

(1) Release ALC (INT ALC, Option01), set POWER
LEVEL maximum cw, and depress INT SQ
WAVE.

(2) Repeat step ¢ 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 RF power for a full band sweep, then
set 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, set amplitude to 10 volts peak-to-peak
and frequency to 1000 eps.

(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 at
which detected square wave display shows max-
imum rise time. Rise time must not exceed
10 microseconds.

(6) Release ALC (INT ALC, Option 01) pushbutton,
and repeat step (3). Rise time mustnot exceed
one microsecond.

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

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

b. Set Sweep Oscillator for a full frequency range
START STOP sweep at maximum leveled output,
SWEEP TIME at .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. Use 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 RF LEVELING AND AM SEN-
SITIVITY TESTS.

5-29. LEVELING TEST. The following procedure
tests the Sweep Oscillator capability to automatically
maintain RF 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 set to EXT,
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5-30. Connect the test equipment as shown in Figure
5-4 without the DC Voltage Source, and proceed as
follows:

a. Set Sweep Oscillator controls as follows:

EINE . ces s ¥ o 5 as D4 wan &4 STANDBY
SWEEP SELECTOR . . « v v v s v v e v s sn AUTO
START BTOP v v ¢.ne 63 5 5/3 & 53 & &2 depressed
START/CW ....... low end of Swp Osc range
STOP/AF ....... high end of Swp Osc range
SWEEP TIME (SEC). v v v v v v v v v v s s 10-100
SWEEP TIME (SEC) VERNIER. . .. .. max cew
ALC PWR LEVELING INPUTS

(rear panel). . . . v v v o v ....PWR METER
AMPLITUDE MOD selectors..... all released
ALC (INT ALC, Option01) ....... depressed
GAIN . .o siecs oims oisiea a7ali s@05 siath max cw
POWER LEVEL ....... 0E Vs € approx. 5

b. Set Power Meter RANGE (MW) selector to 1 MW
range for the Models 691A and 692A, to 3 MW range
for the Models 693A and 694A. With Sweep Oscillator
LINE switch at STANDBY, zero the Power Meter.

691A,692A,693A

POWER
SWEEP OSCILLATOR METER

PWR METER RECOROER
INPUT (REAR) OUTPUT (REAR)

FIXED"
ATTENUATOR

DC
VOLTMETER
-
MOUNT

N

DC
VOLTAGE OSCILLOSCOPE

SOURCE
U ven
oyrl J 7

#* 20-DB FOR MODELS 691A,692A
10-DB FOR MODELS 693A

694 A
SWEEP OSCILLATOR

RECORDER
OUTPUT [REAR)

= 7l

,..,
=
=

XTal

»
z

DC
VOLTMETER SAND
x- X-BAND
TO COAX X-BAND » THERM
D ADAPTER ATTEN MOUNT

pDc
VOLTAGE OSCILLOSCOPE

SOURCE
D WVERT
out] J

B8 8-

# SET TO 10-DB

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

c. Set Sweep Oscillator LINE to RF and adjust
POWER LEVEL to obtain maximum leveled RF power
over the full frequency range.

02280-1
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d., Measure the maximum leveled RF power output
available from the Sweep Oscillator during a full fre-
quency range sweep. Allowing for the attenuation of
the pad shown in Figure 5-4, RF power indicated by
the Power Meter must be as indicated below.

Model Power Meter Readin

691A 1.0 mw minimum {chﬁpgd)
692A 0.7 mw minimum (20db pad)
693A 2.0 mw minimum (10db pad)
694A 2.0 mw minimum (10db pad)

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 fest AM sensi-
tivity:

a. Connect test 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.

¢. 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
less than measured in step b above.

5-32. PENLIFT TEST.
5-33. Test 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 second sweep time range.

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

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

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

a. Connect SWEEP output to the vertical input of
an oscilloscope set 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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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 +3 milliseconds, and ramp
amplitude should be 15V £2V. Check sweep time at
the limits 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, or sweep width.

d. Connect rear-panel SWEEP REF output to the
oscilloscope vertical input and measure voltage limits
of linear ramp portion of displayed waveform. During
a full frequency range sweep, ramp voltage limits
should be +4 +2 volts and +80 +3 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 full frequency range
manual sweep.

¢. Adjust Oscilloscope horizontal sensitivity so
that 10 em 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 6934, and 30 Me
for the Model 694A.

f. Repeat step e at 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.
5-38. RESIDUAL AM TEST.

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

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

c. Depress INT SQ WAVE,

d. Vary POWER LEVEL to obtain -28 db reading
on AC Voltmeter.
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e, Release INT 8SQ 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

[ ]

1

SWEEP OSCILLATOR

CRYSTAL ¥ ¥
DETECTOR

FIXED
ATTENUATOR
% 20-DB FOR MODELS 69/A,692A

I0-DB FOR MODELS 693A, 6944

* % LOADED FOR OPTIMUM SQUARE-LAW 410-4-e
RESPONSE (e.g. 23A OPTION 02)

Figure 5-5. Setup for Measuring Residual AM

5-39. ADJUSTMENTS.

5-40. PURPOSE. The following adjustment proce-
dures include instructions for setting the dcoperating
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 are listed in Table 5-2. Instruments other
than those listed may be substituted, provided their
specifications equal or exceed the Critical Specifi-
cations.

5-42. ADJUSTING THE DC OPERATING VOLTAGES.

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

5-44. Because the -300 and +275 volt supplies are
interdependent, and because the +275 volt supply is
used as 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 set first, the +275 volt
regulator second, and the +20 and -6.3 volt regula-
tors last. After adjusting any of these regulators,
check the output voltage of each other regulator to
be sure it is still within specified tolerances. Do not
attempt adjustment of the -300 and +275 volt regula-
tors with a voltmeter having more than +0.3% error.
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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5-45. There are 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 first case should the power supply be adjusted.
For each of the other causes, repair of the malfune-
tion will likely restore the output voltage within tol-
erance. Reset a slightly out-of-tolerance supply
voltage only if improved frequency calibration results.

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

Recom-
Test Critical mended
Instrument Specification Model
All instruments
in Table 5-1
DC Voltmeter | Range: 0 to + 300V hp 405BR

Accuracy: +0.2% min.|hp 3440A/
Input Impedance: 3441A
10 megohms

Clip-On DC Range: 10 ma-5 amps |hp 428B
Ammeter Accuracy: +5F
CW Signal Frequency Range: hp 8614A
Source same as Sweep hp 8614B
Oscillator (1-2 GC)
Ot £ 10:t0 hp 8616A
hp 86168
(2-4 Ge)
hp 618B
(4-7.6 Ge)
hp 6204,
hp 626A
(8-12.4 Ge)
DC Voltmeter* | Range: + 100 to Simpson
+ 2200V Model 280

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

Capacitor** Capacitance: .01 pfd

DCVW: 2000

* For BWO tube helix, collector voltage measure-
ment. Must be capable of "floating" meas.

** DC block for BWO tube helix voltage ripple
measurement,

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

5-47. NEW BWO TUBE.

a. Connect Sweep Oscillator in RF 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 strip TB1 and etched
circuit A2,
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d. Connect a dec voltmeter (Table 5-2) to BWO
anode terminal and clip-on de ammeter (Table 5-2)
to BWO helix lead (see Figure 5-6).

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

f. Set AZR48 maximum counterclockwise (viewed
from side opposite components). Adjust A2R50 to
obtain anode voltage on BWO tube label.

g. Tune RF output to frequency below midband at
which RF power output is least,

h. Adjust A2R48 to obtain maximum RF power,
Do not exceed either anode voltage or helix current
maximums given in the table below.

i. Measuring anode voltage and helix current, tune
RF 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.

BWO Max Max Max Max
Tube |[Anode | Helix |Cathode | Anode

Model | Mir Volts* | Current | Current |Current
691A | Stewart | + 220 4 ma 17Tma | 1.5 ma
692A | Stewart | +220 | 3.5 ma | 15ma |1.5 ma
693A | Stewart | +220 | 3.0 ma | 12 ma 2 ma
694A | Stewart | + 220 | 3.0 ma 12 ma 2 ma

* measured with respect to Sweep Oscillator
chassis

j. Connect current meter to BWO cathode lead.
While measuring current, tune RF 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 RF power output is not sufficient, try in-
creasing power output by raising anode voltage. Use
Figure 5-1 setup to measure RF output during full-
band manual sweep. Measuring helix current, adjust
AZR50 to obtain sufficient RF 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 series of adjustments:
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BWO HELIX

IRED WIRE) %
HELIX VOLTAGE

BWO GRID
GENERATOR DUTPUT
(GRN WIRE) 2.5MV AC RMS MAX AT LOWEST
PRMEVQAC RMS MAX AT HIGHEST w“n " IN G
HIGH
BWO CATHODE BWO COLLECTOR
(YEL WIRE) Rl WAEET VOLTAGE
HELIX AND COLLECTOR VOLTAGE
GENERATOR OUTPUT
E
BWO HEATER BWO ANODE
(BRN WIRE) (BLUE WIRE)
6.3VDC + 0.3 ;16 MVAC RMS BWO ANODE VOLTAGE
1.5 AMP GENERATOR OUTPUT
L . § I i rd N\
[ R i /r’ 7
\\'rsl / A /
A g /
BWO HEATER

Bk wiRg) ————_]
CHASSIS GROUND “---h.___h
J...‘____“ ||
H“'-.\

ATRZI

=8.3v ADJ
_2 3 F
h., e J
-6.3VDC 0.3V +20VDC *0.5V
(BRN WIRE) (WHT-BLK-RED WIRE)
16 MY AC RMS 5MVAC RMS
4.7 AMP 50 MA
-300VDC 25V +275VDC +5v
(VIO WIRE) (t:r‘HLER:aswlﬂEl
"
Shyac s s
L. WHT-BLK-BRN WIRE
12.6VDC 0.5V
NOTE +65VDC SOMVAC RS

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

(WHT -BRN-RED WIRE)

Es.r.d

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

Paragraph Subject Paragraph Subject
5-51 Manual sweep calibration. Basic ad- 5-60 MARKER SWEEP calibration. Cali-
justments that set minimum tuning brates MARKER SWEEP start and stop
voltage for all frequency calibrations. controls at highest frequency in Oscil-
lator range.
5-52 CW-START scale calibration. Tracks
RF output frequency with the START/ 5-62 Frequency marker calibration. Cali-

CW scale, sets midband RF frequency
accuracy for all other frequency scales
and indicators.

5-57 Fast Sweep Linearity. Minimizes RF
output frequency shift with fast sweeps.

5-58 AF scale calibration. Sets frequency
deviation limits and sets AF center fre-
quency equal to CW setting,

5-10
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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

set before any

are attempted.

other frequency calibration adjustments
Proceed as follows:
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&4 SUMMING B0 (COVER REMOVED]
Hi2 MARKER 2 HF

A5 MARKER | HE
C6 MARKER 2 LINEARITY™

A5 ALC BO
F48 ALC BALANCE

&) SWEEP BO
wEl AF BANDWIDTH
®28 AF ZERD
RE3 AF CENTERING
R33 4F Cw
Ra1 RECIP ZERD
RS5 EXT FM ZERO
R3S PHANT ZEROQ
CT FAST SWEEP LINEARITY

A9 MODE INDICATOR BO —1——

AB TIME METER BD

R3 MARWER SWEEP.
MARKER | WF

R4 MARKER SWEEP
MARKER 2 WF

¥ ON DPPOSITE SIDE OF BOARD R STOR HF

&i| MODULATOR BD
Ri FREQ COMP

R30 MARKER 2 LF
R20 MARKER | LF
4 MARKER | LINEBRITY ™

43 SHAPING BD (COVER REMOVED)
L

Ao

Rz

RE

RS

A

A2 PWR SUPPLY BD
A4H ANODE SHAPE
RS0 ANDDE VOLTAGE
RA0 -300V ADJUST
RI9 +275Y ADJUST

BWO
TERMINAL STRIP
T

AT FILAMENT SUPPLY 8D
RI3 420V ADJUST
|‘ || | = F21 -8.3V ADJUST

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 Al (see Figure 5-7).

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

MANUAL | DC Voltage
SWEEP at Adjust Test Limit

1) Full cw |A1V2A,pin 8 | A1IR35 |0 vdc +0.05 vde
2) Full ccw | A1V2B, pin 3 | A1R41 | -0.070+0.05 vde
3) Full ccw |[A1V2A, pin 8 +156 +4 vde

4) Full ew |SWEEP OUT +15 +2 vde
connector

02280-1
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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 are 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 as follows and
allow 15-minute warmup.

LINE s scans v, et s v e shme e RF
SWEEP TIME (SEC) .... 1 - .1 (LINE SYNC)
SWEEP SELECTOR ... ... ave v s ATTO
START STOP ..:veeoeeneesas depressed
START/CW ....... low end of Swp Osc range
STOP/AF . vs e vs v high end of Swp Osc range
POWER LEVEL . ... ... maximum clockwise
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¢c. Remove cabinet top cover for access to etched
circuit A3 (Figure 5-7).

d. Set SWEEP SELECTOR to CW and set 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 rests
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 rests 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 sets 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 sure 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.

To Calibrate START/CW Setting of

Aojuge 691A | 692A | B693A | 694A
(Ge) (Ge) (Ge) (Ge)
A3R1 1.05 | 2.1 4.2 | 8.2
A3R2 1.0 2.0 4.0 | 8.0
A3R3 1.2 2.4 4.8 | 8.9
A3R4 1.3 2.8 5.2 | 9.3
A3R5 1.4 2.8 5.6 | 9.8
A3R6 1.4 3.0 6.0 | 10.2
A3R7 1.6 3.2 6.4 | 10.6
A3RS 1.7 3.4 6.8 | 11.1
A3R9 1.8 3.8 7.2 | 11.5
A3R10 1.9 3.8 7.6 | 12.0
A3R11 2.0 4.0 8.0 | 12.4

Seleet BY-v; for 8bove it VES Hav

Teel® |, Set Sweep Oscillator controls as follows and

allow a 15-minute warmup.

EINE: 5. cuie st sl T R inlElimie THE
SWEEP SELECTOR .. .. ... .« .+« MANUAL
MANUAL SWEEP. ...... maximum clockwise
STOP/AF ........high end of Swp Osc range

POWER LEVEL .+ ... maximum clockwise
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 ABR2 to position Oscilloscope dot display
on peak of Frequency Meter absorption noteh. This
concludes calibration of the STOP scale. If the
START/CW control has noticeable effect on the fre-
quency set by the STOP/AF control, A1Q1 or A1Q2
may be marginally defective (low Beta).
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5-57. FAST SWEEP LINEARITY.

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

b. Set Sweep Oscillator controls as follows and
allow a 5-minute warmup.

LINE . s w0 s & i wiels sileie wiwie Seie wew s RF
SWEEP TIME (SEC)...... 1 = .1 (vernier to

LINE SYNC)
SWEEP SELECTOR ..... vece wvara wee AITO
START STOP ¢ v see s s 3408 sies depressed

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

d. Set Freguency 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) betweenl-.land.1 - .01, Adjust
A1CT for no apparent shift of Frequency Meter notch.

5-58. AF SCALE CAILIBRATION,

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

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

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

LENE e s 5 05 a0 s as a2 Pl e wae B EE E RF
SWEEP SELECTOR . vt s 0.0 s v0 5.4 MANUAL
START/CW ..... . low end of Swp Osc range
STOP/AF ....... high end of Swp Osc range
MANUAL SWEEP ..... .+ ... Mmaximum ccw
POWER LEVEL .. ...:0.0. . « maximum cw

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

d. Using Digital Voltmeter recommended in Table
5-2, measure the de voltage between A1V6, pin 2 and
ground. Record as V3.

e. Set MANUAL SWEEP fully clockwise and repeat
measurement of step d. Record as V3.

f. Depress AF and repeat measurements of steps
d and c. Adjust AIR61 so that V2 - V1 with AF
depressed is one-tenth of V2 - V1 with START STOP
depressed.

g. Measure voltage at A1R36, A1R65 junction, and
record as V3.

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

i. Measure voltage at A1R62, A1R63, A1R66 junc-
tion. Set A1R63 to obtain 0 volts.

j. Set STOP/AF to 0 MC. Measure voltage between
A1VE, pin 2, and chassis ground. Adjust A1R28 so
there is no change in voltmeter reading with full ro-
tation of MANUAL SWEEP.
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k. Set SWEEP SELECTOR to CW, Frequency Meter
and START/CW to high end of Oscillator range. Ad-
just A1R33 so that Oscilloscope dot display rests 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 +1%.

5-60. MARKER SWEEP CALIBRATION,

5-61. Before calibrating MARKER SWEE P operation
be sure 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
in Figure 5-2 with connection A,

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

LINE .\ ceis sims » ot wisie BiwUE wnee B voane o BE
"SWEEP SELECTOR .- covmias v soss Cw
MARKER SWEEP . . . . vt v v v v v o depressed

MARKER 1 START/CW . . .. highest numbered

RF frequency

POWER LEVEL: o6 sa oieis alfars maximum cw
MARKER2STOP . ... . ... highest numbered

RF frequency
MANUALSWEEP........... maximum cw

¢. 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 ABR3 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
ABR4 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
sure 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
in Figure 5-2 with connection A.

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

LINE 5o sinie susie s sisin sisie sisiis soms som)s RF

SWEEP SELECTOR .+ . ss s s0ss0++ AUTO

SWEEP TIME (SEC) + v v v v vt v v v o 1 - .01

(VERNIER mid-rotation)

AT oo weis sass e s e sie siem depressed
02280-1
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START/CW ....4 .= low end of Swp Osc range
BTOPLAT < ios soits weid s 60 bow o ioid 50 Me AF
MARE A 0 mas mficr v 5sd 5995 9 it 71 6 depressed
MARKER 1 ..... lowest numbered frequency
MARKER 2 ..... lowest numbered frequency

POWER LEVEL ............ maximum cw
¢. 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, and adjust
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 (AF releases), and set 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
markers are now calibrated,

5-64. ZERO EXTERNAL FM ADJUSTMENT.

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

b. Set Sweep Oscillator controls as follows:

LINE e sisme 5605 s e 5 NSO MBTE RTENE 8 RF
SWEEPSELECTOR s asivssvasass s CW
START/CW ....... middle of Swp Osc range
START STOP": v’ vfeds e sabe wien depressed

¢. Adjust Oscilloscope to observe displacement of
dot display of RF output is tuned through frequency
meter notch. No sweep required.

d. Set Frequency Meter to START/CW setting,
short circuit EXT FM inputJ12, anddepress EXT FM.

e. Adjust AIR55 (Ext FM Zero Adj) to position
Oscilloscope dot display on point of Frequency Meter
noteh,

5-65. ALC AMPLIFIER BALANCE,

a. Connect Sweep Oscillator in test setup shown
in Figure 5-3 omitting the Square Wave Generator.
For 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.

START/CW....... high erd of Swp Osec range
STOP/AF........ lowendof Swp Osc range
STARTSTOP ....covennernenn depressed
SWEER SELECTOR: i-v s ssure awi o ive i ava AUTO
SWEEP TIME (SEC) . ... 1-.01 (LINE SYNC)
POWER LEVEL: & in v si5 3 a9 os o053 5
GATN . i ors sin o wis o 50 s e 1/4 cw rotation
ALC (INT ALC) - . .+ wiEE B depressed
EANE s conie wow mimsn me0h wikis wiwine e graceseng w0 RF

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

e. Adjust A5R48 until a step appears in the zero
power (retrace) line. Then adjust A5SR48 to move
step to the left-hand edge of the retrace 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 test points
shown on schematic diagrams and etched eircuit illus-
trations; and third, how to test 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 or exceed the Critical Specifications.

5-69. ISOLATING A TROUBLE TO A CIRCUIT
SECTION.

5-70. To locate a source of trouble in the Sweep Os-
cillator, use the Performance Tests to define the
trouble(s); i.e., whether related to RF tuning, RF
power output, RF amplitude modulation, RF ampli-
tude and frequency stability, loss of one or more
functions, or 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 test the Tuning Voltage Generator,
see Paragraph 5-75. To test the Helix Voltage Gen-
erator, see Paragraph 5-80.
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5-72. To test the Voltage Tuned Oscillator (BWD
tube) see 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 rest
of the Amplitude Modulation Section by simply re-
leasing the ALC pushbutton. To test the Amplitude
Modulation Section, excluding the ALC Amplifier,
see Paragraph 5-91. To test the ALC Amplifier,
see 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 ina
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 test
the transistor-operated supplies see Paragraph5-111.
To test the electron tube-operated supplies, see
Paragraph 5-118.

5-75. ISOLATING A TROUBLE IN THE
TUNING VOLTAGE GENERATOR.

5-76. Test 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 Test Point 1 eliminates the Tuning Volt-
age Generator as a source of trouble. To test
the Generator, first set LINE to STANDBY and
remove AlV6., Then, with LINE still at STAND-
BY, observe the waveforms at Test 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, +0.5 volts amplitude having a
de 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 are satisfactory, the
Tuning Voltage Generator may be eliminated as the
source of trouble.

5-77. If both waveforms are absent, use the MAN-
UAL SWEEP mode to repeat the two full-band
sweeps. The limits of de 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, A1V1.

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
Test Point.
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" Test MANUAL SWEEP
Point Control Setting Voltage
1 cew limit 4+ T.3+1[+76.4+1%
cw limit +T76.4+1(+ T,3+1*
9 ccw limit + 242 +24
cw limit Oto+1
3 ‘cew limit +158 +3
cw limit 0
4 cew limit + 145 +2
cw limit 0+0.1
5 cew limit + 145 +2
cw limit 0+£0.1
6 cew limit 0+0.1
cw limit + 145 +2
n cew limit 0+0.1
cw limit + 145 +2
8 cew limit + 80'+5
cw limit +250 +5
9 ccw limit +198 +2
cw limit +195 +2
10 ccw limit + T78.6+0.5
cw limit + T78.8 +0.5

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

5-80. ISOLATING 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. Setup a full-band manual
sweep and rotate MANUAL SWEE P through its range
while measuring the helix voltage variation at TBI1
(Test Point 1, Figure 5-20). The helix voltage limits
should be within +10% of those listed below. If
not, check at Test Point 2 for proper tuning voltage
input from the Tuning Voltage Generator. The
tuning voltage input should range between zero and
+70 volts +1 volt with full rotation of MANUAL
SWEEP,
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Model BWO Helix Voltage Range
691A Stewart + 325V to + 1440V
692A Stewart + 325V to + 1725V
693A Stewart + 310V to + 1805V
694A Stewart + 350V to + 2150V

5-82. Test Points 3 and 4 are 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 or more branches of the shaping network,
etched circuit A3. In addition, a noisy diode in the
shaping network can cause residual FM of the RF
output. The residual FM will begin at the RF fre-
quency at which the noisy diode firstbeginsto conduct
and will be present at all RF frequencies for which
the diode is conducting.

5-84. Residual FM of the RF output may be caused
by excessive ripple from the Tuning Voltage Gener-
ator. To isolate the trouble source, set up CW oper-
ation, tune the RF output to the low frequency limit of
the RF 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 RF output,

a. Check for proper helix voltage variation,

b. Check for linear ramp from Tuning Voltage
Generator at Test Point 2, the input to the Helix Volt-
age Generator. If the ramp is non-linear, set LINE
switch to STANDBY, remove AlV6, and recheck ramp
linearity at Test 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 TO THE BWO
TUBE.

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

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
are correct, optimize anode wvoltage and operating
currents using the procedure of Paragraph 5-47. If
this procedure does not restore 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 rear of this manual. If the
tube warranty has expired, try 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 restore
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 RF output over a segment of the
tuning range near ome limit, check for proper tuning
range using an RF Frequency Meter. If the range of
tuning voltage applied to the BWO helix shifts so that
a portion is outside the specified operating range for
the tube, the result is usually abrupt loss of RF out-
put where the tuning voltage goes beyond the operating
limit of the tube.

5-91. ISOLATING A TROUBLE IN THE
AMPLITUDE MODULATION SECTION.

5-92. The Amplitude Modulation Section is shown
schematically in Figure 5-22 and 5-26. The numbered
stars on the diagram indicate key check pointsin sig-
nal paths, and the sequence of numbers is intended as
a guide to orderly trouble-localizing. Test Point 2, at
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. From Test Point 2, the Test Points are num-
bered for localizing trouble to the various amplitude
modulation function. For instance, Test Points 4and 5
are located at the input and output of the circuit which
forms the RF 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 testperform-
ance of the individual amplitude modulation eircuits.

5-93. LOW PASS FILTER (6924, 693A, 694A).

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

5-95. OPTION 01 DIRECTIONAL DETECTOR,

5-96. Sweep Oscillators equipped to furnish leveled
RF power are designated Option 01, and are distin-
guished from standard Sweep Oscillators by the label
INT ALC on the pushbutton under the POWER LEVEL
control,

9-97, Option 01 Sweep Oscillators are supplied with
internal directional coupler-crystal detector combi-
nations which are mounted directly behind the RF out-
put. In the Models 691A and 692A these combinations
are standard HP 786D and 787D Directional Detectors.
In the Models 693A and 694A the unit consistof a
coaxial 10-db directional coupler with a standard HP
423A crystal detector at the secondary line output.
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5-98. In 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 II 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 III 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 RF blanking
pulse is explained in Paragraph 4-35 through 4-38,
and Paragraphs 4-T2 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,

Gl 1| —
+1.0V

TEST
POINT

-0.5¢ —

oy—

TEST
POINT

g8 —

B95A-A-|5

5-103. FREQUENCY MARKER CIRCUITS.

5-104. To check signal flow in a marker channel set
the Sweep Oscillator for automatic start-stop sweep
operation with sweep time suitable for oscilloscope
display and set MARKER 1 and MARKER 2 to the
same frequency. Then compare signal flow, point-
by-point, between the operational and defective mark-
er channels,
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5--105. For troubleshooting using dc voltage measure-
ments:

a. Set Sweep Oscillator controls as follows:

LINE . oo sovin momie 5560 s59,a saw & e viaid o RP
SWEEP SELECTOR . .....0ouv v MANUAL
START/CW . ..s vus s low end of Swp Osc range
STOP/AF : ioix aae s high end of Swp Osc range
START STOP ....... Ve sie e depressed
MARKER 1 i sovie sam sias midband frequency
MARKER 2 . .« e v v v v v v v midband frequency

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

DC VOLTAGE (volts)
MARKER 1 MANUAL MANUAL
Channel SWEEP SWEEP
Test Point Max cw Max ccw
A4V1A, pin 8 +78+3 + 83
A4V2A, pin 8 -35 + 2% ~-35 + 2%
A4V3A, pin 2 +5.5+0.5 - 6.8+0.2
A4Q1 base -0.7+0.3 - 9.5+2
A4Q1 collector +5+1 +15 +1
A5Q3 base +12.4+£0.5 | +14+0.5
A5Q3 emitter +12.6 +0.5 | +13.0+0.5
A5Q3 collector +12.4+0.5 | - 6.8 +0.2
A5Q4 base +12.8+0,2 | +12.8 0,2
A5Q4 emitter +12.6 +0.5 | +13.0 £0.5
A5Q4 collector - 6.8+0.2 | +11.5 0.5
A5Q5 base + 0.4+0,2 |+ 0,4+0,2
A5Q5 emitter + 0.6+0.2 | + 0.6+0.2
* getual voltages should be equal.
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5-106. If, during a narrow sweep, oscilloscope dis-
play of a frequency marker shows horizontal jitter,
check for noise in resistors A4R7 and A4R8 (MARK-
ER 1), 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 A5Q21 and Inverter A5Q22. Of these, the two
principal parts are the Differential Amplifier and the
Amplifier, The Differential Amplifier develops the
RF leveling signal while the Amplifier inverts and
amplifies this signal for application to the Gain Shaping
Cirecuit. Inverter A5Q22 impresses amplitude mod-
ulation signals onto the de reference side of the
Differential Amplifier. Switch Q21 flashes DS2
to warn of an open condition in the RF leveling
system.

5-109. The Differential Amplifier consists of two
sides: the reference side and the signal side.
A5Q16B, A5VIB and A5Q18 comprise the reference
side. The signal side consists of A5Q16A, A5VI1A
and A5QL7. For proper operation of the Differential
Amplifier, both these sides must operate as balanced
units. Normal unbalance is compensated for by
AS5R48, ALC Balance. To isolate unbalance due to
a defective component in one side:

a. connect the base of A5QI16A and the base of
A5Q16B to the Oscillator chassis,

b. adjust A5R48 to give equal dc voltages at ASR42,
AS5RA7" junction and AS5R49, ASR58 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 (i.e., transistor
or 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 12,6 volt power 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 characteristics (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 if the DC outputis only
slightly out of tolerance while Sweep Oscil-
lator performance, supply ripple, and regu-
lation are normal, Adjustment of a slightly
out-of-tolerance supply can upset the cali-
bration of one or more Sweep Oscillator
functions.

5-113. Normal variation in component operating char-
acteristics will account for nominal variation in nor-
mal operating voltages from Sweep Oscillator to Sweep
Oscillator. For instance, +10% variation in the volt-
ages shown at the collectors of ATQ2 (+20 volt supply)
and Q6 in the -6.3 volt supply would be normal while
normal variation in de 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.

5-114. Normal variation in voltages within the 12.6
volt supply would be +10% at the collectors of
Series 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 stars 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 lists possible causes of high and
low output voltages from the transistorized power
supplies.

Table 5-3. Trouble Locating Guide for
Transistorized Power Supplies

Power Supply and Possible Cause
Symptom = o0 VoL T -6.3 VOLT |12.6 VOLT
High + 275V Supply -300V Supply| Shorted
g‘sg’:te Shorted Shorted | A7Q1
8¢ A7Q2,A7Q3 ATQ6 Q1
ATQ4 Q3,Q4,Q5,26| Q2
Open Open Open
ATQ5 ATQT ATCRI1,
2,3
+ 215V Supply -300V Supply| Shorted
Low Shorted Shorted ATCRI1
Output ATQ5 ATQB ATCR2
Voltage ATCR3
Open Open Open
ATQ2,ATQ3 ABQBE ATQ1
ATQ4 Q3,04,Q5,Q6 | Q1
Q2
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5-118. ISOLATING A TROUBLE IN THE
ELECTRON TUBE POWER SUPPLIES.

5-119. The electron tube power supplies are shown
schematically in Figure 5-36. Seven dc operating
voltages originate in these supplies: they are +275
volts, +156 volts, +81 volts, -300 volts, -83 volts,
-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 are 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.

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 characteristics 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 de voltages between rectifiers and Series Regu-
lators. Here the variation can be +10%. 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 stars 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 order for trouble-localizing.

5-122. ISOLATING TROUBLE IN
TRANSISTOR CIRCUITS.

5-123. The following procedures and data are given
to aid in determining whether a transistor is opera-
tional. Tests are given for both in-cireuit 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-
trol 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., Use 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
DEVICE SYMBOL CUT OFF CONDUCTING
PLATE +200V +200V
VACUUM TUBE GRID -I5V -3v ==
CATHODE = =
COLLECTOR +20V +20v
N PN TRANSISTOR BASE (é)g_} < CURRENT
CONTHOL
EMITTER = CURRENT ' =
COLLECTOR -20V -20V
GlTRAF;gNT
P NP TRANSISTOR BASE e
EMITTER = EBEEE‘ST L
| @
CHARACTERISTIC COMMON COMMON COMMON
BASE EMITTER COLLECTOR
INPUT Z 30-50 N 500-1500 N 20-500K N
OQUTPUT Z 300-500K Q1 30-50K N 50-1000 N
VOLTAGE GAIN 500-1500 300-1000 < |
CURRENT GAIN < | 25-50 25-50
POWER GAIN 20-30db 25-40db |0-20 db
-15V
-5V =15V
ouTPUT
INPUT OUTPUT
INPUT INPUT
= L QUTPUT
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-
sistor conduects. 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-
tor 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 wvolts when collector current is low, and
about 0.8-0.9 wvolts when collector current is
high.

5-126. Figure 5-8, part B, shows simplified ver-
sions of the three basic transistor circuits and
gives the operating characteristics of each. When
examining a transistor stage, first 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 bhe 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 for 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-
tor voltage does not change, the transistor has
either an emitter-collector short circuit or emitter-
base open circuit.

5-127. TESTING TRANSISTORS WITH AN
OHMMETER.

5-128. The two common causes of transistor failure
are internal short- and open-circuits. Remove the
transistor from the circuit and use an ochmmeter to
measure internal resistance, See Table 5-4 for
measurement data.

CAUTION

Most ohmmeters can supply enough current
or voltage to damage a transistor. Before
using an ohmmeter to measure transistor
forward or 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 ochmmeters.
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Table 5-4. Out-of-Circuit Transistor
Resistance Measurement

Connect Ohmmeter Measure
Tra'.Ir;.si 2tor P, Neg. Re{s(.}i ]fnt:;lsn)ce
P lead to | lead to

Small |emitter | base* 200-500
pnp | Si8nal [ itter | collector | 10K-100K

Ger-
manium emitter | base* 30-50
Power
i several
emitter | collector hundred
_ base emitter |1K-3K
Signal £ very high
o collector| emitter (might read
open)
Silicon base emitter |200-1000

high, often
Power |collector| emitter |greater than
1M

*To test for transistor action, add collector-base
short. Measured resistance should decrease.

Table 5-5. Safe Ohmmeter Ranges for
Transistor Resistance Measurements

Open Short Lead
Safe Ckt Ckt
Ohmmeter| Range(s) |Voltage| Current | Color|{Polarity

Rx 1K 1.0V 1 ma
Rx 10K | 1.0V |100 pa | Red 4
HP 412A |R x 100K| 1.0V 10 pa | Black -
R x 1M 1.0V 1 pa
Rx10M | 1.0V [0.1 pa

R x 1K 1.3V |0.57 ma
Rx 10K | 1.3V 57 pa | Red +
HP 410C |R x 100K| 1,3V |5.7T na |Black -
Rx1IM |1.3V [0.5 pua
Rx10M | 1.3V |0.05 pa

Rx100 |1,1V 1.1 ma
R x 1K 1.1V | 110 pa |Black +
HP 410B [Rx 10K | 1.1V 11 pa | Red -
Rx 100K| 1.1V |1.1 pa
Rx1M |(1.1V |0.11 pa

Simpson |R x 100 | 1.5V 1 ma | Red +

260 Black
Simpson |R x 1K 1.5V |0.82ma |Black
269 Red

Triplett [Rx 100 | 1.5V |3.25ma|y. .
630 |Rx1K |1.5V |325ma V”‘gﬁa‘f‘h

Triplett |R x 10 1.5V |750 pa Number

310 R x 100 | 1.5V 75 pa
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5-129. REPLACING POWER SUPPLY
TRANSISTORS AND DIODE CR12.

5-130. Transistors Ql, Q2, Q3, Q4, Q5, Q6 (Series
Regulators, transistorized power supplies) and BWO
heater over-voltage protection diode CR12 are 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. A5Q16 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 rim of the transistor case identifies the
collectors, not the emitters.

5-133. ALIGNING V1, V2, V3 PLATE
CONNECTORS TO AVOID 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 are positioned
to provide clearance for the metal bracket attachedto
the hinged deck.

5-135. BWO 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, or 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 rear 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.

¢. Disconnect BWO tube RF output from Low Pass
Filter or Directional Detector. The BWO tubes
are equipped with impedance-matching balun units
attached to the two white RF 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
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the adapter from the balun. Both units are part 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 abalun and adapter
attached.

d. Disconnect BWO tube leads from terminal strip
TBI.

e. Remove 4 screws fastening BWO tube to chassis.
Detach both aluminum mounting blocks from BWO
tube. Save blocks.

f. Remove BWO tube.

5-141. BWO TUBE INSTALLATION,
5-142. MECHANICAL.

a. Be sure 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 RF output to Low Pass Filter
or Directional Detector,

e. Install replacement Time Meter (A8M1) on A8
etched circuit, locating timing gap over time scale
zero line.

9-143. ELECTRICAL ADJUSTMENTS,

a. Before connecting BWO tube leads to TBI,
coarse-set anode voltage as follows:

(1) Set Sweep Oscillator for CW (single-frequency)
operation at some frequency above the middle
of the RF tuning range.

(2) Measure anode voltage at TB1 terminal, and
adjust A2R50 (Anode Voltage) to give anode
voltage within +5 volts of the operating value
on the BWO tube manufacturer’s data sheet.

b. Disconnect Sweep Oscillator from AC line power:
then connect BWO tube leads to appropriate TBI1
terminals. (Use tube data sheetor schematic diagram
to identify leads.)

¢. 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 RF 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 RF power output over tuning range as
follows:

(1) Connect equipment as in Figure 5-1 to meas-
ure RF 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 RF output to frequency in
lower half of RF tuning range at whichRF out-
put is minimum. Adjust A2R48 for maximum
RF output without exceeding maximum cathode
and helix currents specified on tube data sheet.

Note

Excessive helix current actuates Overload
Relay A6K1, starting a sequence which dis-
connects BWO operating voltages. To re-
connect voltages, set LINE to OFF, then
back to RF 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 RF tuning range; Anode
Voltage affects full band.

(4) Repeat steps (2) and (3) to obtainbest full-band
RF 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 RF (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 RF operation.)

h. Use setup of Figure 5-1 to measure RF power
output of the BWO tube.

(1) Set Sweep Oscillator for CW operation, POWER
LEVEL at 10,

(2) While measuring RF power output, tune through
Oscillator frequency range. Minimum meas-
ured RF power must be at least 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, Maximum measured RF power must
not exceed measured minimum by more than
10 db.

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 items does not affect eritical Sweep Oscillator
functions or operating voltages.

Note

Do not change an operating voltage or cali-
bration adjustment unless it is either def-
initely outside specified tolerance or 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 are of the plated-through type consisting of
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metallic conductors bonded to both sides of insulating
material. The metallic conductors are 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 are
recommendations and precautions pertinent to etched
circuit repair work.

a. Avoid unnecessary component substitution: it can
result 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
or damage the board.

c. Use a suction device (Table 5-7) or 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.
SHARP OBJECTS MAY DAMAGE THE PLATED-
THROUGH CONDUCTOR.

d. After soldering, remove excess flux from the
soldered areas and apply a protective coating to pre-
vent contamination and corrosion. See Table 5-7 for
recommendations,

e. When removing a multiple-connection component
held tightly in a socket, such asavacuum tube, loosen
it gradually using gentle side-to-side or 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.

¢. Shape leads of replacement component to match
mounting hole spacing.

d. Insert component leads into mounting holes,
and position component as original was positioned.
DO NOT FORCE LEADS OF REPLACEMENT COM-
PONENT INTO MOUNTING HOLES. Sharp lead ends
may damage plated-through conductor.

Note

Axial lead components, such as resistors
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 are
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, breakinsulating material
of socket away from its metal connectors, then un-
solder connectors from board individually,
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Table 5-6
Table 5-6. Checks Following Tube, Semiconductor Replacement
Reference
Assembly Designation Check Paragraphs
A1CR9 Minimum tuning voltage 5-52 b., 1)
AICRI0 Minimum tuning voltage 5-52 b., 1)
AICRI13 Reciprocal Zero & Zero Ext. FM 5-52 b., 2), 5-64
AICR14 Reciprocal Zero & Zero Ext. FM 5-52 b., 2), 5-64
AICR16 CW-START dial calibration 5-53
Al1Q1 Minimum tuning voltage 5-52 b., 1) & 2)
Al A1Q2 Minimum tuning voltage 5-52 b., 1) & 2)
A1vV2 Minimum tuning voltage 5-52 b., 1) & 2)
A1V3 Reciprocal Zero & Zero Ext. FM 5-52 b., 2), 5-64
Al1V4 Reciprocal Zero & Zero Ext. FM 5-52 b., 2), 5-64
A1VS Minimum tuning voltage 5-52 b., 1) & 2)
Al1V6 CW-START dial calibration 5-53
A1VT CW-START dial calibration 5-53
A2V1 + 275V supply voltage, ripple, regulation 5-42
A2V2 + 275V supply voltage, ripple, regulation 5-42
A2V3 + 275V supply voltage, ripple, regulation 5-42
A2V4 + 275V supply voltage, ripple, regulation 5-42
BWO tube anode voltage 5-46
A2V5 +156V supply
A2 A2V6 + 156V, + B1V supply
A2VT + 156V supply
BWO tube anode voltage 5-46
A2V3 -300V supply voltage, ripple, regulation 5-42
A2V9 -300V supply voltage, ripple, regulation 5-42
A2V10 -300V supply voltage, ripple, regulation 5-42
-83V supply
A2V11 -81V supply
A3 ASCRI ™™ | CW-START dial calibration 5-53
A4Q1 MARK 1 calibration 5-62
A4Q3 MARK 2 calibration 5-62
Ad A4V1 CW-START dial calibration 5-53
A4V2 Marker calibration 5-62
A4V3 Marker calibration 5-62
Ai"’gw thru | A1.c Amplifier balance 5-65
A5 Q19
A5Q23 Turn-on time delay 5-14d
AbBV1 ALC Amplifier balance 5-65
ATCR3 12. 6V supply output voltage 5-42
ATQ1 12, 6V supply 5-42
AT Alﬁ%}é;hru + 20V supply 5-42
ATQ6, ATQT -6.3V supply 5-42
All A11Q1 RF Leveling and Amplitude Modulation 5-24
M CR12 BWO Heater Over-Voltage Relay (K4) operation *
I CRI16 Internal square wave modulation 5-42
S Q1,Q2 12. 6V supply 5-42
(@] Q3,4,5,6 -6. 3V supply

* To check CR12: 1) Remove WHT-BRN-YEL wires from CR12; 2) Momentarily connect CR12 anode

to @6 collector (WHT-YEL-BLU wire).

K4 should operate,
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Table 5-7. Etched Circuit Soldering Equipment

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

Item Use Specification Item Recommended
Soldering Tool Soldering Wattage rating: 37.5 Ungar #776 Handle with
Unsoldering Tip Temp: 750 - 800° F Ungar #1237 Heating Unit
Tip Size: 1/8"" OD
Soldering Tip, Soldering Shape: chisel Ungar #PL113
general purpose Unsoldering Size: 1/8"

Unsoldering multi-
connection components

De-soldering aid

Suction device to remove
multen solder from

Soldapullt by the Edsyn
Company, Arleta,

before application of
protective coating

(e.g., tube sockets) connection California
Resin (flux) solvent Remove excess flux Must not dissolve etched Freon
from soldered area circuit base board .

material or conductor
bonding agent

Lacquer Thinner

Isopropyl Alcohol

corrosion protection
after soldering

(100% dry)
Solder Component replacement Resin (flux) core, high tin
Circuit board repair content (60/40 tin/lead),
Wiring 18 gauge (SWG) preferred
Protective Coating Contamination, Good electrical insulation, [ Krylon #1302*

corrosion-prevention
properties

®

Humiseal Protective
Coating, Type 1B12 by
Columbia Technical Corp.
Woodside 77, New York

* Krylon, Inc., Norristown, Pennsylvania

c. Use a special soldering iron tip designed to heat
all socket connections simultaneously and remove
socket as a unit; or use a suction device (Table 5-7)
to desolder all connections and remove socket.

5-150. ETCHED CONDUCTOR REPAIR. A broken
or 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.
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5-151. TRANSISTOR REPLACEMENT.

a. Do not apply excessive heat. See Table 5-7 for
soldering tool specifications.

b. Use a heat sink such as pliers or hemostat be-
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
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Figure 5-9. Interior View Showing Locations of Unlabeled Chassis Components
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Figure 5-10. Interior View Showing Locations of Unlabeled Chassis Components
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Figure 5-11

10.
11.

12.

13.

14.

5. Y7
16. @ @ Voltage regulator (breakdown) diode

Resistance in ohms, capacitance in microfarads unless otherwise indicated

@ screwdriver adjust

O panel control

|:| front panel designation

[:____] rear panel designation
-- etched circuit borderline
signal path feedback path

CW indicates movable contact position at clockwise rotation limit of control
cw shaft (shaft viewed from knob or slotted end)

Resistance value factory-selected to give correct Series Regulator (V1, 2, 3) screen grid
voltage for BWO tube installed. Nominal values: Stewart BWO - 15K, 2W, fxd, comp

* denotes a factory-selected value. Typical value shown. Part may be omitted.

J15 wired directly to A5 Assy for standard Sweep Oscillators, through Al12 Assy for
Option 01 Sweep Oscillators.

When MARKER SWEEP depressed A4R3 grounded through A8R1 and START/CW R9
When MARKER SWEEP depressed A4R12 grounded through A8R2 and STOP/AF R10

Switch symbols for S4 represent switching functions only. Symbols show circuit condition
when the designated pushbutton is pressed. For example,

S4B

S4A ,C,DT

indicates one circuit condition when AF (S4B) is depressed, another when either

START|I (S4A), HARKER| (S4C), or EXT (S4D) is depressed.
STOP SWEEP . N

Relays K3, K5 shown energized. Relays K1, K2, K4 shown de-energized.

Circuit condition:  Sweep function: START STOP ALC: operating
Sweep mode: AUTO Amplitude Mod: none
Sweep time: .1-.01

P/O = part of

(]

test point

02280-1

Figure 5-11. Schematic Diagram Notes
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Section V Models 691A/692A/693A /694A
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Section V Models 691A/692A/693A/694A
Figure 5-34
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Models 691A /692A /693A/694A

Section VI
Paragraphs 6-1 to 6-7

SECTION VI
REPLACEABLE PARTS

6-1. INTRODUCTION.

6-2. This section contains information for ordering
replacement parts. Table 6-1 lists parts in alpha-
numerical order of their reference designations with
the description and # stock number of each part,
together with any applicable notes. Table 6-2 lists
parts in numerical order of their fs stock numbers
and provides the following information on each part:

6-4. Miscellaneous parts not indexed by reference
designations are listed at the end of Table 6-1.

6-5. ORDERING INFORMATION.

6-6. When ordering a replacement part listed in
Table 6-1:

a. Description (see list of abbreviations below).

b. Typical manufacturer in a five-digit code; see

Code List of Manufacturers in Table 6-3.

¢. Manufacturer’s stock number.

d. Total quantity used in the instrument (TQ col.).

NOTE

Total quantity given for the Model 691A is
the same for the Models 692A, 693A, and
694A, unless otherwise indicated.

6-3.

There are four lists of parts for the A3 assem-

bly, one each for the 691A, 692A, 93A, and 694A.

A = assembly E = misc electronic part MP = mechanical part TB = terminal board
B = motor F = fuse P = plug i = test point
C = capacitor FL = filler Q = transistor ' =  vacuum tube, neon
CP = coupling J = jack R = resistor bulb, photocell, ete.
CR = dicde K = relay RT = thermijstor w = cable
DL = delay line L = inductor 5 = switch X = socket
D8 = device signaling (lamp) M = meter T = transformer Y = crystal
ABBREVIATIONS
A = amperes GE = germanium N/C = normally closed RMO = rack mount only
A.F.C = automatic frequency control GL = glass NE = neon RMS = root-mean-square
AMPL = amplifier GRD = groundled) NI PL = nickel plate
N/O = normally open S-B = slow-blow
B.F.0, = beat [requency oscillator H = henries NPO = negative positive zero SCR = screw
BE CU = beryllium copper HEX = hexagonal (zero temperature SE = selenium
BH = binder head HG = mercury coefficient) SECT = section(s)
BP = bandpass HR = hour(s) NRFR = not recommended for SEMICON = semiconductor
BRS = brass field replacement SI = silicon
BWO = backward wave oscillator IF = intermediate freq NSR not separately SIL = silver
IMPG = impregnated replaceable SL = slide
cCcw = counter-clockwise INCD Incandescent SPL = special
CER = ceramiec INCL = include(s) OBD = order by description 85T = stainless steel
cMO = cahbinet mount only NS = insulation{ed) OH = oval head SR = split ring
COEF = coefficient INT = jinternal ox = oxide STL = steel
cCOoM = common
COMP = composition K = kilo = 1000 P = peak TA = tantalum
CONN = connector PC = printed circuit ™D = time delay
CcP = cadmium plate LIN = linear taper PF = picofarads = TGL = toggle
CRT = cathode-ray tube LK WASH = lock washer 10-12 farads TI = titanium
cwW = clockwise LOG = logarithmic taper PH BRZ = phosphor bronze TOL = tolerance
LPF = low pass filter PHL = Phillips TRIM = trimmer
DEPC = deposited carbon PIV = peak inverse voltage TWT = traveling wave tube
DR = drive M = milli = 1073 P/O = partof
MEG = meg= 10 POLY = polystyrene u = micro= 10-8
ELECT = electrolytic METFLM = metal film PORC = porcelain
ENCAP = encapsulated MFR = manufacturer POs = position(s) VAR = variable
EXT = external MINAT = miniature POT = potentiometer VDCW = de working volts
MOM = momentary PP = peak-to-peak
F = [arads MTG = mounting PT = point {4 = with
FH = flat head MY = "mylar" RECT = rectilier w = watts
FIL H fillister head RF = radio frequency WW = wirewound
FXD fixed N = nano (10-9) RH = round head W/0 = without
01194-10
02280-1 6-1
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a. Quote the Hewlett-Packard stock number for

the part.

b. Address order or inquiry to your nearest Hew-
lett-Packard sales and service office (see lists at
the rear of this manual for addresses).

6-7.

To order a part not listed in Tables 6-1 and 6-2:

a. Give a complete description of the partincluding
its function and location,

b. Give Sweep Oscillator model number and com-
plete serial number,

c¢. Address order or inquiry to your nearest Hew-
lett-Packard sales and service office (see lists at
the rear of this manual for addresses).

REFERENCE DESIGNATORS




Section VI Model 691A '692A/693A 694A
Table 6-1

Table 6-1. Reference Designation Index

[‘}e“g‘;;’t‘fgn g Stock No, Description # Note
Al 00692=604 ASSY1 SWEEF GENERATOR
AlCL 0150=0052 CtFXD CER 0O+.05 UF 20% 400VDCW
AlC2 0150-0012 CIFXD CER O.01UF 20% 1000VDCW
AlC3 0150-0023 ‘ CIFXD CER Z2000PF 20% 1000VDCW
| FACTORY SELECTED PARTITYPICAL VALUE GIVEN
AlLCH 0140-0152 CiFXD MICA 1000 PF S% 300 VvDCW
FACTORY SELECTED PART:TYPICAL VALUE GIVEN
ALCS 0150-0023 CtFXD CER 2000PF 20% 1000VDCW
AlCSE 0l160-0182 | CIFXD MICA uW7PF 5% 300VDCW
ALCT 0130-0017 | CtvAR CER 8=50 PF N750
AlCSH 0140-0149 | CIFXD MICA 470 PF 5% 300 VOCW
ALCY 0150-0012 | CIFXD CER C«Q01UF 20% 1000VDCW
AlCL10 0140-0145 CIFXD MICA 22 PF 5% 500 wDCW
AlCll 0150-0052 CIFXD CER ©+05 UF 20% 400VDCW
AlC12 0140-0200 CiFXD MICA 390PF 5% 300VDCW
AlCL3 0150-0052 CIFXD CER 0105 UF 20% 400VDCW
AlCL4 0140-0176 | CIFXD MICA 100 PF 2% 300 VDCW
AL1CLS 0140=0216 CIFXD MICA 120FF 2% 300VDCwW
A1C16 01l40-0152 CtFXD MICA 1000 PF 5% 300 yOCW
Alcl? 0140-0145 CIFXD MICA 22 PF 5% 500 VDCW
AlCLB 0150-0052 CtFXD CER 0+05 UF 20% 40QVDCW
AlCL19 0160-0128 CtFXD CER 2.2UF 20% 25VDCW
AICR1 1501-0025 DICDE+JUNCTIONISMA AT LV 100 PIV
AlICR2 1901-0025 | DIODE+»JUNCTIONISMA AT 1V 100 PIV
AICR3 1901-0028 | DIODE+SILICUNIQ«5A UOOPIV
A1CRY 1901-0025 DIODE+JUNCTIONISMA AT 1V 100 PIV
AICRS 1%01-0025 DICDE+JUNCTIONISMA AT LV 100 PIV
AL1CR& 1901-0025% l DIODE+JUNCTIONtSMA AT LV 100 PIV
ALCR7 1901-0025 DIOCDE«JUNCTIONISMA AT 1V 100 PIV
ALCRB 1901-0033 DIOCDE+SILICCN® 1N4B5RB
ALICR9 1901-0033 DIUDE+SILICONT INUBSB
AICR10 1901-0033 | DICDE+SILICON? INUBSB
|
AICRI1 1901~0033 DICDE+SILICON® 1Ny4BSE
AlCR12 1901-0033 | DICDE+SILICON® INUBSE
ALCRL13 1902=0038 DICDE +BREAKLOWNS U45,35Yy S5»
AICR14 1902-0065 DICDE+BREAKDOWNI4&, 4V 10%
ALICRI1S5 DELETED
AICR16 1902-0038 DICDE+BREAKLOWNI 45,3V 5y
AICRL17 1801=-0033 DIODE+SILICONT IN4BSB
AlQl 1B54-0033 | TRANSISTORINPN SI 2N3391
AlQ2 1854=0033 TRANSISTORINPN SI 2N3391
AlR1 0687=-1041 RIFXD COMF 100K OHM 10% 1/2W
ALR2 0727-0245 RIFXD DEFC 500K OHM 1% 1/2w
ALR3 0727-0292 Ri1FXD DEPC 3 MEGOHM 1% 1/2w
ALRY 06B6~-1665 RIFXD COMP 16 MEGOHM 5% |/2W
A1RS 0727-0292 RIFXD DEPC 3 MEGOHM L% 1/2w
AlR6& 0727-0298 RIFXD DEPC 4 MEGOHM 1% 1/2W
ALR7 0727-0226 RIFXD DEPC 250K OHM 1% 1/2w
= See list of abbreviations in introduction to this section
6-2 02280-1
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Models 691A B892A /693A '694A Section VI

Table 6-1
Table 6-1. Reference Designation Index (Cont'd)
g‘:sff;;g;fgn # Stock No. Description # Note
I ‘
| ALRS | 0727-0291 | RIFXD DEPC <«B4 MEGOHM 1® 1/2W
ARG 0727-02%98 RIFXD DEFC 4 MEGOHM 1% 1/2w
[ A1R10 J 0727-029% RIFXD DEPC 4+9 MEGOHM 1% 1/2W
r AlRLL | 0727=0299 | RIFXD DEPC W4s9 MEGOHM 1% 1/2W ’
AlRL2 | 0764-0031 RIFXD MET OX FLM 47K OHM 2w (
| ALR13 ‘ 0687-UTU1 | RIFXD COMP 470K OHM 10% 1/72W |
ALR14 0687-1851 | RIFXD COMP 1.8 MEGOHM 10% 1/2W
AlR1S5 0687-473] RIFXD COMP 47K OHM 10% 1/2Ww
AlR16 0727=-0222 RIFXD DEFC Zl4K OHM 1% 1/2W
| ALR17 0727-0259 | RIFXD DEPC “0OOK OHM 1% 1/2W
AlRLB 0727-0230 | RIFXD DEPC ZzBUK OWM 1% L/2w |
AlRLS NOT ASSIGNED
AlR20 0727-0287 RIFXD DEPC 2 MEGOHM 1% 1/2W
AlR21 0687-1051 RIFXD COMP IMEG OHM 10% 1/2W
AlR22 0687-3331 | RIFXD COMP 33K OHM 10% Ll/2w
| AlR23 0727-0246 RIFXD DEPC 600K OHM 1% 1/2W
| ALR24 0727-0276 RtFXD DEPC 1| MEGOHM 1% Ll/2Ww
AlR2S 0730-0144 RIFXD DEPC 10452 MEGOHM 1% 1w
AlR26 0758-0087 RIFXD MET CXx 470K OHM 5% 1/2W
ALR27 0758-002% RIFXD MET FLM U470 OHM 5% 1/2W
FACTORY SELECTED PART:TYPICAL VALUE GIVEN
AlR28 2100=0091 RIVAR COMF 5000 OHM 30% LIN 1/3W
ALR29 0758-0021 RIFXD MET FLM 51K OHM 5% 1/2W
ALR30 0727-0232 RIFXD DEPC 312K OHM 1% 1/2w
ALR31 0727-0246 RIFXD DEPC 600K OHM 1% 1/2w
ALR32 | Q727~0173 RIFXD DEPC 20K OHM 1% L/2W
ALR33 2100=0913 RIVAR COMP 15K OHM 20% LIN 1/5W
ALlR34 ‘ 0758~0018 RIFX0O MET FLM 15K OHM 5% 1/2W
AlR35 2100-0913 | RIVAR COMF 15K OHM 20% LIN 1/5%
ALR36 | 0812-00583 RIFXD Ww SC00K OHM 1% 174w
ALR3T ) 0764~0028 | RIFXD MET FLM 100K OHM 5% 2W
AlR38 | 0758=0076 RIFXD MET FLM 68K OHM 5% 1/2W |
ALR3G [ 0687-3321 RIFXD COMP 3300 OHM 10% 1/2W |
ALRUO | 06B7=-UT3] RIFXD COMP 47K OHM 10% Ll/2W
ALR4L 2100~0913 | RIVAR COMP 15K OHM 20% LIN )1/5W
ALRU42 0727-0208 | RIFXD DEPC 100K OHM 1% L/2w
ALRY3 0727-0245 | RIFXD DEPC 500K OHM 1% 1/2W
AlRUY 0727-0254 RIFXD DEPC 750K OHWM 1% 1/2W
ALRYS 0758-0053 RIFXD MET FLM LOOK OHM 5% 1/2W
ALRYUE 0758-0061 RIFXD MET FLM 120K OHM 5% 1/2W
ALRYT 0687-5631 | RIFXD COMF 56K OHM 10% 1/2W
ALR48 0687-4721 RIFXD COMP 470C OHM 10% L/2W
ALRUS 06BU=-3521 | RIFXD COMP 3900 OWM 10% 1/u4W
ALRS0 | NOT ASSIGNELD
AlRS51 0687-335] RIFXD COMP 3.3 MEGOHM 10% 1/<W
AlRS2 Q727-0292 | RIFXD DEPC 3 MEGOHM 1% L1/2W
ALR53 0727-0276 ‘ RIFXD DEPC | MEGOHM 1% 1/2W
ALRS5Y 0758-0100 RIFXD MET OX 330K OHM 5% 1/2W
AlRS55 2100-0913 RIVAR COMP 15K OHM 20% LIN 1/5W
ALRS6 0761-0033 | RIFXD MET OX 220K OMM 5% 1w
ALR57 0687=4741 RIFXD COMP 470K OHMM 10% 1/2W
AlRSE 068T~-U4T741 ‘ RIFXD COMP U4TOK QWM 10% 1/2W
|
= See list of abbreviations in introduction 1o this section
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Section V1 Models 691A/692A/693A /694A
Table 6-1
Table 6-1. Reference Designation Index (Cont'd)
&f%i‘{fgn % Stock No. Description # Note
AlR59 0758-0018 RIFXD MET FLM 15K OHM 5% 1/2W
ALIRGO 0761-0033 | RIFXD MET OXx 220K OHM 5% 1W
AlRG1L 2100-0090 RIVAR COMP 2000 QHM 30% LIN 1/3W
AlR62 0758-0046 RIFXD MET FLM 6200 OHM 5% 1/2W
AlRG3 2100-00%4 RIVAR COMP 50K OHM 30% LIN L/5W
AlRGU 0761-00u40 RIFXD MET OX 150K OHM 5% 1w
A1R65 0812-0053 RIFXD WW 500K OHM 1% 1/U4W
AlR&6 0758-0040 RIFXD MET FLM 47K OHM 5% 1/2W
ALRET 0758-0087 RtFXD MET CX 470K OHM 5% 1/2w
AlR68 0758-0053 RIFXD MET FLM 100K OHM 5% 1/2W
A1R&S 0758-0006 RtFXD MET FLM 10K OHM 5% 1/24
AIRTO 0687-333) RIFXD COMP 33K OHM 10% 1/2W
AIRTL 0687-1011 RIFXD COMP 100 OHM 10% 1/2W
AlRT2 0727-0287 RIFXD DEPC 2z MEGOHM 1% 1/2W
AIR73 0758-0022 RIFXD MET FLM B2K OHM 5% 1/2W
ALRTU 0761-0031 RIFXD MET Cx B2K OHM 5% 1W
AIRTS 0727-0245 RIFXD DEFC SQ0K OHM 1% 1/2W
AlR76 0727-0276 RIFXD DEPC 1 MEGUHM 1% 1/2w
ALR77 0770-0009 RIFXD MET Ox 47K OHM 5% uw
AlRTE 0761=0032 RiFXD MET Cx 56K OHM 5% 1W
ALR79 0687-1231 RIFXD COMP 12K OHM 10% 1/2w
AlvVl 1924=0001 ELECTRON TUBE 15915 PENTAGRID
A1V1 1220-0010 SHIELDIELECTRON TUBE
AlV2 1932-004% ELECTRON TUEEICK 647
ALV 1932-0049 ELECTRON TUEEICK 647
AlVd 1923-0043 ELECTRON TUEE:® 6EwWe PENTOCE
Alvy 1220-0010 SHIELDIELECTRON TUBE
ALVS 1632-0049 ELECTRON TUEE!CK 647
AlVE 1623-0046 ELECTRON TUBEt® &EJ7 (EF 184) PENTCDE
AlVe 1220-0009 SHIELD=TUBE
ALVT 1923-0045 ELECTRON TUEBE! 7239 PENTODE
AlLXVL 1200-0049 SCCKETHTUBE 7 PIN MINIATURE
AlXV2 1200-0062 SOCKETI!TUBE 9 PIN MINIATURE
ALXV3 1200-0062 SOCKETITUBE 9 PIN MINIATURE
ALXVY 1200-00u4% SOCKETITUBE 7 PIN MINIATURE
ALXVS 1200-0062 SOCKETITUBE 9 PIN MINIATURE
ALXVE 1200-0059 | SOCKET-TUBE
ALXVT 1200=0062 SOCKETITUBE 9 PIN MINIATURE
a2 00692=602 ASSY1 POWER SUPPLY
A2C1 DELETED
aAz2cz DELETED
| A2C3 0150-0012 CiFXD CER 0.01UF 20% 1000VDCW
A2CU 0140-0195 CIFXD MICA 130 PF 5% 300 VDCW
A2CS5 0140-0206 CIFXD MICA Z70PF 5% 500VDCW
A2CH 0170-0060 CIFXD MY C«047UF 10% 4OOVDCW
A2C7 0150-0012 CIFXD CER O0.O01UF 20% 1000VDCW
A2C8 THRU
a2c9 | NOT ASSIGNEL
A2C10 0150=-0096 CHIFXD CER Q,Q05UF 100VDCW
|
|
= 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. Reference Designation Index (Cont'd)
Seesifg?n%ril;?gn fs Stock No, Description # Note l
A2C11 0170-0022 CIFXD MY O 1UF 20% 600VDCW 1
a2cl2 0150-0012 CIFXD CER O«0lUF 20% 1000VDCW .
A2C13 ‘ 0150-0012 C1FXD CER 0.0lUF 20% 1000VDCW
A2C14 0150-0079 CIFXD CER 3300 FF 10% 500 VOCW ‘
A2C1S 0150-0012 CIFXD CER 0,01UF 20% 1000VDCW
A2CR1 1901-0030 DIODESILICONSBO0 PIV
A2CR2 1901-0030 DIODESILICCNI800O PIV
A2CR3 1901-0030 DIODE'SILICCNIBOO PIV
A2CRY 1901-0030 DIODE+SILICONTBOG Plv
A2CRS 1901-0025 DIODE JUNCTIONISMA AT 1V 100 PIV
A2CR6 1901-0030 DICDESILICONIBOO P1V
A2CR7 1901-0030 DIODESILICONIBOO PIV
A2CRB8 1901=-0030 DIODE+SILICCNIBOO PIV
A2CR9 1601-0030 DIODESILICONIR00 PIV
A2CR10 1901=0025 DIODE+JUNCTIONISMA AT 1V 100 PIV !
|
A2CR11 1901-0033 DIVDE+SILICCN® IN4BSB
| A2R1 0687-1001 RIFXD COMP 10 CHM 10% 1/2W
| A2R2 0758=0036 RIFXD MET FLM 3600 OHM 5% 1/ZW
A2R3 0758-0050 RIFXD MET FLM 39K OHM 5% 1/2W
| A2RY 0687=6831 RIFXD COMP 68K OHM 10% 1/2W
A2RS 0687-1831 RIFXD COMP 18K OHM 10% 1/2w
A2R6 0687-1041 RIFXD COMP 100K OHM 10% 1/2W
AZRT 0687=-1051 RIFXD COMP IMEG OHM 10% 1/2W
A2RS 0684-2201 RIFXD COMP 22 OHM 10% 1/4W
A2R9 0684=-2201 RIFXD COMP 22 OHM 10% 1/4Ww
A2R10 0687-1851 RIFXD COMP 1.8 MEGOHM 10% 1/2W
A2R11 0687-3341 RIFXD COMP 330K OHM 10% 1/2W
A2R12 0687-1831 RIFXD COMP 18K OHM 10% 1/2W
A2R13 0687-5631 | RIFXD COMP 56K OHM 10% 1/2w
A2R14 0687-1831 RIFXD COMP 18K OHM 10% 1/2W
A2R15 0687-2241 RIFXD COMP 220K OHM 10% 1/2W
A2R16 0758=-0102 | RIFXD MET CX 270K OHM 5% 1/2W
A2R17 0687-4731 RIFXD COMP 47K OHM 10% 1/2W
A2R18 0727=0237 RIFXD DEPC 376K OHM 1% 1/2W
A2R19 2100-0914 | RIVAR COMP 25K OHM 20% LIN 1/5W
A2R20 0727-0240 | RIFXD DEPC 405K OHM 1% 1/2w
A2R21 0758-004% | RIFXD MET FLM 33K OHM 1/2W
A2R22 0727-0186 RIFXD DEPC 33.2K OHM 1% 1/2W
A2R23 0727-0246 ‘ RIFXD DEPC 600K OHM 1% 1/2W
A2R24 0758-0053 RIFXD MET FLM 1OUK OHM 5% 1/2W
A2R25 I DELETED
A2R26 ‘ DELETED
A2R27 DELETED
A2R28B | DELETED
A2R29 0758=0006 RIFXD MET FLM 10K OHM 5% 1/2W
A2R30 0757-0089 RIFXD MET FLM 1K OHM 2% 1/2W
A2R31 DELETED
AZR32 0687-1001 RIFXD COMP 10 OHM 10% 1/2W
A2R33 0687-4741 RIFXD COMP 470K OHM 10% 1/2W
A2R34 0684=2201 RIFXD COMP 22 CHM 10% 1/u4W
i See list of abbreviations in introduction to this section
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Section VI Models 691A/692A/693A/694A
Table 6-1
Table 6-1. Reference Designation Index (Cont'd)

&egfg;ﬂfgn fp Stock No. Description # Note

A2R35 0687-3331 RIFXD COMP 33K OHM 10% 1/2W

A2R36 0687-2241 RIFXD COMF Zz20K OHM 10% 1/2W

A2R37 0758-0053 RIFXD MET FLM 100K OHM 5% 1/2W

A2R38 0687-4T3] RIFXD COMP UTK OHM 10% 1/2%

A2R39 0758-0061 RIFXD MET FLM 120K OHM 5% L/2W

A2R40 2100-0913 RIVAR COMP 15K OHM 20% LIN 1/5Ww

A2RY4 1L 0758=0100 RIFXD MET OXx 330K OHM 5% 1/2W

A2RY42 0727-0115 RIFXD DEPC 2000 OHM 1% 1/2W

A2RU43 0727-0226 RIFXD DEPC 250K OHM 1% 1/2W

A2RUY 0758-0061 RIFXD MET FLM 120K OHM S% L1/72W

A2R4S5 0764-0031 RIFXD MET Ox FLM 47K OHM 2w

A2RUE 0758=-0053 RIFXD MET FLM 100K OHM 5% 1/2W

A2R4T 0727-0254 RIFXD DEPC 750K OHM 1% 1/2W

A2RUB 2100=-0102 RtVAR COMP 500K OHM 30% LIN 1/5W

A2R49 0758-0022 RIFXD MET FLM 82K OHM 5% 1/2%

A2R50 2100-0102 RIVAR COMP 500K OHM 30% LIN 1/5W

AZRS51 0758-0087 RIFXD MET CXx 470K OHM 5% 1/2W

A2R52 0758-0021 RIFXD MET FLM 51K OHM 5% 1/2W

A2R53 0758-0006 RIFXD MET FLM 10K OHM 5% L1/2W

A2R54 0687-3341 RIFXD COMP 330K OHM 10% 1/2W

A2R55 068T7-3341 RIFXD COMP 230K OHM 10% 1/2W

A2V1 1940=0004 ELECTRON TUEE® OA2 VOLTAGE REGULATOR

aA2v2 1933-0005 ELECTRON TUEE® 7734 TRIODE PENTOCE

A2V3 1933-0005 ELECTRON TUBE® 7734 TRIODE PENTODE

A2VU 1932-0030 ELECTRON TULEE! 12AXT TWIN TRIODE

A2VS 1540=0012 ELECTRON TUBEIVOLTAGE REFERENCE 8228 81V

A2VE 1940=-0012 ELECTRON TUEEIVOLTAGE REFERENCE 8228 B1V

A2VT 1932-0009 ELECTRON TLEE! 5965 DUAL TRIODE

A2VE 1923-0006 ! ELECTRON TUEE® 6216 PENTODE

A2V 1923-0046 ELECTRON TUEE:® &EJ7 (EF 184) PENTODE

A2V10 1932=-0049 ELECTRON TUBEICK 647

A2V1L 1940-0012 ELECTRON TULBE1VOLTAGE REFERENCE 8228 81V

AZXV 1 1200=0053 SOCKETITUBE 7 PIN MINIATURE

A2XV2 1200-0062 SOCKETITUBE 9 PIN MINIATURE

A2XV3 1200=-0062 SOCKETITUBE 9 PIN MINIATURE

A2XVU 1200-0062 SOCKETITUBE 9 PIN MINIATURE

A2XV5 THRU

A2XVE | NOT ASSIGNED

AZ2XVT 1200-0062 SOCKETITUBE 9 PIN MINIATURE

A2XVE 1200-0062 SCCKETITUBE 9 PIN MINIATURE

A2XV9 1200-0062 SOCKETITUBE 9 PIN MINIATURE

A2XV10 1200-0062 SOCKETITUBE 9 PIN MINIATURE

A3 00691-606 ASSY1SHAPING(MODEL 691A ONLY!

A3CRI 1901-0033 DIODE+SILICCN® IN4BSB

A3CR2 1901=0033 DIODE+SILICON!® AN4BSB

A3CR3 1901-0033 DICDE+SILICCNI IN4BSB

A3CRY 1901=0033 DIODE+SILICONS INYUBSH

A3CRS 1501-0033 DIODE+SILICONT LNUBSB

A3CR6 1901-0033 DIUDE+SILICON® JN4BSB

= 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,  Reference Designation Index  (Cont'd)
geesflegl;g;?gn %2 Stock No. Description # Note
A3CR7 1901-0033 DIUDE+SILICONI LN4B5B
A3CRE 1501-0033 DICDE+SILICON! INuBSE
A3CR9 1901-0033 DIODE+SILICONT INUBSE
A3R1 2100-0914 RIVAR COMP 25K OHM 20% LIN L1/5W
A3R2 2100-0915 RIVAR COMP 100K OHM 20% LIN 1/5W
A3R3 2100-0917 RIVAR COMFP S00K OWM LIN 1/5W
A3RY 2100-0917 RIVAR COMP 500K OHM LIN 1/5W
A3RS 2100=0917 RIVAR COMP 500K OHM LIN 1/5W
A3RE 2100=-0918 RIVAR COMF 1| MEGOHM 20% LIN L/5W
A3RY 2100-0918 RIVAR COMP | MEGOHM 20% LIN 1/5W
A3RS 2100-091& RIVAR COMP | MEGOHWM 20% LIN l/5W
A3RS 2100-0917 RIVAR COMP 500K OHM 20% LIN 1/5W
A3R10 2100-0918 RIVAR COMP 1 MEGOHM 20% LIN L/5W
A3RL1 2100-0917 RIVAR COMP 500K OHM LIN 1/5W
A3RL12 0757-0130 RIFXD MET FLM 162K OHM 1% 1/2W
FACTORY SELECTED PARTi1TYPICAL VALUE GIVEN
A3RL3 0757-0353 RIFXD MET FLM 249K OHM 1% 1/2W
FACTORY SELECTED PART:TYPICAL VALUE GIVEN
A3RLUY 0757-0191 RIFXD MET FLM BO+6K OHM 1% L1/2W
FACTORY SELECTED PART:TYPICAL VALUE GIVEN
A3RLS 0757-0353 RIFXD MET FLM 24SK OHM 1% 1/2W |
FACTORY SELECTED PARTSTYPICAL VALUE GIVEN .
A3RLG 0757-0312 RIFXD MET FLM 309K OHM 1% 1/2W |
FACTORY SELECTED PARTITYPICAL VALUE GIVEN
A3R17 0757-0135 RIFXD MET FLM 511K OHM 1% 1/2W r
FACTORY SELECTED PARTtTYPICAL VALUE GIVEN
A3R18 0757-013%5 RIFXD MET FLM 511 K OHM 1¥ L1/2W '
FACTORY SELECTED PARTITYRICAL VALUE GIVEN ‘
A3R19 0757-0310 RIFXD MET FLM 133K OHM 1% 1/2W
FACTORY SELECTED PART:TYPICAL VALUE GIVEN
A3R20 0757-0310 RIFXD MET FLM 133K OHM 1& 1/2¥
FACTORY SELECTED PART!TYPICAL VALUE GIVEN
A3R21 0757-0353 | RIFXD MET FLM 249K OHM 1% 1/2zW
FACTORY SELECTED PARTITYPICAL VALUE GIVEN
A3R22 0757-0312 RIFXD MET FLM 309K OHM 1® 1/2W
FACTORY SELECTEC PART:TYPICAL VALUE GIVEN
A3R23 0758=-0025 RIFXD MET FLM 160 OHM 5% 1/2W
ASR24 0758-0017 RIFXD MET FLM 15C0 OHM 5% 1/2W
A3R25 0757-0089 RIFXD MET FLM 1K OHM 2% 1/2W
A3R26 0757-0089 RIFXD MET FLM 1K OHM 2% 1/2W
A3R27 0757-0089 RIFXD MET FLM LK OHM 2% 1/2W
A3R25B 0757-008% RIFXD MET FLM 1K OHM 2% 1/2W
A3R29 0757-0089 RIFXD MET FLM LK OHM 2% 1/2W
A3R30 0757-008% RIFXD MET FLM 1K OHM 2% 1/2W
A3R31 0757=008%9 RIFXD MET FLM 1K OHM 2% 1/2W
A3 00692=606 ASSY1SHAPING(MODEL 692A ONLY)
A3CRI1 1901-0033 | DIODE+SILICONS INuBSB
A3CR2 1901-0033 DIODE+SILICONI IN4BSB
A3CR3 1901-0033 DIODE+SILICUNT INUBSB
A3CRU 1901-0033 DICDE+SILICONT INUB5B
A3CRS 1901=0033 DICDE+SILICON® 1N4BSRA
= See list of abbreviations in introducticn to this section
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Section VI Models 691A /692A/693A /694A
Table 6-1

Table 6-1, Reference Designation Index  (Cont'd)

&eé%’%‘ifﬁn % Stock No. Description # Note
|
A3CR6 1901=-0033 DICDE+SILICCNI LN4BSB
A3CR7 1901-0033 DICDE+SILICCON! INYBSE
A3CR8 1901-0033 DIODE+SILICCN® IN4BSE
A3CR9 1901-0033 DICDE«SILICCN!IN4BSR
A3R1L 2100-0914 RIVAR COMP 25K OHM 20% LIN 1/5W
A3R2 2100-0915 RiIVAR COMP 100K OHM 20% LIN Ll/5W
A3R3 2100-0917 RIVAR COMP EQOK OHM LIN 1/5W
A3RY 2100-0917 | RivAR COMP 500K QHM LIN 1/5W
A3RS 2100-0917 RIVAR COMP 500K OHM LIN 1/5W
A3R6 2100-0917 Ri1VAR COMP EQ00K QHM LIN 1/8W
A3R7 2100-0917 REVAR COMF 500K OHM LIN 1/5w
A3RS 2100-0917 RIVAR COMP 500K OHM LIN 1/5W
A3R% 2100-0917 RIVAR COMP E00K OHM LIN 1/5W
A3R10 2100-0916 RiVAR COMP 50K OHM 20% LIN 1/5W
A3RI11 2100=0916 RIVAR COMP 250K QMM 20% LIN L1/5W
A3R12 0757-0130 RIFXD MET FLM 162K OHM 1% 1/2W
FACTORY SELECTED PART:TYPICAL VALUE GIVEN
A3RL3 0757-0310 RIFXD MET FLM 133K OHM 1x 1/2W
FACTORY SELECTED PARTITYPICAL VALUE GIVEN
A3R14 0757-0353 RIFXD MET FLM 249K OHM 1% 1/2W
FACTORY SELECTED PART!TYPICAL VALUE GIVEN
A3R15 0757-0312 RIFXD MET FLM 309K OHM 1% 1/2W
FACTORY SELECTED PARTITYPICAL VALUE GIVEN
A3R16 0757-0353 RIFXD MET FLM 249K OHM 1% 1/2W
FACTORY SELECTED PART:TYPICAL VALUE GIVEN
A3RL17 0757-0353 | RIFXD MET FLM 249K OHM 1% L1/2W
| | FACTORY SELECTED PART!TYPICAL VALUE GIVEN
A3R18 0757-0311 RIFXD MET FLM 182K OHM 1% 1/2W
FACTORY SELECTED PARTITYPICAL VALUE GIVEN
A3R19 Q757-0310 RIFXD MET FLM 133K OHM 1% 1/2W
FACTORY SELECTED PARTITYPICAL VALUE GIVEN
A3R20 0757=-0311 RIFXD MET FLM 182K OHM 1% 1/2W
FACTORY SELECTED PART!TYPICAL VALLUE GIVEN
A3R21 0757=0191 RIFXD MET FLM BO«6K OHM 18 1/2W
FACTORY SELECTED PART:TYPICAL VALUE GIVEN
A3R22 0757=0310 RIFXD MET FLM 133K OHM 1% 1/2W
| FACTORY SELECTED PART:TYPICAL VALUE GIVEN
A3R23 0757=0076 RIFXD MET FLM 560 OHM 2% 1/2W
A3R24 0757-0089 RIFXD MET FLM 1K OHM 2% 1/2W
A3R25 0757-008¢% RIFXD MET FLM 1K OHM 2% 1/2W
A3R26 0757-0089 RIFXD MET FLM 1K OHM 2% 1/2W
A3R27 0757-0089 RIFXD MET FLM 1K OHM 2% 1/2W
A3RZ28 0757-0089 RIFXD MET FLM LK OHM 2% 1/2W
A3R29 0757-0089 RIFXD MET FLM LK OHM 2% 1/2W
A3R30 0757-0089 RIFXD MET FLM 1K OHM 2% 1/2W
A3R31 0757-0089 RIFXD MET FLM LK OHM 2% 1/2W
A3 008693-606 ASSY1SHAPING(MODEL 693A ONLY)
A3CR1 1901-0033 | DICDE+SILICCN? IN4B5B
A3CR2 1901=0033 DIOCDE+SILICON® IN4BSE
A3CR3 1901-0033 DIODE+SILICUN® IN4UBSE
A3CRY 1901=-0033 : DIODE+SILICONT INUBSE
|

= 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. Reference Designation Index (Cont'd)
geesffgl;l%_?fgn 5 Stock No. Description # Note
A3CRS 1901-0033 DIUDE+SILICON: IN4BSB
AZBCRE 1901-0033 DICDE+SILICCNS LNyBSE
A3CR7 1901-0033 ODICDE+SILICONS® IN4BSE
A3SCRS 1901-0033 DIODE+SILICCON® IN4BSE
A3CR9 1901=-0033 DICDE+SILICCN® IN4BSB
A3R1 2100-0914 RIVAR COMF 2z5K OHM 20% LIN 1/5W
A3R2 2100-0915 RIVAR COMP 100K OHM 20% LIN 1/5W
A3R3 2100-0916 RIVAR COMF 250K OHM 20® LIN L/5W
A3RY 2100-0916 RIVAR COMP 250K OHM 20% LIN 1/5W
A3RS 2100=0916 RIVAR COMP 250K OHM 20% LIN 1/5W
A3R6E 2100-0916 RIVAR COMP 250K OHM 20% LIN 1/5W
A3R7 2100-091¢ RIVAR COMP 250K OHM 20% LIN 1/5W
A3RS 2100-C916 RIVAR COMP 250K OHM 20% LIN 1/5W
A3R9 21 00-0916 RIVAR COMF 250K OHM 20% LIN 1/5W
A3R10 2100=-0916 RIVAR COMP 250K OHM 20% LIN 1/5W
A3R11 2100-0916 RIVAR COMP 250K OHM 20% LIN L1/5W
A3R12 0757-0311 RIFXD MET FLM 182K OHM 1% 1/2W
FACTORY SELECTED PARTITYPICAL VALUE GIVEN
A3BRL3 0757-0130 RIFXD MET FLM 162K OHM 1% 1/2W
FACTORY SELECTED PART:TYFPICAL VALUE GIVEN
A3R14 0757-0367 RIFXD MET FLM 100K OHM 1% 1/2VW
FACTORY SELECTED PARTt!TYPICAL VALUE GIVEN
A3R15 0757-0312 RIFXD MET FLM 309K OHM 1% 1/2W
FACTORY SELECTED PART:TYPICAL VALUE GIVEN
|
| A3R16 07s57-0312 RIFXD MET FLM 309K OHM 1% 1/2W
] FACTORY SELECTED PARTITYPICAL VALUE GIVEN
| A3R17 0757-0311 RIFXD MET FLM 182K OHM 1% 1/2W
FACTORY SELECTED PARTI1TYPICAL VALUE GIVEN
A3BR18 0757-0311 RIFXD MET FLM 1B2K OHM 1% )/2W
FACTORY SELECTED PARTsTYPICAL VALUE GIVEN
A3R19 0757-0130 RIFXD MET FLM 162K OHM 1% 1/ZW
FACTORY SELECTED PARTsTYPICAL VALLE GIVEN
A3R20 0757-0311 RIFXD MET FLM 182K OHM 1% 1/2W
FACTORY SELECTED PARTI:TYPICAL VALUE GIVEN
A3R21 0757-0191 RIFXD MET FLM BOs6K OHM 1% 1/2W
FACTORY SELECTED PARTITYPICAL VALUE GIVEN
A3R22 0757-013%0 RIFXD MET FLM 162K OHM 1% 1/2W
FACTORY SELECTED PARTITYPICAL VALUE GIVEN
A3R23 0757-0076 RIFXD MET FLM 560 OHM 2% 1/2W
A3R24 07 57-0089 RIFXD MET FLM 1K OHM 2% 1/2W
A3R25 Q757-0089 RIFXD MET FLM LK OHM 2% 1/2W
A3R26 0757-0089 RIFXD MET FLM LK OHM 2% 1/2W
A3R27 07 57-0089 RIFXD MET FLM 1K OHM 2% 1/2W
A3R28 07 57-0089 RIFXD MET FLM LK OHM 2% L/2W
A3R29 07 57-0089 RIFXD MET FLM LK OHM 2% 1/2W
A3R30 07 57-0089 RIFXD MET FLM 1K OHM 2% L/2W
A3R31 07 57-0089 RIFXD MET FLM 1K OHM 2% 1/2W
A3 00 694-606 ASSY1SHAPING(MODEL &94A ONLY)
A3CR1 1901-0033 DIODE«SILICUNS IN4EBSE
A3CR2 1901=-0033 DIODE+SILICONE IN4UBSE
A3CR3 1901-0033 DIODE+SILICONT IN4BSRE
= See list of abbreviations in introduction to this section
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Section VI Models 691A/692A/693A/694A
Table 6-1

Table 6-1. Reference Designation Index (Cont'd)

&"é“lé&‘éi"ﬁn ® Stock No. Description # Note
A3CRY4 1901-0033 DIODE+SILICON? IN4BSB
A3CRS 1901-0033 DIODE+SILICONI 1N4B5B
A3CR6 1901-0033 DIODE+SILICONI INUBSE
A3CR7 1901-0033 DIODE+SILICON! IN4B5B
A3CRS 1901=0033 DIODE+SILICCN! IN4BSE
A3CR® 1901-0033 DIODE+SILICCONI INUBSE
A3R1 2100-0914 RIVAR COMP 25K OHM 20% LIN 1/5w
A3R2 2100-0918 | RIVAR COMP 1 MEGOHWM 20% LIN 1/5W
A3R3 2100=0917 RIVAR COMP 500K OHM 20% LIN l/5W
A3RE 2100-0916 | RIVAR COMP 1 MEGOHM 20% LIN 1/5W
A3RS 2100=0918 | RIVAR COMP 1 MEGOHMM 20% LIN 1/5W
A3R6 2100=0916 RIVAR COMP 250K OMM 20% LIN l/5W
A3RT 2100-0916 RIVAR COMP 250K OHMM LIN 1/5W
A3RS 2100=0917 RIVAR COMP 500K OHM 20% LIN 1/5W
A3R9 2100-0916 RIVAR COMP 250K OHM 20% LIN L1/5W
A3R10 2100=-0916 RIVAR COMP 250K OHM 20% LIN 1/5W
A3R11 2100-0916 RIVAR COMP 250K OHM 20% LIN 1/5W
A3R12 0757-0311 RIFXD MET FLM 182K OHM 1a 1/2W

FACTORY SELECTED PART#TYPICAL VALUE GIVEN
A3RL3 0757-0135 | RIFXD MET FLM 511K OHM 2% 1/2W

FACTORY SELECTED PART:TYPICAL VALUE GIVEN
A3R14 0757-0313% RIFXD MET FLM 392 OHM 1% 1/2W

FACTORY SELECTED PART:TYPICAL VALUE GIVEN
A3R15 0757=0137 RIFXD MET FLM 750K oHM 1% 1/2w

FACTORY SELECTED PARTITYPICAL VALUE GIVEN
A3R16 0757-0137 RIFXD MET FLM 750K oHM 1% 1/2W

FACTORY SELECTED PARTITYPICAL VALUE GIVEN
A3R17 0757-0311 RIFXD MET FLM 182K OHM 1% 1/2W

FACTORY SELECTED PARTITYRICAL VALUE GIVEN
A3R18 0757-0191 RIFXD MET FLM B0.CKOHM 1% 1/2W

FACTORY SELECTED PARTITYPICAL VALUE GIVEN
A3BR19 0757-0135 RIFXD MET FLM 511K OHM 1% 1/2W

FACTORY SELECTED PARTITYRPICAL VALUE GIVEN
A3R20 0757-0311 RIFXD MET FLM 1B2K OHM 1% 1/2W

FACTORY SELECTED PART!TYPICAL VALUE GIVEN
A3R21 0757-0367 RIFXD MET FLM 10UK OHM 1% 1/2W

FACTORY SELECTED PARTITYPICAL VALUE GIVEN
A3R22 0757-0191 RIFXD MET FLM BO«6K OHM 1% 11W

FACTORY SELECTED PARTITYPICAL VALUE GIVEN
A3R23 0757-0076 RIFXD MET FLM 560 OHM 2% 1/2W
A3R24 0757=-0089 RIFXD MET FLM 1K OHM 2% L/2W
A3R25 0757-0089 RIFXD MET FLM 1K OHM 2% 1/2W
A3SR26 0757-0089 RIFXD MET FLM 1K OHM 2% 1/2W
A3R27 0757=0089 RIFXD MET FLM LK OHM 2% 1/2W

A3R28 0757-008% RIFXD MET FLM 1K OHM 2% L/2W
A3R29 0757-0089 RIFXD MET FLM 1K OHM 2% L1/2W
A3R30 0757=-0089 RIFXD MET FLM LK OHM 2% L1/2W
A3R31 0757-0089 RIFXD MET FLM 1K OHM 2% 1/2W
Al 00692-617 ASSY1 SUMMING

A4C1 0140-0192 C1FXD MICA &BPF 5% 300VDCW

= 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. Reference Designation Index (Cont'd)
geesff;nﬁicgn % Stock No. Description # Note
A4C2 0140-0176 CiFXD MICA 100 PF 2% 300 VDCw
ALC3 0140-0204 | CIFXD MICA 47PF 5% NPO 500VDCW
A4CY 0130-0017 CIVAR CER 8-50 PF N750
AUCS 0140-0204 CIFXD MICA L7PF 5% NPO SO00VDCW
ALCSE 0130-0017 C1VAR CER B=50 PF N750
ALCT 0140-0149 CIFXD MICA 470 PF 5% 300 VOCW
A4CS 0140-0149 CIFXD MICA 470 PF 5% 300 VDCW
ALCY 0160-0383 CIFXD MICA 1OPF 10%
A4CRI 1901-0033 DIODE+SILICONT LN4BSE
AUCR2 1901-0033 DIODEsSILICCNIINUBSE
AUCR3 1901-0033 DIODE+SILICCNT IN4UBSB
AUCRUY 1901-0033 DIODE+SILICCNT IN4BSB
AUCRS 1901-0033 | DICDE+SILICON®1IN4BSE
A4CRG 1501-0033 DIODE+SILICONS L1N4BSB
AUCRT 1901=-0033 DIODE+SILICONT IN4BSB
AUCRS 1501-0033 DIODE+SILICONI LN4B5B
AuQl 1854-0003 TRANSISTORINPN SILICON
A4Q2 DELETED
ALQ3 1854-0003 TRANSISTORINPN SILICON
ALQUY DELETED
A4R] 0812-0053 RIFXD WW SOUK OHM 1% 1/4w
AUR2 0812-0053 | RIFXD Ww SOOK OHM 1% 1/U4w
A4R3 2100-0912 RIVAR COMP 5K OHM 20% LIN 1/5W
A4RY 0758-0100 RIFXD MET OX 330K OHM 5% 1/2W
AURS 0758-0053 RIFXD MET FLM 100K OHM 5% 1/2W
AURS 0687-3941 RIFXD COMP 390K OHM 10% 1/2W
AURT 0757-0308 RIFXD MET FLM 1.50 MEGOMM 1% 1/2W
AURB 0757-0308 RIFXD MET FLM 1,50 MEGOHM 1% 1/2W
AUR9 0757-0308 RIFXD MET FLM 1.50 MEGOHM 1% 1/2W
AURLO 0757-0308 RIFXD MET FLM 1.50 MEGOHM 1% 1/2W%
AU4RLL 0758-0053 RIFXD MET FLM 100K OHM 5% 1/2w
AURL2 2100-0912 RIVAR COMP 5K OHWM 20% LIN 1/5W
ALR13 0687-3941 RIFXD COMP 390K OHM 10% 1/2W
AUR1Y 0758-0018 RIFXD MET FLM 15K OHM 5% 1/2w
AURLS 0758-0005 RIFXD MET OX 4700 OHM 5% 1/2W
AURL® 0758-0053 RIFXD MET FLM 100K OHM 5% 1/2W
AURLT 06B7=3941 RIFXD COMP 390K OHM 10% 1/2W
AUR1B 0758-0037 RIFXD MET FLM 5100 OHM 5% 1/2W
FACTORY SELECTED PARTiTYPICAL VALUE GIVEN
AURLS 0758-0021 RIFXD MET FLM 51K OHM S% 1/2W
AUR20 2100-0914 RIVAR COMP 25K OHM 20% LIN 1/5
A4R21 0757-0321 RIFXD MET FLM 202K OHM 1% 1/4W
AUR22 0758-0006 RIFXD MET FLM 10K OHM 5% 1/2W
AYR23 DELETED
AUR24 THRU
AUR25 NOT ASSIGNED
AUR26 0758-0053 RIFXD MET FLM 100K OHM 5% 1/2W
AUR27 0&87=3941 RIFXD COMF 390K OHM 10% 1/2W
AUR28B 0758-0037 RIFXD MET FLM 5100 OHM 5% 1/2W
FACTORY SELECTED PARTITYPICAL VALUE GIVEN
= See list of abbreviations in introduction to this section
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Models 691A/692A/693A/694A

VAN HPARC HIVE COM

Section VI
Table 6-1
Table 6-1. Reference Designation Index (Cont'd)
[fllet:s[ieg{:a?icgn % Stock No. Description # Note
AUR29 0758-0021 RIFXD MET FLM 51K OHM 5% 1/2W
AUR30 2100=-0914 RIVAR COMP 25K OHM 20% LIN 1/5W
A4R3] 0757-0321 RIFXD MET FLM 202K OHM 1% 1/4W
AUR32 0758-0006 RIFXD MET FLM 10K OMHM 5% 1/2W%
AUR33 DELETED
AUR3Y 0687-1261 RIFXD COMP 12 MEGOMM 10% 1/2W
AUR3S 0687-1261 RIFXD COMP 12 MEGOMM 10% 1/2W
AUR3G 0687-1011 RIFXD COMP 100 OHM 10% 1/2w
AUR3T7 0698-3304 RIFXD MET FLM 130K OHM 1% 1/2W
AUR3B 0698-3304 RIFXD MET FLM 130K OHM 1% 1/2W
AUR39 0698-3304 RIFXD MET FLM 130K OHM 1% 1/2W
AMRYO 0730-0038 RIFXD DEPC 194K OHM 1%
AURU L 0758-005% RIFXD MET FLM 11K OHM S 1/2w
AUYRU2 0758=-0044 RIFXD MET FLM 2200 OHM 5% L/2W
AURY3 0758-0044 RIFXD MET FLM 2200 OHM 5% 1/2W
AGRUL 46 0698-3304 R:FXD MET FLM 130K OHM 1% 1/2W
AG4VL 1932-0027 ELECTRON TUBE!12AT7
Aldv2 1932-0030 ELECTRON TUEE® 12AX7
A4V 1932-0049 ELECTRON TUEEICK 647
AUXV1 1200-0062 | SOCKETITUBE 9 PIN MINIATURE
AUXV2 1200-0062 SOCKET!TUBE 9 PIN MINIATURE
AUXV3 1200-0062 SOCKETITUBE 9 PIN MINIATURE
AS 00692=605 ASSY1ALC AMFLIFIER
A5C1 0170=-001% CIFXD MY 0.1 UF 5% 200VDCW
ASC2 0140-0204 CI1FXD MICA 47PF 5% NPO S00VDCW
ASC3 DELETED
ASCY 0180-0116 CIFXD ELECT TA 6.8UF 1O% 35VDCW
ASCS 0140-0198 CiFXD MICA 200PF 5% 300VDCW
ASC6E 0140-0149 CIFXD MICA 470 PF S% 300 VDCW
ASCT 0140-0198 CIFXD MICA 200PF 5% 300VDCW
ASC8 0180-0116 CIFXD ELECT TA 6.8UF 10% 35VDCW
ASCY 0140-0178 CIFXD MICA 560 PF 2% 300 VDCW
ASC10 | NOT ASSIGNEC
A5C11 0170-0078 CIFXD MY O+47UF 5% 150VDCW
ASC12 0180-0061 CIFXD ELECT 1OQUF +100%=10% 15VDCW
ASCR1 1901-0025 ‘ DIODE+JUNCTIONISMA AT 1V 100 PIV
ASCR2 1901-0025 DIODE+JUNCTIONISMA AT 1V 100 PIV
ASCR3 1901-0025 DIODE+JUNCTIONISMA AT 1V 100 PIV
ASCRY 1501-0025 DIODE+JUNCTIONISMA AT 1V 100 PIV
ASCRS 1901-0025 | DIODE+JUNCTIONISMA AT 1V 100 PIV
ASCR6 1901-0025 ‘ DIODE+JUNCTIONISMA AT 1V 100 PIV
ASCR7 1901-0025 DIODE+JUNCTIONSSMA AT 1V 100 PIV
ASCRA& 1901-0025 ‘ DIODE+JUNCTIONISMA AT IV 100 PIV
ASCR9 1901-0025 DICDE+JUNCTIONISMA AT LV 100 PIV
ASCR10 1901-0025 DIODE+JUNCTIONISMA AT 1V 100 PIV
ASCR11 1901~-0025 DIODE+JUNCTIONISMA AT 1V 100 PIV
ASCR12 1901-0025 DIODE+JUNCTIONISMA AT 1V 100 PIV
ASCR13 1901-0025 | DIODE+JUNCTIONISMA AT 1V 100 PIV
ASCR14 1901-0025 DIODE+JUNCTIONISMA AT 1V 100 PIV
ASCR15 1901-0025 DIODE+JUNCTIONISMA AT 1V 100 PIV
= 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. Reference Designation Index (Cont'd)
&esffg‘;g}‘;?gn o Stock No, Description # Note
ASCR16 DELETED
ASCRLT 1501-0033 DIOCDE+SILICON? IN4BSA
ASCRLS 19010025 DIODE+JUNCTIONISMA AT 1V 100 PIV
ASCR19 1901-0025 | DIODE +JUNCTIONISMA AT 1V 100 PIV
ASCR20 1901-0025 DIODE +JUNCTIONISMA AT 1V 100 PIV
AS5Q1L 1854-0003 TRANSISTORINPN SILICON
A5Q2 1854-0015 | TRANSISTORINPN SILICON
A5Q3 1850-0062 TRANSISTOR IGERMANIUM SPL2N4CU PNP
ASQY4 1850-0062 TRANSISTOUR!GERMANIUM SPL2N40O4 PNP
4505 1850-0062 TRANSISTORIGERMANIUM SPL2N4O4 PNP
A506 1850-0062 TRANSISTORIGERMANIUM SPL2N4OU PNP
ASQT 1850-0062 TRANSISTORIGERMANIUM SPL2N4O4 PNP
A508 1B50-0062 TRANSISTORIGERMANIUM SPL2N4O4 PNP
A5Q9 1854-0003 TRANSISTORI!NPN SILICON
A5Q10 1854-0003 TRANSISTORINPN SILICON
ASQ1L1 1850=0062 TRANSISTORIGERMANIUM SPLZN4O4 PNP
A5Q12 18540003 TRANSISTORINPN SILICON
A5QL3 1854=-0003 TRANSISTORINPN SILICON
ASQL4 1850-0062 TRANSISTORIGERMANIUM SPL2N4O4 PNP
ASQ1S5 1850=-0062 TRANSISTORIGERMANIUM SPL2N4O4 PNP
A5Q16 1854=0014 TRANSISTOR!CUAL NPN SILICON
ASQL7 1850-0096 TRANSISTORIGERMANIUM 2N2189 PNP
AS5Q18 1850-0096 TRANSISTORIGERMANIUM 2N2189 PNP
A5Q19 1854-0005 TRANSISTOR!2N708 NPN SILICON
A5Q20 DELETED
A5Q21 1854-0015 TRANSISTORINPN SILICON BVCBO 50V
A5Q22 1853=0001 TRANSISTORIPNP SILICON 30V QOOMW
A5Q23 1855-0001 TRANSISTOR!SIL UNIJUNCTION 2N1671A
ASR1L 0758-0076 | RIFXD MET FLM 68K OHM S% 1/2w
ASR2 DELETED
ASR3 0758=-0003 | RIFXD MET FLM 1000 OHM 5% 1/2W
ASRY 0758-0098 RIFXD MET OX 220K OHM 5% 1/2w
ASRS 0758-0053 REFXD MET FLM 100K OHM S% L/2W
ASR6 0758-0098 | RIFXD MET Ox 220Kk OHM 5% 1/2W
ASR7 0758-0006 ‘ RIFXD MET FLM 10K OHM 5% 1/2W
ASR8 0757-007% RIFXD MET FLM 2700 OHM 2% 1/2W
ASR9 0758=0012 RIFXD MET FLM 12K OHM 5% 1/2W
ASR10 0758-0006 RIFXD MET FLM 10K OHM 5% 1/2W
ASR11 0758-0098 RIFXD MET OX 220K OHM 5% 1/2W
ASR12 0758-0071 RIFXD MET FLM 4300 OHM 5% 1/2W
ASRL3 0758-0047 RIFXD MET FLM 7500 OHM 5% 1/2W
ASR14 0758-0039 RIFXD MET FLM 20K OHM 5% 1/2W
ASR1S 0758-0024 | RIFXD MET FLM 100 OHM 5% 1/2w
ASRL6 0758-0098 RIFXD MET CX 220K OHM 5% 1/2w
ASRLT 0758-0053 RIFXD MET FLM 100K OHM 5% 1/2W
ASRL1E 0758-0098 RIFXD MET CX 220K OHM 5% 1/2W
ASRLS 0758-0006 RIFXD MET FLM 10K OHM 5% 1/2W
ASR20 0757-0079 RIFXD MET FLM 2700 OHM 2% 1/2W
ASR21 0758-0012 RIFXD MET FLM 12K OHM 5% 1/2W
ASR22 0758-0006 RIFXD MET FLM 10K OHM 5% 1/2W
# 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. Reference Designation Index  (Cont'd)
&?}{’En“;{i’gn #p Stock No. Description # Note
AS5R23 0758-0098 RIFXD MET OX 220K OHM 5% 1/2W
ASR24 0758-0071 RIFXD MET FLM 4300 OHM 5% 1/2W
ASR25 07T58=0047 RIFXD MET FLM 7500 OHM S% 1/2W
ASR26 0758-0039 RIFXD MET FLM 20K OHM 5% 1/2w
ASR27 0758-0024 RIFXD MET FLM 100 OHM 5% 1/2w
ASR28 DELETED
ASR29 DELETED
ASR30 DELETED
ASR31 DELETED
ABR32 DELETED
ASR33 0758=0006 RIFXD MET FLM 10K OHM 5% 1/2W
ASR34 0758-0006 RIFXD MET FLM 1OK OHM 5% 1,/2W
ASR35 DELETED
ASR36 0727-0248 RIFXD DEPC ¢00K OHM 1% 1/2w
ASR37 0758-0005 RIFXD MET QX 4700 OHM 5% 1/2W
ASR38 0758-0003 RIFXD MET FLM 1000 OHM 5% 1/2W
ASR39 0758-0003 RIFXD MET FLM 1000 OHM 5% 1/2W
ASR40 0758-0039 RtFXD MET FLM 20K OHM 5% 1/2W
ASRY L DELETED
ASRU2 0757-0017 RIFXD MET FLM 1 MEGOHM 1/2% 1/2W
ASRY3 0758-0035 REFXD MET FLM 3000 OHM 5% 1/2W
ASRYU 4 0687=-3341 RIFXD COMP 330K OHM 10% 1/2Ww
ASRUS 0758-0005 RIFXD MET OX 4700 OHM 5% 1/2W
ASRYS 0758=-0029 RIFXD MET FLM 470 OHM 5% 1/2%
ASRUT7 0812-0081 RIFXD WW 15K OWM 3% 3W
ASRYB 2100-0912 RIVAR COMP 5K OHM 20% LIN 1/5W
ASRU9 0812-0051 RIFXD Ww 15K OHM 3% 3W
ASRS0 06R7-33u1 RIFXD COMP 330K OHM 10% 1/2W
ASR51 0758=0029 RIFXD MET FLM 470 OHM 5% 1/2W
ASRS2 DELETED
ASRS53 0758=0005 RIFXD MET OX 4700 OHM 5% 1/2W
ASRS4 DELETED
ASRSS 0687-334) RIFXD COMP 330K OHM 10% 1/2W
ASR56 0758-0039 RIFXD MET FLM 20K OHM 5% 1/2W
ASRST 0758-0035 RIFXD MET FLM 3000 OHM 5% 1/2W
ASRS58 0757=-0017 RIFXD MET FLM | MEGOHM 1/2% 1/2W
ASRS9 0758-007¢9 RIFXD MET FLM 30K OHM 5% 1/2W
ASR60 0727=0226 RIFXD DEPC 250K OWHM 1% 1/2W
ASR61 0758-0021 RIFXD MET FLM 51K OHM 5% 1/2w
ASR62 DELETED
ASR&3 0758=0003 RIFXD MET FLM 1000 OHM 5% 1/2W
ASR&Y 0758-0024 RIFXD MET FLM 100 OHM 5% 1/2w
ASR6G5 DELETED
ASRGE DELETED
ASRGT DELETED
ASR6&8 0687=1541 RIFXD COMP 150K OHM 10% 1/2W
ASR&9 0687-1551 RiIFXD COMFP 1.5 MEGOHM 10% 1/2W
FACTORY SELECTED PARTITYPICAL VALUE GIVEN
ASRTO 0687-4T41 RIFXD COMP 4TOK OMM 10% 1/2W
FACTORY SELECTED PARTiTYPICAL VALUE GIVEN
ASR71 0687=3311 RIFXD COMFP 330 OHM 10% 1/2w
# See list of abbreviations in introduction to this section
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Section VI

WWW HPARCHIVE.COM

Table 6-1
Table 6-1. Reference Designation Index  (Cont'd)
I‘;‘;gfg‘;g‘;;’gn # Stock No. Description # Note
ASRTZ2 DELETED
ASR73 0687-1561 RIFXD COMP 15 MEGOHM 10% 1/2W
ASRT4 0758-0021 RIFXD MET FLM 51K OHM 5% 1/2W
ASR75 0758-0053 RIFXD MET FLM 100K OHM 5% 1/2W
ASRTE 0758=-0050 RIFXD MET FLM 39K OHM 5% 1/2W
ASRTT 0758-0037 RIFXD MET FLM 5100 OHM 5% 1/2W
ASR78 0758=0017 RIFXD MET FLM 1500 OHM 5% 1/2W
ASRT® 0758-0037 RIFXD MET FLM 5100 OHM 5% 1/2W
ASR80 0758=0039 RIFXD MET FLM 20K OHM 5% 1/2W
ASR81 0758-0048 RIFXD MET FLM 8200 QHM 5% L/2W
ASRB2 0758-0012 RIFXD MET FLM 12K OHM 5% 1/2W
ASRB3 0758=-0102 REIFXD MET OX 270K OHM 5% 1/2w
ASRBUY 0758-0010 RIFXD MET COX FLM 3300 OHM 5% 1/2W
ASRB5 0727=0169 RIFXD DEPC 15+5K OHM 1% 1/2W
ASRB6& 0758-0087 RIFXD MET OX 470K OHM 5% 1/2w
ASRB7 0758-0006 REFXD MET FLM 10K OHM 5% 1/2W
ASV1 1932-0049 ELECTRON TUBEICK 647
ASXV1 1200=0062 SOCKETITUBE 9 PIN MINIATURE
A6 00692-603 ASSYIHIGH VOLTAGE
A6CL 0170=-0022 CiFXD MY OslUF 20% 600VDCW
A6C2 0150-0052 CiFXD CER 0,05 UF 20% 400VDCW
A6CRIL 1901-0030 DIODE+SILICONIBOD P11V
A6CR2 NOT ASSIGNED
ASCR3 1901-0084 RECTIFIERISILICON S0MA 400COPLV
AGR1L 0758-0024 RIFXD MET FLM 100 OHM 5% 1/2W
A6R2 0813-0011 RIFXD Ww 330 OHM 5% 5W
ASR3 0758-0006 RIFXD MET FLM 10K OHM 5% 1/2W
AGRY 0764-0028 RIFXD MET FLM L00K OHM 5% 2W
AG6RS DELETED
A6R& DELETED
A&R7 DELETED
A&RS DELETED
A6RY 08693-4701 RIFXD COMP 47 OHM 10% 2W
A6V1 DELETED
AbV2 DELETED
AGXV 1 DELETED
AGXV2 DELETED
AT 00692-601 ASSYIFILAMENT POWER SUPPLY
AT7C1L 0180-0049 CIFXD ELECT 20UF SovVDcw
ATC2 0180~-0105 CIFXD ELECT SEMI-POLARIZED SOUF 25VOCW
A7C3 0180-0050 Ci1FXD ELECT 4OUF =-15%+100% 50vDCW
ATCUY 0150-0012 CIFXD CER 0.01UF 20% 1000VDCW
ATCS 0180=0059 CIFXD ELECT 10UF =10%+100% 25VDCW
ATCS 0180=0059 CtFXD ELECT 1OUF =10%+100% 25vDCw
ATCT 0180=-0105 CtFXD ELECT SEMI-POLARIZED S0UF 25VDCW
# See list of abbreviations in introduction to this section
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Section VI Models 691A/692A/693A/694A
Table 6-1

Table 6-1. Reference Designation Index  (Cont'd)

ge%ig;?fgn % Stock No. Description # Note

ATCS 0180-0059 C1FXD ELECT 1QUF -10%+100% 25VDCW

ATCY 0150-0096 CIFXD CER 0.05UF 100VDCW

ATCL10 0180-005%9 CIFXD ELECT 10UF =10%+100% 25VDCW

A7TC11 0180-0039 CIFXD ELECT 100UF 12vDCW

ATCR1 1901-0025 SEMICON DEVICE:DIODE SILICON

ATCR2 1901-0025 SEMICON DEVICE'DIODE SILICON

ATCR3 1902=0031 DIODE+«BREAKDOWNT12.7V 5%

ATCRY DELETED

ATCRS DELETED

ATCRé 1901=-0026 DIODE+SILICONIO«5A 200P1V

ATCR7 1501-0026 DIODE+SILICONIQ«5A 200P1V

ATCRS8 1901=-0026 DIODE+SILICONTIQ«5A 200PIV

ATCRS 1901-0026 DIODE+SILICONIO.5A 200P1V

ATCRI10 1501=0025 SEMICON DEVICEIDIODE SILICON

ATCRI11 1901-0025 SEMICON DEVICEIDIODE SILICON

ATCR12 1901-0025 SEMICON DEVICEIDIODE SILICON

ATCR13 DELETED

ATCR14 DELETED

ATQL 1850-0064 TRANSISTORIGERMANIUM 2N1183 PNP

ATQ2 1854=-0015 TRANSISTORINPN SILICON

ATQ3 1854=-0015 TRANSISTORINPN SILICON

ATQY 1854-0015 TRANSISTORENPN SILICON

ATQS 1854-0015 TRANSISTORINPN SILICON

ATQS 1850-0062 TRANSISTORIGERMANIUM SPL2N404 PNP

ATQ7 1850-0062 TRANSISTORIGERMANIUM SPL2N404 PNP

ATR1 0687-1521 RIFXD COMP 1500 OHM 10% 1/2W

ATR2 0687=4T11 RIFXD COMP 470 OHM 10% 1/2W

ATR3 0687~-2241 RIFXD COMP 220K OHM 10% 1/2W

ATRY 068T=-6831 RIFXD COMP &8K OHM 10% 1/2W

ATRS 06B4=-2701 RIFXD COMF 27 OHM 10% 1/uw

ATRG 0684-1001 RIFXD COMP 10 OHM 10% L1/74W

ATRT 0687=1011 RIFXD COMP 100 OHM 10% 1/2W

ATRS 0758-0101 RiIFXD MET OX 150K OHM 5% 1/2w

ATR® 0758=0057 RIFXD MET FLM 5600 OHM S% 1/2W

ATR10 0758-0005 RIFXD MET CXx 4700 OHM 5% 1/2w

ATR11 0758-0098 RIFXD MET Cx 220K OHM 5% 1/2W

ATR12 0758=0006 RIFXD MET FLM 10K OHM 5% 1/2W

ATR13 2100-0090 RIVAR COMP 2000 OHM 30% LIN 1/3W

ATR14 0758-0038 RIFXD MET FLM 9100 OHM 5% 1/2W

ATR1S 0758-0004 RIFXD MET FLM 2700 OHM 5% |/2W

ATRLé 0758=-0104 RIFXD MET COX 180K OHM 5% 1/2W

ATR17 0758-0029 RIFXD MET FLM 470 OHM 5% 1/2W

ATR18 0764~0031 RIFXD MET OX FLM 47K OHM 2w

ATR19 0687-1011 RIFXD COMP 100 OHM 10% L/2W

ATR20 0758-0009 RIFXD MET FLM 6B00 OHM 5% 1/2W

ATR21 2100-0154 RIVAR COMP LK OHM 30% LIN O.15%

ATR22 0758-0004 RIFXD MET FLM 2700 OHM Sx 1/2W

AB 00692-608 ASS5Y:1 TIME METER

ABM1 1010-0005 INDICATORIELAPSED TIME

# See list of abbreviations in introduction to this section

6-16 02280-1

VWA HPARC HIVE.COM




Models 691A/692A '693A/694A Section VI
Table 6-1
Table 6-1. Reference Designation Index (Cont'd)
&?fg%g??gn % Stock No. Description # Note
ABR1 0758-0034 RIFXD MET FLM 2400 OHM 5% 1/2W
ABR2 2100-0912 RIVAR COMP SK OHM 20% LIN 1/5W
ABR3 2100-0912 RIVAR COMP 5K OHM 20% LIN 1/5W
ABRY 2100=0912 | RtVAR COMP 5K OHM 20% LIN 1/5W
ABRS 0686-2u55 | RIFXD COMP 2.4 MEGOHM 5% 1/2W
A% 00692-618 ASSY: MODE INDICATOR BOARD
A9DS 1 2140-0043 LAMPt INCANDESCENT &V 0.0u4 AMP
A9DS2 2140=-0043 LAMP1 INCANDESCENT &V 0.04 AMP
ASDS3 2140-0043 LAMP1 INCANDESCENT 6V 0.04 AMP
ASDSU 2140=-0043 LAMP 1 INCANDESCENT &V 0«04 AMP
A9R1 0684=1001 RIFXD COMP 10 OHM 10% 1/4W
ASR2 0684-1001 RtFXD COMP 10 OHM 10% 1/4W
AGR3 0684=1001 RIFXD COMP 10 OHM 10% 1/u4W
ASRY 06841001 | RIFXD COMP 10 OHM 10% 1/4W
1
A10 NOT ASSIGNED
All 00692-661 | ASSY.MODULATOR BOARD
ALLCR1 1910-0014 SEMICON DEVICEIDIODE GERMANIUM IN277
Al1CR2 1901-0033 DIODE+SILICON? IN4BSE
A11CR3 1901-0033 DIODE«SILICON! IN4BSB
Al1CRU 1910-0014 SEMICON DEVICE!DIODE GERMANIUM IN277
A11Q1 1854=-0003 TRANSISTORINPN SILICON
ALLIR1 2100-0094 RIVAR COMP S0K OHM 30% LN }xsn
ALLR2 0758-0040 R:FXD MET FLM 47K OHM 1/2w
FACTORY SELECTED PART!IYPICAL VALUE GIVEN
AL1R3 0758-0055 RIFXD MET FLM 360 OHM 5% 1/2W
FACTORY SELECTED PARTITYPICAL VALUE GIVEN
ALLRY 0758-0032 RIFXD MET Ox 820 OHM 5% 1/2W
FACTORY SELECTED PARTITYPICAL VALUE GIVEN
ALLRS 0687-2241 RIFXD COMP 220K OHM 10% 1/2W
A12 00691-610 ASSYICOUPLER BRACKET+INCLUDES Al2J1, A12S1 BRACKET
AND 2=CONDUCTOR CABLE
(OPTION 01 MODELS 691As 662A+ 694A ONLY)
AlL2 00693-610 | ASSY1COUPLER BRACKET INCLUDES Al2Jl, A12S1 BRACKET
BRACKET AND 2 CONDUCTOR CABLE
©PTION 01 MODEL 6934 ONLY)
Al2J1 1250-0083 CONNECTOREBNC
Al2S1 3101-0011 SWITCHISLIDE DPDT 0.5 AMP 125 VODC
AL3 7860 DIRECTIONAL DETECTOR: MODEL 691A ONLY
AL3 7870 DIRECTIONAL DETECTOR+ MODEL 692A ONLY
Al3® DIRECTIONAL COUPLER/DETECTOR=CONSISTS
OF NARDA 3044=10 DIRECTIONAL COUPLER/
HP 423A CRYSTAL DETECTOR
A13° DIRECTIONAL COUPLER/DETECTOR-CONSISTS.OF
NARDA 30458-10 OIRECTIONAL COUPLER/
HP 423A CRYSTAL DETECTOR
Bl 3160=0026 FANIBLADE 105=120 Vs 50=60 CPS
Bi 5060~-0878 FILTER:AIR
(] 0150-0012 CIFXD CER 0.01UF 20% 1000VDCW
# See list of abbreviations in introduction to this section
® ORDER BY DESCRIPTION
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Models 691A/692A/693A/694A

Section VI
Table 6-1
Table 6-1. Reference Designation Index (Cont'd)
&ff;g‘;fgn & Stock No, Description # Note
c2 0150-0012 CIFXD CER 0.0lUF 20% 1000VOCW
c3 0160-0382 CI1FXD MYLAR 0.001UF 10% 4OOVDCW
cu 0160-0381 CIFXD MYLAR O«OLlUF 10% 400VDCW
cs 0170-0022 CIFXD MY 0.1UF 20% 600VDCW
ce 0170-0073 | CIFXD MY ILF 10% 600VDCW
c7 0150-0014 CI1FXD CER S5000FF MIN S00VDCW
c8 0160-0798 CIFXD POLY 0.047UF 10% 30VDCW
€9 DELETED
c10 0160-0779 CIFXD MY 0.C2UF 10% 3000vVOCW
c11 0160-0384 CIFXD CER 5600PF +80-20% 3KVOCw
c12 0180-0025 | CIFXD ELECT 4 SECT 20UF 450VODCH
cL3 0160-0083 ‘ CIFXD PAPER 3UF 20% -10% 2000VOUCW
C1u 0160-0083 CIFXD PAPER 3UF 20% —-10% 200CVDCW
c15 0160-0192 ‘C:FXD MICA 525PF 5% 30QVDCW(FACTORY SELECTED VALUE)
cle 0180-0136 | CtFXD ELECT 10UF -10+100% 50VDCW
|
c17 0180-0125 | C1FXD ELECT 4 SECT 20UF +30 -10% 450VDCW
c1s 0180-0016 | CIFXD ELECT 3X10UF =10/+50% 450VDCW
cle 0180-0016 C1FXD ELECT 3X10UF =-10/+50% 450VDCW
€20 NOT ASSIGNEL
c21 0180-0128 CIFXD ELECT 2B00UF =-10+30% 30VDOCW
c22 0180-0128 CIFXD ELECT 2800UF =10+30% 30VDCW
c23 0180-0063 CiIFXD ELECT 500UF =10%+100% 3VDCW
CR1 1501-0033 DIODE+SILICONE IN485B
CR2 1901-0033 | DIODE+SILICON? IN4B5B
CR3 1901-0025 SEMICON DEVICEIDIODE SILICON
CRY 1501-0040 SEMICON DEVICEIDIODE SILICON
CR5 1901-0025 SEMICON DEVICEIDIODE SILICON
CR6 1903-0002 | DIODE+4 LAYER: SILICON 20V
CR7 | NOT ASSIGNEC
CRB 1901-0032 RECTIFIER!SILICON 15 AMP IN3209
CR8 1200-0088 | INSULATORICIODE ANODIZED ALUMINUM
CR9 1901-0032 | RECTIFIER!SILICON 15 AMP IN3209
|
CR9 1200-0088 INSULATORIDIODE ANODIZED ALUMINUM
CR10 1901-0032 RECTIFIERISILICON 15 AMP 1IN3209%
CR10 1200-0088 | INSULATORICIODE ANODIZED ALUMINUM
CR11 1901-0032 RECTIFIERISILICON 15 AMP IN3209
CR11 1200-0088 INSULATORICIODE ANODIZED ALUMINUM
CR12 1902-0215 | DIODE/BREAKDOWN! 6,49V 5% 1. 5W
CR12 1200-0080 ‘ WASHERIFLAT INSULATING ANODIZED AL 0.53100
CR12 1205-0003 | BUSHING1HEAT SINK NYLON
CR12 1205=-0007 NUTtHEAT DISSIFATOR
CR12 1205-0008 | HEAT DISSIFATORIBODY
CR13 1501-0025 SEMICON DEVICEIDIODE SILICON
DS1 2140-0047 LAMPIGLOW NEON 1/10W
DS1 5040-0234 LAMPHOLDERI (FOR 4 LAMPS)
DS1 5040-0235 BASE t LAMPHCLDER
pSs2 2140-0047 LAMPIGLOW NEON 1/10W
Ds2 5040-0234 LAMPHOLDER 1 {(FOR & LAMPS)
DS2 5040-0235 BASE ! LAMPHCLDER
= See list of abbreviations in introduction to this section
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Models 691A/692A/693A /634A

Section VI

Table 6-1
Table 6-1. Reference Designation Index  (Cont'd)
Se‘"sffgl},g‘z‘fgn p Stock No. l Description # Note
i
0s3 2140-0047 | LAMP1GLOW NEON 1/10W
DsS3 S040-0234 LAMPHOLDER ! (FOR 4 LAMPS)
us3 5040-0235 BASE 1 LAMPHCLDER
osu 2140-00uU7 | LAMPrGLOW NEON 1/10W
DSy 5040-0234 LAMPHOLDER? (FOR 4 LAMPS)
0S4 5040-0235 | BASE t LAMPHOLDER
Fi 2110-0055 FUSEICARTRILGE 4 AMP 250V
115 vOLT CPERATION
F1 2110-0002 | FUSESCARTRILGE 2 AMP 3 AG
230 VOLT OPERATION
Fi 1400-0084 FUSEHOLDERIEXTRACTOR POST TYPE
FL1 3600 | RF LOW PASS FILTER(MODEL £92A ONLY)SEE OPTION 01 LIST
FLL 00693-604 | RF LOW PASS FILTER(MODEL €93a ONLY)
FL1 00694-604 RF LOW PASS FILTER(MODEL &94A oNLY:§E% YT o 9& CIRT
J1 DELETED
J2 DELETED
J3 1250-012% CONNECTOR :BNC{MARKER QOUTPUT)
Ju | DELETED
JS CONNECTORIFENLIFT ,CONSISTS OF :
1510-0008 BINDING POSTIRED
1510-0009 | BINDING POSTIBLACK
0340-0086 EXTERIOR INSULATOR:BINDING POST BLACK
0340~0090 INTERIOR INSULATORIBINDING POST BLACK
| 0340-0090 INSULATORIEIND ING=-POST DOUBLE
J& DELETED
J7 DELETED
J8 1250-0123 CONNECTOR tENC(POWER METER INPUT)
Jo 1251-0148 CONNECTORIFOWNER 3 PIN MALE
J10 00692-211 | CONNECTORIN TYPE (RF OUTPUT)
J10 08731-210 NUT1LOCK FOR J10
J11 1250-0123 | CONNECTORIBNC
J12 1250-0123 CONNECTOR 1BAC
J13 1250-0123 CONNECTORtENC
J1y 1250-0123 CONNEC TOR1BNC
J1s 1250-0123 CONNECTORIBNC
J16 1250-0123 CONNEC TOR1BNC
K1 0uU90-0123 RELAYIARMATURE SPDT 2-AMP/COIL 6VODC
' (PENLIFT)
K2 0ug0-0114 RELAY1ARMATURE SPDT/COIL 125MW SENSITIVITY
[ (HELIX OVERLOAD)
K3 0u90-0115 RELAY1ARMATURE 3PDT/COIL 6vDC
(TIME DELAY)
K4 0u90-0124 RELAY13PDT 6V 5.1 OHM COIL
(HEATER OVER=VOLTAGE")
KS 0450-0026 RELAY1DPDT 115V AC
(ANODE VOLTAGE CONTRCL)
Pl NSR PART OF Wl
p2 NSR PART OF Wl
Qi 1850-0050 TRANSISTORIGERMANIUM 2N45TA PNP
a1 1200-0043 INSULATORITRANSISTOR ANODIZED ALUMINUM

# See list of abbreviations in introduction to this section

02280-1

VAW HPARCHIVE.COM

6-19




Section VI Models 691A/692A/693A/694A
Table 6-1

Table 6-1, Reference Designation Index (Cont'd)

VAR HPARC HIVE COM

geefgl-;g;fgn & Stock No. Description # Note
a1l 1200-0081 BUSHING t INSULATOR NYLON
02 1850-0050 TRANSISTORFCERMANIUM 2N457A PNP
Q2 1200-0043 INSULATOR! TRANSISTOR ANODIZED ALUMINUM
Q2 1200-0081 BUSHING t INSULATOR NYLON
Q3 1850-0064 TRANSISTORIGERMANIUM 2N1183 PNP
Q3 1200-0076 INSULATORITRANSISTOR
a3 1200-00%2 BUSHING $: TRANSISTOR
Q3 1200-0087 CLAMP 1 TRANSISTOR
Qu 1850-0050 TRANSISTORIGERMANIUM 2N45TA PNP
Qu 1200-0043 INSULATOR!TRANSISTOR ANODIZED ALUMINUM
ou 1200-0081 BUSHING$ INSULATOR NYLON
Qs 1850-0050 TRANSTSTORICERMANIUM 2N457A PNP
Qs 1200-0043 INSULATORITRANSISTOR ANODIZED ALUMINUM
as 1200-0081 BUSHING t INSULATOR NYLON
Q6 1850-0050 TRANSISTORIGERMANIUM 2N4574A PNP
@6 1200-0043 INSULATORITRANSISTOR ANODIZED ALUMINUM
a6 1200-0081 BUSHING t INSULATOR NYLON
R1 0687-1031 RIFXD COMP 10K OHM 10% 1/2W
R2 0727-0332 RIFXD DEPC 150K OHM 1% 1/2W
R3 0727-0254 RIFXD DEPC 750K OHM 1% 1/2W
RU 2100-0753 RIVAR COMP 500K OHM 20% LIN 1/2W W/DPST SW
RS 0758-0020 RIFXD MET FLM 22K OHM 5% 1/2W
R& 0687-5631 RIFXD COMP 56K OHM 10% 1/2w
R7 2100-0043 RIVAR COMP S00K OHM 10% LIN 2W
R8 0687-6841 RIFXD COMP €BOK OHM 10% 1/2W
R9 2100-0752 RIVAR WW SOK OHM 3% LIN 1.5W 10-TLRN
R10 2100-0752 RIVAR WW 50K OHM 3% LIN 1+5W 10-TURN
R11 0687-1041 R1IFXD COMP 100K OHM 10% 1/2W
R12 THRU
R15 NOT ASSIGNEDL
R16 0693-1531 RIFXD COMP 15K OHM 10% 2w
R17 0687-3311 RIFXD COMP 330 OHM 10% 1/2w
R18 0687-3311 RIFXD COMP 330 OHM 10% 1/2w
R19 0537_2211 R:FXD COMP 330 OHM 10% 1/2W
R20 0eB7-3311 RIFXD COMP 330 OHM 10% 1/2w
R21 0687-3311 RIFXD COMP 330 OHM 10% 1/2w
R22 0e87-3311 RIFXD COMP 330 OHM 10% 1/2w
R23 0e87-3311 RIFXD COMP 330 OHM 10% 1/2W
R24 0687-%311 R:FXD COMP 330 OHM 10% 1/2W
R25 0687-3311 R:FXD COMP 330 OHM 10% 1/2W
R26 0758=0073 RIFXD MET FLM 24K OHM 5% 1/2wéFACT0RY SELECTED VALU
R27 0727-0100 RIFXD DEPC 1000 OHM 1% 1rs2w A\FACTORY SELECTED VALU
R28 DELETED
R29 DELETED
R30 NOT ASSIGNED
R31 2100-0968 RIVAR COMP 1UK OHM 30% 20CCWLOG 1l/8W
R31 1410-0112 BUSHINGISLEEVE BRS NP 0.37500X0+4385/16-32
R31 5020-0446 NUTIHEX BRS 5/16 X 32 0.438
R32 THRU
R33 NOT ASSIGNED
= 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, Reference Designation Index  (Cont'd)
geeéféﬁrifgn #p Stock No. Description # Note
|
R34 2100-0752 | RIVAR WW 5CK OHM 3% LIN 1.5W 10=TURN
R3S 2100-0752 RIVAR WW 50K OHM 3% LIN 1.SW 10=TURN
R36 DELETED
R37 0758-0029 RIFXD MET FLM 470 OHM 5% 1/2w
R38 0758-002% RIFXD MET FLM 470 OHM 5% 1/2W
R39 0758-0028 RIFXD MET FLM 270 OHM 5% 1/2W
RUO 0758-0020 RIFXD MET FLM 22K OHM 5% 1/2w
RU 1 0758-0029 RIFXD MET FLM 470 OHM 5% 1/24
RU42 2100-0751 RIVAR COMF 3X1K OHM 20% LIN 1W GANGED
RU3 0757-0128 RIFXD MET FLM 200K OHM 1% 1/2W
RUY 2100-0073 RIVAR COMP 125K QMM 20% LIN 1/3W
RUS 0687-1051 RIFXD COMF 1 MEGOHM 10% 1/2W
RUG 0818-0025 RIFXD WW 10k OHM S% 25w
RY47 DELETED
RUB 0687-4721 RIFXD COMP 4700 OHM 10% 1/2W
RUD DELETED
R50 DELETED
RS51 0813-0019 RIFXD #W Os47 OHM 10% 1/2W
R52 0813-0019 RIFXD Ww Oe47 OHM 10% L/2W
RS3 0813-001% | RIFXD WW Qe47 CHM 10% 1/2W
RS54 0813-0019 | RIFXD WW Ce47 OHM 10% 1/2W
RS5S 0813-0019 | REIFXD WW OeL7 CHM 10%m 1/2W
R56 0B16=-0015 RIFXD WW 50 OHM 10% 10w
R57 0699-0001 RIFXD COMP 2.7 OHM 10% 1/2W
RSB 0684-473] RIFXD COMP 47K OHM 10% 1/4w
RS9 2100-0953 RIVAR COMP 10K OHM 30% 10CWLOG l/BW
R59 1410-0112 BUSHING!SLEEVE BRS NP 0,3750DX0.4385/16-32
R59 5020-04U6 NUTIHEX BRS 5/16 X 32 0,438
R&0 0684-103] RIFXD COMP 10K OHM 10% 1/4W
R&1 0727-0012 | RIFXD DEPC Z0 OHM 1% 1/2w
RT1 0839-0006 | THERMISTOR! 10 OHM 10% AT 25C
s1 00692-624 | SWITCHISWEEF SELECTOR ASSEMBLY INCL!
ClvC2+CT+R1+REVRBIRIGICRLICRI'CR5¢S])
s2 | NSR PART OF R4
53 00692-625 | SWITCHISWEEF TIME(SEC) ASSY INCLUDES=
C31Cu+CS+CEIR2/RIWRUVRS 1S
s4 3101-0091 | SWITCH14=PUSHBUTTON
‘ ASSYtPUSHELTTON FUNCTION 4 SECTION
S5 3101-0052 SWITCHIPUSHEUTTON SPST NORMALLY OPEN
| (MANUAL TRIGGER)
56 3101=0042 ‘ SWITCHIPUSHBUTTON SPST
| MARK 1
57 3101-0042 SWITCHIPUSHEUTTON SPST
| MARK 2
s8 3101-0042 ‘ SWITCHIPUSKEUTTON SPST
INT. SQ. WAVE
59 3101-0042 SWITCHIPUSHEUTTON SPST
EXT AM
s10 3101-0032 SWITCH!SLIUE 4 PUT 0.5 AMP 125 VDC
ALC PWR LEVELING INPUTS
S11 3101-0078 SWITCH!PUSHEUTTON 3PDT
ALC

= See list of abbreviations in introduction to this section
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Section VI Models 691A/692A/693A/694A
Table 6-1

Table 6-1.  Reference Designation Index  (Cont'd)

&?f&;??gn % Stock No, Description # Note

s12 3101-0041 SWITCHITOG DPDT 3 POS 15 AMP 125VAC
LINE

S13 3101-0034 SWITCHISLIDE 4 POT 0.5 AMP 125 VDC
LINE VOLTAGE

Sy DELETED

515 3101-0011 SWITCHISLICE DPDT 0.5 AMP 125 VODC
BLANKING

T1 9100-0243 TRANSFORMERIPOWER (LOW VOLTAGE)

T2 9100-0242 TRANSFORMER tPOWER (HIGH VOLTAGE)

TB1 00692-275 SHIELD#SAFETY

TB1 0360-0361 TERMINAL BCARD17-TERMINAL

31 1923-0048 ELECTRON TUBE! B80&8 BEAM PENTODE

Vi 1401-0006 CLIPITUBE

Vi 1401=0007 CLIPIELECTRON TUBE CER INS 1/41D

Vi 1400-0019 CLAMPt TUBE

Vi 1600~0030 SHIELDIELECTRON TUBE FINGER LINER 5 X 2

Vi 00692-016 SHIELD TUBE MU=METAL

v2 1523-0048 ELECTRON TUBE! 8068 BEAM PENTODE

v2 1400-0019 CLAMP1TUBE

v2 1401-0007 CLIPIELECTRON TUBE CER INS 1/41D

v2 1600-0030 SHIELD'ELECTRON TUBE FINGER LINER 5 X 2

v2 1401-0006 CLIPITUBE

V2 00692-016 SHIELD!TUBE MU-METAL

V3

Vi 1951-0017 ELECTRON TUBE1BWO 2.0-4.0 GC (STEWART)
MODEL 692A ONLY

Vi 1951-0020 ELECTRON TUBE!1BWO 1-2 GC (STEWART)
MODEL 691A ONLY

vid 1951-0021 ELECTRON TUBE 1BWO 4-8GC (STEWART)
MOUEL &93A ONLY

Vi 1951-0023 ELECTRON TUBE'BWO B-12+.4GC (STEWART)
MODEL 694A ONLY

Vi 00691-213 BWO MOUNTING PLATE
STEWART BWC ONLY

Wl 8120-0078 CABLEIPOWER 7.5FT.

w2 00691-616 ASSY1CABLE BNC (OPTION 01 ONLY)

XALL 1251-0194 CONNECTORIFRINTED CIRCUIT 15-CONTACT

XVi 1200-0005 SOCKET!TUBE

Xv2 1200-0005 SOCKET ! TUBE

XV3 1200-0005 SOCKET : TUBE

6-22
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Section VI

Table 6-1
Table 6-1. Reference Designation Index (Cont'd)
&ﬁiﬁﬁf& % Stock No, Description # Note
MISCELLANEOUS
0370-0025 KNOB: BLACK % DIA % DIA SHAFT
MARKER 1, MARKER 2,
07300084 KNOB: BLACK 5/8 IN WITH ARROW
MANUAL SWEEF INT SQ WAVE FREQ
0370-0099 KNOB: BLACK CONCENTRIC 13/16 DIA % SHAFT
SWEEP TIME (SEC)
0370-0104 KNOB: BLACK BAR W/ARROW 13%/16 DIA
SWEEP SELECTOR
0370-0118 KNOB: GREY PUSHBUTTON 11/16 DIA
ALC-FUNCTION-AMPL I TUDE-MOD SELECTORS
0370=0134 KNOB: RED, ARROW % DIA
SWEEP TIME (SEC) VERNIER
0370-0138 KNOB: BLACK W/WHITE ARROW 5/8 DIA
POWER LEVEL
0370=0149 KNOB: BLACK CRANK ASSY
START/CW, STOPAF
CRANK ASSY INCLUDES:
HANDLE, CRANK, BLACK
BUSHING, CRANK HANDLE
SCREW, CRANK HANDLE
00691=-681 MARKER ASSY: LEFT (MODEL 691A ONLY)
00691=-682 MARKER ASSY: RIGHT (MODEL 691A ONLY)
00692-244 WINDOW: SCALE, LUCITE FOR MAIN DIAL
00692-282 NUT: KNURLED QOPTION 01 ONLY) MOUNTS RF OUTFUT CONN.,
00692-681 MARKER ASSY: LEFT (MODEL 692A ONLY)
00692-682 MARKER ASSY: RIGHT (MODEL 692A ONLY)
00693-621 MARKER ASSY: LEFT (MODEL 693A ONLY)
00693-622 MARKER ASSY: RIGHT (MODEL 693A ONLY)
00694-621 MARKER ASSY: LEFT (MODEL 694A ONLY)
00694-622 MARKER ASSY: RIGHT (MODEL 694A ONLY)
3150-0002 OIL: AIR FILTER, WATER SOLUBLE QIL
5000-023%5 LABEL: PUSHBUTTON (START/STOP)
5000-023%6 LABEL: PUSHBUTTON (EXT FM)
5000-0237 LABEL: PUSHBUTTON (ALC)
5000-0238 LABEL: PUBHBUTTON F)
5000-02%9 LABEL: PUSHBUTTON (EXT AM
5000=0240 LABEL: PUSHBUTTON (MARK 1
5000-0241 LABEL: PUSHBUTTON (MARK 2
5000-0242 LABEL : PUSHBUTTON (INT SQ WAVE)
5000-0243% LABEL: PUSHBUTTON (MARKER SWEEP)
5000-0286 LABEL : PUSHBUTTON (INT ALC) (OPTION 01 ONLY)
5000-0200 WINDOW: COUNTER GREY PLASTIC (MARKER 1 & 2)
B500-0059 SILICONE GREASE FOR SEMICONDUCTOR HEAT SINKS,
DISSIPATER
= See list of abbreviations in introduction to this section
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Models 691A/692A/693A/694A

WAL HPARCHIVE, COM

Section VI
Table 6-1
Table 6-1. Reference Designation Index  (Cont'd)
E,‘;gff"g‘;;%fgn # Stock No, Description # Note
OPTION 01 PARTS
MODEL 6&91A
Al12 00691-610 ASSY:COUPLER BRACKET, INCLUDES A12J1, A12S1 BRACKET,
AND 2-CONDUCTOR CABLE
Al2J1 1250-0083% CONNECTOR :BNC
A12S1 3101-0011 SWITCH:SLIDE DPOT 0,5 AMP 125VDCW
A13 786D DIRECTIONAL DETECTOR
w2 00691-616 ASSY:CABLE BNC
5000-0286 LABEL :PUSHBUTTON( INT ALC)
00692=282 NUT:KNURLED, MOUNTS RF QUTPUT CONNECTOR
MODEL 692A
Al12 00691-610 ASSY:COUPLER BRACKET INCLUDES A12J1, A12S1 BRACKET,
AND 2-CONDUCTOR CABLE
Al2J1 1250-0083 | CONNECTOR :ENC
A1251 3101-0011 SWITCH:SLIDE DPDT 0,5 AMP 125VDCW
Al3 7870 DIRECTIONAL DETECTOR
FL1 3600 RF LOW-PASS FILTER
w2 00691-616 ASSY :CABLE BNC
5000-0286 LABEL :PUSHBUTTON(INT ALC)
00692~-282 NUT :KNURLED, MOUNTS RF OUTPUT CONNECTOR
MODEL 693A
Al2 00693-610 ASSY:COUPLER BRACKET INCLUDES A12T1, A12S1 BRACKET,
AND 2-CONDUCTOR CABLE
A12J1 1250-0083 CONNECTOR :BNC
A12S51 3101-0011 SWITCH:SLIDE DPDT 0.5 AMP 125VDCW
Al3° DIRECTIONAL COUPLER/DETECTOR FOR MODEL 693A CONSISTS OF
DIRECTIONAL COUPLER AND =-wp- 423A CRYSTAL DETECTOR
FLY 00693-604 RF LOW=PASS FILTER
w2 00691-616 ASSY:CABLE BNC
5000-286 LABEL :PUSHBUTTON( INT ALC)
00692-282 NUT :KNURLED, MOUNTS RF OUTPUT CONNECTOR
I MODEL 694A
Al2 00691-610 ASSY :COUPLER BRACKET, INCLUDES Al12J1, A1251 BRACKET,
AND 2-CONDUCTOR CABLE
Al2J1 1250-0083 CONNECTOR :BNC
A1281 3101-0011 SWITCH:SLIDE DPDT 0.% AMP 125VDCW
A13° DIRECTIONAL COUPLER/DETECTOR FOR MODEL 694A CONSISTS OF
DIRECT IONAL COUPLER AND —Hp=- 423A CRYSTAL DETECTOR
FL1 00694 =604 RF LOW-PASS FILTER
w2 00691-616 ASSY:CABLE BNC
5000-0286 LABEL tPUSHBUTTON( INT ALC)
00692-282 NUT :KNURLED, MOUNTS RF OUTPUT CONNECTOR
l
# See list of abbreviations in introduction to this section
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| Models 891A/692A/693A/694A Section VI
Table 6-1
Reference Designation Index
geesfiegl;ai?fgn # Stock No. Description # Note

CABINET PARTS

1 5060-07%6 FRAME ASSEMBLY
2 00692-026 PANEL :FRONT
ATTACHING HOW 2530-0012 #8-%2 X 1/2" ,FLAT HEAD,SLOT DR W/INTEGRAL
EXT TOOTH LOCKWASHER
3 5060-0763 HANDLE ASSEMBLY :SIDE
& 5060—0'?65 RETA INER :HANDLE
ATTACHING HDOW 2550-0013 #8—-52 X 5/15" BINDING HEAD,PHILLIPS DRIVE
5 5060-0767 FOOT ASSEMBLY
6 1490-0030 STAND:TILT
7 5000-0053 TRIM:STRIP
8 5060-0777 KIT:RACK MOUNTING
9 5000-0747 COVER 1S | DE , PERFORATED
ATTACHING HD 2570-0020 #6=32 X 3/16",100° FLAT HEAD,PHILLIPS DRIVE
10 ] 00692-654 COVER ASSEMBLY:TOP UNPERFORATED
ATTACHING MWD 2370-0013 #6=32 X 3/3",100" FLAT HEAD,PHILLIPS DRIVE
0590-0053 #6-32% NUT CAPTIVE,"J" TYPE FOR ,125" MATERIAL
11 5060-=0752 COVER ASSEMBLY:BOT*OM UNPERFORATED
ATTACHING HOW 2370-0013 #6-32 X 3/8",100° FLAT HEAD PHILLIPS DRIVE
0590=0053 #6=32" NUT CAPTIVE,"J"™ TYPE FOR .125" MATERIAL
12 00692-019 PANEL :REAR
ATTACHING HDW 2515-0019 #B8=32 X 1/4" PHILLIPS,PANHEAD ,l‘/INT LOCKWASHER

# See list of abbreviations in introduction to this section
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Section VI Models 691A/692A/693A 694A
Table 6-2
Table 6-2. Replaceable Parts
9 Stock No. Description # Mfr. Mir. Part No. TQ
0130-0017 CivAR CER 8-50 PF N750 28480 (0130 0017 3
0140=0145 Ci1FXD MICA 22 PF 5% 500 VDCW Q4062 (DM15C220J 2
0O140-0149 CiFXD MICA 470 PF 5% 300 vDCW QU062 [OMISFUTIY I
0140-0152 CIFXD MICA 1000 PF 5% 300 VDCW 04062 DM16F102J 2
0140-0176 CtFXD MICA 100 PF 2% 300 VvOCw ouops2 DMISF101G 300V 2
0140-0178 CIFXD MICA 560 PF 2% 300 VOCW QuUO62 DMISFS561G 300V 1
0140-0192 Ci1FXD MICA 6BPF 5% 300VDCW Q4062 | DM1ISE6&BOJ 1
0140-0195 C!FXD MICA 130 PF sS% 300 VvOCW 0U062 |[DMISFL31J 300V 1
0140-0198 CIFXD MICA 200FF 5% 300VDCW QU462 [DM1SF201J 300V 2
0140-0200 CtFXD MICA 390FF 5% 300VDCW 0up62 |DMISF391y 300V 1
0140-0204 CtFXD MICA 47PF 5% NPO S00VOCW OU062 [DMLISEUTOJ 3
0140-0206 CtFXD MICA 270FF 5% 500VDCW p406z |[DM15F271J 500V 1
0140-0216 CtFXD MICA 120PF 2% 300VDCW | QuUQ62 (DMISFL121G 300V 1
0150-0012 CiFXD CER V.01UF 20% LlOUQOVOCW 56289 |H 1038 10
0150-0014 C!FXD CER 5000PF MIN 500vDCW ‘ ou222 D1 4 1
0150-0023 CtFXD CER 2000PF 20% 1000VOCW ‘ 91418 [TYPE JF .002 20% 2
0150-0052 CitFXD CER 0.05 UF 20% 400VDCw 56289 33C17A 3
0150=0079 CtFXxD CER 3300 PF 10% 500 VDCW | 72982 #N811 000 YS5FQ332K 1
0150-0096 CtFXD CER 0.05UF 100VDCW g1lu418 ~-TA 2
0160=0083 Ci1FXD PAPER 3UF 20% =10% 2000vOCw g%agJ 71 2
0160-0128 C:FXD CER 2,2 UF 20% 25VDCW 9/5C15 1
0160-0182 CtFXD MICA 47 PF 5% 300VDCW 14655 |CD15E 470J 300V 1
0160-0192 CI1FXD MICA 525 PF 5% 300VDCW 04062 | RDM19E(525)J3C 1
0160-0381 Ct1FXD MYLAR Q.0lUF 10% 4QOVDCW 01281 [663Uw 1
0160-0382 Ci1FXD MYLAR 0.001UF 10% 400VCCH 01281 |663UW 1
0160-0383 Ci1FXD MICA 10PF 10% QU062 |[RDMZOCL100K25S 1
0160-0384 Ci1FXD CER 5600PF +80-20% 3KVDUCH 71590 |DA172-098CB 1 |
0160=-0779 CtFXD MY 0.02UF 10% 3000VDCW 71436 |[PMS 203-3M 1 |
0160-0798 CIFXD POLY Q.047UF 10% 30VOCW 56289 | 114FUTIOR3ISY 1
0170-0019 Ci1FXD MY O«1 UF 5% 200vDCW 2BUBU (0170-0019 1
0170-0022 CiFXD MY Q«1UF 20% 600VDCW 09134 |TYPE 27 3
0170-0060 | C1FXD MY O«04T7UF 10% 4OOVDCW BﬂulllTYPE 663 UW 1
0170-0073 CtFXD MY LUF 10% &00VDCW 09134 1041 1
0170-0078 CtFXD MY Q«47UF 5% 150vDCW 83125 | 107V4TU4Y 1
0180~0016 Ci1FXD ELECT 3X10UF =10/+50% 45CVDCw 37942 [ TYPE FP 103090 2
0180-0u25 CtFXD ELECT 4 SECT 20UF 450VDCw 5628% D32452 2
0180-0039 CIFXD ELECT 100UF 12VDCW 56289 |30D154A]) 1
0180-=0049 C!FXD ELECT 20UF 50VDCW 56289 |30D198A ) 1
0180-0050 CtFXD ELECT 4OUF —-15%+100% S50VLCW 56289 |D32538 1
0180-0059 CtFXD ELECT 10UF =10%+100% 25VOCwW 28480 |0180-005% 4
0180-0061 CiFxD ELECT 10QUF +100%-=10% 15vCCW 56289 |30D172A1 1
0180-C063 CiFXD ELECT 500UF =10%+100% 3VOUCw 56289 [30D120A1) 1
0180=0105 CtFXD ELECT SEMI=-POLARIZED S50UF 25VDCW 56289 [59Tu41 2
0180-0116 | CIFXD ELECT TA &.8UF 10% 35vVDCW | 56289 |150D685X903582 2
0180-0125 Ci1FXD ELECT 4 SECT 20 UF +30-10% 450VDCW 28480 0180-0125 1
0180-0128 CtFXD ELECT 2800 UF +30-10% 30VDCW | 00853 505 1010 02 2
0180-0136 C:FXD ELECT 10 UF +100-10% S0VDCW 56289 40D193A2 1
0340-0086 INSULATOR!BINDING POSTIEXTERICR INSULATOR) 2Bu4B80 0340-0086 2
0340-0090 INTERIOR INSULATORIBINDING POST BLACK 28480| 0340-0090 2
0360-0361 TERMINAL BOARD!7-TERMINAL | 75173 |353-16-07-001 1
0370-0025 KNOBIBLACK 3/4 DIA 1/4 DIA SHAFT 28480 |0370=0025 1
0370-0084 KNOB!BLACK 5/8 IN WITH ARROW 2B4B0O |0370-0084 1
I
= See list of abbreviations in introduction to this section
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Models 691A/692A/693A/694A

Section VI

Table 6-2
Table 6-2. Replaceable Parts (Cont'd)

g Stock No. Description # Mir, Mir, Part No, TQ
0370-0099 KNOBSBLACK CONCENTRIC 13/16 DIA L1/4SHAFT 28480 |0370-0099 1
0370-0104 KNOBIBLACK BAR W/ARROW 13/16 DIa 28480 |0370-0104 1 |
0370-0118 KNOBIGRAY PUSHEUTTON 1l/16 DIA 2B4BU |0370-0118 1
0370-0134 KNOBIRED ARROW 1/2 DIA 28480 0370-0134 1
0370-0138 KNOB!BLACK W/WHITE ARROW 5/8 DIaA 28480 |0370-0138 1
0370-0149 KNOBIBLACK CRANK ASSY | 28480 |0370-0149 1
0U90-0026 RELAY!DPDT 115 VAC 77342 [KALLAY 1
0U490-0114 RELAYIARMATURE SPDT/COIL 125MW SENSITIVITY | 77342 KA 2577-1 1
0490-0115 RELAYtARMATURE 3PDT/COIL &VDC | 77342 |[KA14DY 1
0u4%0-0123 RELAY!ARMATURE SPDT 2-aMP/COIL &vDC | 77342 |RSSD 1
0u4e0-0124 RELAYI3PDT 6V 5.1 OHM COIL 77342 (KA 14AY 1
0684-1001 Ri1FXD COMP 10 OHM 10% Ll/4Ww ol121 [CB 1001 5
0684=-1031 RIFXD COMP 10K OHM 10% 1/4Ww ol12l [CB=-1031 1
0684-2201 Ri1FXD COMP 22 OHM 10% 1/uw ol12l [CB 2201 3
0684=2701 RIFXD COMP 27 OHM 10% l/uw 01121 [CB 2701 1
0684=3921 RIFXD COMP 3900 OHM 10% 1/4w 01121 |CB 3921 1
0684=-U4T31 RIFXD COMP 47K OHM 10% Ll/uw 01121 |CB 4731 1
06B6-1665 Ri1FXD COMP 16 MEGOHM 5% 1/2W 0l121 |[EB 1665 1
06B86-2455 RIFXD COMP 2.4 MEGOHM S% 1/2W 01121 [£B 2455 1
0687-1001 R1FXD COMP 10 CHM 10% L/2W ‘ 01121 |EBlCOL 2
0687-1011 RIFXD COMP 100 OHM 10% l/2w | 01121 |EB 1011 4
0687-1031 RIFXD COMP 10K OHM 10% 1/2W | 01121 [EB 1031 1
0687-1041 RIFXD COMP 100K OHM 10% 1/2W ol121|EB 1041 3
0887-1051 RIFXD COMP 1MEG OHM 10®% 1/2W 01121 £B 1051 3
0687-1231 R1FXD COMP 12K OHM 10% 1/2W vi12l EB 1231 1
0687-1261 RIFXD COMP 12 MEGOHM 1U% 1/2W 0ll2l EB 1261 2
0687=1521 RIFXD COMP 1500 OHM 10® 1/2W 01121 [EB 1521 1
0687-1541 RtFXD COMP 150Kk OHM 10% 1/2W 01121 B8 1541 1
0687=1551 RIFXD COMP 1.5 MEGOHM LlO% l/2W 01121 [EB 1551 1
0687-1561 Ri1FXD COMP 15 MEGOHM 10% 1/2w 01121 |[EB 1561 1
0687-1831 RtFXD COMP 18K OHM 10% 1/2W 01121 [EB 1831 3
0687=1851 RIFXD COMP 148 MEGOHM 10% 1/2ZW 01121 EB 1851 2
0687-2241 R1FXD COMP 220K OHM 10% 1/2W 01121 |[EB 224}y 4
0687-3311 RIFXD COMP 330 OHM 10% 1/2W 01121 [EB 331) 7
0687-3321 RiIFXD COMP 3300 OHM 10% 1/2w 01121 [EB 3321 1
0687-3331 RIFXD COMP 33K OHM 10% 1/2W 01121 [EB 333 3
0687-3341 RIFXD COMP 330K OHM 10% 1/2W 01121 |EB 3341 6
0687-3351 RIFXD COMP 3.3 MEGOHM 10% 1/2W 01121 |EB 3351 1
068T7-3941 RIFXD COMP 390K OHM 10% 1/2W 01121 |[EB 3941 4
0LBT-4711 RIFXD COMP 470 OHM 10% 1/2W 01121 [EB=4711 1

| 06B7-4721 R1FXD COMP 4700 OHM 10® 1/2W 01121 |[EB 4721 2
068T7-4731 RIFXD COMP 47K OHM 10% 1/2W 01121 [EB 4731 4
0687-4TU41 RIFXD COMP 470K OHM 10% 1/2W ol12l1 |[EB 474} 5 |
0687-5631 R1IFXD COMP 56K OHM 10% 1/2W pl12l [EB 5631 3 :
0687-6831 RIFXD COMP 6BK OHM 10% 1/2W 01121 |[EB-&831 2
0687-6841 R:FXD COMP 680K OHM 10% 1/2W 0 _1;%- EB 6 1
0693-1531 R:FXD COMP 15K OHM 10% 2W 01121 HB 1 1
06934701 R:FXD COMP 47 OHM 10% 2W 01121} HB 4701 1
0698-3504 R:FXD MET FLM 130K OHM 1% 1/2W 2848Q 0698-3304 6
0699-0001 R:FXD COMP 2.7 OHM 10% 1/2W 01121 EB 27G1 1
00691-213 BWO MOUNTING PLATE | 28480 00691-213 1
00691-606 ASSY :SHAP ING(MODEL 691A ONLY) 28480 00691-606 1
00691-610 ASSY :COUPLER BRACKET,INCLUDES Al2J1, A12Sh. 28480 00691=610 2
00691-616 CABLE ASSY, BNC (OPTION 01 ONLY) | 28480 00691-616 1

|
L
= See list of abbreviations in introduction to this section
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Models 691A/692A/693A/694A

Section VI
Table 6-2
Table 6-2. Replaceable Parts (Cont'd)
#p Stock No, Description # Mfr. Mfr. Part No. TQ

1
00691-681 MARKER ASSYILEFT(MODEL &691A ONLY) 28480 |00691=-681 1
00691~682 MARKER ASSYIRIGHT (MODEL &91A ONLY) 284B0O 0069 1-682 1
00692-016 SHIELD TUBE MU=-METAL 28UB0 [00692-016 F
00692-211 CONNECTOR!N TYPE (RF QUTPUT) 28480 |006%2-211 1
00692-244 WINDOW:SCALE+ LUCITE FOR MAIN DIAL 28480 |00692-244 1
00692-275 SHIELD1SAFETY 28480 (00692~275 1
00692-282 NUTIKNURLED (01 MODELS ONLY) 28480 [p06%2~282 1
00692-601 ASSYIFILAMENT POWER SUPPLY 28480 (00692-601 1
00692-602 ASSY! POWER SUFPLY 28480 |00692-602 1
00692=-503 ASSYIHIGH VOLTAGE 28480 |00692=-603 1
00692-604 ASSY! SWEEP GENERATOR 28480 |00692-604 1
00692-605 ASSYIALC AMPLIFIER 28480 (00692-605 1
00692=-6086 ASSYISHAPING (MODEL 692A ONLY) | 28U4B0O |00692~=606
00692-608 ASSYt TIME METER 28480 [00692-608 1
00692-617 ASSY! SUMMING 28480 00692-617 1
00692-618 AS5Y? MODE INDICATOR BUARD 28480 006%52-618 1
00692-624 SWITCHISwWEEP SELECTOR ASSEMBLY 28480 00692-624 1
00692-625 SWITCHISWEEP TIME(SEC) ASSY 28480 | 00692625 1
00692=661 ASSY)MODULATOR BOARD 2BUBU 00692=-861 1
00692-681 MARKER ASSYILEFT(MODEL 692A ONLY) 2BUBO |00692=681 1
00692-682 MARKER ASSYI:RIGHT (MODEL 692A ONLY) 28480 |00692=-682 1
00693-604 RF LOW PASS FILTER(MODEL 693A ONLY) 28480 |00693=-604 1
00693~-610 ASSYSCOUPLER BRACKET INCLUDES &12J§31251 28480 |00693-610 2
00693=-621 MARKER ASSYILEFT(MODEL €93A ONLY) | 2BUBO | 00693-621 1
00693=-622 MARKER ASSYIRIGHT (MODEL 693A ONLY) £BUB0O | 00693-622 1
0069U~-604 RF LOW PASS FILTER(MODEL 6944 CONLY) 2B4B0O |0069U~-504 1
0069U-621 MARKER ASSYILEFT(MODEL 6934 ONLY) 28480 |00694-621 2
0069u-622 MARKER ASSY®tRIGHT (MODEL 694A ONLY) 28480 | 00694y~-622 1
0727-0012 RI1FXD DEPC 20 OHM 1% 1/2W 2BUBO |pT27-0012 1
0727-0100 RiFXD DEPC 1000 OHM 1% 1/2W 28480 0727=0100 1
0727-0115 R1FXD DEPC 2000 OHM 1% 1l/2W 28480 0727-0115 1
0727-016%9 R1FXD DEPC 15.5K OWM 1k 1/2W 28480 0727-0169 1
0727-C173 R1FXD DEPC 20K OHM 1% 1/2w 28480 |0T727-0173 1
0727-0186 RIFXD DEPC 33.2K OHM 1% 1/2W 28UBO |0727-0186 1
0727-0208 Ri1FXD DEPC 100K OHM 1% Ll/2W 28480 |0727=0208 1
0727-0222 RIFXD DEPC 214K OHM 1% Ll/2w 28480 |0727-0222 1
0727-0226 R:FXD DEPC 250K OHM 1% 1/2W 2BUBU |0T27-0226 3
0727-0230 RIFXD DEPC 2BU4K OHM 1% 1/2W 28480 0727-0230 1
0727-0232 R1FXD DEPC 312K OHM 1% 1/2W 28480 |0727-0232 1
0727-0237 R1FXD DEPC 376K OHM 1% 1/2W | 2B4B0 |0727-0237 1
0727-0240 RE1FXD DEPC 405K OHM 1% 1/2w 28480 [0727-0240 1
0727-0245 RIFXD DEPC 500K OHM 1% l/2W 28480 |0727-0245 3

| 0727-0246 RtFXD DEPC 600K OHM 1% 1/2W¥ 28480 |0727=-0246 u
0727=0254 RIFXD DEPC 750K OHM 1% 1/2W 28480 |0727-0254 3
0727-0259%9 RtFXD DEPC 900K OHM 1% l/2W 28480 (0T27=-025%9 1
0727-0276 RIFXD DEPC 1 MEGOHM 1% 1/2W 2B480 0727-0276 3

|

= See list of abbreviations in introduction to this section
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Models 691A '692A/693A/694A Section VI
Table 6-1
< < <

<
Table 6-2, Replaceable Parts (Cont'd) 5 § % é
g Stock No. Description # Mfr. TATQITQ|TQ
0727-0287 RtFXD DEPC 2 MEGOHM 1% 1/2W 28480 |U727-0287 2
0727-0291 R1FXD DEPC 2.84 MEGOHM 1§ 1/2w 2B480 [0727-0291 1
0727-0292 RtFXD DEPC 3 MEGOHM 1% 1/2W 28480 (0727-0292 3
0727-0298 RIFXD DEPC 4 MEGOHM 1% 1/2W 28480 0727-0298 2
0727-0299 RIFXD DEPC 4.9 MEGOHM 1% 1/2w 2B4B0 (0727-0299 2
0727-0332 RIFXD DEPC 150K OHM 1% 1/2W 28480 (0727-0332 i A
0730-0038 R1FXD DEPC 19+4K OHM 1k | 28480 |0730-0038 1
0730-0144 R1FXD DEPC 10452 MEGOHM 1% 1w 28480 (0730-0144 1
| 0757-0017 RIFXD MET FLM 1 MEGOHM 1/2% 1/2Ww 65092 (9851 VAMISTOR | 2
| 0757-0076 RIFXD MET FLM 560 OHM &% 1/2W 07115 |C 20
0757-0079 Ri1FXD MET FLM 2700 OHM 2% 1/2W C7115|C 20 2
0757-0089 R1FXD MET FLM 1K OHM 2% 1/2W | 7115 |C 20 8
0757-0128 RIFXD MET FLM 200K OHM 1% l/2W 2ByB80 [0757=-0128 1 |
0757-0130 RIFXD MET FLM 162K OHM 1% Ll/2W 75042 [CEC T=-0 i %
0757=0135 RIFXD MET FLM 511K OHM 1% 1/2w 28480 |0757=0135 2, 0|0 g
A sFXD M 28480 0757-01
\ c?'??'?—c?% 17 RRIF;‘ HEE‘;'r ;LL# a?%“n% Ji’!‘u ]i//'%! 75042 cgcsl?r-o}? 2|1 2
0757-0308 Ri1FXD MET FLM 150 MEGOHM 1% 1/zW | 28480 |0757-0308 4
0757=-0310 R1IFXD MET FLM 133K OHM 1% L/2W 28480 (0757-0310 213 2
0757-0311 RIFXD MET FLM 1B2K OHM 1% L/2W 2BUBO 0757-0311 0| 2| &4 2
0757-0312 RIFXD MET FLM 309K OHM 1% l/2w 28480 0757-0312 2|1 2
0757-0321 RIFXD MET FLM 202K OHM 1% 1/4W 28480 0757-0321 2
0757-0353 RIFXD MET FLM 249K OHM 1w 1/2w 28480 0757-0353 3| 3| 0| 2
0757-0367 RI1FXD MET FLM 100K OHM 1% 1/2W 2B4BQ |0757-0367
0758=0003 RIFXD MET FLM 1000 OHM S® Ll/2ZW 07115|C 20 s
0758-0004 R1FXD MET FLM 2700 OHM 5% L1/2w 07115|C 20 2
0758-0005 R1IFXD MET OX 4700 OHM 5% 1/2Ww 28480 [0758-0005 5
0758~0006 RIFXD MET FLM lOK CHM 5% 1/2W 07115 |C 20 14
0758-0009% RiFXD MET FLM 6B0O0 OHM 5% 1/2W 07115 |C 20 1
| 0758-0010 RIFXD MET OX FLM 3300 OHM 5% 1/2w 28480 |0758=0010 1
0758-0012 RIFXD MET FLM 12K OHM 5% 1/2W 07115 |C 20 3
0758-0017 RIFXD MET FLM 1500 OHM 5% l/2W | 07115|C 20 2
0758-0018 RIFXD MET FLM 15K OHM 5% 1/2W 07115 |C 20 3
0758-0020 RIFXD MET FLM 22K OHM 5% 1/2W 07115 |C 20/22K-5% 2
0758-0021 RIFXD MET FLM 51K OHM 5% 1/2W | 07115 |C 26/51K=5% 6
0758-0022 R1FXD MET FLM B2K OHM 5% 1/2W 07115 |C 2C 2
0758-0024 RIFXD MET FLM 100 OHM 5% 1/2W 07115 C 20 4
0758-0025 RIFXD MET FLM 160 OHM 5% L/2W o?ltsic 20 1
0758-0028 RIFXD MET FLM 270 OHM 5% 1/2Ww v7115|C 20 1
0758-0029 RIFXD MET FLM 470 OHM 5% 1/2W 07115 |C 20 7
0758-0032 R1FXD MET OX 820 OHM 5% 28480 (0758-0032 1
0758-0034 RIFXD MET FLM 2400 OHM 5% 1/2Ww 07115 (C 20 1
0758-0035% RIFXD MET FLM 3000 OHM 5% 1l/2W 07115 |C 20 2
0758=0036 RIFXD MET FLM 3600 OHM 5% 1/2W 07115 (C 20 ¥
0758-0037 RIFXD MET FLM 5100 OHM 5% 1l/2Ww 2848V |0T58-0037 1
0758-0038 RIFXD MET FLM 9100 OHM 5% l/2W 07115 |C 20 1
|
0758=0039 RIFXD MET FLM 20K OHM 5% 1/2w 07115|C 2¢ 5
0758-0040 R1FXD MET FLM 47K OHM 5% 1/72% 07115 |C 20 1
0758-0044 RIFXD MET FLM 2200 OHM 5% 1/2W 07115 |C 2¢ 2
0758-0046 R1IFXD MET FLM 6200 OHM 5% 1/2W 07115 |C 20 1

= See list of abbreviations in introduction to this section
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Section VI Models 691A/692A '693A/694A
Table 6-2

Table 6-2. Replaceable Parts (cont'd)

#p Stock No. Description # Mfir, TQ
0758-0047 RIFXD MET FLM 7500 OHM 5% l/2W 07115(C 20 2
0758-00u8 RIFXD MET FLM B200 OHM 5% 1/2w 07115 |C 20 1
0758-0049 R1FXD MET FLM 33K OHM l/2Ww 07115 |C20 1
0758-0050 RIFXD MET FLM 39K OHM 5% 1/2W 07115|C 20 2
0758-0053 RIFXD MET FLM 100K OHM 5% 1/2W 07115 (C20 12
0758=0055 RIFXDO MET FLM 360 OHM 5% 1/2W 28480 [0756-0055 1
0758-0057 RIFXD MET FLM 5600 OHM 5% 1/2w 07115|C 20 1
0758-0059 RIFXD MET FLM 11K OHM 5% 1/2W 07115(Cc 20 1
0758-0061 R1FXD MET FLM 120K OHM 5% l/2W 07115|C 20 3
0758-0071 RIFXD MET FLM 4300 OHM 5% 1/2w | o7115|Cc 20 2
0758-0073 RIFXD MET FLM 24K OHM 5% 1/2W 07115(C 20 1
0758-0076 RIFXD MET FLM 68K OHM 5% 1/2W 07115|C 20 2
0758=0079 RIFXD MET FLM 30k OHM 5% 1/2W 07115|Cc 20 1
0758-0087 RIFXD MET OX 470K OHM 5% 1/2W 28480 |0758-0087 4
0758-0098 RIFXD MET OX 2z0K OHM 5% 1/2W 28480 |0758-0098 7
0758-0100 RIFXD MET OX 330K OHM 5% 1/2W 07115|c 20 3
0758-0101 RIFXD MET OX 150K OHM 5% 1/2w 28480 [0758-0101 1
0758-0102 RIFXD MET OX 270K OHM 5% 1/2W 284B0 [0758=0102 2
0758-0104 TRYFRGUET Oox 180K OHM 5% 172w 28480 |0758-0104 1




Models 691A/692A/693A/694A Section VI
Table 6-2
Table 6-2, Replaceable Parts (Cont'd)
|
#» Stock No. Description # Mir, TQ |
1220-0009 SHIELD-TUBE 71785 12627 1
1220-0010 SHIELDSELECTRON TUBE 71785 (12621 2
1250=-0083 CONNECTORtBNC 28480 1250-0083 1 |
1250-0123 CONNECTOR1BNC 91737 UG=1-94/U NI RH 8
1251-014u8 CONNECTORIPOWER 3 PIN MALE 60427 H=10611G=3L 1 !
1251-0194 CONNECTORIPRINTED CIRCUIT 15=CONTACT 95354‘50-615Ts 1
1400-0019 CLAMP:TUBE 91506 | 120F5=-63A i
1400-0084 FUSEHOLDERIEXTRACTOR PUST TYPE 75915 342014 1
1401-0006 | CLIP!TUBE 91418 [SPP=-3 2
1401-0007 CLIPIELECTRON TUBE CER INS 1/4ID TeU487T 36004 2
1410-0112 BUSHINGISLEEVE BRS NP U«37500X0.4385/16=32 28480 1410=-0112 2
1510-0008 BINDING POSTIRED 28480 [1510-0008 1
1510=0009 | BINDING POSTIBLACK 28480 (1510=000%9 1
1600-0030 SHIELDtELECTRON TUBE FINGER LINER 5 X 2 | 98978 [T12-1220-5H 2
1850~0050 TRANSISTORIGERMANIUM 2N4s5TA PNP 01295 2NU5TA 5
1B850-0062 TRANSISTORIGERMANIUM SPL2N4Q4 FNP . 28480 |1850-0062 11
1850-0064 TRANSISTORIGERMANIUM 2N1183 PNP 02735 |2N1183 2
1850-0096 TRANSISTORIGERMANIUM 2N2189 PNP | 01295 2N21a3% 2
1853-0001 TRANSISTORIPNP SILICON 30V 900MW 2B4B0U |1853-0001 1
1854=-0003 TRANSISTORINPN SILICON 28480 |1B54-0003 | B
1854~-0005 TRANSISTQRI2NTO8B NPN SILICON | 07263 2NT708 1
1854-0014 TRANSISTORIDUAL NPN SILICON 2BUBO 185U4-0014 1
1854-0015 TRANSISTORINPN SILICON | 28480 |185U4-0015 (-]
1854=-0033 TRANSISTORINPN SI 2N3391 03508 2N3392 2 ‘
1855-0001 TRANSISTORISIL UNIJUNCTION 2N1671A | 03508 |2N1e71a 1
1901-0028 DIODE+JUNCTIONtSMA AT 1V 100 Fly | 28480 [1901-0025 34
1901-0026 DIOCE+SILICONIO«5A 200P]V | 28480 1901-0026 [
1901-0028 DIOCE+SILICON1QO.5A 4OOPIV | 28480 |1901-0028 1
1901-0030 DIODE+SILICONIEQU PIV | 28480 (1901-0030 ]
1901-0032 RECTIFIER!SILICON 15 AMP LN320% QU713 [IN3209 4y
1901~-0033 DIODE+SILICONI IN4UBEB 28480 |1901-0033 %8
1901=0040 SEMICON DEVICE:DIODE SILICON 28480 [1901-C0u0 1|
1901-0084 RECTIFIER!SILICON S0MA W4OOOPIV 12060 DI-1163 1
1502-0031 DIODE+BREAKDOWNT12.7V 5% 28480 (1902=-0031 1
1902-0038 DIODE +BREAKDOWN! 45,3V 5% 28480 [1902-0038 2
1902~-0065 DIODE+BREAKDOWNIUG UV 10% 284 B0 |1902-0065 1
1902-0215 DIODE +BREAKDOWN1G, 49V 5% 1.5W 28480 |1902-0215 1
1903-0002 DIODE+4 LAYERT SILICON 20V 28480 (1903=-0002 1
1910-0014 SEMICON DEVICESDIODE GERMANIUM IN2T7T 03877 |LN2T77 2
1923-0006 ELECTRON TUBE! &216& PENTODE 93332 6216 | 1
1623-0043 ELECTRON TUBE! 6&EW& PENTODE 33173 6EwS 1
1923=0045 ELECTRON TUBEt 7239 PENTODE 33173 7239 1
1923-0044 ELECTRON TUBE! &EJT (EF 184) PENTODE 73445 6EJTI(EF184) 2
1923=-0048 ELECTRON TUBE: BQ&8 BEAM PENTCOE 33173 |8068 2
1924=0001 ELECTRON TUBE15915 PENTAGRID 86684 (5915 1
1932-0009 ELECTRON TUBE! 5965 DUAL TRIODE | 33173 5965 1
1932-0027 ELECTRON TUBE 1 12AT7 B80OL131 |12AT? 1
1932-0030 ELECTRON TUBE1 12AX7 TWIN TRIODE 00001 [12aX7 2
1932-0049 ELECTRON TUBE'CK 647 QU144 [CK €47 [
1933-0005% ELECTRON TUBE! 7734 TRIODE PENTODE 07138 (7734 2
= See list of abbreviations in introduction to this section
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Section VI Models 691A/692A /693A/694A
Table 6-2
< < < <
— & . =
Table 6-2. Replaceable Parts (Cont'd) a3 S
#@ Stock No. Description # Mfr. TQ|TQITQITQ
1940-0004 ELECTRON TUBE: 0A2 VOLTAGE REGULATOR BEGBU |0AZ 1
1940=0012 ELECTRON TUBEIVOLTAGE REFERENCE 8228 81V 73445 (82287221000 3
1951-0017 ELECTRON TUBEtBWO 2.0-4.0 GC 28480 [1951-0017 1
1951-0020 ELECTRON TUBEtBWO 1=2 GC 28480 |1951-=0020 1
1951-0021 ELECTRON TUBE:BWO 4-8GC 2B4B0 |1951-0021 1
1951-0023 ELECTRON TUBE!BWO B=12.4GC 28480 1951-0023 1
2100=-0043 RiIVAR COMP 500K OHM 10% LIN 2W 28480 |2100-00u3 1
2100-0073 R1VAR COMP 125K OHM 20® LIN 1/3w 28480 |2100-0073 1
2100-0090 RiVAR COMP 2000 OHM 30% LIN 1/3w 28480 [2100=00%0 2
2100-0091 RIVAR COMP S000 OHM 30% LIN 1/3W 2B4BO (2100~-0091 1
2100-0094 RIVAR COMP S0K OHM 30% LIN 1/5w 28480 |2100-0094 2
2100-0102 R1VAR COMP 500K OHM 30% LIN 1/5w 28480 (2100-0102 2
2100-0154 RIVAR COMP 1K OHM 3C% LIN O«15W 2B4B0 (2100-0154 1
2100-0751 RIVAR COMP 3X1K OHM 20% LIN 1W GANGED 28480 |2100-0751 1
2100-0752 RIVAR WW 50K OWM 3% LIN 1,5W 10=TURN | 28480 2100-0782 m
2100-0753 Ri1VAR COMP 500K OHM 20% LIN 1/2W W/DPST sw' 28480 |2100-0753 1
2100-0912 RtyAR COMP 5K OHM 20% LIN 1/5w 28480 |2100-0912 ]
2100-0913 RIVAR COMP 15K OHM 20% LIN L/5w 28480 2100=-0913 5
2100=0914 Ri1VAR COMP 25K OWHM 20% LIN 1/5w 284B0O | 2100~0914 4
2100-0915 R1VAR COMP 100K OHM 20% LIN 1/5W 2BUB0O (2100=0915 1
2100-0916 RiVAR COMP 250K OHM 20% LIN 1/5w 2BU4B0O (2100-0916 0(2/9|8
2100-0917 RIVAR COMP 500K OHM 20% LIN 1/5W 28480 | 2100-0917 5|79
2100-0918 RIVAR COMP 1 MEGOHM 20% LIN 1/5w 28480 |2100-0918 u
2100-0953 Ri1VAR COMP 10K OHWHM 30% 10CWLOG 1/Bw 28480 2100-0953 1
2100=-0968 Ri1VAR COMP 10K OHM 30% 20CCWLOG 1/8W 28480 | z100=-0968 1
2110~-0002 | FUSEICARTRIDGE 2 AMP 3 AG 75915 |312.002 1
2110-0055 FUSEICARTRIDGE 4 AMP 250V 75915312006 1
2140-0043 LAMPI INCANDESCENT &V 0.04 AMP 244551730 u
2140=0047 LAMPIGLOW NEON 1/10W | 24455 |0BOD [
3101=-0011 SWITCH1SLIDE DPDT 05 AMP 125 VLC 42190 4603 2
3101-0032 SWITCHISLIDE 4 PDT 045 AMP 125 VDC 421590 (6612 M SPEC 1
3101-0034 SWITCHISLIDE 4 PDT 0«5 AMP 125 VODC 42190 6633 1
3101-0041 SWITCHI1TOG DPDT 3 POS 15 AMP 125VAC BB140 |890&6K370 1
3101=-0042 SWITCHIPUSHBUTTON SPST 28480 |3101-00u42 U
3101-0052 SWITCHIPUSHBUTTON SPST NORMALLY OPEN 82389 961 LESS HDW ) ]
3101-0078 SWITCHIPUSHBUTTON 3POT 28480 3101-0078 1
3101-0091 SWITCH14=PUSHBUTTON 28480 |3101-0041 1
3150-0002 OILYAIR FL*WATER SOLUBLE olIL B286&6 |SN 411 1
3160-0026 FAN!BLADE 105-120 V+ 50-60 CFS 28480 |3160-0026 1
5000-C200 wWINDOWICOUNTER GRAY PLASTIC(MARKER 1!2) 28480 |5000-0200 1
5000-0235 LABEL IPUSHBUTTON(START/STOP) 2B4B80 |5000-0235 1
5000-0236 LABELIPUSHBUTTONI(EXT FM) 28480 |5000-023¢ 1
5000=0237 LABELtPUSHBUTTON(ALC) 28490:5000-0237 1
5000-0238 LABEL 1PUSHBUTTONIAF) 28480 5000-0238 1
5000=-0239 LABELIPUSHBUTTON(EXT AM) 28480 |5000-0239 1
5000=-0240 LABEL tPUSHBUTTON(MARK 1) 28480 [5000=0240 1
5000-0241 LABELIPUSHBUTTON(MARK 2) 28480 |5000-02u1 1
5000=0242 LABEL tPUSHBUTTON(INT SQ WAVE) 28480 |5000-0242 1
5000-02uU3 LABEL1PUSHBUTTON(MARKER SWEEP) 28480 (500C-0243 1
|
|
= See list of abbreviations in introduction to this section
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Models 691A/692A/693A/694A

Section VI

Table 6-1
Table 6-2. Replaceable Parts (Cont'd)

#g Stock No, Description # Mir. Mfr, Part No, TQ
5000-0286 LABELIPUSHBUTTON(INT ALC) 28480 |5000-0286 1
5020-0446 NUTIHEX BRS 5/16 X 32 0.438 28480 |5020-04u6 2
5040-0234 LAMPHOLDER? (FOR 4 LAMFS) 28480 5040-0234 4
5040-0235 BASEtLAMPHOLDER 28480 5040-0235 U
5060-0878 FILTER:AIR 28480 |5060-0878 1
8120-0078 CABLEIPOWER T7+45FTe 70903 |KH4 147 1
8500-0059%9 SILICONE GREASE 71984 |[#5 COMPOUND 1
08731=-210 NUTILOCK FOR J10 28480 |08731-210 1
9100-0242 TRANSFORMER 1 POKER 28480 |9100=-0242 1
Q100~0243 TRANSFORMER 1POWER 26480 |9100-0243 1
7860 DIRECTIONAL DETECTOR» MODEL &%91A ONLY 28480 (786D 1
7870 DIRECTIONAL DETECTOR+ MODEL &92A ONLY 28480 (7880 1

| |
|
|
|
|
# See list of abbreviations in introduction to this section
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Section VI
Table 6-3

The following coede numbers are from the Federal Su

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

Table 6-3. Code List of Manufacturers (Sheet 1 of 2)

pply Code for Manufacturers Cataloging Handbooks H4-1 (Name to Code)

and H4-2 (Code to Name) and their latest supplements. The date of revision and the date of the supplements used appear at
the bottom of each page. Alphabetical codes have been arbitrarily assigned to suppliers not appearing in the H4 handbooks.

Del3s
h0213
(LER T

00373

oda%E
barry
norsl
ea1s

00853

bogsl
[ EH]
Di2ss
01781
Di23s

(18133
01361
01589
01830
01961
w1
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wm

wm
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DiDs2
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s

(LELT]
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L1
g

M
T
b
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LLLH
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asan

LLETH
03893
5616

056
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L1k

0818
05820
06004
06175
06402
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06555
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(LI
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Manufachurer Addrans
U.5.A. Common Any supplint of U. 5.
MeCoy Electronics Moust Helly Springs, Pa.
Sage Electronics Corp. CNY
Humidail Co, Calton, Calil,
Wesbies Coip. New York, N, ¥
Gatlech Paching Co,,

Elecironic Products Div. Canden, W1,
Aerovon Corp. Mew Bedford, Mass,
Amp, inc. Harisherg, Pa.
Alrerafl Radio Corp. Bosaton, N J.

Worthem Engmeering Laberatories, inc.
Buir linghon, Wia,
Sangamo Electiic Company,

Ordill Division | Capaeitors) Maiigs, 111
Goe Engineesing Co. Los Angeles, Calif
Carl E, Halmes Carp. Low Asgeles, Calif.
Allen Bradley Co. Wilwanhes, Wis,

Litlon Inssatries, Inc. Baverly Hills, Calif.

TRW Semicenducisns lne. Lawndale, Calif.
Texas jastisnents, ine.

Traanistar Products Div, Dallas, Teras
The Alilsnce NTg. Co. Allisace, Ohig

Indianapolis. Ind.

1, an Neys, Calif,
Ameroch Corp Rockiord, 1,
Pelte Enginoanng Ca. Santa Ciarn, Calil,
Femnucube Corp. of Anetica Saugesiies, WY,
Cole Mig. Co. Palo Catit,
Amphenai-Barg Electronics Corp,  Chicago, 1L,

Radio Corp. of Amenica, Semicondettor
and Malerials Div. Somerville, N, J.
Wocaling Cao. of America, Inc.
014 Saybrook, Coan.
Hophins Engenemting Co,  San Fomands, Calif
G.E. Semiconductor Products Dagt. Sy

Apes Maching & Toel Co,

Eldena Corp. El Moate, Calll,
Tramsitron Electonic Corg., Wakelleld, Mass,
Pyrofilm Resiston Co, Momistown, N J.

At Marine Matars, Inc. Lot Angries, Calif,
Anow, Hadl snd Hegeman Elect. Co.
Hartfard, Ceen,
Lambertvitie, N. J.
New York, N, Y.
Wyrile Beach, 5.C.

Tawws Corp.
Elmenco Products Co.
WiQ Division of Aerover

Eigia Natiosal Walch Co.,
Electromics Division Burbonk, Calif,
Precivien Pager Tube Co. Chicage, il

Dymec Division of Hew lett-Packard Co.
Pale Alto, Calil.
Sylvania Electric Prods., inc.
Efectionic Tobe Div.  Moontain View, Calil,
Motarsla, lec.  Sewiconduclor Prod. Div.
Phoenin, Atizoas
Fillres Co., nc., Westerm Diw. Culves Cily, Ci
hutomatic Eleciric Co.
Autsmatic Elactiic Sales Corp.
Sequosa Wire & Cable Co,  Redwood Cil
Precisiza Coil Spring Co, El Maate,
P, M. Mgtor Company Chicago 44, 111,
Twenligth Century Piastics, Inc.
Los Angeles, Calil,

Westinghouse Elechiic Corp,

Seni-L Dept, ¥ d, Pa.
Ultreais, inc. San Matee, G
il Eng g Co.  Sunayvale, Calil.
Cosma Plastic
it ‘s Eleztrical Spec. Cs, ) Cleveland, Dhis
Baiber Colman Co. Racklord, Iil.

Tiltea Optecal Co.
Roslyn Meights, Long klasd, N.Y.

Matropolitan Telecommun icatians Ceip,

Melio Cap, Divimon Brookiyn, N_Y.
Stewai] Engineering Co. Sants Crur, Calil,
Wakelield Engineening bnc. Wakefield, Maas

The Bassick Co.

Bausch and Lont Optical Co,  Rochester, W, Y
E.T A Producty Co. of Amasica  Chicags, 1.
Wesiern Devices, Isg, Inglewood, Calil.

Amaton Electronic
Hardware Co. Inc New Rochelie, N, Y
Beede Elecliical (nstrument Co, . |nc.
Penscook, N H.
L. 5. Semcor Division of Wuclear Cerp.

ot America Phoenia, Aritgns
Toriagion Mig, Co., Weal Div.  Van Nuys, Calil,
Kelwin Electne Co, Van Nuys, Galil,
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Cade
Ha.

s

07126
oriar
IRk ]

0r14%
o3y
arze1
01263

oz
L2 o
oiroa
orsla
081
1566

LR
08145
DR288
8358

ar7
(L]
[T

Momufochire: Address
Ceming Glass Weiks

Electronic Companeats Dept, Buadiord, Pa.
Digitran Co. Fazadens. Calil.

Transistor Electronics Corp,  Minneagolis, Memn,

Westiaghoose Electic Corp.

Electronic Tube Div. Eimin, WY,
Fiimohm Corp, New York, N. ¥,
Cineh-Graghik Co City of Industry, Calil,
Avoet Corp. Laos Angelns, Calif.

Fairchild Semiconductor Corg,

Moustain View, Calil.
Minnenpolis, Winn,
Lo Angeles, Calll,

WMinnesats Rubber Co.
The Birtenst Cong,

Technical Wire Praducts Sovinglinld, M. ).
Coafinantal Device Comp. Howihouse, Calil,
Fhgen Semiconductor Corp. Mowntain View Calil.
Snnckley Semi-Conducton

Labiora taries Pala Ao, Cafil.
Bosaten Radis Carp, Baonton, N.J.
u.5. Elllllme Ce, Lo Angeles, Calil,
Blian, Deibert, Co. Pamona, Calil.
Burgess Batlery Co.

Niagara Falls, Ontatio, Canada.

Sloan Company Burbank, Calif,
Connon Electric Co Fhoenix Div,  Phosnin, Ariz
CBS Electronics Semicenductor

Opedations Div.of C.B.5. Inc.  Lewell, Mass.
el Ram Indunnapolis, ind,
Habcock Relays, fnc. Costa Nesa, Calif,
Tens Capacitor Co. Houston, Tewss
Atomn Electionics Sun Valiey, Calif,
Elnctra Assemblies, Inc, Chicaga, 1l

09563 Mallory Battery Co. of
Camada, Lig Teronta, Ontario. Canada
09664 The Bristol Co. Watosbury, Cona.
10200 Genara) Transistor Wesfern Corp,
Los Angeles. Calit.
10411 Ti-Tal, ing, Berunley, Calil
10645 Carbarangum Co. Miagara Fails. N.Y
11236 TS of Berng, Inc, Beine, Ind,
11237 Cmicage Telephone of Cafiform, inc,
0. Pasadema, Calit,
11317 Wicrownve Electronics Coepe  Palo Alto, Calil,
11534 Duncan Electronic, Inc. Santa Ama, Calif,
11711 Geses! imstrement Corporation
Semiconductor Division Newarh, W),
1717 Impesal Ebectionic, Ing, Buena Fark, Calif,
11870 Melabs, Ine, Palo Alte, Calil,
12136 Philade iphia Mandle Co. Camden, W, 1.
12697 Clarostat Mg, Co. Dever, N.H.
12843 Wippon Electric Co,, Ltd. Tokye, Jagan
12%30 Delts Semiconductor inc.  Newport Besch, Calil,
1103 Thermalloy Dallas, Tezas
133%  Teletuskes (G M_B.H. | Hannover, Germany
13835 Midiand Mig. Ca, Kxnsas Cily, Kansas
14095 Sem-Tech Newbury Park, Calil.
W18 Calit, Resistor Corpe Santa Monics, Calit.
14258 American Components, inc,  Conshohocken, Pa,
14555 Comell Dubilier Elec. Cop. So. Plainfinlg, M. J.
14560 Williams Mig. Co. San Jose, Calil
15203 Webster Electronics Co. Inc, Biooklyn, N, ¥,
15291 Adjustable Bushing Co M. Hellywood, Calil
15772 Twendieth Cemlury
Conl Spring Co. Santa Claca, Calil,
15909 The Daven Co. Livingsion, M. ).
16037 Spiuce Ping Mica Ca, Sprace Pine, W, C
16352 Compule: Diote Carp. Lodi, N. 4.
55680 De Jur-Amico Corporation
Lang lnland Cily | W.¥
L6750 Deles Radis Div, of G M. Corp, Kohomo, fnd,
17109 Theimonetics Inc Cansga Park, Calil,
LIHTL Tranes Company Mountuin View, Calil.
LBABE  Radis Isdustriey Des Plarses, 111,
10583 Cortey |nstrumest ing, i, Kiscs, M Y.
18873 E.J. DuPestand Co., ine, Wilmingion, Del,
19015 Eclipse Pioaest, Div. of
Bendix Avisties Corg, Twtwitors, N.J.
19500 Thomas A. Edises Industiies,
Div. of McGraw-Edison Co. West Orange, N.J.
19700 Ebectra Manutscluring Co, Kansas City, Me,
10183 Efectronic Tube Corp, Fhiladeiphis, Pa,
1% Exec Ine, New Yok, WY,
21570 Fanstenl Metalbrgical Corg, Wo. Chicago, 111,
21335 The Falnii Besring Co. New Britais, Cean,
71364 Fed. Telephone and Radio Corp, Clifign, N, J.
24406 General Electric Co. Schenectady, N.Y.
2453 0.E.. Lamg Division Mela Park, Cleveland, Ohio
00015-3%
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24653
16365
26462
16857
28480
an
ELTH]]
36196
kL TH
18543
Ll Hil
41150
43590
44635
0
w20

454956
52090
ara
419
5026
55933
55838
56117
55263
53046
LUERD )
BT
L0

E2118
£3141
Ed353
(EH
BE29S
Ll
e
008
ke )

1045
10463
10203
Tosse
ooz
Tiodl

mi
T
mn

Tla00

743
1450
11468
1
e
11550

TI6l
Ti700
Tied
T

s
T1384
12082
11

i
12354
12619

769

e
i1
T
Ta9n8
12964
7987
13061
T
131

Monutocurer Address

General Radio Co. West Conpord. Mass,

Gries Reproducer Conp. New Rochelle, N. ¥,
Grobel File Co. of America, Inc. Caristadt, N.J.
Hamilten Watch Co. Lancasier, Pa.
Hew ietl-Pachard Co, Pals Afte, Colit,
G.E. Recewng Tube Deod, Owensbors, Ky,
Lectiohm inc. Chicago, 111,

Stanwych Cop. Hawkeshury, Onfanis, Canada
P.A. Matlory & Ce. . Inc. Indianapelis, Ine.
Wechanical indostries Prod, Co. Akton, 0o
Winisture Precision Bearings, inc.  Meane, N_H_
Muter Co. Chcage, i,
C.A. Nargren Co. Englewond, Cole.
Onaite Mg, Co. Shokie, il
Polgioid Corp. Canmbridge. Mass.
Precesion Thermonete: and
lest, Co, Philageighia, P

Raytheon Company Lesingtan, Mass.

Rewan Cealiglier Ce, Balhimote, Wd.
Ward Laonard Eleciric ML Vernos, N.Y.
Shalicross Mig. Co. Seima, N, C.
Simpson Electrie Ce, Chicage, L
Sonotone Corp. Elmstod, N.Y.

5. Norwalh, Caonn,
Tonawanda, N. Y,
Naith Adams, Mass,

Sarensen & Co., Inc.
Spaulding Fipee Co., Inc.
Sprague Electric Co.

Telex, lnc. 51, Paul, Mien.
Thomas & Beits Co. Elizabein |, N. J.
Trippiett Efcirical inc. Biutfton, Ohie

Union Switeh and Signal, Div, of

Westinghoase A Brake C2.  Swisswale, Pa.
Universal Elscine Co. Owasso, Mick,
Ward-Leonawd Elecing Co, Mt Veran, N Y.
Western Elsciric Co., bnc. New York, WY,

Wesion bnaf, Dov. of Daysirom, fac. Wewsth, N )

Wiliek Mysulaciuring Co. Chicage 23, Il
Wallensah Optical Co. Rochester, N.¥.
Allan Mg, Ca. Harbfoed, Conn,
Altied Contral Ca.. Ine Wéw York N ¥
Alimetai Screw Prod. Co.. Ioe,

Garden Cily, N. Y.
Athandic india Rubber Werks, me.  Chicaga, 111
Anpeiite Ca., lne. New York, N Y
Balden Mig. Co, Chicage, 11l
Bied EMectianic Corp, Clevelsnd, OBia
Bimbach Radio Co, Wew York, N.Y
Bostan Geat Waiks Oiv, of

Murtay Co. of Tenas Quincy, Mass,
Badl Ragin tne Clevelans, Ohip
Canlst Fastaner Codp. Paranus, N.J
Allen . Cardwall Electionic

Prod. Corp. Plainwille, Cean.
Busgmann Fus# Div, of MeGraw-

Edizan Co. 51, Leows, Mo
Chitago Condemser Com. Chicaga, 11,
CTS Corp, Elkhart, Ind.
Cannon Eleetiie Co, Loa Ageles, Calil.
Cinema Engineering Co. Bathank, Calil,
C.P. Clare & Co. Chicaga, 11,

Centratab Div, of Giobe Union inc
Milwnsher, Wis,

Commercial Plashcs Co Chicags, il
Th Cornigh Ware Co. Wew Yok, WY,
Chicagn Miniature Lamp Works Chicage, 1.
K. 0. Smith Coup,, Crowiey Div,

West Ouange, .1,
Cinch Mtg. Corp. Chicage, I,
Dow Carmng Corp. Widlend, Mich.
Eitel-McCullough, Inc. San Beun, Calil.

Erectro Mative Mig. Co, . Inc
Willimantic, Conn,
]

Cots Coil Cd., Ine, Pravidenc g
John E. Fast & Co, Chicage, 11,
Dialight Corp. Broaklyn, WY,
General Ceramics Conp. Keasbey, N.J.
Genesa| Insbiument Cotp.,

Semiconductor Div, Mewark, N J,
Girard-Hopksny Daklang, Calit,
Drake Mig. Co, Chicage, 111,
Hugh M. Eby Inc, Philadelghin, Fa,
Gudeman Co, Chicage, 111,
Robert M. Hadley Co. Log Angeles

Erie Renisier Corp, "
Hansen Mlg. Co.. Inc. Princeten, Ind.
M. M. Harper Co. Chicago, 111
Hefipet Div. of Bechman

Instruments, Inc, Fullerton, Calif,

Galley 3 - Hewletf Pachard Code Lis

Code
Mo

13893
13418

THH
13508
1155
1882
1ara
EEELE
13193
11848
1189
13s0s
Tiae
Taass
4881
Rl

fagn
15043
15473

15378
15382
15818
15515
1600y
8210
76411
1he!
Teegd
16430
TESAS
B
11068

Ll 1)
mn

17150
ms2

LLELH

17530
71638
1764
11963
e

L]
78290
s
T
78488
s
78553
18730
TESaT
e
7975

9

T9%61
LILE

Boizn
Hi
Bal3

#0207

Litrd]
Bl7aE
B2
BOALL

L1
BSOS
LIt ]
w640
LHLES]

B1073

LT E]
LIS

From

Manufacturer hddrans
Hughes Froducts Divigon of

Mughes Aucrafl Co.
Ampesen Electiamic Co,

Nemport Beach, Calil,
Diw. alf Noith

Amprican Phallips Co. e, Hichiwille, N ¥
Beckman Helipat Corp, So. Pasatens, Calil.
Bradley Semiconductor Corp, Hamen, Conm,

Hauttord, Cona,
Priladelphia. Pa,

Catling Electric, Inc.
George K. Garred! Ce.. Inc.

Fedenl Sciem Prod, Co Chicage, L
Froagher Spaeaal Mig, Co, Cewneinnati, Ghis
The General Industoes Co, Etviin. Ohie
Goshen Stamping & Toal Co Gashen, e,
TFD Elecironics Carp Baooklyn, N. ¥,
Jenningy Radio Mig. Co. San jose. Calil,
Segmalife lmc, Neptuse, W, .
4. H, Wans, and Sop Winchesiei, Mass.
Indwsiieal Condenser Corp, Chicage, NI,

R, F. Pioducts Divrisca of Anghensl-
Borg Electionics Corg. Tanbury, Cann,

E.F, Juhnacn Co. Wasera, Minn,
inigrmational Resistance Co.  Philadeiphia. Pa.
Jones, Homsrd B., Division

of Cinch Mig. Corp. Crieage, |11,
James Wpights Co, Sandwien, 111,
Fulka Elecing Carporalion ML Veman, N ¥
Lang Ebecioie Mig. Co. Chicage, il
Lititetuse ine, Dés Plames, i,
Lard Mg, Ca. Ene, Pa,
€W, Marweds| San Fraseipee, Calil,
Micameld Eleciionie Mg, Corp.  Brooklyn, N.Y
James Wilhen Mig. Co., lac, Milden, Mass,
1N, Malles Ca. Los Angeles, Calil.
Measdnach Milly $an Leandro, Calif,
Mueller Eteciric Co, Cleveland, Dhug.
Dak Manelactsiing Ca, Crystal Lake, 111
Bendi Pacific Duvision of

Beagin Cop. No. Mallywaed, Calil,

Pacific Metaly Co,
PRacsian Instrument and
Edecironie Co.
Phoell Mig. Co.
Philadetphia Steel and Wue Caip,
Philadelphia, Pa.
Potter ang Brumfenle, Div, of Amarican

San Frantisca, Calil,

South Pasadena, Calil,
Chicage, 11,

Machine pad Fountly Frincaton, (ad.
Aagin Conganser Ca, Camdan. N.J,
Radio Recepioi Co,, lic. Broskiyn, N.Y
Resistance Produsts Co, Harruburg, Pa.

Rutbercrafl Corp. of Calil. Torance, Calil.

Shakeprcol Diwisian of limers

Tool Wotky Eigim, 111
Srgral ingicator Corp, New York, N ¥
Struthers-Dusn inc. Pitman, . ).
Thompsoe-Bremer & Co. Chicage, 11K,
Tulley Mig. Co. San Fancnen, Calil,
Stachpale Carhon Co, 51 Marys, Pa.
‘Standaig Thomson Corp, Waltham, Mags
Tinnerman Products, nc, Clevatang, Ohis
Translormen Engineers Pasadena, Calit.
licwnite Ca, anwllle, Mass,

Harl!ul: Conn,
Chicaga, 11,

Veeder Root, Inc.

Wenco Mg, Co.

Continental Wirl Electiomics Carp.

i ladelghia. Pa,

Zeenich Wig. Corp New fochelie, N.Y

Mepca Dirision of Sessipny
Ciock Co Moeraatown, N, J

Schnitrer Alley Products Elizabeth, M. J,

Times Facsimile Corg, New York, N ¥

Elpcironic indesties Association, Any prang
fube mesting E1A standards Washinglon, 0.C

Usimax Switch, O, of

W.L. Maigon Cop, Waltingtora, Cons,

Uniled Transiormer Corp. New York, N.¥,
Oxford Electnc Carp, Chicage, I,
Boutns Laborstories, Ing Riwerside, Calil,

Bcre Div. of Robarishaw
Fulton Centrois Co.

Al Star Products Inc.

Avery Adnesive Labe| Com.

Hammetlund Ca, , Inc.

Stevess. Amoid, Co., bac,

Intemational inatrumnnts, inc.

New Haven, Cona,
LaGrange,
Wenice, Cailf,
Meoiwalh. Coan

Columbas 16, Ohis
Defiance. Ohie
Mznravia, Calil.
New Yok, 4.Y,
Beoston. Mass.

Grayhill Ca.
Trisd Transtormer Coup,
Winchester Elactionies Co., bne

FSC. Handbook Supolements
Hée:l  Dated DECEMBER 1964
Hé-2  Daled MARCH 1962
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Manubsturen Addresy
Wilitary Specihcation Ll
Wilkor Products, lac, Cleveiana, Dhig

Rayiheon Mig. Co., Indestial Cemponents
Biv, Wmdust Tube Operalions  Newlos, Mass
Internationa! Rectitiel Coip.  EI Segunde, Calif.

The Aorpaz Prodects Co. Cambridge, Mass,
Baty Conbats, Inc. Wateiiown, Mass,
Caflet Party Ca. Srokie, I,
Jetizry Elecironics Divsaon of

Speer Carbun Co, Du Bow, Pa,
Ailen B. DuMoet Labs, ing Cliften W)
Mggyiie Induginies, Ing, Greenwich, Conn,
Sylvarnia Electric Prod, fac,

Ebectromic Tube Div, Enporium, Py,
Astron Co. Easl W w, N, )
Swilcheralt, Ine. Chicaga, I,
Metals ané Contiols, lec. D, of

Texss Ingiiuments. Inz. .

Spesren Frods Attierors, Mass,
Reseaich Preducts Corpe Madinon, Wiz,
Retren Manulacturing Co., Inc.  Woodstock, WY
Vector Elechionic Co. Glendate, Calil,

Westesn Washer MY, Co. Les Angeies, Caldl,
Cart Fastenes Co, Cambridge. Mass,
Haw Hampshaie Bail Besiong, bng.

Patetborough, N M

Pyigmd Elecine Ca, Dabengon, 5.C,

Llectre Cords Co. Los Angeins, Calif,
Victety Engineetng Coip. Springhiels, N.J
Beodin Cotp., Fed Bank Div. Bod Bank, N, |
Hubbell Caip, Mungelnin, 0l
Smilh, Warman H,, lnc, Broohiyn, N.¥
Centrai Sctew Co, Chicags, 11,

Gareylt Wire ang Cabie Co.,
Ore, of Aawiace Cora,
Barroughs Carp, .

Brookiield. Mass,

Plainfiekd. N5,
Mew Yok, &Y,
Mode! Eng, ang Wrg, . nc, Hurtinglon, Ind,
Loye Scruggs Co. Fesius, Mo,
Arco Efecironiy, inc, New York, WY,

M), Glesemer Co., bz, San Frasciste, Calif,
Good A1l Eleciie Mig, Cs. Ciga linta, Neb,
Sarkes Taizuan, ing Biosmingtea, Ind,
Boonion Waidiag Company Boonton, NI,

&.B. Boyd Co. San Frascisee, Calil,

02280-1
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Table 6-3.

Cade

Mo Monubacturer Addrere
B5AT4 R.M, Beacamonie & Co, San Framcisco, Calif,

BSER0
B33l
L H
L)
BB

Brals

LILEE]

BTGEL
LLEE
BEIAD

50370
1260
s
slulE
51506
5617
91667
snnt
L4
LI

31561
EHE
niw
L
LA
R

31369
R
Virek

Weiled Mords, Imc. New Haven, Cons,

Seamless Rubber Co. Chicags, 1,
Cliftoe Prgcinion Pragucts  Cliftee Meaghts, Pa,
Precinice Rabber Frodocts Corp. Dayton, Ohig
Ratie Coip. of Americy, KGR

Electron Tade Diy, Hartimon, N, J,
Philco Corporatine (Lansdale

Divisian) Lansdule, Pa,

Wegiern Fibrous Glass Preduchs Co.
San Feancisce, Calil,
Seatlle, W
Providence, &, |,

Van Wales & Regers (sc,
Towe: Mig. Coarp

Cullg-Hammer, Inc. Lincata, IIl.
Goulg-Natiomal Battesies, loc. 5, Paul, Minn,
iy, inc. Bueltale, N. Y,

Edectiic Co. Qakigng, Calil

Waldes Kohingor, fmc Cambngge. Mass
General Electie Dintriduting Corp,

Schenecagy, N Y
Cattel Paits Div. of Economy Baler Co,

Chicage, 1.

United Translormer Co., Chicage, il
.5, Hubder Co, Mechasical

Goods Div. Passaic, N_J.

San Francisco, Calil,
Sas Francises, Calil,

Bearing Engmeening Co,
Conmee Sprong Whg. Co.

Miller Dial & Namnptate Co, El Meate, Calit,
Radio Materials Co, Chicaga, NiL
Augal Broibers’, inc. Aftlgbors, Mass.
Dale Elpctranics. lat Colembys. Webr.
Elew Corp. Philade | Ps.

Gremar Mig, Co. . ing Wakalizlg, Mass.
W F Qevelapnent Ce. Beawaod City. Calil,
Winmeapalia Haneywell Regulater Co,

Mictatmeich Div,
Nahe Bres. Spring Co,
Tru-Lonnecton Caip,
Umrvweal Watai Prod, nc
Elgeel Optical Ce., inc,
Tmsolite iasulated Wire Co,
Sylvania Electie Pisd. e,

Semicanductor Ory
Rishibins and Myers. ac,
Stevens Wig, Co.. Ine
Hiwaid J. Smith inc

Freepast, It
Dakland, Ca
Paibody, .

Baszatt Pugnte, Calil
Rochestei, N.Y.
Tartytomi, N Y.

Wokurn, Wass.

New Yorn, N_Y.
ansheld, Ot

Forl Wenmoyth, 8. J.

00015-3%

Revised

February, 195

Code List of Manufacturers (Sheet 2 of 2)

Monufuctyre: Address
G ¥. Costroly
Insulive-Wan Norman |nd, , inc.
Electianic Division Manchester, M. H.
Geneiad Canle Corp, Hayoane, N, 1.
Rayldeon Wig. Co., |=dusirial Components
Div,, Recerving Tube Opetatioe Quincy, Mass,
Rayheon Mig, Co,, Semiconductor v, .

|ivengsion, W, §,

Calfornia Steeet Plant Nembon, Mass.
Scienlific Ragio Praducts, lac
Leyelang, Cale,
Tung-5¢f Electie, Inc. Mewark, N.J,
Cortoss Mpghl Corg, .

Einchigaics Div, East Paterson, N J,

Soefhce Dov, ol 5, Chester Cuip Lester, Pa.
Tra Ghm Piod Div, of Modet
Engrneesing and Mg, Co. Chicago, Ik
Wite Cloth Proayels inc, Checago, 10,
Woicester Pressed Aluminsn Corp,
Worcaster, Muss,
PRilbivch Researchers, Inc. Bostan, Mass,
Allims Pioducts Corp. Miami, Fia,
Continentat Connector Corp, Woodside, W. ¥,
Leecinfl Mig. Co., fne, New York, N Y.
Lerco Eleciionics, Inc. Buthask, Calil.
Mational Coll Ce, Shetidam, Wyo.
Vitiamea, Ing. Bodgepent, Conn.
Gordas Comp. Bloombield, W ).
Metnode Mig. Ce. Chicage, Il
Dage Electne Co. . ine. Franklte, Ind,
Wechesser Co, Cricago, il
Haggins Laboratores Susnyvaie. Calil,
Wi Divisonn ot Aerovon Olesn, W. ¥
Thordarson-Meissoer Div. of
Wigurte Indunities, |pe. M Carmal, 11,
Falae Maculacturing Ce. Les Angeles, Calin.

Caritos Serew Ca. Ericage,
Mictowave Asssciaies, Inc. Burlngton, Mass.
Excel Teamsboenes o, Oukland, Calil.

ndusial Retwoning fimg Ca
Aulomadic and Pracisiee Ml Co

Irvimglom, N.J

Yookers. N.Y
CBY Elecironics,

Div. of C.8.5., Inc, Danvers, Mass.
Reod Rediior Corg. Yoakeis, W Y.
Axel Brofhers inc, Jamaica, W.¥.
Hubbar Teck. ine. Gardena, Calil.

ELHe

5]
WAL
ELE])
871
ETH

eI
95105
811
99513
|
53500
LELEH
LELEL]
99947

i H

Section VI
Table 6-3

Monufocturer Addrarn

Francis L. Moskey Pasadena, Calil.
1.

Mictodet, inc. 50. Pasadena, Ca

Sealectro Conp, Mamaroneck, .
Carad Corp, Redwoad City, Calil.
Gengeal Mills Minasagolis, Misn.
Narth Hilts Electie Co. Mineala, N.Y.

Clevste Transistor Prod
Duv, of Clevite Corp,
Internatigsal Elecironic
Research Corg,
Colembia T
Varian Associatey
Marshall |wdestriea, Elechion
Progucts Divizion Pasadena, Caill.
Coatral Swilch Division, Contrets Co.
of America I Segundo, Calil,
Delewan Elechaniey Corp, Eant Aurora, N.Y.
Wilco Cotpoiation Indiangpalis, bnd.

Burbank, Calif,
New Yark, N, Y,
Falg Alto, Calif,

| Gonpe

Renbrandl, Inc. Boaton, Mass,
Hofteen Semicondecior Div, of
Haltman Electonics Cap, Evanston, Il

Techaology lestiument Corp

of Calit, Newbury Park, Calil,

THE FOLLOWING H-P VENDORS MAVE NO NUM-
BER ASSIGNED IN THE LATEST SUPPLEMENT TO
THE FEDERAL SUPPLY CODE FOR MANUFAC-
TURERS HANDBOOK.

00000 Ceoltron

From

Wenchester Eleciiomics, e
Sarls Monica. Calil
Malce Tonl and D Los Angeles, Calif,
Westesn Coil Div. of Automatic
Iad, , Ing. Redwood City, Caiif,
Ty-Cas Wig, Ca,, Inc. Malliston, Mass,
Willow Leathes Products Carp, Wewark, WL
Britisk Radie Electionics Lid, Washinglos, D.C.
ETA England
Indiana Genernd Corg,, Elect. Div, Indiana
Precisean lastiument Components. Cs.
Van Nuys, Canf,
Rubbai Eng, & Develogment Haymard, Calif,
A N D Wanudactoring Co.  San Jose 37, Calil,
Oaklnd, Calil,
Burbank, Calil,
Builitigame, Calil,
Low Asgeles 5, Calil,

Contral of Elgn Waich Co.
Calilatnia Eastain Lab,
5.K, Saimh Co.

FSC.
Hé-1
Ha-2

Handbook Supplements
Dated DECEMBER 1964
Daled MARCH 1962
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CHANGE 1

CHANGE 2

02280-1

APPENDIX |
MANUAL CHANGES

This manual applies directly to Model 691A, 692A, 693A, and 694A Sweep Oscillators
having serial numbers prefixed 524-, and 507-.
bers 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.

To adapt the manual to serial num-

Serial Number

Make Change(s)

501-00861 through 501-01035

1

500-00764
500-00766
500-00770 through 500-00772
500-00822

435-00561 through 435-00860
435-00153
435-00154
435-00375
435-00446
435-00448
435-00459
435-00463
435-00498

429-00415 through 429-00560

424-00361 through 424-00414

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:
Delete hp Stock No. 0698-3304

Page 6-30, Table 6-2:

Add hp Stock No. 0760-0029, R:fxd met flm 261K ohm 1% 1w
Substitute page I-3 circuit board component location illustrations for Figure 5-31, page 5-38.

Page 5-31/5-32, Figure 5-20:

Appendix I

In the control grid circuit of A4V1B show 3 series connected 261K-ohm resistors shunted

by A4C9 instead of 6 130K-ohm.

NOTE

The 130K-ohm resistors are the preferred
replacements for all Sweep Oscillators

covered by this manual.

Page 5-35, Figure 5-26:
Change R44 to 100K ohms

Page 6-21, Table 6-1:

Change R44 to hp Stock No. 2100-0063, R:var comp 100K ohm 20% lin 1/3wW

VIV HPARC HIVE.COM



Appendix I Models 691A/692A/693A/694A

CHANGE 2 Page 6-32, Table 6-2:
(cont'd) 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)

CHANGE 3 Page 6-24, Table 6-1:
Delete FL1, hp Stock No. 360D

CHANGE 4  Page 6-19, Table 6-1:
Change J10 to hp Stock No. 1250-0144 and delete hp Stock No. 08731-210.

Page 6-31, Table 6-2:

Add hp Stock No. 1250-0144, connector: type N, Mir. 91737, Mfr. Part No. UG/1094,

TQ (691A column) 1.

Page 6-28, Table 6-2:

Delete hp Stock No. 00692-211
Page 6-25, Table 6-1:

Change item 2 to 00692-018, panel, front.
Page 5-35, Figure 5-26:

Delete R61, change R43 to 150K-ohms and R40 to 47K-ohms
Page 6-21, Table 6-1:

Change R40 to hp Stock No. 0758-0040, R:fxd met flm 47K ohm 5% 1/2W
Page 6-29, Table 6-2:

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

CHANGE 5 Page 5-29, Figure 5-16:

Change A1V2, V3, V5 from type CK647 to type T728

Change A4V1A from 1/2 12ATT to 1/2 7728

Page 5-31/5-32, Figure 5-20:

Change A4V1B from 1/2 12ATT7 to 1/2 7728

Page 5-34, Figure 5-22:

Change A4V3A and A4V3B from 1/2 CK647 to 1/2 7728.

Page 5-37, Figure 5-30:

Change A5V1A and A5V1B from 1/2CK647 to 1/2 7728

Page 5-41/5-42, Figure 5-36:

Change A2V10A and A2V10B from 1/2CK647 to 1/2 7728

Page 6-4, Table 6-1:

Change A1V2, A1V3, and A1V5 to hp Stock No. 1932-0041, electron tube: 7728
Page 6-6, Table 6-1:

Change A2V10 to hp Stock No. 1932-0041, electron tube: 7728
Page 6-12, Table 6-1:

Change A4V1 to hp Stock No. 1932-0041, electron tube: 7728
Change A4V3 to hp Stock No. 1932-0041, electron tube: 7728
Page 6-15, Table 6-1:

Change A5V1 to hp Stock No. 1932-0041, electron tube: 7728
Page 6-31, Table 6-2:

Add hp Stock No. 1932-0041, electron tube: E1A type 7728, Mfr. 81453,

Mfr. Part No. CK7728, TQT.
Delete entire entry for 1932-0027, and 1932-0049.

1-2 02280-1
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Model 691A/692A/693A/694A

APPENDIX 1l

DIRECTIONAL
DETECTORS

models
786D
787D
788C

OPERATING NOTE 15 APR 65

AOAD RESISTOR
1N523A

—_——

W
41

ot

(

T86D-A-|B

Figure 1. Model 786D and Option 02 Accessory Load Resistor
Table 1. Specifications

Equivalent Max Max

Frequency 1 Source Main | Main
Range REGRLLiTity Minimum Reflection Frequs'nt!% Line | Line Insertion

Model (Ge) Low Level High Level? Directivity Coefficient® Response SWR | Input Loss

786D 0.96 - 2.11 >4 uv' pw CW 35 mw 30 db < 0,06 (1.13 swr) +0.2 db 1.15 10 w =~0.25 db
787D 1.9 -4.1 >4 pv'pw CW 35 mw 26 db <0.075(1.16 swr)| 0.2db 1.15 | 10w | =0.35db
T8BC 3.7 -8.3 > 40 uv'uw CW 3.5 mw 20 db <0.111 (1.25 swr) +0.3 db 1.20 1w =0.6 db

Noise: Less than 200 pv peak-to-peak with CW power
applied to produce 100 mv output

Detector Output Polarity: Negative
Detector Qutput Connector: BNC female
Detector Output Impedance: 15K max shunted by about 10 pf

Detector Element: Supplied

RF Connectors?d:
one female

#¢ precision type N, one male (input),

Size: Refer to Figure 2

Net Weight:
T86D - 16 oz (450 g)
787D - 12 oz (340 g)
T88C - 12 oz (340 g)

Options:

02. Furnished % 11523A load resistor for optimum square-law
characteristics at 24°C (75°F), <:0.5 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 >1 pv 'uw CW for T86D and T87D, and >10 puv
CW for T8BC.

03. Positive polarity detector output,

Hw

! With respect to power output

g Power required to produce at least a 100-mv output

3 As read on a meter calibrated for square law

. Including loss due to coupling

5 CAUTION: ¢

each other.

. precision type N connectors do not mate with

b

8 The apparent reflection coefficient at the output of an RF gen-

erating system, such as the output of a directional detector
when it is used in a closed-loop leveling system.

They mate only with standard type N connectors.

01986-3

WA HPARCHIVE.COM

00786-904



Appendix II

1. INTRODUCTION.

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 RF 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. The directional detector and the optional square-
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)
or maximum output sensitivity (without the load). For
proper identification the directional detector carries
the same serial number as the load. Always check
that the serial number of the load and directional de-
tector are identical.

4. PRECAUTIONS.
5. STATIC ELECTRICAL DAMAGE.

f. The maximum pulse rating for the detector ele-
ment (diode) used in the directional detector is 0.1
erg 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 erg of
energy. Be certain that connecting cables are always
connected to associated equipment and discharged be-
fore connecting to the detector output.

7. HANDLING DAMAGE.

8. DO NOT HANDLE DETECTOR ELEMENT NEED-
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 or from the detector output,
since these are often touched accidentally. Refer to
Paragraph 23 for proper precautions.

9. OPERATION.

10. The directional detector is useful as the sampling
and detection device in closed-loop leveling setups as
desecribed in Paragraph 16. It can also be used as a
calibrated power monitor by determining the correla-
tion between detected output and main-line RF output
levels, or for relative RF envelope observation with
an oscilloscope. If the directional detector is to be
permanently mounted for any application, refer to
Figure 2, which illustrates the location of the four
mounting holes and the general side dimensions. Be-
fore installing in any setup, the following should be
considered:

a. The type N connectors are @ precision type N con-

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 are given in
Figure 3.

II-2

VAN HPARC HIVE COM

Model 691A/692A/693A/694A

b. The detector element used is sensitive to either
amplitude -modulated or continuous-wave (CW) RF
power. If RF power is amplitude modulated at a
1000-cps +2% rate, the sensitive & Model 415B or
415D (SWR Meter) can be used as the indicator. For
CW detection, a DC milliammeter or millivoltmeter
(with an input impedance of at least 100K ohms), such
as the % Model 425A Microvolt-Ammeter can be used
as the indicator.

c. When using an oscilloscope to observe waveshapes
of rise 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 resistor. Ideally, this resistor should be 50 ohms
to terminate the coaxial cable in its characteristic
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 rise time. Oscilloscopes ideal
for this application are the % Models 140A or 1754,
depending upon required bandwidth.

d. A low-pass filter should be used in all applica-
tions of the directional detector where harmonic fre-
quencies may be present.

11. SENSITIVITY CHARACTERISTICS.

12. The sensitivity characteristics of the Directional
Detectors is well defined in two ranges of main line
RF 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
RF power output (sensitivity), in microvolts per
microwatt, is at least 4:1 (40:1 for the 788C). In the
higher range the ratio, in millivolts per milliwatt, is
at least 2.85:1 (28.5:1 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 RF 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 varies
+0.3 db from exact square law for values of output
voltage between b mv and 50 mv. At higher temper-
atures 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
varies +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.

18. TECHNIQUE. The Directional Detector has a
direct application in systems employing closed-loop
leveling of an RF source. Any variation in the RF
output level causes a proportional variation in the de-
tected output level, and this is fed back to maintain a
virtually constant RF output level. Generally, an
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i | 0.063 MIN.
gfg;g E'E'x 1 44 I 0.066 MAX,

L

- 0.194 MIN.
0,200 MAX.

786D-A-8

Figure 3. Precision Type N Connector Dimensions

amplifier, such as the % Model HO1-8401A is required
between the detector and the RF source, although some
sources such as the % 690 series Sweep Oscillators
have built-in leveling amplifiers.

O &
BNC CONNECTOR
1250 - 0254

COMPRESSION SPRING
1460 - 0012

= LOCK WASHER
| INCLUDED WITH
BNC CONNECTOR

CAP CONNECTOR
5020 -0210

DETECTOR ELEMENT
(SEE NOTE |)
RESISTIVE MATERIAL
CAPSULE :
SPACER ASSEMBLY |
00423-602
(SEE NOTE 2)

n

——————

|

Ex\

CRYSTAL MOUNT

NOTES

1. Negative polarity diode #00423-802 (00423-800 if
matched load resistor needed for 11523A); positive
polarity diode #00423-803 (00423-801 if matched
load resistor needed for 11523A).

2. 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).

TEED-B -8

Figure 4. Detector Unit Assembly
11-4
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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 % Model 691A
Sweep Oscillator, RF variations into a matched load
are less than +0.3 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 RF output
levels the detected output can be calibrated directly
in mv/mw and the directional detector can then be
used to sample and indicate RF power levels at any
point in a system. A power meter can be used to
measure main-line RF output levels for calibration
of the detected output. An Oscilloscope, DC Volt-
meter, or SWR Meter can be used to measure the
detected output.

20. MAINTENANCE.

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 illustrates the replaceable load assembly for
the T88C, 786D and 787D load assemblies are not field-
replaceable, Figure 6 and 7 illustrate the replaceable
11523A load resistor assembly. Stock numbers re-
quired when ordering replacement parts are given in
the respective assembly illustrations. To 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).

22. DETECTOR ELEMENT REPLACEMENT.
CAUTION

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,
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LOAD OUTER
CONDUCTOR
00798-210

! FLAT HEAD SCREW
E/ 4-40 x lg'
: 2 SCREWS

POLYIRON LOAD
00798-40!

LOAD CENTER CONDUCTOR
00798-209

TBBC-B-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.

¢. Do not use an 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
or tape.

b. Remove old detector element.

c. Install replacement detector element; black

resistive end goes into crystal mount (detector element
is a snug fit but 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 or -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.

01986-3
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CONTACT SPRING
5000-0234
LOCK WASHER
(INCLUDED WITH

RESISTOR

LOCK WASHER
(INCLUDED WITH

BNC) BNC)
WE A
AY x &

MALE BNC FEMALE BNC
1250-0095 1250-0254
SOLDER THESE HOUSING

POINTS 5020-3215

* Replacement resistor is supplied with replacement
detector elements ordered by the -800 or -801 number
given in Figure 4. Note: entire assembly minus re-
sistor is available as 11523-600.

7BE0-A" (2

Figure 6. 11523A Cutaway View

25. DETECTOR BNC REPLACEMENT.
26. TOOLS REQUIRED.
a, Needle-point soldering iron.

b. Gas pliers with nylon teeth.
¢. 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 in connector cap.
28. T788C LOAD REPLACEMENT.

a. Refer to Figure 5. Remove two retaining screws
and the load outer conductor.

b. Remove load and any loose or broken portions
of the old load from inside the load outer conductor.

c. Replacement is the reverse of removal.

29. REPLACEMENT OF 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 or
with gas pliers.

Note

If gas pliers do not have nylon teeth, the
housing should be protected.

b. Unsolder resistor.
¢. Solder resistor to new BNC.
1I-5



Appendix II

CONTACT
SPRING
)

TBED- A-T

Figure 7. 11523A BNC Assembly

d. Let resistor cool, then check resistance from
male BNC pin through resistor; resistance measured
should be within 10% of that indicated by the coding.

e. Replace lockwasher and male BNC.

30. REPLACING 11523A FEMALE BNC.

a. Unscrew BNC with a BNC wrench or male BNC
used as a wrench.

b. Unsolder contact spring.
¢. Prepare replacement BNC connector:

(1) Cut center conductor lead to approximately
1/32 inch (refer to Figure 7).

(2) With flat file, smooth end of lead; wipe off burr
with tweezers or similar 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
usefulness and is difficult to remove.

e. Let contact spring cool and then screw BNC
into housing.

31. PERFORMANCE CHECKS.

32. The performance check procedures given in
Paragraphs 33 through 36 verify that the Directional
Detector meets its specifications. Test equipment
recommended for checking specifications is listed

in Table 2. The critical specifications listed are the
specific limitations an instrument type must meet and

are not meant to be complete instrument specifications.

Similar equipment having equal or better specifications
than those listed may be substituted for the equipment
listed, Test setups and instructions are given only

for the 786D. Measurement techniques for the 787D
and 788C are similar and differences in specification
are mentioned where they exist.

33. FREQUENCY RESPONSE CHECK.

FREQUENCY RESPONSE: 0.2 db
(+0.3 db - 788C)

a. Set up test equipment as shown in Figure 8.

b. Set Sweep Oscillator for a leveled RF output.

c. Set RF output level for a convenient reference
near full scale on Power Meter.

II-6
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POWER METER

.@4315
SWEEP OSCILLATOR '
- Q
lpeaiara ﬂi\[
aLe -
LOW PASS
_FILTER
_’i‘gjssoc
ATTENUATOR - THERMISTOR MOUNT
j0do " dp786D #pa78A res0-a-10

Figure 8. Frequency Response Check

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 at single frequencies
across the band is to tune from point to point and
compare main line RF output against auxiliary line
output.

34. SENSITIVITY CHECK.

SENSITIVITY: 100 mv detected output for
35 mw (3.5 mw - T88C) RF output.

a. Set up test equipment as shown in Figure 8 with
the following exceptions: the 10-db Pad should be
connected between T86D and 478A and detected output
connected to a DC Voltmeter through a BNC-to-binding
post adapter.

CAUTION

An RF 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) or 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: <1.15 (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 RF 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 carriage for minimum SWR-
scale indication as near center of slotted section as
possible. Repeat step d, if necessary.
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SWEEP OSCILLATOR ~ SWR METER

#pesiare 4150
e
LOW PASS 'i' 0
FILTER
@3soc J
ATTENUATOR
i0db
| SLIDING LOAD
SLOTTED LINE k780 #9064

@cos-eosc

TEAD.4 28

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 or less than 1.15 (1.20 - 788C).

36. DIRECTIVITY CHECK.

MINIMUM DIRECTIVITY: 30 db
(26 db - 787D; 20 db - 788C)

a. Set up equipment as shown in Figure 10.

b. Set Sweep Oscillator for leveled, square-wave
modulated RF output.

c. Set 0-db reference on SWR Meter.
d. Remove Attenuator from setup.

e. Connect Sliding Load to male connector (786D
under test) and using a female-to-female adapter
connect 786D under test to T86D.

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
#pesiass

SWR METER
. #p4i5D
b
LOW PASS —
FILTER N\ [O
thp 360c
L J
DIRECTIONAL
DETECTCR
7860
L2 ATTENUATOR ®
30db
1
S |

SLIDING LOAD
@?aen @90“

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 (My). 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 M;).

i. Refer to Figure 11. Determine values for M
which are the two correction factors to be used. Add
the minimum reading of stepg to each correction (My).
For example, if the difference in db (My) 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
steps with actual readings and 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.

(9) The Sliding Load return loss was 43.5 to 43.8
db, because making a bad connection between
the Sliding Load and the 786D did not affect this
reading much.

(10) The 786D directivity was 32.6 db, because
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.
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M, - DIFFERENCE IN DB
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6 8 10 2
Mz = CORRECTION IN DB

CHART FOR SEPARATING TWO SIGNALS
WHEN THEIR SUM AND DIFFERENCE
ARE KNOWN

M; = DIFFERENCE IN DB BETWEEN
MINIMUM AND MAXIMUM RETURN
LOSS MEASUREMENTS

Mz = CORRECTION IN DB TO BE ADDED TO
SMALLEST DB READING

IF LOAD REFLECTION IS GREATER THAN
UNKNOWN USE e >e,, CURVE
|F LOAD REFLECTION IS SMALLER THAN
UNKNOWN USE e CURVE.

14 16 18 20 22

Signal Separation Chart

24
7860-8-2

26
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Table 2. Recommended Test Equipment

Instrument Type

Critical Specifications

Check

Model

Sweep Oscillator Frequency Range: (directional detector) | All 691A/B (786D)
Power Qutput: 10 mw HO1-692A (787D)
Leveled Capability*: +0.1 db HO01-693A (788C)
Residual FM: Less than 50 ke

Low-Pass or Frequency Range: (directional detector) | All 360B (786D)

Bandpass Filter

Rejection: Not less than 40 db

360C (787D & 786D)
360D (787D & T88C)
8435A (788C)
8436A (788C)

Power Meter and
Thermistor Mount

Frequency Range: (directional detector)
Power Range: -10 to +10 dbm
Accuracy: +3%

Frequency Response
Sensitivity

431B (meter)and
478A (mount)

Fixed Attenuator

Frequency Range: (directional detector)

Frequency Response

Weinschel 210-10

Attenuation: 10 db Sensitivity
SWR
Frequency Range: (directional detector) | Directivity Weinschel
Attenuation: (directional detector 210-10 (786D)
directivity) 210-20 (all)
210-6 (787D)
DC Voltmeter Range: 20 to 100 mv Sensitivity 410C
Input: 10 megohms
Accuracy: +2% of full scale
SWR Meter Frequency: 1000 cps +2% SWR 415B or 415D
Calibration: Square Law Directivity
Accuracy: +0.05 db (on EXPAND scale)
Input: 200K ohms
Directional Detector | Frequency Range: (directional detector) | Directivity 786D (786D)
Detected Output: Negative 787D (787D)
Sensitivity: 4 mv/mw 788C (788C)
Frequency Response: +0.3 db
Sliding Load Frequency Range: (directional detector) [ SWR 906A
Connectors: Standard type N Directivity
Residual SWR**: 1.05
Slotted Line Frequency Range: (directional detector) | SWR C05-805C

Connectors: Standard type N
Residual SWR: 1.04

(786D & T87D)
C05-806B (788C)
809B (788C)

* Excluding coupler and detector variation (with the 786D the leveling capability would be +0.3 db)

** Residual SWR: 1.10 from 1.0 to 1.5 Ge

02116-1
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APPENDIX 1l

423A

OPERATING NOTE CRYSTAL
DETECTOR

Table 1. Specifications

FREQUENCY RANGE:
10 Mc to 12.4 Ge. RF leakage through video out-
put connector may be present below a 1.0-Gc op-
erating frequency; leakage may be eliminated, if
objectionable, with suitable low-pass filter.

FREQUENCY RESPONSE:*
+0. 2 db per octave, 10 Mc to 8 Gc; +0.5 db over all

MODEL 423A
CRYSTAL DETECTOR MAXIMUM POWER: 100 mw, peak or average

SENSITIVITY:
High Level - less than 0.35 mw produces 100 mv
output
Low Level - 0.4 mv de/pw CW

SWR: 10 Mc to 4.5 Ge, less than 1.20
4.5 Ge to 7.0 Ge, less than 1.35
7.0 Ge to 12.4 Ge, less than 1,50

OUTPUT IMPEDANCE:

X Less than 15K shunted by 10 pf
%‘ \ b’ LOAD RESISTOR
OPTION 02 DETECTOR ELEMENT: Supplied
Rl OUTPUT POLARITY: Negative

423A-A-2

NOISE: Less than 200 uv peak-to-peak, with a CW

Figure 1. Model 423A Crystal Detector power applied to produce an output of 100 mv

and Option 02 Accessory

CONNECTORS:
1. INTRODUCTION. 423A - type N male and BNC female
2. The Model 423A Crystal Detector is designed for 11523A - BNC (one male, one female)
use in coaxial systems inthe measurement of relative OPTION 01:

microwave power up to 100 mw in the range from

10 Me to 12.4 Ge. Output polarity of the detected sig- Matched pair. Frequency response characteristics

(exclusive of basic sensitivity) track within £0. 2 db

nal is normally negative but positive output polarity is
available as Option 03. Complete specifications and ﬁ’;’fgj“ from 10 Me:to865e; 0.3:db from 8/
listed options are given in Table 1. The 423A and : -
Option 02 Load Resistor are shown in Figure 1. OPTION 02:

Furnished with matched load resistor for optimum
3. Separate housing of square -law load (Load Re- square law characteristics at 24°C (75°F), * less
sistor, Option 02; see Figure 1) and detector permits than +0.5 db variation from square law from low
easy conversion from optimum square-law response level up to 50 mv peak output working into an ex-
operation (with the Load Resistor)to maximum output ternal load greater than 75K. Sensitivity typically
voltage (without the Load Resistor). Each load is greater than 0.1 mv/uw when load resistor is used.
labeled with the serial number of the Model 423A de- Overall length, 423A Option 02, 4-1/2 in. (114 mm).

tector to which it is matched. If you have more than
one load (% Model 11523A), always check that you are OPTION 03:

using the proper 11523A for the 423A in use. Output polarity positive
4, Uses of the detector include peak RF power meas- * As read on a meter which is calibrated for use
urement, reflectometer measurements, closed loop with square-law detectors.

leveling, and observation of RF envelope variation.

01613-5 00423-906 I1I-1
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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 stores 0.1 erg 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.

9. DO NOT HANDLE DETECTOR ELEMENT USED
INCRYSTAL DETECTOR NEEDLESSLY. Static elec-
tricity which builds up on a person, especially on a
cold, dry 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, Refer to Paragraph 24 for
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 jsec, the coaxial cable connecting
oscilloscope and detector should be as short as pos-
sible and shunted with a resistor. Ideally, this re-
sistor should be 50 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, the cable
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 or 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 de milliammeter or millivoltmeter such as the
#F 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 witha power
meter; the peak power of a pulse isthereby measured.
The procedure is as follows:

a. Connect equipment as shown in Figure 2, step 1.

b. Observe pulse on a dc -coupled oscilloscope.
Using a marking penecil, mark on the graticule the
base-to-peak amplitude of the pulse envelope.

II1-2
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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¢. Disconnect Model
423A detector from CW generator. Connect output of
CW generator to a thermistor and power meter.
Measure adjusted level (stepec¢) of CWgenerator
output.

e. The peak power of the pulse envelope observed
in step b is equal to the output power of the CW
generator.

16. REFLECTOMETER APPLICATION.

17. For information about reflectometer systems and
measurements, see # Application Notes 54 and 61 and
Hewlett-Packard Journal Vol. 12, No. 4, copies of
which are available upon request.

18. HARMONIC FREQUENCY-COMPARISON
MEASUREMENTS.

19. The Model 423A can be used as a mixer in har-

monic-frequency comparison measurements. See #i

Application Note 2.

20. REPLACEMENT OF 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 Hewlett -
Packard field office. Stock numbers for replaceable
parts are given in Table 2.
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Figure 3. Model 423A Assembly

22, Detector elements as replacement partsare 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, or installation if cer-
tain precautions are 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 or 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 is no difference in static
electrical potential between you.

c¢. Ohmmeters should NOT 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 is easy for these currents or volt-
ages to damage the diode.)

25. REPLACING DETECTOR ELEMENT.

26. Parts mentioned in the following procedure are
identified in Figure 3.

01613-5
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a. Remove connector cap from body. To remove
connector cap, use a pair of gas pliers with plastic
teeth or protect body with heavy paper or tape.

b. Remove old detector element.

¢. 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 resistor. The re-
sistor is for use in the Model 11523A and
must be installed to match it to the Model
423A.

27. REPLACING 423A BNC CONNECTOR.
28. TOOLS REQUIRED.
Needle-point soldering iron

Wire cutters
Flat file, #4

Tweezers

a o o oM

29. PROCEDURE. Parts mentioned in the following
procedure are identified in Figures 3 and 4.

a. Remove BNC connector and lockwasher.

b. Unsolder contact spring soldered to center
conductor lead.

(1) Cut center conductor leadto approximately
1/32 inch (see Figure 4).

(2) With flat file, smooth end of lead; wipe off burr
with tweezers or similar metal instrument.
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Figure 4. Cutting Center Conductor Lead
to Accommodate Contact Spring

¢. 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 solder is difficulttoremove

from spring.

d. Let spring cool, and then replace lockwasher
and connector in connector cap.

RESISTOR CONTACT SPRING
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- e -
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Figure 5. Model 11523A Load Resistor,
Cutaway View

30. REPLACEMENT OF 11523A PARTS.

31. Parts mentioned in the following procedure are
identified in Figures 4 and 5. Tools required are
listed in 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 pliers on, protect the
housing of the 11523A with material such as heavy
paper.

I11-4
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b. Unsolder resistor.
c. Solder resistor to new BNC.

d. Let resistor cool andthen check resistance from
male BNC pin through resistor; resistance measured
should be £10% 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 or use a male BNC connector

as a wrench.
b. Unsolder contact spring.
¢. Prepare replacement BNC connector:

(1) Cut center conductor lead to approximately
1/32 inch.

(2) With flat file, smooth end of lead; wipe off burr
with tweezers or similar 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. Letcontactspring cool andthen screw connector
into mount.

34. REPLACEABLE PARTS.

35. This section contains information pertaining to
replaceable parts (see Table 2) and the ordering of
these parts for the Models 423A 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 part

01613-5
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Table 2. Replaceable Parts, Models 423A and 11523A
9 Stock Number
Description 423A 11523A TQ
Connector, male BNC, includes lockwasher - 1250-0045 1
Connector, female BNC, includes lockwasher 1250-0251 1250-0251 1
Connector Assembly, includes connector, female BNC, 00423-600 -— 1
and contact assembly
Connector, cap 5020-0210 -—- 1
Type N Connector Assembly and body 00423-601 ——— 1
Housing - 5020-3215 1
Capsule Spacer Assembly 00423-602 -—— 1
Detector Element (with negative polarity probe) 00423-802 - 1
(with positive polarity probe) 00423-803 == 1
Detector Element Assembly, includes detector element and
matching resistor for matching 11523A (replacement for
Option 02)
(with negative polarity diode) 00423-800 —— 1
(with positive polarity diode) 00423-801 -
Load Resistor Assembly without resistor, includes serial -— 11523-600 0
number plate to be attached to Crystal Detector
TQ - Total quantity used in the instrument.
01613-5 III-5




WARRANTY CLAIM AND ADJUSTMENT PROCEDURE

for microwave tubes supplied by the
HEWLETT-PACKARD COMPANY
for use in Hewlett-Packard instruments

The procedure deseribed below is for use within the United States. For warranty claims arising cutside
the U.S.A., before returning the tube, fill out the form on the reverse side and send it with a request for
shipping instructions to your nearest Hewlett- Packard Sales and Service Office or 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 or 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 fill out the information on the reverse side and return this from, along with
the defective tube, to your Hewlett-Packard Sales and Service Office or to Hewlett-Packard. Please be sure 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 are available
from your Hewlett-Packard Sales and Service Office or from the Hewlett-Packard Company.

SHIPPING INSTRUCTIONS

The following instructions are included to aidyouin 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, or 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.

Surround the tube with at least 2 inches of shock absorbing material. Be certain that the packing is tight
all around the tube.

5. Tubes returned from outside the continental United States should be packed in a wooden box.

6. Mark container FRAGILE and ship prepaid via Airfreight or Railway Express. Do not ship via Parcel Post
or Air Parcel Post since experience has shown that fragile items are more apt to be damaged when shipped
by these means.

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, or to:

Hewlett-Packard Company Hewlett-Packard Company
Eastern Service Center Western Service Center
Green Pond Road 395 Page Mill Road
Rockaway, New Jersey, 07866 Palo Alto, California, 94306
USA USA
01153-8 Rev 4/1/65
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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) Date
Company FOR FURTHER INFORMATION CONTACT:
Address Name
Title
Company
Tube type Address

Tube serial No.

Tube purchased from

Tube mfr.

Use in & Model

On P, O, number

Instrument serial no,

Tube is Original ( ) or Replacement ( )

Date tube received Hours use per day (average)
Date first tested Number of days in service
Date placed in service Total hours filament operation

Date of failure

SYMPTOMS: (Please describe conditions prior to and at time of failure, along with description of
tube’s defect, if known)

Were there other circuit component failures at time of failure? Which ones?

Signature

Title

10/15/62
01153-3
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SALES AND SERVICE OFFICES IN THE U.S. AND CANADA

ALABAMA
Huntsville, 35801
Hewlett-Packard
Southern Sales Division
Holiday Office Ctr., Suite 18
(205) B81-4591
TWX: 510-579-2204

ARIZONA
Scottsdale, B5251
Hewlett-Packard
Neely Sales Division
3009 No. Scottsdale Rd.
(602) 945-7601
TWX. 602-949-0111
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
TWX: 910-499-2170

Sacramento, 95821
Hewlett-Packard
Neely Sales Division
2591 Carlsbad Ave,
1916) 482-1463
TWX: 916-244-8683
San Diego, 92106
Hewlett-Packard
Neely Sales Division
1055 Shafter Street
(714) 2238103
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.
(305) 635-646]
Orlando, 32803
Hewlett-Packard
Florida Sales Division
621 Commonwealth Ave
(305) 425-5541
TWX: 305-275-1234
§t. Petershurg, 33708
Hewlett-Packard
Florida Sales Division
410-150th Ave., Madeira Beach
(B13) 391-0211
TWX: 813-391-0666
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GEORGIA

Atlanta, 30305
Hewlett-Pachkard
Southern Sates Division
3110 Maple Drive, N. E.
1404) 233-1141

TWX: B10-751-3283

ILLINOIS
Chicago, 60645
Hewlett-Packard
Crossley Sales Division
2501 West Peterson Ave.
312} 275-1600
TWX: 310-221-0277

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) 4594140
TWX: 810-535-3128

MARYLAND
Baltimore, 21207
Hewlett-Packard
Horman Sales Division
6660 Security Blvd,
{301) 944-5400
Washington, D. C. Area
Hewlett-Packard
Horman Sales Division
941 Rollins Avenue
Rochville 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

MISSOURI
Kansas City, 64131
Harris-Hansan Company
7916 Paseo Street
(816) 444-9494
TWX: 816-556-2423
St. Louis, 63144
Harris-Hanson Company
2814 South Brentwood Blvd.
(314) 647-4350
TWX: 314-962-3933

NEW JERSEY
Asbury Park Area
Hewlett-Packard
Robinson Sales Division
Shrewshury
(201) 747-1060

Englewond, 07631
Hewlett-Packard
RMC Sales Division
391 Grand Avenue
{201) 567-3933

NEW MEXICO

Albugquerque, 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
(212) 879-2023

TWX: 710-581-4376
Rochester, 14625
Hewlett-Packard
Syracuse Sales Division
800 Linden Avenue
(716) 381-4120

TWX: 716-221-1514
Poughkeepsie, 12601
Hewlett-Packard
Syracuse Sales Division
82 Washington St.
914) 454-7330

TWX: 914-452.7425
Syracuse, 13211
Hewlett-Packard
Syracuse Sales Division
Pickard Bldg,, E. Molloy
(315) 454-2486

TWX: 315-477-1375

NORTH CAROLINA

High Point, 27262
Hewlett-Packard
Southern Sales Division
1923 N. Main Street
1919) B82-6873

TWX: 510-926-1516

OHI0

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
TWX: 215-828-3847

Pittsburgh Area
Hewlett-Packard
Crossley Sales Division
2545 Moss Side Blvd.
Monroeville 15146
(412) 271-5227

TWX: 710-797-3650

TEXAS

Dallas, 75209

Hewlett-Packard

Southwest Sales Division

P.0. Box 7166, 3605 Inwood Rd.
(214) 357-1881 and 332-6667
TWX: 910-861-4081

Houston, 77027

Hewlett-Packard

Southwest Sales Division

P.0. Box 22813, 4242 Richmond Ave.
(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: 910-443-2303

CANADA
Montreal, Quebec
Hewlett-Packard (Canada) Ltd.
8270 Mayrand Street
(514) 7352273
TWX: 610-421-3484

Ottawa, Ontario
Hewlett-Packard (Canada) Ltd.
1762 Carling Avenue

613) 7224223

TWX: 610-562-1952

Toronto, Ontario
Hewlett-Packard (Canada) Ltd.
1415 Lawrence Avenue, West
(416) 249-9196

TWX: 610-492-2382
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INTERNATIONAL SALES AND SERVICE OFFICES

ARGENTINA
Mauricio A. Saurez
Telecommunicaciones
Carlos Calve 224, Buenos Aires
Tel: 30-6312

AUSTRALIA
Sample Electronics (Vic.) Pty Ltd.
9-11 Cremorne Street
Richmond E. 1, Victaria
Tel. 424757 (3 lines)

Sample Electronics (N.S.W.) Pty, Ltd.
4 Grose Street, Glebe, Sydney

New South Wales

Tel: 69-6338 (6 lines)

AUSTRIA
Unilabor G.m.b.H.
Rummelhardigasse 6,3

Vienna
Tel: 426.181

BELGIUM
Hewlett-Packard Benelux S.A,
20-24 Rue de I'Hopital, Brussels
Tel: 11.22.20

BRAZIL

Ciental Importacao E Comercio Ltda.

Rua Cons. Crispiniano, 69, 8. © And.,
Conj, 81, Sao Paula
Tel: 32-4332
CANADA
Hewlett-Packard (Canada) Ltd.
8270 Mayrand Street
Montreal, Quebec
(514) 735-2273
Hewlett-Packard (Canada) Ltd,
1762 Carling Avenue
Ottawa, Ontario
(613) 722-8162
Hewlett-Packard (Canada) Ltd.
1415 Lawrence Avenue W.
Toronto, Ontario
(416) 249-9196
CHILE
Hector Calcagni
Casilla 13942
Santiago
Tel: 64226
DENMARK
Tage Olsen A/S
Ronnegade 1
Copenhagen
Tel: 29.48.00
FINLAND
INTO 0¥
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

IN EUROPE

Hewlett-Packard, S. A.

54 Route des Acacias
Geneva, Switzerland
Telephone: (022) 42.81.50
Telex: 2.24.86

Cable: HEWPACKSA
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Hewlett-Packard V.m. b H,
Reginfriedstrasse 13
Munich 9

Tel: 49.51.21 22
Hewlett-Packard. Vm.b.H
Technisches Buro
Herrenbergerstrasse 110
703 Boblingen, Wurttemberg
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.
B-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)

ITALY
Hewlett-Packard Italiana S.p.A.
Viale Lunigiana 46, Milan
Tel: 69.15.84°5/6
Hewlett-Packard Italiana S.p.A.
Piazza Marconi, 25

Roma-Eur
Tel: 59.25.44/5

JAPAN
Yokogawa-Hewlett-Packard Ltd.
2270 Ishlhawa cho
Hachigji, T
Tel: Hachuou 04253 1231 (19 lines)
Yokogawa-Hewlett-Packard Ltd.
No. 3, 6-chome, Myama Kltamachl
Akasaka, Minato-ku, Tok
Tel: 403.0073, 403- 00?4 403 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

KOREA

American Trading Company, Korea, Ltd.

112-35 Sokong-Dong
Seoul P, 0. Box 1103
Seoul

Tel: 3-7049, 3.7613

For Sales and Service Assistance in Areas Not Listed Contact:

IN LATIN AMERICA
Hewlett-Packard Inter-Americas
1501 Page Mill Road
Palo Alto, California 94304, USA.
Telephone: (415) 326-7000
TWX: 910-373-1267
Telex: 033811 Cable: HEWPACK

NETHERLANDS
Hewlett-Packard Benelux N.Y,
23 Burg Roelistraat, Amsterdam W.
Tel: (020) 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
NORWAY
Morgenstierne & Co. A/S
Ingeniprfirma
6 Wessels Gate, Oslo
Tel: 20 16 35
PORTUGAL
Telectra
Rua Rodrigo da Fonseca 103
P. 0. Box 2531
Lisbon 1
Tel: 68 60 72 and 68 60 73 and 68 60 74
PUERTO RICO & VIRGIN ISLANDS
San Juan Electronics, Inc.
150 Ponce de Leon, Stop 3
P. 0. Box 5167
Pta. de Tierra Sta,, San Juan 00906
Tel: 722-3342, 724-4406

SPAIN
ATAIO, Ingenieros

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

SWEDEN
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

TURKEY
TELEKOM Engineering Bureau
P.0. Box 376—Galata, Istanbul
Tel: 49.40.40

UNITED KINGDOM
Hewlett-Packard Ltd,
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

YUGOSLAVIA
Belram S.A.
83 Av. des Mimosas

Brussels 15, Belgium
Tel: 35.29.58

ELSEWHERE
Hewlett-Packard
International Marketing Department
1501 Page Mill Road
Palo Alto, California 94304, US.A.
Telephone. (415) 326-7000
TWX- 910-373-1267
Telex: 033811 Cable: HEWPACK
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