As you are now the owner of this document which should have come to you for free, please
consider making a donation of £1 or more for the upkeep of the (Radar) website which holds
this document. | give my time for free, but it costs me around £300 a year to bring this
document to you. You can donate here https://blunham.com/Radar, thank you.

Do not upload this copyright pdf document to any other website. Breaching copyright may
result in a criminal conviction and large payment for Royalties.

This document was generated by me, Colin Hinson, from a document held at R.A.F. Henlow
Signals Museum which is believed to be out of copyright or Crown Copyright. It is presented
here (for free) under the Open Government Licence (O.G.L.) if under Crown Copyright and this
version of the document is my copyright (along with the Crown Copyright) in much the same
way as a photograph would be. It should be noted that most of the pages are identifiable as
having been processed by me. If you believe the original document to be under copyright,
please contact me.

The document should have been downloaded from my website https://blunham.com/Radar,

or any mirror site named on that site. If you downloaded it from elsewhere, please let me
know (particularly if you were charged for it). You can contact me via my Genuki email page:
https://www.genuki.org.uk/big/eng/YKS/various?recipient=colin

You may not copy the file for onward transmission of the data nor attempt to make
monetary gain by the use of these files. If you want someone else to have a copy of the file,
point them at the website (https://blunham.com/Radar). Please do not point them at the
file itself as it may move or the site may be updated.

| put a lot of time into producing these files which is why you are met with this page when you
open the file.

In order to generate this file, | need to scan the pages, split the double pages and remove any
edge marks such as punch holes, clean up the pages, set the relevant pages to be all the same
size and alignment. | then run Omnipage (OCR) to generate the searchable text and then
generate the pdf file.

Hopefully after all that, | end up with a presentable file. If you find missing pages, pages in the
wrong order, anything else wrong with the file or simply want to make a comment, please
drop me a line (see above).

If you find the file(s) of use to you, you might like to make a donation for the upkeep of the
website — see https://blunham.com/Radar for a link to do so.

Colin Hinson
In the village of Blunham, Bedfordshire, UK.






HEWLETT (ip, PACKARD

CERTIFICATION

The Hewlett-Packard Company certifies that this instrument was
thoroughly tested and inspected and found to meet its published
specifications when it was shipped from the factory. The Hewlett-
Packard Company further certifies that its calibration measurements
are traceable to the U. S. National Bureau of Standards to the extent
allowed by the Bureau’s calibration facility.

WARRANTY AND ASSISTANCE

All Hewlett-Packard products are warranted against defects in
materials and workmanship. This warranty applies for one year from
the date of delivery, or, in the case of certain major components listed
in the operating manual, for the specified period. We will repair or
replace products which prove to be defective during the warranty

period. No other warranty is expressed or implied. We are not liable
for consequential damages.

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




&

OPERATING AND SERVICE MANUAL

MODEL 1415A
TIME DOMAIN REFLECTOMETER

SERIALS PREFIXED: 610-
See Section I For Instruments With Other Serial Prefixes

See Section I and Appendix I For Instruments With Options

1964

Copyright HEWLETT PACKARD COMPANY
1501 PAGE MILL ROAD, PALO ALTO, CALIFORNIA, U S A

PRINTED: MAY 1966

01944-3



Table of Contents

Model 1415A

TABLE OF CONTENTS

Section Page
1 GENERAL INFORMATION =+ « + « + + « « 1-1
1-1. Description « « + ¢ + + « o o « + 1-1
1-4. Options ............... 1-1
1-6. Manual Identification « « « + - « « 1-1
1-8. Scopeof Manual « « + « = + « » + « 1-1
I INSTALLATION ¢« ¢ ¢ ¢ ¢ « o s o o o s o 2-1
2-1, Initial Inspection =« « « « « « ¢ « ¢« & 2-1
2-4. Damage Claim and Repackaging 2-1
2-T7. Preparation for Use =+ « ¢ « o« - « 2-2
IHI OPERATION ¢ « « « o o s o o o o o oo o 3-1
3-1, Introduction « « « « « = o ¢ o o o o 3-1
3-3. Controls and Connectors « « « « « . 3-1
3-10. Operation « « » « ¢ « = o o ¢ ¢ o o 3-1
3-13, Applications + « « + ¢+ ¢+« ¢ o o &4 3-1
IV PRINCIPLES OF OPERATION - - - - - - 4-1
4-1. Introduction - « ¢« « « + ¢ o ¢« o ¢ o 4-1
4-3. Circuit Details =« « » ¢ » ¢« + ¢ ¢ o & 4-1
4-4, Step Generator .+ o ¢ s o o o 4-1
4-9. Slow Ramp Generator « « - - « « -« 4-3
4-13. Dot Generator » « « « « + « » o o 4-3
4-17. Fast Ramp Generator - - - - - - - 4-3
4-19, Ramp Comparator « « « » « « « ¢ 4-5
4-21, Sampler « -+ v o s v s e a0 0 4.5
4-23. Vertical Amplifier =+ -« + -« - . 4-5
4-25, Horizontal Amplifier - . « « « . . 4-5
4-27. Power Supply: ¢ ¢ « ¢ ¢+ o o 4-5
v MAINTENANCE + ¢ ¢ ¢ ¢ o v o 6 s 0 0 o 5-1
5-1. Introduction « + « « « ¢ ¢ ¢ ¢ o o o 5-1
5-3. Performance Check =« « + ¢+« . 5-1
5-5. Test Equipment « - « « ¢ « ¢ « « & 5-1
5-T7T. Procedure « « « « ¢ ¢ ¢+ o o « ¢ o 5-1
ii

Section Page
5-9. Front Panel Preliminary Settings -« 5-1
5-10. Refl Coefficient Attenuator 5-1
5-11. Distance/Time Scales « = « « = + - 5-1
5-12, Rise Time, Jitter, and Internal

Reﬂections ............ 5_2
5-13. Overshoot and Ringing =+ « = « * 5-2
5~ 14. Droop ............... 5-2
5-15. Noise and Internal Pickup - - ¢« * 5-2
5-16. Output Impedance =« « » ¢ « « « ¢ » 5-2
5-17. Dynamic Range =« « ¢ « » « « ¢ « « .5-2
5-18. Adjustments » ¢ ¢ - ¢ ¢ o s .00 0 5-3
5-22., Procedure + ¢ ¢ ¢ ¢+ s o s e 0 o 5-3
5-24, Power Supply Adjustment « - - - - 5-3
5-25. Step Stability Adjustment - - - - - 5-3
5-26. Step Zero Level Adjustment - 5-4
5-27. SamplerDiode Bias Adjustment - - 5-4
5-28. Step Cal Adjustment » + = + « « « 5-4
5-29. Dist/Time Cal Adjustment , + + + 5-4
5-30, Dist/Time Cal Adjustment - 5-4

Scale Cal Adjustments =« ¢« « ¢ - 5-4

5-32. Time Scale Cal Adjustment . - . . 5-4

5-36. Dot Delay Adjustment . . + . . . . 5-4

5-37. Zero Set Adjustments « + ¢ + « +5-5

5-38. DPulse Shape Adjustment . . . « + «5-5

5-39. Troubleshooting ¢ « » o o « « + o ¢ 5-5

5-42. General Troubleshooting. . . . . . 5-5

5-50. Specific Troubleshooting- « « « « . 5-6

5-52. Component Location + « « « « « « 5-6

5-54. Servicing Etched Circuites « - « « - 5-4

VI REPLACEABLE PARTS:« « + ¢« o + + o o+ 6-1
6-1. Introduction « « « ¢ ¢« « v ¢ v o o . 6-1

6-3. Ordering Information « « « « + « « - 6-1
APPENDIX I. OPTIONS . + + « « « + « 1A-1/1IA-2
APPENDIX II. MANUAL CHANGES * * * * * * OoA-1

5-31. Time Scale Cal and 20-NSEC Time

01944-3



Model 1415A

List of Nlustrations and Tables

LIST OF ILLUSTRATIONS

Number Title Page
1-1. Model 1415A Time Domain Reflectometer. 1-0
3-1. Model 1415A Controls and Connectors « - 3-2
3-2. Initial Operation « « « « ¢« ¢ &+ o + o & e e+ 3-3
3-3. Vertical Calibration + « « ¢« « + + & e s 0. 3-4
3-4. Horizontal Calibration « « - - . « . e e e+ 325
3-5. Reflection Measurements « « « « « « « « « 3-6
3-6. Transmission Measurements « « « « « « « 3-7

4-1. Step Generator, and Fast Ramp and Comparator
Block Diagram « « + « » o o ¢ s s s o+ + 420
4-2, Model 1415A Block Diagram + « ¢« « « « « » 4-1
4-3. Horizontal Amplifier, and Slow Ramp and Dot
Comparator Block Diagram « « « » . « « 4-2
4-4, Sampler and Vertical Amplifier Block
Diagram .. . . . e e o e s e s 000 e 4-4

5-1. Location of Adjustments « « « « ¢ ¢ ¢« + ¢ &
5-2. Model 1415A Component YLocation, TopV1ew .
5-3. Model 1415A Component Location, Bottom
VIEW =+ o o ¢ s 0 s ¢ s s 060 ¢ o s a6 o9+ 59
5-4, Component Locations on A2, Pulse Generator
Board « ¢ ¢« o o ¢ o e s s s 6 o s e oo o 510
5-5. Waveforms at Test Points in Step Generator
Circuit + o+ o ¢ ¢ o o o » e e o0 0o 0510

5-3
5-9

Step Generator Schematic Diagram o . . . 5-11
Component Locations on A10, Distance/Time
Magnifier Switch « « - - . . « e o o e e «5212
5-8. Component Locations on A13, Sweep Switch « 5-12
5-9., Component Locations on Al Time Base
Board - + + « o & . o e e e e s e s ¢ 5-12
5-10. Waveforms at Test Pomts in Slow Ramp and
Dot Comparator Circuits + « « « « « « « «5-12
5-11. Slow Ramp and Dot Comparator Schematic
Diagram « ¢ o ¢ o s ¢ ¢« ¢ o o o « o o+ 5-13
5-12. Component Locations on A9, Distance/Time
CM Line/CM Display Switch « « « « » « +5-14

5-6.
5-1.

Number Title Page
5-13, Waveforms at Test Points in Fast Ramp and
Comparator Circuits ¢ » ¢+ » » ¢ » 5-14
5-14, Fast Ramp and Comparator Schematic
Diagrarn ------- * # 2 o 2 ¢ & & » 5_15
5-15. Component Locations on Sampler Block
Assembly"""""""" 5-16
5-16. Component Locations on A3, Sampler
Board ¢ * ¢ * o ¢ ¢ o ¢ o ¢ s s 0 s s 0 e 5-16
5-17. Waveforms at Test Points in Sampler
Circuit cee e s 5-18
5-18. Sampler Schematic Diagram * « » » =+ + 5-17
5-19. Component Locations on A5, Amplifier
Boa.rd""""""' e s« ¢ H5.18
5-20, Component Locations on A7, Trimmer
Board ¢ ¢ ¢ ¢ o ¢ s o o o s 6 o s 0 0 o 5-18
5-21. Component Locations on A8, Reflection
Coefficient Switch- « ¢ ¢« « = » + ¢+ » -« 5-18
5-22. Horizontal Amplifier Schematic Diagram+ 5-18
5-23. Vertical Amplifier Schematic Diagram - 5-19
5-24. Power Supply Schematic Diagram * - « + 5-20
5-25, Component Locations on A6, Power Supply
Board ¢ ¢ ¢+ o s ¢ s 0 0 0o 0 0 0 s 0 o . 5-20
5-26. Interconnection Plugs Schematic
Diagral’n...-.--.---o.on.o 5—20

JIA-1. Components Locations on A9,

LIST OF TABLES

Number Title Page
1-1. Specifications =+ « ¢« ¢ « « « S, ¢

5-1, Equipment Required for Tests and
Adjustments « - ¢ ¢ s 0 0 0 00 o o oo

5-2. Vertical Magnifier Check . . . .

5-3, Distance/Time Scale Check - -

5-4, Specific Troubleshooting » « « « - . e
5-5. Conditions for Waveform and DC Voltage
Measurements =« « « « « o« P ) 5-8

01944-3

Option 14 -« - e e e IA—I/IA-Z
IA-2. Option 14 Distance/Time Switch

Schematic « « » ¢+ » ¢+ ¢ o o o IA-3/1A-4
IIA-1. Controls and Connectors+ - - - - IIA-7/IIA-8
IIA-2. Time Base Board A1~ -« + - - - IIA-9/IIA-10
IIA-3. Partial Schematic, Slow Ramp

and Dot Comparator+ * * * ~9 /TA-10
IIA-4. Amplifier Board A5+ ¢ ¢ - - IIA-11/TIA-12
IIA-5. Trimmer Board A7+ « * *» * * HA-11/I1A-12
I1A-6. Power Supply Board A6 IIA-11/0IA~12
IIA-7. Q101 Emitter Circuit: « + * - TA-11/1IA-12
IIA-8. Pulse Generator Board A2 « - I1A-11/IIA-12
IIA-9. Pulse Shape Adjust Circuit * + ITA-11/ITA-12
Number Title Page

5-6. Schematic Diagram Notes «+ « « « « « « « « 5-8

6-1, Reference Designation Index =« » = ¢ ¢ - 6-2
6-2. Replaceable Parts =+ « ¢ ¢ » ¢ o ¢ o ¢ s o 6-15
6-3. Code List of Manufacturers « - » « ¢« - « 6-20

IA-1. Option 14 Replaceable Parts « « « « « + [A-0

IIA-1. Reference Designation Index and Replaceable
Parts e+ ¢ o ¢ ¢ ¢ o o o o o « o o . HA-S/[[A..G

iii






Model 1415A

Sections I and II
Paragraphs 1-1 to 2-6

SECTION |
GENERAL INFORMATION

1-1. DESCRIPTION.

1-2. The % Model 1415A Time Domain Reflectometer,
a double-size plug-inunit for the % Model 140-series
Oscilloscopes, isa completely integratedtransmission
line testing system. The unit includes both the time
base and vertical deflection functions of a high-speed
sampling oscilloscope, anda fast-rise step generator.
The Model 1415A locates and determines the magni-
tude and nature of discontinuties in high-frequency
transmission sytems, andcanbe used to measure the
quality of broadband systems.

1-3. The technique of time domain reflectometry, for
which the Model 1415A is specifically designed, consists
essentially of applying a voltage step to the transmis-
sion system and observing the reflections. A reflec-
tion occurs each time the step encounters animpedance
mismatch (discontinuity); this reflectionis added tothe
incident wave and is displayed onthe CRT of the oscil-
loscope. The time required for the reflection toreturn
to the sampler inthe Model 1415A locates the discon-
tinuity. The shape and magnitude of the reflected wave
indicate the nature and value of the mismatch, which
can be resistive, inductive, orcapacitive. In general,
an inductive discontinuity reflects a voltage spike
having the same polarity as the incident step, and a
capacitive discontinuity reflects a voltage spike of the
opposite polarity. A resistive discontinuity having a
value larger than the line impedance reflects a step of
the same polarity as the incidentstep, anda stepof the
opposite polarity is reflectedif the value is less than
the line impedance. Detailed discussions on evaluat-
ing reflections observed are given in % Application
Notes 62 and 67, which are supplied with the Model
1415A.

1-4. OPTIONS.

1-5. There is one optionavailable for the Model 1415A.
This option (Option 14)provides an additional position

for the DISTANCE/TIME switch. Thisaddedposition
is equal to 1000 nsec/cm expressedintime, or 10, 000
CM LINE/CM DISPLAY (polyethylene)and 15, 000 CM
LINE/CM DISPLAY (air) expressedindistance. Re-
fer to Appendix I for complete information on this
option.

1-6. MANUAL IDENTIFICATION.

1-7. Information in this manual applies directly to
Model 1415A instruments with a serial prefix of 610-
(see manual title page). The serial prefix of a ®
instrumentis the first three digits (i. e. thosebefore
the dash, as 000-00000) of ‘he serial number stamped
on a plate attached to the rear panel. Appendix II
contains information on changes required to adapt this
manual toaninstrument with the serial prefixes listed
there. A separate changesheet (included with this
manual) provides information to adapt this manual to
an instrument with any serial prefix other than those
listed in Appendix II. Any errors in this manual when
itwas printedarecalled Errata, and these corrections
will appear only on the separate change sheet included.

1-8. SCOPE OF MANUAL.

1-9. This manual supplies operating and maintenance
instructions for the Model 1415A Time Domain Reflect-
ometer. The information in this manual supplements
the manual for the oscilloscope with which the Model
1415A is used. Refer to the Oscilloscope manual for
specifications and instructions which apply specifi-
cally to that instrument.

SECTION 1I
INSTALLATION

2-1. INITIAL INSPECTION.

2-2. MECHANICAL CHECK. If external damage to
the shipping carton is evident, ask thecarrier's agent
to be present whenthe instrumentis unpacked. Check
the instrument for external damage such as broken
controls or connectors, and dents or scratches on the
panel surface. If damage is evident, see Paragraph
2-4 for recommended claim procedure and repackaging
information. I the shipping carton is not damaged,
check the cushioning material and note any signs of
severe stress as anindication of rough handling in
transit. If the instrument appears undamaged, per-
form the electrical check (see Paragraph 2-3).

2-3. ELECTRICAL CHECK. Check the electrical
performance of the Model 1415A as soon as possible
after receipt. Paragraphs 5-3 through 5-17 contain
performance check procedures which will verify in-

01944-3

strument operation within the specifications listed in
Table 1-1. This check is also suitable for incoming

quality control inspection. If the Model 1415A does
not perform within the specifications when received,

refer to Paragraph 2-4 for recommended claim pro-
cedure and repackaging information.

2-4. DAMAGE CLAIM AND REPACKAGING.

2-5. If physical damage is evident, or if the instru-
ment does not meet specifications when recieved, noti-
fy the carrier and the nearest Hewlett-Packard Sales/
Service Office (see listat rear of this manual). The
Sales/Service Officewill arrange for repair or replace-
ment without waiting for settlement of aclaim with the
carrier.

2-6. Theoriginalshipping cartonand packing material,
with the exception of accordion-pleated pads,shouldbe

1-1
2-1



Section II
Paragraphs 2-7 and 2-8.

used for reshipment. The accordion-pleated padsare
fatigued with oneuseandare not reusable. The Hew-
lett-PackardSales ‘Service Office will also provide m-
formation and recommendations on materials to be
usedif the original packaging materialis notavailable
or reusable. Materials used should include: (1) a
double-walled carton (check with a freight carrier
for test strength required), (2) heavy paper or sheets
of cardboard to protect all instrument surfaces; use
extra material around projecting parts of the instru-
ment, (3) at least four inches of tightly-packed shock-
absorbing material surrounding the instrument. Close
the carton securely with durable shipping tape. Ifthe
instrument is to be shippedtoa * Sales/ServiceOffice

2-2

Mocdel 1415A

for repair, attacha tapg showing owner, model, seral
and repairs required.

2-7. PREPARATION FOR USE.

2-8. The Model 1415A is a double-size plug-in unit
tor the Model 140- series oscilloscopes, and1is 1nten-
ded to be used 1n place of two normal-s.ze plug-1ns.
To mnstall the Model 1415A, remove the dividing shield
between the upper and lower compartments by pulling
straight out, slide the Model 1415A into place. and
secure by turmng the LOCK knob clockwise. All
necessary connections to the Oscilloscope are auto-
mafically completed when the unit is 1installed and
locked 1n place.
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Model 1415A

Section III
Paragraphs 3-1 to 3-14

SECTION 1l
OPERATION

3-1. INTRODUCTION.

3-2. This section contains information on the function
of all controls in the Model 1415A Time Domain Re-
flectometer and on the basic operation of the instru-
ment. Refer to the oscilloscope manual for instruc-
tions on operating CRT display controls.

3-3. CONTROLS AND CONNECTORS.

3-4. Figure 3-1 identifies and briefly describes the
Model 1415A controls and connectors. To aid in
proper operation, Paragraphs 3-5 through 3-9 pro-
vide a more extensive description of some controls.

3-5. DISTANCE/TIME CM LINE/CM DISPLAY.
The four settings on this switch are calibrated both
in nanoseconds per centimeter, and in centimeters
of external transmission line per centimeter of dis-
play. Values are indicated for the two most common
types of transmission line, polyethylene dielectric
(black numerals) and air dielectric (red numerals).

3-6. DISTANCE/TIME MAGNIFIER. The eight set-
tings on this switch indicate horizontal display magni-
fication from X1 to X200. These settings are used
as division factors for DISTANCE in CM LINE/CM
DISPLAY or for TIME in NSEC/CM. The display
expands around the point selected by the MAGNIFIER
DELAY control, which is indicated by a brightened
spot on the display.

3-7. MAGNIFIER DELAY. This 10-turn potentio-
meter is calibrated in tenths of millimeters from 0
to 10 centimeters, and uses a brightened dot on the
display as an indicator; e.g., dot is midscreen with
MAGNIFIER DELAY set at 5.00 centimeters. The
reading on the control is used to calculate distance
or time in conjunction with the basic DISTANCE/TIME
setting only, but is independent of the DISTANCE/
TIME MAGNIFIER setting.

3-8. SWEEP. Horizontal scan modes of the instrument
are selected by this five position switch as follows:
RECORD position provides the signal to drive an ex-
ternal recorder through the RECORDER OUT jacks;
RESET position resets the recorder sweep to zero;
MANUAL position sets up the MANUAL SCAN control
for manual scanning of the input signal (also helpful
for calibrating the external recorder); NORMALposi-
tion is used for normal scanning of the input signal
(about 3000 samples per sweep, repetition rate of 50
cps); and DETAIL position which provides a higher
sampling density for a more detailed sweep (about
30, 000 samples per sweep, repetition rate of 5 cps).

3-9. REFLCOEFFICIENT (VERTICAL MAGNIFIER).
Vertical scale of the instrument is determined by this
control as follows: directly in reflection coefficient
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reading per centimeter;or (in parenthesis)in vertical
magnificationfrom X0. 2 to X20, referenced to a step
amplitude of 10 cm at X1. Calibration of the reflec-
tion coefficient assumes a 50-ohm external system.
The VERNIER control provides variable adjustment
between steps.

3-10. OPERATION.

3-11. GENERAL. Figures 3-2 through 3-6 give
step-by-step procedures for operating the Model
1415A. Thevertical andhorizontal calibration adjust-
ments should be done whenever the Model 1415A is
operated in an oscilloscope other than the one in
which it was previously adjusted; this includes first-
time operation. Aperiodic checkof these adjustments
is also recommended even when the Model 1415A is
used in only one oscilloscope.

3-12. ELIMINATION OF RF INTERFERENCE. The
CRT display may become distorted due to RFI when
the instrumentis used to test antennas or long trans-
mission lines, since these elements tend to act as re-
ceiving antennas for any RF in the area. When a
narrow band RFI problem exists, it can be eliminated
by adjusting the f, (interferencefilter center frequency)
control. If the RFI is of a broad band nature, the £,
control is adjusted for minimum interference, then
the BW (interference filter bandwidth) control is
adjusted for further elimination of the interference.
Normally, the instrument is operated with the BW
control in the MAX position. If the BW control is
adjusted away from the MAX position, the Model
1415A mustbe switched to the DETAIL mode of opera-
tion to avoid seriously degrading the vertical presenta-
tion. These effects are quite obvious when viewing
the CRT presentation. In addition, a shorter and
shorter time scalesetting is required as the BW con-
trol is turned towards minimum if no degrading of the
vertical presentation can be tolerated. This is nota
serious limitation, since any portion of the longer
time scale can be observed by adjusting the magnifier
and delay controls.

3-13. APPLICATIONS.

3-14. The Model 1415A has been designed specifically
for time domain reflectometry, a measurement tech-
nique offering the most convenient method for gaining
valuable information on most types of transmission
line systems. To describe this technique and its
applications, @ ApplicationNotes 62 and 67have been
prepared. These application notes discuss the funda-
mentals of transmissionline measurements, and give
practical measuring considerations. Theuser is re-
ferred to these publications. Copies may be obtained
from your Hewlett-Packard Sales/Service Office.
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Figure 3-1
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HORIZ POS. Sets the horizontal position of
the display on the oscilloscope graticule.
(Does not require frequent adjustment. )

DISTANCE/TIME CM LINE/CM DISPLAY.
Adjusts the basic time and distance scales.
(See Par. 3-5)

DISTANCE/TIME MAGNIFIER. Expands basic
time and distance scales. (See Par. 3-6)

DIST/TIME CAL, Setstimeanddistancescales
calibration to compensate for slight differences

MAGNIFIER DELAY. Determines horizontal
separation between any points on the display in
centimeters. (See Par. 3-7)

LOCK. Rotate LOCK knob clockwise to me-
chanically secure Model 1415A in oscilloscope.

INTERFERENCE FILTER f,. Eliminates nar-
row band RF interference. (See Par. 3-12)

INTERFERENCE FILTER BW. Used in con-
junction with the f, controlto reduceor elimi-
nate broad band RF interference. (See

Par. 3-12)

SWEEP. Selects various horizontal scan modes.
(See Par. 3-8)

SIGNAL OUT. Provides connectionfor the ex-
ternal systemin reflection measurements, or
a termination in transmission systems.

SIGNAL IN. Provides connectionfor the step
input in reflection measurements, orinputsig-
nal from a transmission system.
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STEP CAL. Calibrates vertical sensitivity
of the Model 1415A to compensate for slight
differences in oscilloscope CRT deflection
plate sensitivities.

TRIG OUT. Provides a delayed negative trig-
ger output to trigger external step generator,
such as % Model 215A Pulse Generator.

REFLCOEFFICIENT (VERTICAL MAGNIFIER).
Determines the vertical scale. (See Par. 3-9)

STEP OUTPUT. Supplies the negative step

output (amplitude about 0. 25 volts into a 50-

ohm system). The display is normally in-
verted for negative-up presentation.

RECORDER OUT VERT. Supplies vertical de-
flection signal for an X-Y recorder. Output
voltage is approximately 0.8 volts per centi-
meter of screen deflection; approximately 0
volts with the trace centered.

RECORDER OUT HORIZ. Supplies horizontal
scan voltage for an X-Y recorder. Output volt-
age is approximately +2 volts with beam at left
edge of graticule, and +18 volts with beam at
right edge of graticule.

STEP STABILITY. Adjusts the stability of the
output step pulses for minimum pulse jitter.

VERT POSITION. Adjusts the vertical position
of the display on the oscilloscope screen.

NEG UP/POS UP. (Locatedon bottom of Model
1415A.) Selects either negative-up or positive-
up presentation of the display onthe oscilloscope
CRT screen.

3-2 Figure 3-1.

Model 1415A Controls and Connectors.
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Figure 3-2
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Turn instrument on.
Set REFL COEFFICIENT to . 2.

Use two L-connectors to connect STEP OUT-
PUT to SIGNAL IN, as shown.

Set SWEEP to NORMAL.
Set DISTANCE/TIME to 20 NSEC/CM.
Set DISTANCE/TIME MAGNIFIER to 1.

Turn INTENSITY to a normal setting, about
midrange.

Center trace on screen, using BEAM FINDER
if necessary.

1415A-A-39A

@ If step is unstable or not present, turn STEP
STABILITY fully clockwise, then slowly
counterclockwise, continuing just slightly past
the point where a stable step locks in.

Adjust MAGNIFIER DELAY to position the dot
on the step rise.

Set DISTANCE/TIME MAGNIFIER to 50. Re-
trim MAGNIFIER DELAY if necessary to
center step on screen.

Trim STEP STABILITY for sharpest corner
without losing stability of the trace; should
remain stable with MAGNIFIER at 200.

01944-3

Figure 3-2. Initial Operation
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Set DISTANCE,/TIME to 20 NSEC/CM.,
Set DISTANCE,/TIME MAGNIFIER to 1.

Set REFL COEFFICIENT to .1, with VERNIER
in CAL.

Position base line of display on bottom graticule line.
Connect 50-ohm load,+1%, to SIGNAL OUT.

OCIOIONC,

Adjust STEP CAL for a step amplitude of exactly
10 centimeters.

Figure 3-3. Vertical Calibration

3-4
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Set DISTANCE/TIME to 20 NSEC/CM.
Set DISTANCE/TIME MAGNIFIER to 1.

Center display vertically. (An input signal is not re-
quired for this adjustment. )

Set MAGNIFIER DELAY to 0. 00.

Adjust HORIZ POS to position the dot exactly over the
0-cm (left edge) graticule line.

Turn MAGNIFIER DELAY to 10. 00.

If dot is not exactly over the 10-cm (right edge) grati-
cule line, adjust DIST/TIME CAL to position the dot
half-way between its present position and the 10-cm
graticule line.

Repeat steps 4 through 7 until MAGNIFIER DELAY
reads 0. 00 at the 0-cm graticule line and 10. 00 at the
10-c¢m graticule line.

01944-3

Figure 3-4. Horizontal Calibration

3-5



Section IIT

Model 1415A

Figure 3-5
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Connect STEP OUTPUT to SIGNAL IN.
Connect external system to SIGNAL OUT.

®O

To Locate a Discontinuity:

Adjust DISTANCE/TIME controls for a con-
venient display of both incident step and reflec-
tion to be identified.

Note
Refer to Paragraph 3-12 for RFIelimination
procedure.

Set MAGNIFIER DELAY to position the doton
the step rise, andnote the dial reading. (For
maximum accuracy, switch to DETAIL and
increase magnification, both horizontally and
vertically if necessary; measurefromthe 10%
point on the step rise.)

Set MAGNIFIER DELAY to positionthedot at
the start of the reflection, and note the dial

reading. (Again, maximum accuracy can be
obtained by using magnification and detailed
scanning. )

6 a. Subtract the reading obtained in Step 4
from that in Step 5. For example: 2.75 cm-
2.50 cm = 0. 25 cm.

J3

® G

lo)e

b. Multiply the result by the DISTANCE set-
ting which corresponds to the type of dielectric
in the transmission line. For example:

0.25 em X 200 = 50 cm. (MAGNIFIER setting
does not enter into the calculation.) The dis-
continuity in this example is 50 cm from the
sampler (SIGNAL IN/OUT connectors).

Note
The above technique can be used to
determine separation between any
two points on the display.

Measurement of Reflection Coefficient:

Set VERNIER to CAL.

Adjust REFL COEFFICIENT and VERT POSI-
TION for a convenient, accurate reading of
the reflection amplitude in centimeters on the
CRT screen. DETAIL scanning may improve
accuracy of the indication.

Multiply amplitude reading in centimeters by
the REFL COEFFICIENT setting to obtain the
reflection coefficient of the discontinuity.

Figure 3-5. Reflection Measurements

3-6
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CAUTION
Do not connect the 1415A into any system
which produces voltage levels in excessof
1.0 volt peak into 50 ochms.

Connect STEP OUTPUT to input of external system
(may be active or passive).

Connect output of external system to SIGNAL IN (signal
amplitude not to exceed :0. 5 volts).

Connect a 50-ohm termination (such as GR 874-W50)
to SIGNAL OUT.

Use TIME settings in NSEC/CM, as with a conventional
oscilloscope, to determine the time phenomena (e.g.,
rise and fall times of the external system).
Note
Refer to Paragraph 3-12 for RFT elimination
procedure.

Use VERTICAL MAGNIFIER to determine amplification
or attenuation of the external system.

1415A-A—43A

01944-3

Figure 3-6. Transmission Measurements
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Section IV
Paragraphs 4-1 to 4-8

SECTION IV
PRINCIPLES OF OPERATION

4-1. INTRODUCTION.

4-2. The % Model 1415A Time Domain Reflectometer
consists of a fast-rise step generator, a time base
circuit, a horizontal amplifier, a sampling circuit,
anda single-channel vertical amplifier. The relation-
ship of these circuits is shown in Figure 4-2. Basic
operation isas follows: The step generator, produc-
ing pulses at the rate of about 150 ke, triggers the
time base circuitand appliesa step waveform through
a 50-ohm bridging sampler to the system under test.
Reflections from the external system add to the inci-
dent step, andare sampledandamplified by the verti-
cal amplifier for display on the oscilloscope's CRT
screen.

4-3. CIRCUIT DETAILS.

4-4. STEP GENERATOR.

4-5. The step generator, Figures 4-1 and 5-6, per-
formsthree functions: 1) provides an undelayed sync
pulse to trigger the fast ramp; 2) provides a delayed’
and inverted waveform (negative-going), available at
the TRIG OUT connector on the front panel, for use
in triggering an external pulse generator if desired;
3) provides a delayed and inverted step (negative)
having a rise time of approximately 50 picoseconds.
This fast-rise step may be connected externally from
the STEP OUTPUT connector to the SIGNAL IN con-
nector on the front panel.

4-6. MULTIVIBRATOR. Multivibrator Q101/Q102
free-runs at about 150 ke, and produces a square-
wave output. Narrow band RF interference is elimi-
nated by adjusting R110 (f.) which varies the sam-
pling repetition rate and its harmonics to avoid the
interference band. The positive rise atthe collector
of Q102 (0 to +15 volts) is taken as the reference
time for the fast ramp. This positive rise is also
applied to DL101, which delays its appearance at the
base of Q124 by about 140 nanoseconds, Thepurpose
of the delay is to allow the fast ramp to begin before
the step signal appears at the sampler, thus permit-
ting the pulse rise to be presented on the CRT screen
after the start of the trace.

4-7. TUNNEL DIODE TRIGGER. The delayed posi-
tive step passes through emitter follower Q124 and
turns on trigger amplifier Q125, which produces a
negative-going step (0 to -12 volts). This negative
step inturn causes tunnel diode CR123 to switchfrom
0 to -0. 5volts. A second tunnel diode, CR124, located
in the output connector, further sharpens the negative

step from Q125, resulting in a rise time of approxi-

mately 50 picoseconds. STEP STABILITY control

R135 sets the operating point for CR124, and Zero
Level Adj R154 provides a small positive voltage to
set the DC level at J101 exactly to zero before the

negative step. Pulse Shape Adj, R172, provides a

feedback loop to compensate for droop in the pulse
amplitude,

01944-3

4-8, TUNNEL DIODE RESET. The tunnel diodes
are switched back to their initial state by a reset
circuit which operates as follows: the positive step
which is applied to the base of Q124 is also applied
to the base of Q121, an emitter follower, but this
step has no effect on the blocking oscillator, Q122;
the negative-going step from the multivibrator,
(+15 volts to 0), however, triggers the blocking oscil-
lator and turns on reset aniplifier Q123. Current
from R135 isthen drawn away from the tunnel diodes
(into Q123), causing the diodes to switch back to their
low-voltage state. With the end of the reset pulse,
the diodes return to their steady-state operating point
as set by R135. The circuit is then ready to generate
another output step when the collector of Q102 in the
multivibrator again goes positive.

OSCILLOSCOPE

HORIZONTAL VERTICAL
DEFLECTION DEFLECTION
PLATES PLATES
MODEL
1415 A I _______________1
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[ AMPLIFIER ‘
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| AMPLIFIER |
| TIME BASE |
| STEP SAMPLER ]
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| Q |
N e Y
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SYSTEM
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Figure 4-2, Model 1415A Block Diagram
4-1
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Figure 4-3
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Figure 4-3.

Horizontal Amplifier, and Slow Ramp and Dot Comparator Block Diagram
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4-9. SLOW RAMP GENERATOR.

4-10. The slow ramp generator, shown in Figures 4-3
and 5-11, produces the horizontal sweep voltage for
the oscilloscope CRT. This voltage is also used for
comparison with the fast ramp in time base deter-
mination (see Paragraph 4-19). This voltage may be
aninternally-generated sawtooth {SWEEP control set
to NORMAL or DETAIL), a single slow ramp
(RECORD), or a varying dc level (MANUAL). The
following discussion assumes that the internal scan
voltage is being used. Four-layer diode CR201 is
usedasa sawtooth-generating circuit, which operates
at a free-running rate of either 50 cps (NORMAL) or
5 cps (DETAIL). The slower rate (DETAIL)produces
more samples per sweep, since coincidence of the
comparator will occur tentimesas often on one sweep.
Sawtooth amplitude at the base of emitter follower
Q201 is approximately zeroc to +20 volts,

4-11. TIME SCALE, RECORD, AND SWEEP. Ampli-
tude of the slow ramp applied to the DISTANCE/TIME
MAGNIFIER switch for calibration of the time scale
is set by Time Scale Cal adjustment R252. The un-
attenuated scan voltage is applied to the horizontal
amplifier from the junction of R251/R252 to provide
horizontal deflection of the CRT. With the SWEEP
switch in the MANUAL position, the dc voltage on the
wiper of MANUAL SCAN control R206 is the slow
ramp signal. In RECORD position, a 60 second ramp
signal is generated by R208/C204 for use with an
X-Y recorder. This ramp signal is isolated from its
loadby Q215, andis clamped by CR210 when it reaches
+22 volts. In the RESET position, CR210 servesto
set the ramp back to approximately zerc volts, After
the slow ramp has passed through the Time Scale Cal
potentiometerit is attenuated by the DISTANCE/TIME
MAGNIFIER switch to magnify the time scale from 1
to 200 times in a 1, 2, 5 sequence. Since, in a mag-
nified setting of the time scale, the fast ramp does
not have to rise as far to reach coincidence with the
attenuated slow ramp, sampling will occur sooner
after the reference time (sync pulse) than in an un-
magnified setting; this results in a faster time scale.
Returning the bottom end of the magnifier attenuator
to the emitter of Q211, which provides the source
voltage for determining dot position (see Paragraph
4-13), ensures that expansion of the time base will be
centered around the point represented by the dot on
the CRT screen.

4-12, CRT BLANKING SIGNAL. Blanking pulse gen-
erator Q202/Q203 isa monostable multivibrator, pro-
ducing a negative pulse of about 1.5 milliseconds in
length and 20 volts inamplitude to blank the CRT beam
during retrace. Q203 is cut off by the negative slope
of the slow ramp, which in turn causes Q202 to con-
duct, thus producing the negative pulse which is ap-
plied to the CRT grid for beam blanking.

4-13. DOT GENERATOR.

4-14, MAGNIFIER DELAY. Adjustments Max Dot
Delay R274and Min Dot Delay R272 provide calibrated
voltage levelsfor R273, the MAGNIFIER DELAY con-
trol. With these adjustments correctly set, the front
panel dial for R273 is calibrated in centimeters for
accurate time measurementsbetween any points selec-
ted on the display. The voltage selected by R273 is

01944-2
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applied to emitter followers Q210 and Q211, which re-
duce impedance to approximately 2 ohms. The DC
output voltage from the emitter of Q211 is applied
to the base of Q209, which is normally conducting
(slow ramp at zero volts).

4-15. DOT PULSE COMPARATOR. When the slow
ramp passes the voltage level at the base (and
emitter) of Q209, the dot pulse comparator switches
so that Q209 is off and Q208 is on. Tunnel diode
CR203, as a result, is also caused to switch, pro-
ducing a sharp negative step at the base of Q206,
going from about +15 volts to +14.5 volts. This step
turnsonamplifier Q206, producing an amplified posi-
tive step which is differentiated by C223 and Q205.

4-16. DOT PULSE GENERATOR. The differentiated
positive pulse turns off Q205, which in turn causes
Q204 to conduct. The positive pulse at the collector
of Q204 is about 25 volts in amplitude, and is termi-
nated after about 15 microseconds when the dot pulse
generator, a monostable multivibrator, returns to its
quiescent state. The dot pulse comparator, Q208/
Q209, returns to its initial state when the negative
retrace slope of the slow ramp cuts off Q208. The
15-microsecond positive output pulse is applied
through pin 1 of P2 to the grid of the CRT, producing
a brightended dot on the CRT trace at the point
selected.

4-17. FAST RAMP GENERATOR.

4-18, The fast ramp generator, consisting of Q305/
Q306 circuits, is shown in Figures 4-1 and 5-14.
The ramp comparator, also shown in these figures,
is described separately in Paragraph 4-19. The fast
ramp waveform is initiated by the positive-going un-
delayed synce pulse from Q102 (see Paragraph 4-5),
which turns off sync emitter follower Q306. The volt-
age at the cathode of diode CR313 goes positive to
+15 volts, and with the anode at zero, the diode is
cut off, The conduction current of fast ramp genera-
tor Q305, a constant current source, is now into tim-
ing capacitors C330 through C334. As the charge
builds up on the capacitors switched into the circuit
by the front-panel DISTANCE/TIME control, a linear
ramp voltage is generated, having a slope dependent
upon the value of capacity in the circuit. This ramp
is applied to the base of Q303 in the comparator.
Stray capacity is taken into account and is brought to
a standard value by C330, a variable capacitor.
Adjustment is made on the 20 NSEC/CM range, since
it is on this range that stray capacity has most effect.
The ramp voltage reaches an amplitude of about +15
volts when it is terminated as the negative-going step
occurs from Q102 of the multivibrator. This step
turns on Q306, lowering the cathode voltage of CR313
toabout zero volts. With the anode at about +15 volts,
CR313 conducts and provides both a conduction path
for Q305 and a discharge path for the timing capaci-
tors; this path is through Q306 to the -12.6 volts
supply. A section of the DISTANCE/TIME switch
provides a delay voltage of about +1 volt (junction
R335/R336) on the three slower TIME scale settings.
Thus on these three ranges the base of Q303 is more
positive and coincidence of the comparator occurs
earlier. This ensures a display of the leading edge
of the step output after a convenient interval from the
start of the trace. On the fastest DISTANCE/TIME

4-3
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Figure 4-4. Sampler and Vertical Amplifier Block Diagram
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setting, this additional delay would place the leading
edge too far to the right, and is therefore not used.

4-19. RAMP COMPARATOR.

4-20. The ramp comparator compares the amplitudes
of the slow and fast ramps, and when they are the
same, produces a trigger pulse which operates the
sampler circuit. The slow ramp is applied through
emitter follower Q301 to Q302, which is normally
conducting through CR301 and R302, When the fast
ramp, applied to the base of Q303, passes the
instantaneous amplitude of the slow ramp, the com-
parator switches, with Q302 cut off and Q303 con-
ducting. The resulting negative step at the collector
of Q303 causes tunnel diode CR303 to switch also,
and the sharp negative step at the base of Q304
(+15 volts to +14. 5 volts) turns this transistor on.
The inverted (positive) step at the collector of ampli-
fier Q304 is differentiated by C306 and R305 to pro-
duce a positive spike which triggers sampler trigger
generator Q307/Q308. Negative spikes are removed
by CR304. The positive spike cuts off Q307, which
turns on Q308, and an output step rising from -12. 6
volts to O is applied to Q401 in the sampler circuit.
This step isthe trigger which initiates sampling, and
since the slow ramp applied to the comparator is
gradually rising in voltage, each output trigger to
the sampler will occur slightly later from the refer-
ence time (start of the first ramp). Thus, since the
signal to be sampled occurs at a fixed, specific time
after the reference time, scanning of the signal will
begin before the step output appears, and will con-
tinue considerably after it appears (depending on
DISTANCE/TIME settings), The steeper the slope of
the fast ramp (or the lower the slope of the slow ramp),
the faster will be the effective time scale; the deter-
mining factor is how soon coincidence of the compara-
tor occurs after the reference time.

4-21. SAMPLER.

4-22, The sampler circuit, Figures 4-4and 5-18, re-
ceives positive-going trigger steps from Q308 (nega~-
tive stepsfrom multivibrator Q307/Q308 have no effect

on the following circuitry), eachwith gradually increas-

ing separationfrom the reference time. The positive
steps are differentiated by C401 and R402 into posi-
tive spikes which trigger sampler pulse generator
@402, a blocking oscillator. The blocking oscillator
waveform is converted by pulse transformer T401 in-
to balanced voltage spikes: positive at terminal 4 of
the transformer, and negative at terminal 3. These
spikes apply reverse bias to step-recovery diodes
CR402 and CR403 which have an extremely sharp
recovery transition characteristic. Diode Biasadjust-
ments R410 and R412 set the forward bias of CR402
and CR403 respectively for optimum pulse shape.
The resultant sharp spikes (sampling pulses) are
applied through C421 and C422 to forward-bias sam-
pling diodes CR404 and CR405 respectively. Capa-
citors C421 and C422 almost immediately charge
(or discharge) to the level of the input signal at that
instant, and after the very short sampling pulse ends,
the charge on these capacitors leaks through R422
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and R423 to charge the input capacity 0fV401. Asthein-
put signal is gradually scanned, thevoltage onthis ca-
pacity will vary accordingly and will be amplified by the
vertical amplifier for display on the CRT screen.

4-23. VERTICAL AMPLIFIER.

4-24, The vertical amplifier, Figures 4-4 and 5-23,
amplifies the input signal appearing at the grid of
V401 in the sampler circuit. The first three stages
comprise a differen.al feedback amplifier which
has a gain inversely proportional to the value of
feedback resistance inserted by SENSITIVITY switch
S502. Zero Set adjustment R527 sets the voltage at
the grid of V503 to be zero with the VERTICAL
POSITION control centered, so that switching of the
Neg Up/Pos Up control will not cause a vertical
shift of thetrace. The vertical signal may be inverted
by switching S501 to Neg Up, which reverses the dif-
ferential signal applied to the grids of V502A/B.
Calibration of the vertical amplifier isaccomplished
by adjusting STEP CAL R574, which shunts part of
the signal at the input of V502, and variable VERNIER
conirol R575 whichadjusts the degree of degeneration
in the output stage. Broad bandinterference is elimi-
nated, or attenuated in the case of a high amplitude
interference, by adjusting R598A/B (BW) which re-
duces the bandwidth of the vertical amplifier, there-
by rejecting more of the interference band. Differ-
ential output signal is applied through pins 12 and 24
of P1 to the CRT vertical deflection plates in the
oscilloscope. A single-ended output is taken from
the plate of V502A and passed through Q505 to be
made available at the front-panel RECORDER OUT
connector. The BEAM FINDER switch (located on
the oscilloscope front panel), when pressed, allows
R58° to be inserted in series with the V502 cathode
supply. This greatly reduces the tube current and
stage gain, sothatanoff-screenbeam willbe brought
into view. Requiredadjustment of appropriate ampli-
fier controls will then keep the trace on-screen when
the button is released.

4-25. HORIZONTAL AMPLIFIER.

4-26. The horizontal amplifier, Figures 4-3 and 5-22,
receives the horizontal scan voltage, either the slow
ramp or a manually determined voltage, amplifies
this voltage, and applies it differentially to the hori-
zontal deflectionplatesof the CRT. DIST/TIME CAL
adjustment R503 controls the degree of degeneration
intheamplifier, and HORIZ POS control R512 adjusts
the DC level of the plates of V501A/B. The BEAM
FINDER operates in the same way as in the vertical
amplifier, described in Paragraph 4-24.

4.27. POWER SUPPLY.

4-28. Supply voltages of +250 volts, +100 volts, ~100
volts, and -12, 6 volts are supplied by the oscillo-
scope for operating most of the circuits in the Model
1415A. Two additional supply voltages are derived
from the +100 volts supply, as shownin Figure 5-24.
Two 15-volt avalanche diodes, CR601 and CR602are
connected in series to provide a voltage of +30 volts,
and an amplifier/emitter-follower circuit, Q601 and
Q602, provides an output of +15 volts.
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Table 5-1
Table 5-1. Equipment Required for Tests and Adjustments
Recommended Required Ref
Instrument Model Characteristics Required for Para
1. Voltmeter hp 738AR DC output: 10 mv to Refl Coefficient 5-10
Calibrator 1 volt, 0. 3% Attenuator Check
2. Short Circuit General Radio 874-WN Rise Time Check 5-12
Termination
3. Impedance General Radio 1650A To measure resistance Output Impedance 5-16
Bridge of 50 ohms, accuracy Check
10. 5%
4, Transmission Any polyethylene 50-ohm Distance/Time Scale 5-11
Line coaxial line, 100 cm long Check
5. Coaxial Load hp 908A, or General Radio | 50 ohms, 1% Performance Check
874-W50 and Adjustments
6. DC Voltmeter | hp 410B/C 0 to + 30 volts, Power Supply 5-24
accuracy +3% Adjustments
7. High Frequency| hp 175A with 1750A 0.5 v/cm sensitivity, Troubleshooting 5-43, 5-45
Oscilloscope plug-in rise time 15 nsec
8. L-C Meter Tektronix Type 130 To indicate 82 pf 20-nsec Time Scale 5-32
Adjustment

5-0
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Section V
Paragraphs 5-1 to 5-11

SECTION V
MAINTENANCE

5-1. INTRODUCTION.

5-2. This section covers maintenance, troubleshoot-
ing, and adjustment of the Model 1415A Time Domain
Reflectometer. A performance check is included which
may be used as incoming inspection or after adjust-
ments have been made to verify that the instrument
meets its specifications.

5-3. PERFORMANCE CHECK.

5-4. The performance checkis intended to determine
whether or not the instrument is operating within its
specifications. If adjustment is necessary, refer to
Paragrapn 5-18.

5-5. TEST EQUIPMENT.

5-6. Test equipment recommended for the perform-
ance check is listed in Table 5-1, items 1 through 7.
Similar instruments having the listed characteristics
may be substituted.

5-7. PROCEDURE.

5-8. Install the # Model 1415A Time Domain Re-
flectometer in the dual plug-in compartment of the
Oscilloscope, which requires the removal of the plug-
in divider. The Neg Up/Pos Up switch located on the
bottom of the Model 1415A should normally be set to
Neg Up.

5-9. FRONT PANEL PRELIMINARY SETTINGS.

CM LINE CM DISPLAY. . . .. .. Fully CCW
DISTANCE/TIME MAGNIFIER . . . . . . . . 1
VERNIER . . .. . .o oo v oo .. CAL
SWEEP - + « v v v v v v e e e NORMAL

5.10. REFL COEFFICIENT ATTENUATOR.
a. Connect Voltmeter Calibrator to SIGNAL IN.
b. Set Model 1415A controls:

NSEC/CM . + v v v v v v v v v e e e e e e 100
MAGNIFIER: « « « ¢ « v v v e v v e v e u s 50
REFL COEFFICIENT. . . . .« . . . ... 0.1
c. Set Voltmeter Calibrator:
OUTPUT SELECTOR . . ... ... .. OFF
MULTIPLIER . . . . . . ... ... ... 0.1
RANGE. . . . . . . . .. o v oo o 2
FUNCTION. . . . . . .. . ... CALIBRATE

d. Adjust VERT POSITION to place sweep on top
CRT graticule line.

e. Adjust STEP CAL toobtainexactly 10 cm deflec-
tion (top to bottom graticule line) when Voltmeter

01944-3

Calibrator OUTPUT SELECTORIisswitchedfrom OFF
to DC+.

f. Check all other ranges, referring to Table 5-2
for settings. Position trace on top graticule line with
Voltmeter Calibrator OFF; deflection when switched
to DC+ should be as indicated in the table.

Table 5-2. Vertical Magnifier Check

Refl Voltmeter CM of
Coefficient Calibrator Deflection
Multiplier] Range

. 005 .01 1 10 +.3

.01 .01 2 10 +.3

.02 .1 .3 7.5+.2

.05 .1 1 10 +.3

.1 .1 2 10

.2 1 3 7.5 .2

.5 1 1 10 .3

g. Disconnect Voltmeter Calibrator, and connect
STEP OUTPUT to SIGNAL IN using EL connectors.

h. Return REFL COEFFICIENT to. 1 and adjust
STEP CAL for 10 cm deflection. '

5-11. DISTANCE/TIME SCALE.
a. Adjust DIST/TIME CAL as shown in Figure 3-4.

b. Using available 50 ohm polyethylene transmission
line with GR connector on one end, cutfor exactly
100 cm length including connector.

c. Connect transmissionlineto SIGNAL OUT, and
connect STEP QUTPUT to SIGNAL IN with the two
supplied EL connectors,

d. Set:
REFL COEFFICIENT. , . . .. ...... 0.2
CM LINE/CM DISPLAY . . .. ...... 200
DISTANCE/TIME MAGNIFIER. . . . . . . 20

e. Center step trace and resulting line reflection
on CRT with VERT POSITION and MAGNIFIER DELAY.

f. Step and line reflection should be displayed 10
cm +0.5 cm apart.

g. Check other DISTANCE/TIME ranges in the same
manner (steps d, e, and f), usingthesettings givenin
Table 5-3. Horizontal deflection in each case should
be as indicated.

h. Disconnecttransmissionlinefrom SIGNAL OUT.
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Table 5-3. Distance Time Scale Check

CM LINE/CM DISPLAY Horizontal
(Polyethylene) Magnifier | Deflection

200 20 10 cm z.5 cm

500 50 10cm =.5cm

1000 100 10 cm .5 cm

2000 200 10 cm +.5 cm

5-12. RISE TIME, JITTER, AND INTERNAL
REFLECTIONS.

a. Connect Short Circuit Termination to SIGNAL
OUT.

b. Connect STEP OUTPUT to SIGNAL IN with the
two EL connectors.

c. Set:
NSEC/CM . . v v v v i v vt e e e e 20
MAGNIFIER. . . . . . . . . ... ... 200
REFL COEFFICIENT. . . . .. . ... 0.1

d. Locate negative step with MAGNIFIER DELAY.
e. Set VERNIER for 10 cm of fast negative transition.

f. Rise time of this transition should be less than
0.15 nsec (1.5 c¢m) from the 90% to 10% points.

g. Horizontal jitter on either the positive or nega-

tive step should be less than 20 picoseconds (0.2 cm).

h. Disconnect Short Circuit Termination.

i. Connect short length (longer than one foot) of
50 ohm cable to SIGNAL OUT.

j. Connect Short Circuit Termination to end of 50
ohm cable.

k. Set VERNIER to CAL.

m. Reflections on the trace after the negative step
should be less than 1.0 cm.

5-13. OVERSHOOT AND RINGING.

a. Disconnect shorted cable from SIGNAL OUT.
b. Connect 50 ohm coaxial load to SIGNAL OUT.
c. Set:

REFL COEFFICIENT. . . . ... .. 0.01
NSEC/CM . . . . . v v v v i e et 20
MAGNIFIER. . . . .. ... ...... 200

d. Locate positive steps with MAGNIFIER DELAY.

e. Overshoot on the leading edge should be less
than 5 ecm.

f. Set DISTANCE/TIME MAGNIFIER to 50.

g. Ringing on pulse topshould be less than 0. 5 ¢cm
(vertically) after first 5 cm of the step.

5-2
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5-14. DROOP.
a. Set:
NSEC CM:. « « v v v vt e e e e e e 200
DISTANCE/TIME MAGNIFIER. . . . . . 1
SWEEP . . « v v v i v v v i e DETAIL
REFL COEFFICIENT. . . ... ... 0.01

b. Droop on pulse should be less than 1 cm.
¢. Return SWEEP to NORMAL.

5-15. NOISE AND INTERNAL PICKUP.
a. Connect 50-ohm coaxial load to SIGNAL OUT.
b. Remove EL connectors from Model 1415A.
c. Set:

NSEC/CM. . v v v v v v v v v e e 200
DISTANCE TIME MAGNIFIER. . . . . . 1
REFL COEFFICIENT . . .. . .... .005

d. Noise and internal pickup on base line should be
less than 0. 2 cm peak
5-16. OUTPUT IMPEDANCE.

a. Measure the outputresistance of the STEPOUT-
PUT with the Impedance Bridge.

b. Resistance should be 50 ohms +1 ohm.

5-17. DYNAMIC RANGE.

a. Connect STEP OUTPUT toSIGNAL IN with the
two EL connectors.

b. Connect 50 ohm coaxial load to SIGNAL OUT
connector.

c. Set REFL COEFFICIENT to .1, and adjust
STEP CAL for 10 cm step.

d. Remove 50 ohm load and set.

REFL COEFFICIENT + + - -+ - - - + -« - 2
NSEC/CM ................. 20
DISTANCE TIME MAGNIFIER - - - - - - 50

e. Display should be approximately as follows:

— «—i|.5cm

1418A—A—58
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5-26. STEP ZERO LEVEL ADJUSTMENT.

a. Set:
DISTANCE/TIME MAGNIFIER + - - + - - 50
MAGNIFIER DELAY ¢« + = >+ -+ 0.00

b. Adjust Step Zero Level R154 to eliminate DC
shift of base line when 50-ohm load is connected to and
disconnected from the SIGNAL OUT connector.

5-27. SAMPLER DIODE BIAS ADJUSTMENT.

a. Set up 1415A functions as described in Para-
graph 5-17.

b. Adjust 1st and 2nd Diode Bias, R410 and R412
(located on bottom of sampler can), for display as
shown in Paragraph 5-17.

5.28. STEP CAL ADJUSTMENT.

a. Connecta 50-ohmload onshort length of 50-ohm
cable to SIGNAL OUT.

b. Set:
CM LINE/CM DISPLAY - - - - - - - full cw
DISTANCE/TIME MAGNIFIER =+ -+ -+ - 1
REFL COEFFICIENT =« ¢ ¢ ¢ o+« (.1

REFL COEFFICIENT VERNIER - - - CAL

c. Adjust STEP CAL for 10 cm deflection.
NOTE

Time scale adjustments given in Paragraphs
5-29 through 5-36 should be made in order.

5-29. DIST/TIME CAL ADJUSTMENT.

5-30. Set DIST/TIME CAL for 1lcm of sweep.

5-31. TIME SCALE CAL AND 20-NSEC TIME
SCALE CAL ADJUSTMENTS.

5-32. COARSE 20-NSEC TIME SCALE CAL
ADJUSTMENT.

a. Turn off power and remove Model 1415A from
Oscilloscope.

b. Set NSEC/CM to a position halfway between 20
and 50.

c. Connect LC Meter to 20 NSEC Time Scale Cal
C330 at end nearest front panel.

d. Adjust C330 for 82 pf on the LC Meter.

e. Disconnect LC Meter, replace Model 1415A in
Oscilloscope and turn on power.

5-33. The two time scale adjustments canbe made by
either of the following methods.

5-34. METHOD ONE.

a. Cut a section of 50-ohm transmission line (use
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cable with solid polyethylene dielectric, such as RG58)
to exactly 100 cm length, including a connector at one
end.

b. Connect another 50-ohm cable (with connectors
on both ends) of at least2 meters in length to the SIG-
NAL OUT connector. Connect STEP OUTPUT to
SIGNAL IN using the two 874-EL connectors.

c. Set:
REFL COEFFICIENT » « » = ¢ ¢ ¢+ +» « « (.2
CM LINE/CM DISPLAY =+« * + + + + + « 2000

DISTANCE/TIME MAGNIFIER - - + - - « 200

d. Set the 50% point of the resulting open circuit
reflection to the 0.0 cm point on the left side of the
graticule.

e. Adjust Time Scale Cal R252 so that open cir-
cuit reflection moves exactly 10 cm when calibrated
cable (step a) is connectedand disconnected from the
open end of cable connectedto SIGNAL OUT connector.

f. Set:
CM LINE/CM DISPLAY ¢ =« + = + » « « » » 200
MAGNIFIER ¢ ¢ ¢ » s o6 o o o o 0 s o v 20
g. Repeat step e, except that C330 is adjustd in-
stead of R252.
5-35. METHOD TWO.

a. Use any available 50-ohm transmission line or
cable of solid polyethylene dielectric type with a length
of 50 cm to 200 cm as the calibrating cable. Measure
its length in cm exactly.

b. Perform steps b through g of Method one, above:
changing the MAGNIFIER setting as required. Adjust
R252 and C330 in steps eand g to provide correct length
readings.

5-36. DOT DELAY ADJUSTMENTS.

a. Remove the connection between STEP OUTPUT
and SIGNAL IN.
b. Set:
HORIZ POSITION + + - » » - « f{o center trace
VERT POSITION - + + « - + + to center trace
MAGNIFIERDELAY * * = ¢+ * -+ 0.00

¢. Adjust Min Dot Delay R272 to position intensi-
fied dot on left graticule line.

d. Set MAGNIFIER DELAY to 10. 00.

e. AdjustMaxDotDelay R274 to position intensified
dot on left graticule line.

f. Repeat steps b through e until intensified dot
lines up with both graticule lines without readjustment.
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5-37. ZERO SET ADJUSTMENT.
a. Center trace with VERT POSITION.

b. Adjust Zero Set R527 to obtain no trace shift
when the Pos Up/Neg Up switch S502 is alternately
switched from one position to the other.

5-38. PULSE SHAPE ADJUSTMENT.

a. Set:
REFL COEFFICIENT . . . . ... ... 0.01
NSEC/CM . v v v v v v e vt et e i a s 200
MAGNIFIER . « « ¢ 4 v 4 v v e v h e v v u s 1
SWEEP. . . . .. .. v DETAIL

b. Connect STEP OUTPUT to SIGNAL IN, and
place a 50-ohm load on SIGNAL OUT connector.

c. Locate top of pulse on CRT, and adjust Pulse
Shape Adj R172 for flat top on pulse.

5-39. TROUBLESHOOTING.

5-40. Figures 5-2 through 5-26 provide typical wave-
forms, componentlocations, and schematic diagrams
for the Model 1415A. Nominal dc voltages and wave-
form test points are provided on each schematic as a
troubleshooting aid. Waveform and component loca-
tion figures are located on the page facing each sche-
matic. Conditions for measurement of dc voltages
andwaveformsaregivenin Table 5-5, and schematic
notes are listed in Table 5-6.

Note
Numbers silkscreened on the etched circuit
boardsbeside wire connectionsare to identify
wire colors according to the resistor color
coding system; i.e. black = 0, brown=1,
red = 2, etc., For example, the number
beside a WHT- RED-BLU wire would be 926,

5-41. Localization of instrument malfunctions can be
accomplished in most cases by checking waveforms
starting at test point 1 or 6, and then continuing in
sequence until a major difference occurs. Once the
malfunction area is located, the faulty component(s)
may be located by checking the dc voltages and/or
visual inspection. The following paragraphs outline
procedures and methods of troubleshooting specific
areas and/or types of malfunctions. Be sure that the
trouble is not due to an incorrect adjustment setting,
but do not make arbitrary adjustments in an attempt
to eliminate the trouble; refer to Paragraph 5-18 for
correct adjustment procedures.

5.42. GENERAL TROUBLESHOOTING.
5-43. BASELINE PRESENT BUT NO PULSE.

a. Observe STEP OUTPUT waveform with test
oscilloscope (refer to Table 5-1, item 9). The out-
put pulse should have approximately 0. 5 volts ampli-
tude at approximately 150 kc repetition rate.

b. I correct pulseappears, and its duty cycle can
be changed by varying the STEP STABILITY control,
it may generally be assumed that the pulse generator
is functioning correctly. Check connections from
STEP OUTPUT jack through SIGNAL IN jack.
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c. If the pulse isnot present or is not as described
in step a, the step generator is at fault. Check test-
points 1 through 5, and dc voltages as necessary to
locate the faulty component(s).

5-44. NATURE OF JITTER. Nature of the jitter,
i.e. 60 cps, random, etc, can be determined by
locating the leading edge of the pulse at the center
(approximately) of the screen, using a time scale
setting so that the jitter is approximately 0.4 cm
horizontally., Set SWEEP switch to MANUAL and
adjust MANUAL SCAN control so that the dot is at the
point of maximum jitter; this will appearonthe screen
as a vertical "smear." Monitor the signal at either
plate of V502 with the test oscilloscope., The period
of this waveform will be identical to the period of
the jitter, and its amplitude will be proportional to
the magnitude of the jitter.

5-45. JITTER SOURCE.,

a. Locate the leading edge of the pulse at the cen-
ter (approximately) of the screen, and note the mag-
nitude of the jitter on any convenient time scale.

b. Obtain the same nsec/cm as in step a by using
a different combination of NSEC/CM and MAGNIFIER
control settings.

c. If the apparent jitter is of the same magnitude
as before, the jitter is coming from either the step
generator or sampler circuits. Troubleshoot the
step generator circuit using test points 1 through 5,
and the sampler circuit using test points 18 through
20.

d. If the magnitude of the apparent jitter changes,
the jitter is coming from the slow ramp, fast ramp,
or comparator circuits. Troubleshoot these circuits
using test points 6 through 8, and 12 through 15.

5-46. TIME SCALE NON-LINEARITIES, I the non-
linearity at any given point on the waveform varies
as the dot is moved across the screen with the MAG-
NIFIER DELAY control, the slow ramp circuit is at
fault (check test points 6 through 8). If the non-
linearity doesnot vary, thetrouble is in the fast ramp
circuit (check test points 12 through 14).

5-47, VERTICAL AMPLIFIER TROUBLESHOOTING.

a. Unbalance. In order to troubleshoot for unbal-
ance, the two sides of the vertical amplifier must be
isolated from each other, due to the presence and
effect of the feedback circuits.

(1) Set the REFL COEFFICIENT control to a
position between any two ranges.

(2) Ground the grids of both V401 and V503.

(3) Check the dc voltages throughout the entire
amplifier; these should now be approximately equal
to those given on the amplifier schematic (Figure

5-23). The malfunctioning side of the amplifier

will be indicated by improper dc voltage readings.

b. Gain. If the overall gain of the amplifier can-
not be set properly with the STEP CAL control, the
problem is likely due to V502, I gain is in error on
any one attenuator setting, check the value of the feed-
back resistor associated with that setting. The high
or low voltage supply in the oscilloscope may also be
the cause for low deflection sensitivity.
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5-48. HORIZONTAL AMPLIFIER TROUBLESHOOTING.

If the horizontal gain is insufficient to produce a sweep
trace of 11 cm, check the waveform voltages at test
point 7 (shown in Figure 5-11). If the waveform volt-
ages are correct, replace V501. If the waveform
amplitude is low, check test point 6 and the dc volt-
ages in the slow ramp generator circuit to isolate

the malfunction.

5-49. DOT COMPARATOR TROUBLESHOOTING.

a. If the bright dot is not present on the CRT dis-
play, check test points 9 and 10.

(1) If waveform at test point 9 is incorrect,
cause of the malfunction is probably CR203 or Q206.

(2) If waveform at test point 9 is correct and
waveform at test point 10 is incorrect, the mal-
function is in the dot pulse generator circuit and
canbe isolated by checking the dc voltages in that
circuit.

b. If the bright dot is present on the CRT display
but does not move when the MAGNIFIER DELAY
control is varied, the probable cause will be Q210
and Q211.

5.50. SPECIFIC TROUBLESHOOTING.

5-51. Table 5-4 lists symptoms and probable causes
of malfunctions that may not be isolated when using
the general troubleshooting procedures listed above.
When using Table 5-4, check first to see if more than
one symptom applies. If morethanone symptom does
apply, check the probable cause column for compo-
nents common to all symptoms.

5-52. COMPONENT LOCATION.

5-53. Major components on the etched circuit boards
areidentified by silkscreened reference designations.
To supplement this, figuresare includedin this man-
ual (onpages opposite the schematics) tohelp locate
components which are not silkscreened or where silk-
screening is difficult to see. Switch components are
also identified in the figures. Refer to the List of
Illustrations at the front of this manual for page ref-
erences to these component location figures.
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5-54.SERVICING ETCHED CIRCUIT BOARDS.

5-55. Etched circuit boards used in the Model 1415A
have components onone sideof theboard with a plated
conductive layer of metal through component holes.
# Service Note M-20D contains useful information
on etched circuit repair. The important steps and
considerations are:

a. Usealowheat (37t047. 5 watts, less than 800°F
idling temperature), slightly bent chisel tip (1/16 to
1/8 inch diameter)soldering iron, and asmall diame-
ter, high tin content solder. Ifarosin solder is used,
clean the area thoroughly after soldering.

b. Components may be removed by placing the
soldering iron on the component lead on either side
of the board, and pulling up on the lead. If heat is
applied to the component side of the board, greater
care is required to avoid damage to the component
(especially true for diodes). If heat damage can
occur, grip the lead with a pair of pliers to provide
aheatsink between the soldering iron and component.

c. If a component is obviously damaged or faulty,
clip the leads close to the component and then unsolder
the leads from the board.

d. Large components such as potentiometers and
tube sockets may be removed by rotating the soldering
ironfrom leadtolead and applying steady pressure to
lift the part free (the alternative is to clip the leads
of a damaged part).

e. Since the conductor part of the etched circuit
board is a metal plated surface, coveredwith solder,
use care to avoid overheating and lifting the conduc-
tor from the board. A conductor may be cemented
back inplace with aquick-drying acetatebase cement
(use sparingly) having good insulating properties.
Another method for repair is to solder a section of
good conducting wire along the damaged area.

f. Clear thesolder from the circuit board hole be-
fore inserting anew component lead. Heat thesolder
in the hole, remove the iron, and quickly insert a
pointed non-metallic object, such as a toothpick.

g. Shape the new component leads and clip to proper
length. Insert the leads in the holes and apply heat
and solder, preferably on the conductor side.
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Table 5-4. Specific Troubleshooting

Section V
Table 5-4

SYMPTOM

PROBABLE CAUSE

SYMPTOM

PROBABLE CAUSE

1. Stable step cannot
be set

2. Pulse shape poor

3. Stability set on 20
nsec/cm, not correct
on 200 nsec/cm

4. Step stability con-
trol has no effect

5. Pulse leading edge
has excessive delay

6. Pulse rise time
slow

7. Intermittent hori-
zontal shift in pulse
position

8. Excessive internal
reflections

9. Microphonics

10. DETAIL or NOR-~
MAL scan does not
sweep properly

11, Time scale out of
calibration for higher
magnifications

12, No bright dot

C121 faulty
CR121 shorted
CR123 open
CR125 open
Q121 shorted b-¢
Q124 shorted b-e
R135 noisy

CR123 open
L150 or R152 leads too long

CR125 open
Q121 shorted b-e
Q124 shorted b-e

CRI121 shorted

Q103 shorted b-e
Q305 shorted e-c

C124 faulty

CR124 too slow
CR404 too slow
CR405 too slow

A2 or A3 not grounded
tightly

CR124 or "fuzz button"
seated incorrectly
Excess capacity in
CR404 or CR405

Intermittent mating of
inner conductors in
pulse generator housing
""Spades'' in sampler
block not making proper
contact with diode holders

CR201 leaky
Q201 shorted b-e

Q210 shorted b-e
Q211 shorted b-€

CR203 open

13. Display leading
edge not visible at
slower sweep speeds

14, Excess horizontal
drift of pulse position

15, Multiple sampling or
insufficient dynamic range

16. Excessive smoothing

17. Noisy baseline

18. Excessive overshoot
or undershoot

19. Excessive jitter

20. Baseline shifts ex-
cessively when connectors
are flexed

21, Excessive vertical
drift at turn-on

22. Time base non-
linearities

23. Step slopes off
approx 50% on slowest
sweep combination

CR301 shorted

CR303 open

CR401 shorted

CR403 open

CR404 shorted

CR405 shorted

A3 not grounded tightly
"'Spades'" in sampler
blocknot making prop-~
er contact with diode
holders

A4 shorted

CR404 open
CR405 open

CR404 noisy
CR405 noisy

R162 too much shunt
capacity

R441 wrong value, or
too much shunt capacity

C321 faulty

C324 faulty

CR123 shorted
CR302 shorted
CR303 open

140A power supplies
defective

""Spades’ in sampler
blocknot making prop-
er contact with diode
holders

V401 has gridleakage

Q103 shorted b-e

CR124 needs to be
rotated 180°
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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 and
indicates the description and & part number of each
component, together withany applicable notes. Parts
not identified by a reference designation are listed
under miscellaneous at the end of Table 6-1. Table
6-2 lists parts in alpha-numerical order of their #®
part number and provides the following information
on each item:

a. Descriptionof the part (see list of abbreviations
below).

b. Typical mamufacturer of the part in a five-digit
code, except where Hewlett- Packard Company is the
manufacturer. Seée list of manufacturer codes in
Table 6-3.

¢. Manufacturer's part number.
d. Total quantity usedinthe instrument (TQ column).

6-3. ORDERING INFORMATION.

6-4. Toorder a replacement part, address order or
inquiry to your local Hewlett- Packard Sales/Service

Office (see list of addresses at rear of this manual),

and supply the & part number of the item(s) from the
tables.

6-5. Toorder apartnot listed in the tables, provide
the following information:

a. Model number of the instrument.

b, Complete serial number (eight digits) of the
instrument.

c. Description of the part including function and
location.

6-6. To orderapartfroma manufacturer other than
Hewlett- Packard Company, provide the complete
part description and the manufacturer's part number
from Table 6-2.

REFERENCE DESIGNATORS

A = assembly E = misc electronic part MP = mechanical part TB = terminal board
B = motor F = fuse P = plug TP = test point
C = capacitor FL = filter Q = transistor A\ = vacuum tube, neon
CP = coupling J = jack R = resistor bulb, photocell, etc.
CR = diode K = relay RT = thermistor w = cable
DL = delay line L = inductor S = switch X = socket
DS = 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 = ground(ed) NIPL = nickel plate
): 4 = henries N/O = normally open S-B = slow-blow
B.F.O0. = beat frequency oscillator = NPO = negative positive zero SCR = screw
BE CU = beryllium copper I_;mx - hexagonal (zero temperature SE = selenium
BH = binder head = mercury coefficient) SECT = section(s)
BP = bandpass hp = Hewlett-Packard NRFR = not recommended for SEMICON = semiconductor
BRS = brass HR = hour(s) field replacement SI = silicon
BWO = backward wave oscillator IF = intermediate freq NSR = not separately SIL = silver
IMPG = impregnated replaceable SL = slide
CcCcw = counter-clockwise INCD = incandescent SPL = special
CER = ceramic INCL = include(s) OBD = order by description SST = stainless steel
CMO = cabinet mount only INS = insulation(ed) OH = oval head SR = sgplit ring
COEF = coefficient INT = internal [0).4 = oxide STL = steel
COM = 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
cw = 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 = 10-3 P/O = partof
MEG = meg-= 106 POLY = polystyrene U = micro = 10-6
ELECT = electrolytic METFLM = metal film PORC = porcelain
ENCAP = encapsulated MFR = manufacturer POS = position(s) VAR = variable
EXT = external MINAT = miniature POT = potentiometer VDCW = dc working volts
MOM = momentary PP = peak-to-peak
F = farads MTG = mounting PT = point w/ = with
FH = flat head MY = "mylar' RECT = rectifier w = watts
FILH = fillister head RF = radio frequency WW = wirewound
FXD = fixed N = nano (10-9) RH = round head W/O = without
01194-10
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Section VI Model 1415A

Table 6-1
Table 6-1. Reference Designation Index
Reference & Part No Description # Note
Designation : b
Al 01415-66513 ASSY: ETCHED CKT (TIME BASE)
A2 01415-66510 ASSY: ETCHED CKT (PULSE GENERATOR
A3 01415-66512 ASSY: ETCHED CKT (SAMPLER)
A4 01415-66506 ASSY: ETCHED CKT (INPUT AMPLIFIER BD)
A5 01415-66503 ASSY: ETCHED CKT (AMPLIFIER)
A6 01415-66515 ASSY: ETCHED CKT (POWER SUPPLY)
A7 01415-66514 ASSY: ETCHED CKT (TRIMMER BD)
A8 01415-61901 ASSY: SWITCH (VERT SEN)
A9 01415-61902 ASSY: SWITCH (TIME SCALE)
Al0 01415-61903 ASSY: SWITCH (TIME SCALE MAGNIFIER)
All 2100-0797 R: VAR COMP 1K, 5K OHM 20% LIN 1/4W
Al2 2100-0923 R: VAR COMP 2K, 2K, 150K OHM 20% LIN 1/4W
Al3 01415-61904 ASSY: SWITCH (SWEEP)
c1o1 0140-0233 C: FXD MICA 480 PF 1% 300VDCW
c102 0140-0177 C: FXD MICA 400 PF 1% 300VDCW
C103 0140-0202 C: FXD MICA 15 PF 5% 500VDCW
C104 THRU
C120 NOT ASSIGNED
Cc121 0180-0059 C: FXD ELECT 10 pf +100 -10% 25VDCW
Cc122 0150-0012 C: FXD CER. 01 uf 20% 1000VDCW
C123 THRU
C125 NOT ASSIGNED
Cc126 0140-0206 C: FXD MICA 270 PF 5% 500VDCW
C127 THRU
C134 NOT ASSIGNED
C135 0160-0127 C: FXD CER 1.0 uf 20% 25VDCW
C136 THRU
C145 NOT ASSIGNED
C146 0140-0180 C: FXD MICA 2000 PF 2% 300VDCW
Cc147 NOT ASSIGNED
C148 0140-0190 C: FXD MICA 39 PF 5% 300VDCW
C149 THRU
C152 NOT ASSIGNED
C153 0140-0145 C: FXD MICA 22 PF 5% 500VDCW
C154 THRU
C200 NOT ASSIGNED
Cc201 0180-0101 C: FXD TA 1.8 uf 10% 35VDCW
C202 0150-0012 C: FXD CER. 01 uf 20% 1000VDCW
C203 0150-0121 C: FXD CER 0.1 uf +80 -20% 50VDCW
C204 0180-1706 C: FXD ELECT TA 100 uf 20% 25VDCW
C205 THRU
Cc210 NOT ASSIGNED
c211 0150-0012 C: FXD CER. 01 uf 20% 1000VDCW

# See introduction to this section
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Model 1415A

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

Dlze;fi;z.r;fsn ¢ Part No. Description # Note
c212 0160-2056 C: FXD MY 0.22u.f 20% 200VDCW
C213 THRU
C220 NOT ASSIGNED
c221 0160-0168 C: FXD MY 0. 1 uf 10% 200VDCW
c222 0150-0012 C: FXD CER .01 uf 20% 1000VDCW
C223 0140-0231 C: FXD MICA 440 PF 1% 300VDCW
C224 THRU
C280 NOT ASSIGNED
C281 0180-0058 C: FXD ELECT 50 uf +100 -10% 25VDCW
C282 THRU
C300 NOT ASSIGNED
C301 0150-0014 C: FXD CER. 005 if 500VDCW
C302 0160-0127 C: FXD CER 1.0 uf 20% 25VDCW
C303 0140-0218 C: FXD MICA 160 PF 2% 300VDCW
C304 NOT ASSIGNED
C305 0140-0225 C: FXD MICA 300 PF 1% 300VDCW
C306 0140-0202 C: FXD MICA 15 PF 5% 300VDCW
C307 0140-0215 C: FXD MICA 80 PF 2% 300VDCW
C308 0140-0190 C: FXD MICA 39 PF 5% 300VDCW
C309 THRU
C311 NOT ASSIGNED
C312 0150-0121 C: FXD CERO. 1 uf +80 -20% 50VDCW
C313 0150-0121 C: FXD CERO. 1 uf +80 -20% 50VDCW
C314 THRU
C320 NOT ASSIGNED
Cc321 0180-0049 C: FXD ELECT 20 uf 50VDCW
C322 0140-0218 C: FXD MICA 160 PF 2% 300VDCW
C323 0140-0202 C: FXD MICA 15 PF 5% 500VDCW
C324 0180-0076 C: FXD ELECT 20 p.f 25VDCW
C325 0140-0220 C: FXD MICA 200 PF 1% 300VDCW
C326 THRU
C329 NOT ASSIGNED
C330 0130-0001 C: VAR CER 7-45 PF N500
C331 0160-0841 C: FXD MICA 1740 PF 1% 300VDCW
C332 0160-0840 C: FXD MICA 834 PF 1% 100VDCW
C333 0160-2167 C: FXD MICA 380 PF 1% 300VDCW
C334 0160-0839 C: FXD MICA 110 PF 1% 300VDCW
C335 THRU
C400 NOT ASSIGNED
401 0140-0200 C: FXD MICA 390 PF 5% 300VDCW
C402 0150-0069 C: FXD CER. 001 uf +100 -20% 500VDCW
C403 0180-0101 C: FXD ELECT TA 1.8 uf 10% 35VDCW
C404 THRU
Cc410 NOT ASSIGNED
Cc411 0150-0121 C: FXD CER 0.1 uf +80 -20% 50VDCW

# See introduction to this section
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Section VI

Model 1415A

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

Reference ® Part No D iotion # Note
Designation 7 : escription o]
Cc412 0150-0087 C: FXD CER 62 PF 106% 500VDCW
C413 0150-0087 C: FXD CER 62 PF 10% 500VDCW
C414 0150-0121 C: FXD CER 0.1 uf +80 -20% 50VDCW
C415 NOT ASSIGNED
Cc416 0150-0035 C: FXD CER 20 PF 10% 600VDCW
c417 0150-0035 C: FXD CER 20 PF 10% 600VDCW
C418 THRU
C420 NOT ASSIGNED
C421 00188-68201 ASSY: CAPACITOR
C422 00188-68201 ASSY: CAPACITOR
C423 AND
C424 NOT ASSIGNED
C425 0150-0014 C: FXD CER 5000 PF 500VDCW
C426 THRU
C500 NOT ASSIGNED
C501 0140-0208 C: FXD MICA 680 PF 5% 300VDCW
€502 THRU
C529 NOT ASSIGNED
C530 0150-0052 C: FXD CER 0. 05 uf 20% 400VDCW
C531 THRU
C534 NOT ASSIGNED
C535 0140-0145 C: FXD MICA 22 PF 5% 500VDCW
C536 0140-0145 C: FXD MICA 22 PF 5% 500VDCW
C537 THRU
C561 NOT ASSIGNED
C562 0150-0012 C: FXD CER. 01 uf 20% 1000VDCW
C563 0140-0145 C: FXD MICA 22 PF 5% 500VDCW
ChH64 0140-0145 C: FXD MICA 22 PF 5% 500VDCW
C565 THRU
C580 NOT ASSIGNED
C581 0150-0069 C: FXD CER . 001 uf +100 -20% 500VDCW
C582 THRU
C600 NOT ASSIGNED
C601 0150-0069 C: FXD CER. 001 uf +100 -20% 500VDCW
C602 0180-0076 C: FXD ELECT 20 uf 25VDCW
CR121 1910-0016 DIODE: GE
CR122 NOT ASSIGNED
CR123 1912-0012 DIODE: GE TUNNEL
CRI124 1912-0008 DIODE: GE TUNNEL
CR125 1901-0040 DIODE: SI
CR126 THRU
CR200 NOT ASSIGNED
CR201 1903-0005 DIODE: SI
CR202 1902-0055 DIODE: AVALANCE 14. 7V
CR203 1912-0007 DIODE: GE TUNNEL 1N3714

L

# See introduction to this section
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Model 1415A Section VI
Table 6-1
Table 6-1, Reference Designation Index (Cont'd)
Reference % Part No D iotion # Not
Designation ] . escription ote
CR204 THRU
CR209 NOT ASSIGNED
CR210 1901-0179 DIODE: SI
CR211 THRU
CR300 NOT ASSIGNED
CR301 1910-0016 DIODE: GE
CR302 1910-0016 DIODE: GE
CR303 1912-0007 DIODE: GE TUNNEL 1N3714
CR304 1910-0016 DIODE: GE
CR305 THRU
CR312 NOT ASSIGNED
CR313 1901-0115 DIODE: SI
CR314 1901-0040 DIODE: SI
CR315 THRU
CR400 NOT ASSIGNED
CR401 1910-0016 DIODE: GE
CR402 1901-0092 DIODE: SI STEP RECOVERY
CR403 1901-0155 DIODE: SI STEP RECOVERY
CR404 1901-0163 DIODE: SI SAMPLING
CR405 1901-0163 DIODE: SI SAMPLING
CR406 THRU
CR600 NOT ASSIGNED
CR601 1902-0055 DIODE: SI AVALANCHE 14, 7V
CR602 1902-0055 DIODE: SI AVALANCHE 14. 7V
CR603 1901-0040 DIODE: SI
DL101 9190-0007 DELAY LINE: 1000 OHM 0. 14 MICROSE CONDS
J101 NSR
J102 1250-0118 CONNECTOR: BNC
J103 THRU
J200 NOT ASSIGNED
J201 1250-0118 CONNECTOR: BNC
J202 THRU
J400 NOT ASSIGNED
J401 NSR
J402 NSR
J403 THRU
J500 NOT ASSIGNED
J501 1250-0118 CONNECTOR: BNC
L.120 9140-0137 INDUCTOR: FXD RF 1 MH
L121 THRU
L134 NOT ASSIGNED
L.135 9140-0137 INDUCTOR: FXD RF 1 MH
L136 THRU
L.149 NOT ASSIGNED
# See introduction to this section
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Section VI

Model 1415A

Table 6-1
Table 6-1. Reference Designation Index (Cont'd)
Reference ¢ Part No Description # Note
Designation '
L150 9170-0029 INDUCTOR: FERRITE BEAD (5 REQUIRED)
L151 THRU
L159 NOT ASSIGNED
1,160 9170-0031 INDUCTOR: FERRITE BEAD (4 REQUIRED)
Li61 THRU
L1169 NOT ASSIGNED :
L170 9140-0137 COIL: FXD RF 1 MH
L171 THRU
L300 NOT ASSIGNED
L301 9140-0075 COIL: FXD RF 270 ph 10%
L302 9170-0029 INCUCTOR: FERRITE BEAD
L303 THRU
1400 NOT ASSIGNED
L1401 9140-0095 COIL: FXD RF 0.27 1th
1402 9140-0095 COIL: FXD RF 0.27 1h
1403 9170-0029 INDUCTOR: FERRITE BEAD (3 REQUIRED)
L1404 9170-0029 INDUCTOR: FERRITE BEAD (3 REQUIRED)
P1 1251-0055 CONNECTOR: MALE 24 PIN
P2 1251-0055 CONNECTOR: MALE 24 PIN
Q101 1853-0010 TRANSISTOR: SI PNP
Q102 1853-0010 TRANSISTOR: SI PNP
Q103 1851-0017 TRANSISTOR: GE NPN 2N1304
Q104 THRU
Q120 NOT ASSIGNED
Q121 1850-0158 TRANSISTOR: GE PNP 2N2635
Q122 1850-0158 TRANSISTOR: GE PNP 2N2635
Q123 1850-0158 TRANSISTOR: GE PNP 2N2635
Q124 1854-0005 TRANSISTOR: SI NPN 2N708
Q125 18540005 TRANSISTOR: SI NPN 2N708
Q126 THRU
Q200 NOT ASSIGNED
Q201 1854-0022 TRANSISTOR: SI NPN 2N918
Q202 1854-0003 TRANSISTOR: SI NPN
Q203 1854-0003 TRANSISTOR: SI NPN
Q204 1850~-0128 TRANSISTOR: GE PNP 2N398B
Q205 1850-0040 TRANSISTOR: GE PNP 2N383
Q206 1850-0096 TRANSISTOR: GE PNP 2N2189
Q207 1853-0001 TRANSISTOR: SI PNP
Q208 1851-0024 TRANSISTOR: GE NPN 2N388A
Q209 1851-0024 TRANSISTOR: GE NPN 2N388A
Q210 1850-0062 TRANSISTOR: GE PNP
Q211 1850-0062 TRANSISTOR: GE PNP
Q212 THRU
Q214 NOT ASSIGNED
Q215 1854-0033 TRANSISTOR: SI NPN 2N3391
Q216 THRU
Q300 NOT ASSIGNED
# See introduction to this section
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Model 1415A Section VI

Table 6-1

Table 6-1. Reference Designation Index (Cont'd)
Reference & Part No Description # Not
Designation . escription ote
Q301 1851-0024 TRANSISTOR: GE NPN 2N388A
Q302 1854-0054 TRANSISTOR: SI NPN
Q303 1854-0054 TRANSISTOR: SI NPN
Q304 1850-0158 TRANSISTOR: GE PNP 2N2635
Q305 1850-0096 TRANSISTOR: GE PNP 2N2189
Q306 1850-0070 TRANSISTOR: GE PNP 2N1373
Q307 1850-0158 TRANSISTOR: GE PNP 2N2635
Q308 1850-0158 TRANSISTOR: GE PNP 2N2635
Q309 THRU
Q400 NOT ASSIGNED
Q401 1854-0005 TRANSISTOR: SI NPN 2N708
Q402 1854-0013 TRANSISTOR: SI NPN 2N2218A
Q403 THRU
Q499 NOT ASSIGNED
Q500 1854-0003 TRANSISTOR: SI NPN
Q501 1850-0101 TRANSISTOR: GE PNP SPL 2N582
Q502 1850-0101 TRANSISTOR: GE PNP SPL 2N582
Q503 1850-0040 TRANSISTOR: GE PNP 2N383
Q504 1850-0040 TRANSISTOR: GE PNP 2N383
Q505 1854-0033 TRANSISTOR: SI NPN 2N3391
Q506 THRU
Q600 NOT ASSIGNED
Q601 1854-0003 TRANSISTOR: SI NPN
Q602 1850-0143 TRANSISTOR: GE PNP
R101 0684-1021 R: FXD COMP 1K OHMS 10% 1/4W
R102 0684-6831 R: FXD COMP 68K OHMS 10% 1/4W
R103 0683-1135 R: FXD COMP 11K OHMS 5% 1/4W
R104 0683-3915 R: FXD COMP 390 OHMS 5% 1/4W
R105 THRU
R109 NOT ASSIGNED
R110 2100-0421 R: VAR COMP 5K OHMS 20% 3/10W
R111 0684-1021 R: FXD COMP 1K OHMS 10% 1/4W
R112 0684-1531 R: FXD COMP 15K OHMS 10% 1/4W
R113 0684-2221 R: FXD COMP 2200 OHMS 10% 1/4W
R114 THRU
R121 NOT ASSIGNED
R122 0684-1211 R: FXD COMP 120 CHMS 10% 1/4W
R123 THRU
R125 NOT ASSIGNED
R126 0684-3921 R: FXD COMP 3900 OHMS 10% 1/4W
R127 0683-2715 R: FXD COMP 270 OHMS 5% 1/4W
R128 0684-1011 R: FXD COMP 100 OHMS 10% 1/4W
R129 0683-8205 R: FXD COMP 82 OHMS 5 % 1/4W
R130 THRU
R134 NOT ASSIGNED

# See introduction to this section
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Section VI

Model 1415A

Table 6-1
Table 6-1. Reference Designation Index (Cont'd)
Reference h Part No Description # Note
Designation ’ ) escriptl
R135 2100-0118 R: VAR COMP 100 OHMS 20c LIN 0. 3W (PULSE STABILITY)
R136 0761-0014 R: FXD MET FLM 180 OHMS 5% 1W
R137 0684-2201 R: FXD COMP 22 OHMS 10% 1 4w
R138 0684-1001 R: FXD COMP 10 OHMS 107 1,4W
R139 THRU
R142 NOT ASSIGNED
R143 0683-1525 R: FXD COMP 1500 OHMS 5% 1. 4W
R144 0683-1225 R: FXD COMP 1200 OHMS 5% 1/4W
R145 NOT ASSIGNED
R146 0684-2221 R: FXD COMP 2200 OHMS 10% 1/4W
R147 NOT ASSIGNED
R148 0684-2221 R: FXD COMP 2200 OHMS 10% 1/4W
R149 0684-6821 R: FXD COMP 6800 OHMS 10% 1/4W
R150 NOT ASSIGNED
R151 0683-5615 R: FXD COMP 560 OHMS 5% 1/4W
R152 0683-5105 R: FXD COMP 51 OHMS 5% 1/4W
R153 0684-1031 R: FXD COMP 10K OHMS 10% 1/4W
R154 2100-0836 R: VAR COMP 100K OHMS 20% 1/4W
R155 0686-1635 R: FXD COMP 16K OHMS 5% 1/2W
R156 THRU
R160 NOT ASSIGNED
R161 0684-4721 R: FXD COMP 4700 OHMS 10% 1/4W
R162 0677-0004 R: FXD COMP 49 OHMS 1% 1/8W
R163 THRU
R170 NOT ASSIGNED
R171 0683-1025 R: FXD COMP 1K OHMS 5% 1/4W
R172 2100-0397 R: VAR COMP 20K OHMS 20% 1/4W
R173 THRU
R200 NOT ASSIGNED
R201 0686-5135 R: FXD COMP 51K OHMS 5% 1/2W
R202 0683-5145 R: FXD COMP 510K OHMS 5% 1/4W
R203 AND
R204 NOT ASSIGNED
R205 0'757-0426 R: FXD MET FLM 1300 OHMS 1% 1/8W
R206 2100-0421 R: VAR COMP 5K OHMS 20% 1/5W
R207 0757-0413 R:; FXD MET FLM 392 OHMS 1% 1/8W
R208 0686-3055 R: FXD COMP 3 MEGOHMS 5% 1/2W
R209 0757-0442 R: FXD MET FLM 10K OHMS 1% 1/8W
R210 0757-0452 R: FXD MET FLM 27. 4K OHMS 1% 1/8W
R211 0757-0414 R: FXD MET FLM 432 OHMS 1% 1/8W
R212 THRU
R214 NOT ASSIGNED
R215 0684-6821 R: FXD COMP 6800 OHMS 10% 1/4W
R216 0684-8221 R: FXD COMP 8200 OHMS 10% 1/4W
R217 0684-2231 R: FXD COMP 22K OHMS 10% 1/4wW
R218 0683-6815 R: FXD COMP 680 OHMS 5 % 1/4W
R219 0684-6821 R: FXD COMP 6800 OHMS 10% 1/4W
# See introduction to this section
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Model 1415A Seclion VI

Table 6-1
Table 6-1. Reference Designation Index (Cont'd)
Ref.eren'ce % Part No. Description # Note
Designation
R220 0684-2241 R: FXD COMP 220K OHMS 107 1 4W
R221 0684-8231 R: FXD COMP 82K OHMS 10% 1.4W
R222 THRU
R229 NOT ASSIGNED
R230 0683-2035 R: FXD COMP 20K OHMS 5% 1/4W
R231 0684-6821 R: FXD COMP 6800 OHMS 10% 1/4wW
R232 0684-8221 R: FXD COMP 8200 OHMS 10 1 4W
R233 0684-2231 R: FXD COMP 22K OHMS 10% 1-4W
R234 0684-6821 R: FXD COMP 6800 OHMS 10% 1/4W
R235 0684-8231 R: FXD COMP 82K OHMS 10% 1 4W
R236 0684-1021 R: FXD COMP 1000 OHMS 10% 14w
R237 0684-1541 R: FXD COMP 150K OHMS 10% 1/4wW
R238 0757-0370 R: FXD MET FLM 49. 9K OHMS 1% 1,/2w
R239 AND
R240 NOT ASSIGNED
R241 0684-4721 R: FXD COMP 4700 OHMS 10% 1/4W
R242 0761-0006 R: FXD MET OX 10K OHMS 5% 1W
R243 0758-0020 R: FXD MET FLM 22K OHMS 5% 1/2W
R244 THRU
R250 NOT ASSIGNED
R251 0684-1031 R: FXD COMP 10K OHMS 10% 1/4W
R252 2100-0093 R: VAR COMP 20K OHMS 20% LIN 1/5W
R253 0758-0019 R: FXD MET OX 18K OHMS 5% 1/2wW
R254 THRU
R260 NOT ASSIGNED
R261 0727-0140 R: FXD DEPC 6K OHMS 1% 1/2W
R262 0727-0157 R: FXD DEPC 10K OHMS 1% 1/2W
R263 0727-0173 R: FXD DEPC 20K OHMS 1% 1/2W
R264 0727-0115 R: FXD DEPC 2K OHMS 1% 1/2W
R265 0727-0105 R: FXD DEPC 1200 OHMS 1% 1/2w
R266 0727-0072 R: FXD DEPC 403 OHMS 1% 1/2W
R267 0727-0054 R: FXD DEPC 200 OHMS 1% 1/2W
R268 0721-0008 R: FXD DEPC 195 OHMS 1% 1/8W
R269 AND
R270 NOT ASSIGNED
R271 0757-0416 R: FXD MET FLM 511 OHMS 1% 1/8W
R272 NSR (P/O A12)
R273 2100-1559 R: VAR WW 5K OHMS 5% 1-1/2W 10-TURN
R274 NSR (P/O A12)
R275 075'7-0427 R: FXD MET FLM 1500 OHMS 1% 1/8W
R276 0757-0844 R: FXD MET FLM 16. 2K OHMS 1% 1/2w
R277 0757-0435 R: FXD MET FLM 3920 OHMS 1% 1/8W
R278 THRU
R280 NOT ASSIGNED
R281 0684-8231 R: FXD COMP 82K OHMS 10% 1/4W
R282 0684-4721 R: FXD COMP 4700 OHMS 10% 1/4W

# See introduction to this section
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Model 1415A

Table 6-1
Table 6-1. Reference Designation Index (Cont'd)
Reference L.
Designation # Part No. Description # Note
R283 THRU
R300 NOT ASSIGNED
R301 0684-8231 R: FXD COMP 82K OHMS 105 1,/4W
R302 0812-0051 R: FXD WW 15K OHMS 3% 3W
R303 0684-1811 R: FXD COMP 180 OHMS 10% 1/4W
R304 0684-5621 R: FXD COMP 5600 OHMS 10% 1/4W
R305 0684-2231 R: FXD COMP 22K OHMS 10% 1/4W
R306 THRU
R310 NOT ASSIGNED
R311 0811-1335 R: FXD WW 11K OHMS 3%3W
R312 0684-4721 R: FXD COMP 4700 OHMS 10% 1/4W
R313 0684-2241 R: FXD COMP 220K OHMS 10% 1/4wW
R314 THRU
R320 NOT ASSIGNED
R321 0683-5125 R: FXD COMP 5100 OHMS 5% 1/4wW
R322 0684-1041 R: FXD COMP 100K OHMS 10% 1/4W
R323 0683-2025 R: FXD COMP 2000 OHMS 5% 1/4W
R324 0683-5125 R: FXD COMP 5100 OHMS 5% 1/4W
R325 0684-41731 R: FXD COMP 47K OHMS 10% 1/4W
R326 THRU
R330 NOT ASSIGNED
R331 0684-1011 R: FXD COMP 100 OHMS 10% 1/4W
R332 0683-5105 R: FXD COMP 51 OHMS 5% 1/4W
R333 AND
R334 NOT ASSIGNED
R335 0683-1035 R: FXD COMP 10K OHMS 5% 1/4W
R336 0683-2425 R: FXD COMP 2400 OHMS 5% 1/4W
FACTORY SELECTED COMP: TYPICAL VALUE GIVEN
R337 THRU
R400 NOT ASSIGNED
R401 0684-5621 R: FXD COMP 5600 OHMS 10% 1/4W
R402 0684-3901 R: FXD COMP 39 OHMS 10% 1/4wW
R403 0684-1011 R: FXD COMP 100 OHMS 10% 1/4W
R404 0684-1011 R: FXD COMP 100 OHMS 10% 1/4W
R405 0687-1801 R: FXD COMP 18 OHMS 10% 1/2w
R406 0699-0001 R: FXD COMP 2.7 OHMS 10% 1/2wW
R407 THRU
R409 NOT ASSIGNED
R410 NSR (P/O All)
R411 0687-1811 R: FXD COMP 180 OHMS 10% 1/2W
R412 NSR (P/O All)
R413 0687-1811 R: FXD COMP 180 OHMS 10% 1/2W
R414 THRU
R421 NOT ASSIGNED
# See introduction to this section
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Table 6-1
Table 6-1. Reference Designation Index (Cont'd)
szesfieglr‘;r;ic(?n ¢ Part No. Description # Note
R422 0684-1061 R: FXD COMP 10 MEGOHMS 10% 1/4W
R423 0684-1061 R: FXD COMP 10 MEGOHMS 10% 1/4W
R424 THRU
R440 NOT ASSIGNED
R441 0677-0005 R: FXD PELLET 35 OHMS 5% 1/8W
R442 0684-1051 R: FXD COMP 1 MEGOHM 10% 1/4W
R443 THRU
R500 NOT ASSIGNED
R501 0683-1045 R: FXD COMP 100K OHMS 5% 1/4W
R502 0684-1011 R: FXD COMP 100 OHMS 10% 1/4W
R503 2100-0191 R: VAR COMP 250K OHM 20% LIN 1/4W (HORIZ GAIN)
R504 0683-1035 R: FXD COMP 10K OHMS 5% 1/4W
R505 0686-5135 R: FXD COMP 51K OHMS 5% 1/2W
R506 0683-8225 R: FXD COMP 8200 OHMS 5% 1/4W
R507 0683-1035 R: FXD COMP 10K OHMS 5% 1/4w
R508 0687-1541 R: FXD COMP 150K OHMS 10% 1/2wW
R509 AND
R510 NOT ASSIGNED
R511 0684-4721 R: FXD COMP 4700 OHMS 10% 1/4W
R512 2100-0835 R: VAR COMP 5K OHMS 20% LIN 1/4W (HORIZ POSITION)
R513 0684-4721 R: FXD COMP 4700 OHMS 10% 1/4wW
R514 0684-1011 R: FXD COMP 100 OHMS 10% 1/4W
R515 0683-1045 R: FXD COMP 100K OHMS 5% 1/4W
R516 THRU
R524 NOT ASSIGNED
R525 2100-0820 R: VAR WW 50K OHMS 3% LIN 2W (VERT POSITION)
R526 0757-0469 R: FXD MET FLM 150K OHMS 1% 1/8W
R527 NSR (P/O A12)
R528 0757-0461 R: FXD MET FLM 68. 1K OHMS 1% 1/8W
R529 0757-0427 R: FXD MET FLM 1500 OHMS 1% 1/8W
R530 0757-0465 R: FXD MET FLM 100K OHMS 1% 1/8W
R531 THRU
R533 NOT ASSIGNED
R534 0684-1001 R: FXD COMP 10 OHMS 10% 1/4wW
R535 0757-0370 R: FXD MET FLM 49. 9K OHMS 1% 1/2wW
R536 0757-0128 R: FXD MET FLM 200K OHMS 2% 1/2W
R537 0757-0128 R: FXD MET FLM 200K OHMS 2% 1/2W
R538 0757-0370 R: FXD MET FLM 49. 9K OHMS 1% 1/2W
R539 THRU
R544 NOT ASSIGNED
R545 0727-1012 R: FXD DEPC 12.7K OHMS 1% 1/2W
R546 0727-1014 R: FXD DEPC 4990 OHMS 1% 1/2wW
R547 0757-1010 R: FXD DEPC 2490 OHMS 1% 1/2w
R548 0727-1017 R: FXD DEPC 1240 OHMS 1% 1/2wW
R549 0727-1016 R: FXD DPEC 499 OHMS 1% 1/2w
# See introduction to this section
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Section VI

Model 1415A

Table 6-1
Table 6-1. Reference Designation Index (Cont'd)
Reference % Part No D iption # Note
Designation : escription
R550 0727-1011 R: FXD DEPC 243 OHMS 1% 1/2W
R551 0727-1015 R: FXD DEPC 124 OHMS 1% 1/2W
R552 THRU
R560 NOT ASSIGNED
R561 0727-0196 R: FXD DEPC 52. 6K OHMS 1% 1/2W
R562 0727-0196 R: FXD DEPC 52. 6K OHMS 1% 1/2W
R563 0727-0894 R: FXD DEPC 28. 4K OHMS 1% 1/2W
R564 0727-0208 R: FXD DEPC 100K OHMS 1% 1/2wW
R565 0727-0894 R: FXD DEPC 28. 4K OHMS 1% 1/2W
R566 0727-0208 R: FXD DEPC 100K OHMS 1% 1/2W
R567 THRU
R570 NOT ASSIGNED
R571 0727-1013 R: FXD MET FLM 165K OHMS 1% 1/4W
R572 0684-1011 R: FXD COMP 100 OHMS 10% 1/4W
R573 0684-1541 R: FXD COMP 150K OHMS 10% 1/4W
R574 2100-0080 R: VAR COMP 1 MEGOHM 30% LIN 2W (VERT CAL)
R575 2100-0924 R: VAR COMP 5K OHMS 20% LIN 1/4W (VERNIER)
R576 0684-1011 R: FXD COMP 100 OHMS 10% 1/4W
R577 0727-1013 R: FXD MET FLM 165K OHMS 1% 1/4W
R578 THRU
R580 NOT ASSIGNED
R581 0727-0185 R: FXD DEPC 29. 9K OHMS 1% 1/2W
R582 0727-0185 R: FXD DEPC 29. 9K OHMS 1% 1/2W
R583 0727-0185 R: FXD DEPC 29. 9K OHMS 1% 1/2W
R584 0757-0185 R: FXD DEPC 29, 9K OHMS 1% 1/2W
R585 0687-4731 R: FXD COMP 47K OHMS 10% 1/2w
R586 THRU
R590 NOT ASSIGNED
R591 0727-0281 R: FXD DEPC 1. 39 MEGOHMS 1% 1/2W
R592 0683-2745 R: FXD COMP 270K OHMS 5% 1/4W
R593 0727-0261 R: FXD DEPC 900K OHMS 1% 1/2W
R594 0683-1235 R: FXD COMP 12K OHMS 5% 1/4W
R595 THRU
R597 NOT ASSIGNED
R598 2100-1562 R: VAR DUAL COMP 5 MEGOHMS 20% 1/4W
R599 AND
R600 NOT ASSIGNED
R601 0683-1135 R: FXD COMP 11K OHMS 5% 1/4W
R602 2100-0090 R: VAR COMP 2K OHMS 30% LIN 1/3W
R603 0683-1235 R: FXD COMP 12K OHMS 5% 1/4W
R604 0816-0011 R: FXD WW 1K OHM 5% 10W
R605 0758-0012 R: FXD MET OX 12K OHMS 5% 1/2W
R606 0767-0021 R: FXD MET OX 2700 OHMS 5% 3W
R607 0684-1001 R: FXD COMP 10 OHMS 10% 1/4W
R608 0811-1000 R: FXD WW 68 OHMS 3% 3W
R609 0683-1225 R: FXD COMP 1200 OHMS 5% 1/4W
# See introduction to this section
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Model 1415A Section VI

Table 6-1
Table 6-1. Reference Designation Index (Cont'd)
Dlz(lfieglr‘g;icsn @& Part No. Description # Note
S202 NSR (P/O A10)
S203 NSR (P/O A13)
S204 THRU
S300 NOT ASSIGNED
8301 NSR (P/O A9)
S302 THRU
S500 NOT ASSIGNED
$501 3101-0032 SWITCH: SLIDE 4 PDT (DUAL)
502 NSR (P/O A8)
T101 01415-66002 ASSY: TRANSFORMER
T102 THRU
T400 NOT ASSIGNED
T401 01415-66001 ASSY: TRANSFORMER
V401 5080-0434 ELECTRON TUBE: 7586 (AGED AND SELECTED AT FACTORY
V402 THRU
V500 NOT ASSIGNED
V501 1932-0027 ELECTRON TUBE: 12AT7
V502 1932-0027 ELECTRON TUBE: 12AT7
V503 5080-0434 ELECTRON TUBE: 7586 (AGED AND SELECTED AT FACTORY,
XT101 1200-0053 SOCKET: TUBE 7 PIN
XT102 THRU
XT400 NOT ASSIGNED
XT401 1200-0083 SOCKET: TUBE 7 PIN
XVv401 1200-0086 SOCKET: TUBE 5 PIN NUVISTOR
XV402 THRU
XV500 NOT ASSIGNED
XV501 1200-0062 SOCKET: TUBE 9 PIN
XVv502 1200-0062 SOCKET: TUBE 9 PIN
MISCELLANEOQUS
0370-0025 KNOB: BLACK (VERT POSITION)
0370-0088 KNOB: BLACK (LOCK)
0370-0112 KNOB: BLACK (MAGNIFIER)
0370-0113 KNOB: BLACK (REFL COEFFICIENT AND SWEEP)
0370-0114 KNOB: RED (VERNIER AND MANUAL SCAN)
0370-0151 KNOB: BLACK (F_ and BW)
0370-0156 KNOB: BLACK 0DOUBLE ARROW (CM/LINE CM/DISPLAY]
0370-0158 KNOB: BLACK (HORIZ POS)
1250-0239 CONNECTOR: TYPE GR 874-EL
1250-0240 CONNECTOR: TYPE GR 874-QNJA, TYPE N ADAPTER
1250-0780 CONNECTOR: TYPE N TO BNC ADAPTER
1390-0035 LATCH: FASTENER
5000-0401 SPRING: GROUND
6960-0008 BUTTON: PLUG 1-1/4 IN, DIA
6960-0016 BUTTON: PLUG NYLON

# See introduction to this section
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Section VI

Model 1415A

Table 6-1
Table 6-1. Reference Designation Index (Cont'd)
Reference @& Part No Description # Note
Designation - p
01415-00205 PANEL: FRONT
01415-05501 COVER: SHIELD CAN
01415-05502 CAN: SHIELD
01415-21101 COVER: DIODE (USED WITH CR301 and CR302)
01415-21102 HEAT SINK (USED WITH Q306)
01415-21203 CLAMP: DIODE (USED WITH CR403)
01415-61102 | HEAT SINK (USED WITH Q211 and Q301)
01415-61103 COVER: TRANSISTOR (USED WITH Q304 and Q307)
01415-61616 CABLE: MAIN HARNESS
01415-61617 CABLE: MANUAL SCAN
01415-90001 OVERLAY: 50-OHM IMPEDANCE (1SET)
# See introduction to this section
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Model 1415A Section VI
Table 6-2
Table 6-2. Replaceable Parts
& Part No. Description # Mir, Mir. Part No, TQ| RS
0130-0001 C: VAR CER 7-45 PF 500VDCW hp 1
0140-0145 C: FXD MICA 22 PF 5% 500VDCW 04062 | RDM15C220J 5
0140-0177 C: FXD MICA 400 PF 1% 300VDCW 04062 | RDM15F401F3C 1
0140-0180 C: FXD MICA 2000 PF 2% 300VDCW 04062 | RDM19F202G3C 1
0140-0190 C: FXD MICA 39 PF 5% 300VDCW 04062 | RDM15E390J3C 2
0140-0200 C: FXD MICA 390 PF 5% 300VDCW 04062 | RDM15F391J3C 1
0140-0202 C: FXD MICA 15 PF 5% 500VDCW hp 3
0140-0206 C: FXD MICA 270 PF 5% 500VDCW 04062 | RDM15F271J5C 1
0140-0208 C: FXD MICA 680 PF 5% hp 1
0140-0215 C: FXD MICA 80 PF 2% 300VDCW 04062 | RDM15E800G3C 1
0140-0218 C: FXD MICA 160 PF 2% 300VDCW 04062 | RDM15F161G3C 2
0140-0220 C: FXD MICA 200 PF 1% 300VDCW 04062 | RDM15F201F3C 1
0140-0225 C: FXD MICA 300 PF 1% 300VDCW 04062 | RDM15F301F3C 1
0140-0231 C: FXD MICA 440 PF 1% 300VDCW hp 1
0140-0233 C; FXD MICA 480 PF 1% 300VDCW hp 1
0150-0012 C: FXD CER 0. 01 uf 20% 1000VDCW 56289 | 29C214A3 5
0150-0014 C: FXD CER 5000 PF MIN 500VDCW 04222 | BCD-D1-4-5KPFQ 2
0150-0035 C: FXD CER 20 PF 10% 600VDCW 71590 | DD200 2
0150-0052 C: FXD CER 0. 05 uf 20% 400VDCW 56289 | 33C17A 1
0150-0069 C: FXD CER 1000 PF 500VDCW 72982 | 801010X5G01027Z 3
0150-0087 C: FXD CER 62 PF 10% 500VDCW 91418 | SM-62-N1500 10% 2
0150-0121 C: FXD CER 0. 1 uf +80 -20% 50VDCW 56289 | 5CMOA 5
0160-0127 C: FXD CER 1 uf 20% 25VDCW 56289 | 5C13 2
0160-0168 C: FXD MY 0.1 uf 10% -200VDCW hp 1
0160-0839 C: FXD MICA 110 PF 1% hp 1
0160-0840 C: FXD MICA 834 PF 1% 100VDCW hp 1
0160-0841 C: FXD MICA 1740 PF 1% hp 1
0160-2056 C: FXD MY 0.22uf 20% 200VDCW 56289 | 224P22402 1
0160-2167 C: FXD MICA 380 PF 1% 300VDCW hp 1
0180-0049 C: FXD ELECT 20 uf 50VDCW 56289 D33909 1
0180-0058 C: FXD ELECT 50 uf +100 -10% 25VDCW 56289 | D28110 1
0180-0059 C: FXD ELECT 10 uf +100 -10% 25VDCW 56289 | 30D106G025BB4 1
0180-0076 C: FXD ELECT 20 uf 25VDCW 56289 | 40D 181 A2 2
0180-0101 C: FXD ELECT TA 1.8 uf 10% 35VDCW 56289 | 150D185X9035B2 2
0180-1706 C: FXD ELECT TA 100 uf 20% 25VDCW 56289 | 109D107X9025F2 1
0370-0025 KNOB: BLACK (VERT POSITION) hp 1
0370-0088 KNOB: BLACK (LOCK) hp 1
0370-0112 KNOB: BLACK (MAGNIFIER) hp 1
0370-0113 KNOB: BLACK (REFL COEFFICIENT AND SWEEHR hp 2
0370-0114 KNOB: RED (VERNIER AND MANUAL SCAN) hp 2
0370-0151 KNOB: BLACK (F0 and BW) hp 2
0370-0156 KNOB: BLACK DOUBLE ARROW (CM/LINE-
CM/DISPLAY) hp 1
0370-0158 KNOB: BLACK (HORIZ POS) hp 1
0677-0004 R: FXD PELLET 49 OHMS 1% 1/8W hp 1
0677-0005 R: FXD PELLET 35 OHMS 5% 1/8W hp 1
0683-1025 R: FXD COMP 1K OHM 5% 1/4W 01121] CB 1025 1
0683-1035 R: FXD COMP 10K OHMS 5% 1/4W 01121] CB 1035 3
# See introduction to this section
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Section VI

Model 1415A

Table 6-2
Table 6-2. Replaceable Parts (Cont'd)
& Part No. Description # Mir, Mfr. Part No. TQ| RS
0683-1045 R: FXD COMP 100K OHMS 5% 1/4W 01121] CB 1045 2
0683-1135 R: FXD COMP 11K OHMS 5% 1/4W 01121] CB 1135 2
0683-1225 R: FXD COMP 1200 OHMS 5% 1/4W 01121 CB 1225 2
0683-1235 R: FXD COMP 12K OHMS 5% 1/4W 01121]| CB 1235 2
0683-1525 R: FXD COMP 1500 OHMS 5% 1/4W 01121 CB 1525 1
0683-2025 R: FXD COMP 2000 OHMS 5% 1/4W 01121§ CB 2025 1
0683-2035 R: FXD COMP 20K OHMS 5% 1/4W 01121} CB 2035 1
0683-2425 R: FXD COMP 2400 OHMS 5% 1/4W 01121} CB 2425 1
0683-2715 R: FXD COMP 270 OHMS 5% 1/4W 01121} CB 2715 1
0683-2745 R: FXD COMP 270K OHMS 5% 1/4W 01121] CB 2745 1
0683-3915 R: FXD COMP 390 OHMS 5% 1/4wW 01121} CB 3915 1
0683-5105 R: FXD COMP 51 OHMS 5% 1/4W 01121] CB 5105 2
0683-5125 R: FXD COMP 5100 OHMS 5% 1/4wW 01121| CB 5125 2
0683-5145 R: FXD COMP 510K OHMS 5% 1/4W 01121| CB 5145 1
0683-5615 R: FXD COMP 560 OHMS 5% 1/4W 01121| CB 5615 1
0683-6815 R: FXD COMP 680 OHMS 5% 1/4W 01121| CB 6851 1
0683-8205 R: FXD COMP 82 OHMS 5% 1/4W 01121| CB 8205 1
0683-8225 R: FXD COMP 8200 OHMS 5% 1/4wW 01121} CB 8225 1
0684-1001 R: FXD COMP 10 OHMS 10% 1/4W 01121} CB 1001 3
0684-1011 R: FXD COMP 100 OHMS 10% 1/4wW 01121} CB 1011 8
0684-1021 R: FXD COMP 1000 OHMS 10% 1/4wW 01121| CB 1021 3
0684-1031 R: FXD COMP 10K OHMS 10% 1/4wW 01121| CB 1031 2
0684-1041 R: FXD COMP 100K OHMS 10% 1/4wW 01121] CB 1041 1
0684-1051 R: FXD COMP 1 MEGOHM 1% 1/4W 01121 CB 1051 1
0684-1061 R: FXD COMP 10 MEGOHMS 10% 1/4w 01121 CB 1061 2
0684-1211 R: FXD COMP 120 OHMS 10% 1/4W 01121| CB 1211 1
0684-1531 R: FXD COMP 15K OHMS 10% 1/4wW 01121 CB 1531 1
0684-1541 R: FXD COMP 150K OHMS 10% 1/4W 011211 CB 1541 2
0684-1811 R: FXD COMP 180 OHMS 10% 1/4wW 01121} CB 1811 1
0684-2201 R: FXD COMP 22 OHMS 10% 1/4W 01121} CB 2201 1
0684-2221 R: FXD COMP 2200 OHMS 10% 1/4W 01121 CB 2221 3
0684-2231 R: FXD COMP 22K OHMS 10% 1/4W 01121| CB 2231 3
0684-2241 R: FXD COMP 220K OHMS 10% 1/4w 01121} CB 2241 2
0684-3901 R: FXD COMP 39 OHMS 10% 1/4W 01121 CB 3901 1
0684-3921 R: FXD COMP 3900 OHMS 10% 1/4wW 01121 CB 3921 1
0684-4721 R: FXD COMP 4700 OHMS 10% 1/4w 01121| CB 4721 6
0684-4731 R: FXD COMP 47K OHMS 10% 1/4W 01121 CB 4731 1
0684-5621 R: FXD COMP 5600 OHMS 10% 1/4w 01121} CB 5621 2
0684-6821 R: FXD COMP 6800 OHMS 10% 1/4W 01121] CB 6821 5
0684-6831 R: FXD COMP 68K OHMS 10% 1/4wW 01121} CB 6831 1
0684-8221 R: FXD COMP 8200 OHMS 10% 1/4w 01121} CB 8221 2
0684-8231 R: FXD COMP 82K OHMS 10% 1/4W 01121 CB 8231 4
0686-1635 R: FXD COMP 16K OHMS 5% 1/2w 01121 EB 1635 1
0686-3055 R: FXD COMP 3 MEGOHMS 5% 1/2w 0112} EB 3055 1
0686-5135 R: FXD COMP 51K OHMS 5% 1/2W 0112 EB 5135 2
0687-1541 R: FXD COMP 150K OHMS 10% 1/2w 01121} EB 1541 1
# See introduction to this section
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Table 6-2
Table 6-2. Replaceable Parts (Cont'd)
@ Part No. Description # Mir. Mir. Part No, TQ| RS
0687-1801 R: FXD COMP 18 OHMS 10% 1/2W 01121| EB 1801 1
0687-1811 R: FXD COMP 180 OHMS 10% 1/2wW 01121| EB 1811 2
0687-4731 R: FXD COMP 47K OHMS 10% 1/2W 01121| EB 4731 1
0699-0001 R: FXD COMP 2.7 OHMS 10% 1/2W 01121| EB 27G1 1
0721-0008 R: FXD DEPC 195 OHMS 1% 1/8W hp 1
0727-0054 R: FXD DEPC 200 OHMS 1% 1/2W hp 1
0727-0072 R: FXD DEPC 403 OHMS 1% 1/2W hp 1
0727-0105 R: FXD DEPC 1200 OHMS 1% 1/2W hp 1
0727-0115 R: FXD DEPC 2000 OHMS 1% 1/2wW hp 1
0727-0140 R: FXD DEPC 6000 OHMS 1% 1/2W hp 1
0727-0157 R: FXD DEPC 10K OHMS 1% 1/2W hp 1
0727-0173 R: FXD DEPC 20K OHMS 1% 1/2W hp 1
0727-0185 R: FXD DEPC 29. 9K OHMS 1% 1/2W hp 4
0727-0196 R: FXD DEPC 52. 6K OHMS 1% 1/2W hp 2
0727-0208 R: FXD DEPC 100K OHMS 1% 1/2W hp 2
0727-0261 R: FXD DEPC 900K OHMS 1% 1/2W hp 1
0727-0281 R: FXD DEPC 1,39 MEGOHMS 1% 1/2W hp 1
0727-0894 R: FXD DEPC 28. 4K OHMS 1% 1/2w hp 2
0727-1010 R: FXD CAR FLM 2490 OHMS 1% 1/2wW hp 1
0727-1011 R: FXD CAR FLM 243 OHMS 1% 1/2W hp 1
0727-1012 R: FXD CAR FLM 12.7K OHMS 1% 1/2wW hp 1
0727-1013 R: FXD CAR FLM 165K OHMS 1% 1/2W hp 2
0727-1014 R: FXD CAR FLM 4990 OHMS 1% 1/2W hp 1
0727-1015 R: FXD CAR FLM 124 OHMS 1% 1/2W hp 1
0727-1016 R: FXD CAR FLM 499 OHMS 1% 1/2W hp 1
0727-1017 R: FXD CAR FLM 1240 OHMS 1% 1/2W hp 1
0757-0128 R: FXT ME{ FLM 200K OHMS 2% 1/2W hp 1
0757-0370 R: FXD MET FLM 49, 4K OHMS 1% 1/2w hp 3
0757-0431 R: FXD METFLM 392 OHMS 1% 1/8W hp 1
0757-0414 R: FXD MET FLM 432 OHMS 1% 1/8W hp 1
0757-0416 R: FXD MET FLM 511 OHMS 1% 1/8W hp 1
0757-0426 R: FXD MET FLM 1300 OHMS 1% 1/8W hp 1
0757-0427 R: FXD MET FLM 1500 OHMS 1% 1/8W hp 2
0757-0435 R: FXD MET FLM 3920 OHMS 1% 1/8W hp 1
0757-0442 R: FXD MET FLM 10K OHMS 1% 1/8W hp 1
0757-0452 R: FXD MET FLM 27.4K OHMS 1% 1/8W hp 1
0757-0461 R: FXD MET FLM 68. 1K OHMS 1% 1/8W hp 1
0757-0465 R: FXD MET FLM 100K OHMS 1% 1/8W hp 1
0757-0469 R: FXD MET FLM 150K OHMS 1% 1/8W hp 1
0757-0844 R: FXD MET FLM 16. 2K OHMS 1% 1/2W hp 1
0758-0012 R: FXD MET FLM 12K OHMS 5% 1/2W hp 1
0758-0019 R: FXD MET FLM 18K OHMS 5% 1/2W hp 1
0758-0020 R: FXD MET FLM 22K OHMS 5% 1/2W hp 1
0761-0006 R: FXD MET FLM 10K OHMS 5% 1w hp 1
0761-0014 R: FXD MET FLM 180 OHMS 5% 1W hp 1
0767-0021 R: FXD MET FLM 2700 OHMS 5% 3W hp 1

# See introduction to this section
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Table 6-2
Table 6-2. Replaceable Parts (Cont'd)

¢ Part No. Description # Mfr. Mfr. Part No. TQf RS
0811-1000 R: FXD WW 68 OHMS 3% 3w hp 1
0811-1335 R: FXD WW 11K OHMS 3% 3w hp 1
0812-0051 R: FXD WW 15K OHMS 3% 3w hp 1
0816-0011 R: FXD WW 1000 OHMS 10% 10W hp 1
1200-0053 SOCKET: TUBE 7 PIN MINAT 71785 | 111-51-11-069 1
1200-0062 SOCKET: TUBE 9 PIN MINAT 71785 | 121-51-11-060 2
1200-0083 SOCKET: TUBE 7 PIN MINAT 91662 | 04-730-02 1
1200-0086 SOCKET: NUVISTOR 5 PIN 71785 | 133-65-11-026 1
1250-0118 CONNECTOR: BNC hp 3
1250-0239 CONNECTOR: TYPE GR 874-EL 24655 | 874-EL 1
1250-0240 CONNECTOR: TYPE GR 874-QNJA,

TYPE N ADAPTER 24655 | 874-QNJA 1
1250-0780 CONNECTOR: TYPE N TO BNC ADAPTER 95712 | 899-2 1
1251-0055 CONNECTOR: MALE 24 PIN hp 2
1390-0035 LATCH: FASTENER hp 1
1850-0040 TRANSISTOR: GE PNP 2N383 94154 | 2N383 3
1850-0062 TRANSISTOR: GE PNP hp 2
1850-0070 TRANSISTOR: GE PNP 2N1373 01295 | 2N1373 1
1850-0096 TRANSISTOR: GE PNP 2N2189 01295 | 2N2189 2
1850-0101 TRANSISTOR: GE PNP SPL 2N582 hp 2
1850-0128 TRANSISTOR: GE PNP 2N398B 02735 | 34600 1
1850-0143 TRANSISTOR: GE PNP hp 1
1850-0158 TRANSISTOR: GE PNP 2N2635 01295 { 2N2635 6
1851-0017 TRANSISTOR: GE NPN 2N1304 01295 | 2N1304 1
1851-0024 TRANSISTOR: GE NPN 2N388A 0000T| 2B388A 3
1853-0001 TRANSISTOR: SI PNP hp 1
1853-0010 TRANSISTOR: SI PNP 2
1854-0003 TRANSISTOR: SI NPN hp 4
1854-0005 TRANSISTOR: SI NPN 2N708 07263 | 2N708 3
1854-0013 TRANSISTOR: SI NPN 2N2218A 04713 | 2N2218A 1
1854-0022 TRANSISTOR: SI NPN 2N918 hp 1
1854-0033 TRANSISTOR: SI NPN 2N3391 03508 | 2N3391 2
1854-0054 TRANSISTOR: SI NPN hp 2
1901-0040 DIODE: SI hp 3
1901-0092 DIODE: SI STEP RECOVERY hp 1
1901-0115 DIODE: SI hp 1
1901-0155 DIODE: SI hp 1
1901-0163 DIODE: SI SAMPLING hp 2
1901-0179 DIODE: SI hp 1
1902-0055 DIODE: AVALANCHE 14. 7V hp 3
1903-0005 DIODE: SI FOUR LAYER hp 1
1910-0016 DIODE: GE hp 5
1912-0007 DIODE: GE TUNNEL 1N3714 03508 | 1N3714 Special 2
1912-0008 DIODE: GE TUNNEL hp 1
1912-0012 DIODE: GE TUNNEL hp 1
1932-0027 ELECTRON TUBE: 12AT7 13396 | 12AT7 2
2100-0080 R: VAR COMP 1 MEGOHM 30% LIN 2W hp 1

# See introduction to this section
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& Part No. Description # Mfr. Mfr. Part No, TQ| RS
2100-0090 R: VAR COMP 2000 OHMS 30% LIN 1/3W hp 1
2100-0093 R: VAR COMP 20K OHMS 20% LIN 1/5W hp 1
2100-0118 R: VAR COMP 100 OHMS 20% LIN 3/10W hp 1
2100-0191 R: VAR COMP 250K OHMS 20% LIN 1/4W hp 1
2100-0397 R: VAR COMP 20K OHMS 20% 1/4W hp 1
2100-0421 R: VAR COMP 5K OHMS 20% LIN 3/10W hp 2
2100-0797 R: VAR COMP 1K 5K OHMS 20% LIN 1/4W hp 1
2100-0820 R: VAR WW 50K OHMS 3% LIN 2W hp 1
2100-0835 R: VAR COMP 5K OHMS 20% LIN 1/4W hp 1
2100-0836 R: VAR COMP 100K OHMS 20% LIN 1/4W hp 1
2100-0923 R: VAR COMP 150K 2K 2K OHMS 20% 1/4W hp 1
2100-0924 R: VAR COMP 5K OHMS 20% LIN 1/2W hp 1
2100-1559 R: VAR WW 5K OHMS 5% 1-1/2W hp 1
2100-1562 R: VAR DUAL COMP 5 MEGOHMS 20% 1/4W hp 1
3101-0032 SWITCH: SLIDE 4 PDT 42190 [ 6613 M Special 1
5000-0401 SPRING: GROUND hp 1
5080-0434 ELECTRON TUBE: 7586 hp 2
6960-0008 BUTTON: PLUG 1-1/4 in, dia. 1
6960-0016 BUTTON: PLUG NYLON 02768 | 207-080-501-01-01011] 1
9140-0075 COIL: RF 270 uh 10% hp 1
9140-0095 COIL: RF FXD 0.27 ih 10% 99800 | 1537 Series 2
9140-0137 COIL: RF FXD 1000 ith hp 3
9170-0029 INDUCTOR: FERRITE BEAD 02114 | 56-590-654A 12
9170-0031 INDUCTOR: FERRITE BEAD 72656 | 8-303H 4
9190-0007 DELAY LINE: 1000 OHMS 0, 14 uSEC hp 1
00188-68201 ASSY: CAPACITOR hp 2
01415-00205 PANEL: FRONT hp 1
01415-05501 COVER: SHIELD CAN hp 1
01415-05502 CAN: SHIELD hp 1
01415-21101 COVER: DIODE hp 1
01415-21102 HEAT SINK hp 1
01415-21203 CLAMP: DIODE hp 1
01415-61102 HEAT SINK hp 1
01415-61103 CQOVER: TRANSISTOR hp 2
01415-61616 CABLE: MAIN HARNESS hp 1
01415-61617 CABLE: MANUAL SCAN hp 1
01415-61901 ASSY: SWITCH (VERT SENS) hp 1
01415-61902 ASSY: SWITCH (TIME SCALE) hp 1
01415-61903 ASSY: SWITCH (TIME SCALE MAGNIFIER) hp 1
01415-61904 ASSY: SWITCH (SWEEP) hp 1
01415-66001 ASSY: TRANSFORMER hp 1
01415-66002 ASSY: TRANSFORMER hp 1
01415-66003 ASSY: ETCHED CIRCUIT (AMPLIFIER) hp 1
01415-66506 ASSY: ETCHED CIRCUIT (INPUT AMPLIFIER) hp 1
01415-66510 ASSY: ETCHED CIRCUIT (PULSE GENERATOR)| hp 1
01415-66512 ASSY: ETCHED CIRCUIT (SAMPLER) hp 1
01415-66513 ASSY: ETCHED CIRCUIT (TIME BASE) hp 1
01415-66514 ASSY: ETCHED CIRCUIT (TRIMMER) hp 1
01415-66515 ASSY: ETCHED CIRCUIT (POWER SUPPLY) hp 1
01415-90001 OVERLAY: 50 OHM IMPEDANCE (1SET) hp 1

# See introduction to this section
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Section VI
Table 6-3

Table 6-3.

Code List of Manufacturers

Model 1415A

r | |
R .
The following code numbers are from the Federal Supply Code for Manufacturers Cataloging Handbooks H4-1 (Name to Code)
. ..
and H4-2 (Code to Name) and their latest supﬁ|emen+s. The date of revision and the date of the supplements used appear at
o . . . o .
the bottom of each page. Alphabetical codes have been arbitrarily assigned to suppliers not appearing in the H4 handbooks.
If Manufacturer Code number does not appear in the numerical listing, check additions at the end of the
tavle,
Code Code Code Code
No.  Manufacturer Address No Monufacturer Address No Manufocturer Address No Manufacturer Address
00000 U S A Common Any supphier of U S. 07115 Corning Glass Works 24655 General Radio Co West Concord Mass 73293 Hughes Products Division of
00136 McCoy Electronics Mount Holly Springs, Pa. Etectronic Components Dept Bradford Pa 26365 Gries Reproducer Corp New Rochelle N Y Hughes Aircraft Co Newport Beach Caf
00213 Sage Electromcs Corp Rochester, N Y 07126 Digitran Co Pasadena, Calif. 26462 Grobet File Co of Amenca Inc  Carlstadt N J 73445 Ampe ex Efertromic Co  Div of North
00334 Humidail Co Colton  Cahi. 07137 Transistor Electronics Corp.  Minneapolis  Minn, 26932 Hamilton Watch Co Lancaster Pa, Amesican Phillips Co Inc Hicksville N Y
30335 Westrex Corp New York, N Y 07138 Westinghouse Electric Corp 28480 Hewlett-Packard Co Palo Alto Calif 73490 Beckman Helipot Corp So Pasadena Cahf
00373 Garlock Packing Co , Electromic Tube Div Elmizia N Y 33173 G £ Receiving Tube Dept Owensboro Ky 73506 Bradley Semiconductor Corp Hamden Conn
Electronic Products Div Camden, N J 0714 Fiimohm Corp New York, N ¥ 35434 Lectrohm inc, Chicago Il 73559 Carling Electric Inc Hartford Conn
00656 Aerovox Corp New Bedford, Mass 07233 Cinch-Graphik Co City of Industry Calef 36196 Stanwyck Corp Hawkesbury, Ontario, Canada 73682 George K Garrett Co g Philadelphia Pa
00,79 Amp, Inc. Harrisburg, Pa. 07261 Awnet Corp. Los Angeles Calf. 37342 P R Mallory & Co,, lac Indanapolrs Ind 73734 Federal Screw Prod Co Chicago 1l
00781 Asrcraft Radie Corp. Boonton, N J. 07263 Fauchiid Semiconductor Corp. 39543 Mechanscal tndustries Prod. Co Akron, Ohio 73743 Fischer Special Mg Co. Cincinnati Ohio
00815 Northern Engineenng Laboratories, Inc Mountain View, Calif, 40920 Miniature Precision Bearmgs Inc  Keene N H 73793 The Genera! industries Co Elyna Ohio
Burlington  Wis, 07322 Minnesota Rubber Co. Minneapolis, Minn, 42190 Motef Co Chicago Il 73846 Goshen Stamping & Tool Co Goshen ind
00853 Sangamo Electric Company 07387 The Birtcher Corp Los Angeles Cahf 43990 C A. Norgren Co Englewood Colo 73839 JFD Electronics Corp Brooklyn N Y
Qudedl Diviston (Capacitors) Marion, ill. 07700 Technical Wire Products Springfield, N J 44655 Ohmrte Mfg Co Skakie, 111, 73905 Jjennings Radio Mfg Co San Jose Cahf
00866 Goe Engmeenng Co Los Angeles, Calif. 07910 Continental Device Corp. Hawthorne Calif. 47304 Polaroid Corp. Cambdridge Mass 74276 Signalite Inc Neptune, N J
00891 Carl E Holmes Corp Los Angeles, Calif 07933 Rheem Semiconductor Corp Mountain View Cahf 48620 Preciston Thermometer and 74455 J B Winns and Sons Winchester Mass
01121 AHen Bradley Co Milwaukee, Wis. 07966 Shockley Semi Conductor Inst. Co. Phitadelphia, Pa, 74861 Industrial Condenser Corp Chicago i
03255 Litten industries, Inc. Beverly Hilis, Calif Laboratories Palo Aite, Calif 49956 Raytheon Company Lexington, Mass. 74868 R F Products Division of Amphenol
01281 TRW Semiconductors Inc Lawndale Cahtf 07980 Boonton Radio Corp. Boonton, N J 52090 Rowan Controller Co Baltimore, Md. Borg Electronics Corp Danbury Conn
01295 Texas Instruments, inc. 08145 U S Engineering Co, Los Angeles, Calif. 63743 Ward Leonard Electric Mt. Vemon, N.Y 74970 E F. Johnson Co Waseca Minn
Transsstor Products Biv Dalias Texas 08283 Bhan, Delbest Ce Pomona, Calif 54294 Shatleross Mfg Co Selma N.C. 75042 | Co P Pa
01349 The Alliance Mig. Co Alliance, Ohio 08358 Burgess Battery Co 55026 Swmpson Electric Co. Chicago HI. 75173 Jones, Howard B Dwision
01561 Chasss Trak Corp. Indanapolis, ind Niagara Falls, Ontano, Canada 55933 Sonotone Corp Elmsford, N ¥ of Cinch Mfg. Corp Chicago Il
01588 Pacific Relays, Inc. Van Nuys, Calf. 08717 Sloan Company Burbank, Calif, 55938 Sorenson & Co  Inc. So Norwalk Conn. 75378 James Knights Co Sandwich Il
01930 Amerock Corp Rockford, 11, 08718 Cannon Electric Co Phoenix Div Phoenix Aniz 56137 Spaulding Fibre Co., Inc. Tonawanda N Y 75382 Kutka Electric Corporatron Mt Vemon N Y
01961 Pulse Engineering Co. Santa Clara, Calif. 08792 CBS Electronics Semiconductor 56289 Sprague Electric Co. North Adams Mass. 75818 Lenz Electric Mg, Co Chicago il
02114 Feroxcube Corp of America  Saugerties N Y Operations Divof C B S inc  Lowell Mass 50446 Telex Inc st. Paul, Mina. 75915 Littlefuse Inc Des Planes 1}
02286 Cole Mfg. Co Palo Aito, Cahf. 08984 Mel Rain Indianapolts, Ind 59730 Thomas & Betts Co. Elizabeth 1, N. J. 76005 Lord Mfg Co Ere Pa
02660 Amphenol-Borg Electronics Corp.  Chicago, I 09026 Babcock Relays, lnc. Costa Mesa Calif, 60741 Tripplett Electrical inc Bluffton, Ohio 76210 C.W Marwedel San Francisco, Cahf
02735 Radio Corp. of America, Semiconductor 03134 Texas Capacitor Co. Houston, Texas 61775 Unton Switch and Signal, Div of ' 76433 Micamold Electronic Mfg. Corp  Brooklyn N Y
and Materiais Diw. Somerville, N J 09145 Atohm Electronics Sun Valley, Calif Westinghouse Air Brake Co.  Swissvale, Pa. 76487 James Millen Mig. Co , Inc. Malden Mass,
02771 Vvocale Co of America, Inc 09250 Electro Assemblies, Inc. Chicago, 11l 62119 Universal Electiic Co Owosso Mich, 76493 J.W. Miller Co. Los Angeles Calif
0ld Saybrook, Conn 09569 Maltory Battery Co. of 63743 Ward-Leonard Electric Co ML Vernon, N.Y 76530 Monadnock Mitls San Leandro Calif.
02777 Hopkins Engmeering Co. San Femando, Calif Canada, Ltd Toronto Ontario Canada 64359 Western Electric Co , Inc. New Yovk' NY 76545 Muelier Etectric Co. Cleveland Ohio,
03508 G E Semiconductor Products Dept. Syracuse, N.Y. 09664 The Bristol Co Waterbury, Conn 65092 Weston Inst Div of Daystrom Inc Newark N J 76854 Dak Manufacturng Co Crystal Lake 11t
03705 Apex Machine & Tool Co Dayton, Ohio 10214 General Transsstor Western Corp, 66295 Wittek Manufacturing Co. Chicago 23 I 77068 Beadix Pacific Division of
03797 Eldema Corp. El Monte, Cahf. Los Angeles, Calif. 66346 Wollensak Optical Co Rochester N Y Bendix Corp No Hollywood Cahf
03877 Transitron Electromic Corp, Wakefield Mass. 10411 Ti Tal, Inc. Berkeley, Calf. 70276 Allen Rfg Co. Hartford, Conn 77075  Pacific Metals Co. San Francisco, Calif
03888 Pyrofim Resistor Co Mornstown N J 10646  Carborundum Co. Niagara Falls, N.Y 70309 Allied Control Co  lng New York N Y 77221 Phaostran Instrument and
03954 A Manine Motors, Inc. Los Angeles, Cahf. 11236 CTS of Bemne Inc Berne, ind. 70319 Alimetal Screw Prod Co., Inc. Electronic Co South Pasadena Calif,
04009 Arrow, Hart and Hegeman Elect. Co. 11237 Chicago Telephone of Cahifornia, Inc ! Garden City N Y 77250 Phoelt Mfg Co. Chicage Hi
Hastford, Conn. So. Pasadena, Calif, Phi
04013 Tausus Corp Lambertville, N J 11312 Microwave Electronics Corp. Palo Alte, Cahf ;g;:g ::;:::‘celgd;a RII'::M' Vorks, Inc Ne:?;l:'akgo," I:," 77252 Philadeighia Steel and Wire Cmp‘ph”aﬂe;ph.a Pa
04062 Elmence Products Co. New York, N Y. 11534 Duncan Electronic, Inc. Santa Ana, Calif. 70903 Belden Mfg. ‘éo Chlcag'o 1. 77342 Potter and Brumfield Div of American
04222 HiQ Division of Aerovox  Wyrtle Beach, .G H7IL General Instrunent Corporation 70998 Bird Electronic Corp Cleveland, Ohio Machine and Foundty Punceton Ind
04298 Elgin National Wateh Co., Semtconductor Division Newark N J 71002 Bwnbach Radio Co, New York, N.Y 77630 Radio Condenser Co. Canden, N J
Electronics Diviston Burbank, Calf. 11717 Impenial Electronic, Inc. Buena Park, Calif. 71041 Boston Gear Works Div of t 77638 Radio Receptor Co. Inc Brooklyn N Y
(4354 Precision Paper Tube Co Chicago, il 11870 Melabs, Inc Palo Alto, Calif. Murray Co of Texas Quency, Mass 77764 Resistance Products Co Harrisburg  Pa
04404 Dymec Division of Hewlett Packard Co 12136 Phtladelphia Handle Co Camden, N J 71218 Bud Radio Inc Cleveland 0,“; 77969 Rubbercraft Corp of Calif Torrance, Cahif
Palo Alto, Cahf. 12697 Clarostat Mfg. Co Oover N H 71286 Camloc Fastener Corp Paramus N J 78189 Shakeproof Division of litinors
04651 Sylvania Electric Prods., Inc 12859 Mippon Electnic Co , Ltd Tokyo, Japan 71313 Allen D. Cardwell Electionic Too! Works Elgm, 10l
Eiectronic Tube Div.  Mountain View, Calif. 12930 Delta Semiconductor fnc.  Newport Beach, Calif. Pmd. Cor Plainville, Conn 78283 Signal Indscator Corp. New York N ¥
04713 Motorola, inc., Semiconductor Prod. Div 13103 Thermolloy Dallas, Texas 7400 B P 4 Div. of MG . ' . 78290 Struthers-Dunn Inc Pitman N J
Phoenix, Arizona 133% Telefunken (G M B H ) Hannoves Germany usz:l'a“" cise . cGraw- st Lous W 78452 Thompson-Bremer & Co Chicago i
M732 Filtson Co., Inc., Wester Div - Culver City, Calif 13835 Midland Mg Co Kansas City, Kansas 71436 Chicago Condenser Cor chvcago, I 78471 Tilley Mig. Co san Francisco Calif
04773 Automatic Electric Co. Northlake, 11, 14033 Sem-Tech Newbury Park. Calif. 71450 CTS Cor ’ Elkhaz 'l d 78488 Stackpole bavbun Co. St Marys, Pa
04777 Automatic Eiectric Sales Corp. Northlake, H! 14193 Calif. Resistor Corp. Santa Monica, Calf. 71468 Cannon giecmn Co. Los Angeles, C ;’f' 78493 Standard Thomson Corp Waitham Ildass
04796 Sequoia Wire & Cable Co.  Redwood City Calif. 14238 American Components, Inc.  Conshohocken, Pa. 71471 Cinema Engm .Co s B gb k' Cal'f 78553 Tinnerman Products Inc CIevelan'ﬂ Ohio
04811 Precision Coil Spring Co. El Monte, Cahf. 111323 2”{["3” D':'h"'eé Elec. Corp. So. I;mghelﬂ,CN.J' 71482 cm:mc‘a':v&eé;mg ’ u::halnm,gn a|:|' 78730 Transformer Engineers Pasadena Calif
04870 P W Motor Company Chicago 44, 11 hihams Mfg  Co n Jose, Calv : N ' .
05006 Twentieth Century Plastics, Inc 15203 Webster Electronics Co. Inc, Brookiyn, N Y 71530 Centralab Drv of Globe Union I“lewaukee s ;g?:; 3::::7 lg:(;l e New:‘ualx'n;:: '3‘;;
05277 Westinghouse Electric Corp. Los Angeles. Cait. }g;?; #:J::tt‘a;:;ecﬁeﬁ::;z o N Hollywood, Cali 71616 Commercial Plastics Co Chicago 1] 79251 Wenco Mig Co Chicago 1l
Semi-Conductor Dept Youngwood Pa. Coil Spring Co Santa Clara, Cahf ;;;‘040 g;‘;::;"::,:’;;:ec&m Works uewc:&rakgnn J, 79727 Contienial Wit Electancs Cumladelpma Pa
ggg;; Yltronix Inc . San Mateo Calhi 15909 The Daven Co Livingston, N J 71753 A.0 Smith Corp , Crowley Diy ' 79%3 Zienck Mfg Corp New Rochelie N Y
Ed 0 Sunny . Calif. 16037  Spruce Pine Mica Co Spruce Pine, N C West Orange, N J 80031 Mepco Division of Sessions
w6 &szglsiaslifl Spec Co ) Cleveland, Ohio 11:6335 S:“;:I:';:ui:dzo?u:ah n o 71785 Cinch Wig Corp Chicago, Il Clock Co Momstown h J
05624 Barber Cofman Co Rocklord, 11 patate Long Island City 1, N Y 71384 Dow Corning Corp Midiand  Mich, 80120 - Schniizer Allay Products Elizaeth, &
05728 Tiffen Optical Co ' 16758 Delco Radio Div. of G M Corp Kokyomli ind 72092 Eitel McCullough inc San Bruno. Catif 80130 Times Facsimile Corp New York N ¥
Roslyn Heights, Long Island N Y. 17103 Thermonetics Inc Canoga Park, Calif 7213 Electro Motive Mig Co  inc 80131 Eletctvbanlc Ir(\dnslélle: Atssnclatwn' Any hrandD .
05729 Metropolitan Telecommunications Corp |, 17474 Teanex Company Mountain View Calif Wilthimantic Conn 80207 U " esmee( I;gD s’andards ashington
Metro Cap. Division Brooklyn N Y 18486 Radio Industries Des Plaines HI 71707 Cato Cod Co., Inc Providence R.1 m:ai v:‘n ch. g' o ¥all
05783 Stewart Engineenng Co. Santa Cruz, Calif 18583 Curtis Instrument inc Mt Kisco, N.Y 72354 John E. Fast & Co. Chicago I 80223 Umited T aX'SD" o‘r:p llingford CNOM
05820 Wakefield Engineening Inc Wakefreld Mass 18873 E | DuPontand Co Inc Wilmington, Del, 7261 Diahight Corp. Brooklyn, N ¥ 8 2 n;e janstor®er Lo New York '
06004 The Bassick Co Bridgeport, Conn 19315 Eclipse Pioneer Div of 7265  General Ceramics Corp Keasbey N J 0248 Oxford Electnc Corp Chicago .
06175 Bausch and Lomb Optical o Rochester N Y Bendix Aviation Corp Teterboro, N J 12699 General Instrument Corp ggf?: ioum; Lam;r;mbm:,hlnc Ruverside, Calf
06402 E T A Products Co. of Amenica  Chicago Il 19500 Thomas A Edison Industries, Semiconductor Div Newark, N J c'; ,;v g ‘D f’ E v Col o
06475 Western Devices, Inc. Inglewood Calif. Dy of McGraw-Edison Co  West Osange, N J 72158 Guard-Hopkins Oakland Calit. 30485 Al 3: o; don ;D : ° ° qub'us 16 th
06540 Amatom Electronic 19701 Electra Manufacturing Co Kansas City, Mo. 72765 Drake Mig. Co. Chicago Hi. 80503 Avel a;dhr:suvcesl_anbce‘l Con Me:r |a:vce c3|,|fn
Hardware Co Inc New Rochetle N Y 20183 Electronic Tube Corp. Philadeiphia, Pa 72825 Hugh H. Eby inc Phitadepha, Pa Y ' P e
06555 Beede Electrical Instiument Co  Inc 21226 Executive inc. New Yok N Y 72928 Gudeman Co Chicago 11 58253 }S'tamme”“:d Co Inc | New York N Y
Penacook, N H 21520 Fansteel Metallurgical Corp.  No Chicago Il ;;gg; :ohe: W :iadéey Lo Los AngeIeEs Cali. am;o lnievvennashouz::‘Tzdstrsmuems"clnc Boston Mass
06751 U § Semcor Divisson of Nuclear Corp 21335 The Fafnir Bearing Co New Biitain, Conn e Resistor Lorp e, Pa. New Haven Conn
of America Phoentx, Arizona 21964 Fed Telephone and Radio Corp Chifton, N J 73061 Hansen Wig. Co Inc Princeton, Ind. 81073 Grayhill G L m
06812 Torrington Mig. Co., West Div  Van Nuys, Caiif 24446  Genera) Etectric Co Schenectady N Y 73076 H M Harper Co. Chicago, JII 81095 T:Tayd ITvanosforme« Cor v:,?,?:gemm
07088 Kelvin Electnc Co Van Nuys Calif 24455 G E  Lamp Dwision Nela Park Cleveland Ohio 7838 Hel::::,s,:.:m? EI:Ekman Fullerton, Calif 81312 Winchester Electron C:C“ Inc Norwalk  Conn
. ullerton, Calt
From FSC  Handbook Supplements
00015-39 H4-1  Dated DECEMBER 1964

6-20

Revised February 1965

H42  Dated MARCH 1962

01944-3



Model 1415A Section VI

Table 6-3
Table 6-3. Code List of Manufacturers (Cont'd)

~ 1
Code Code Code Code
No Manufacturer Address No Monufacturer Address No  Manufocturer Address No  Manufocturer Adacess
81349 Military Spectfication 85474 R M Bracamonte & Co San Francisco Cahf 93829 G Vv Contrals Livngsten N J 98220 Francis L Mosley Pasadena Cahif.
81415 Wrlkor Products lac Cleveland Ohio 85660 Korled Kords Inc New Haven Conn 93983 Insuline Van Norman Ind  iInc 98278 Microdot nc So Pasadena Cahf
81453 Raytheon Mtg Co Industnal Components 85911 Seamless Rubber Co Chicago 11! Electronic Dvision Manchester N H 98291 Sealectro Corp Mamaroneck N Y
Div Industr Tube Operations Newton Mass 86197 Chiton Precision Products  Cl flon Heights Pa 94137 General Cable Corp Bayonne, N J 98405 Carad Cosp Redwood City Calif,
8483 International Rectifier Corp El Segundo Calif 86579 Precision Rubber Products Corp Dayton Ghio 94144 Raytheon Mfg Co Industrial Components 98731 General Mills Minneapoiis  Mnn
81541 The Aupax Products Co Cambridge Mass 86684 Radio Corp of Amenica RCA D v Recewving Tube Operatron Quincy Mass 98821 North Hills Electiic Co Mineola N Y
81860 Barry Controls Inc Watertown Mass Efectron Tube Div Harnison N J 94145 Raytheon Mfg Co  Semiconductor Div 98925 Clevite Transistor Prog
82042 Carter Parts Co Skok e 11} 87216 Philco Corporation (Lansdale California Strieet Plant Newton Mass Div of Clevite Corp Waltham Mass
82142 Jeffers Electronics Division of Division) Lansdale Pa 94148 Scientific Radio Produc's Inc 98978 international Elecironic
Speer Carbon Co Du Bois Pa 87473 Western Fibrous Giass Products Co Loveland Colo Research Corp Burbank, Calif.
82170 Allen B DuMont Labs inc Chifton N J San Francisco Calif 94154 Tung Sol Electric Inc Newark N ) 391069 Columbia Techknicat Corp New York N Y
82208 Maguire Industies lc Greenwich Conn 87664 Van Waters & Rogers Inc Seattle Wash 94197 Curtiss Wright Corp 99313 Vanan Associates Palo Alte Cahf
82219 Sylvama Electic Prog inc 87330 Tower Mfg Corp Providence R | Electronics Div East Paterson, N J 99515 Marshali (ndustries Electron
Electronic Tube Div Emporium  Pa 88140 Cutter Hammes Inc. Lincoln [} 94222 Sousthco Biv of S Chester Coip Lester Pa Products Division Pasadena Caiif
82376 Astron Co East Newark N J 88220 Gould National Batteries Inc St Paul Minn 94316 Trw Ohm Prod Div of Model 99707 Control Switch Division  Controls Co
82389 Switcheraft inc Chicago 11} 88698 General Mills Inc Buffalo N Y Engineer ng and Mig Co Chicago 11l o Amesica El Segundo, Calif
82647 Metals and Controls Inc  Div of 89231 Graybar Electc Co Oakiand Calif 94330 Wue Cloth Products Inc Chicago Il 99800 Delevan Electronics Corp. East Aurora N Y
Texas Instruments lnc 89462 Waldes Kohtnoor Inc Cambnidge  Mass 94682 Worcester Pressed Aluminum Corp 93848 Wilco Corporation Indianapolis ind
Spencer Prods Attleboro Mass 89473 General Electric Distributing Corp Worcester Mass, 99934 Renbrandt, Inc Boston Mass.
82866 Research Products Corp Madison Wis Schenectady N Y 95023 Ph Ibrick Researchers, inc Boston Mass 99942 Hoffman Semiconductor Div of
82877 Rotron Manufacturing Co  Inc  Woodstock N Y 89636 Carter Parts Div of Economy Baler Co 95236 Allies Products Corp Miam Fla Hoffman Electronics Corp Evanston 1l
82693 Vector Electronic Co Glendale Calif Chicago 11l 95238 Continental Connector Cotp Woodside N Y 99957 Technology Instrument Corp
83053 Western Washer Mir Co Los Angeles Calif 89665 United Transformer Co Ch cago I 95263 Leecraft Mfg Co Inc New York N Y of Calif. Newbury Park, Cahi.
83058 Carr Fastener Co Cambndge Mass 90179 U S Rubber Co  Mechanica’ 95264 Lerco Electronics Inc. Burbank Calsf.
83086 New Hampshire Balf Bearing Inc Goods Div Passatc N J 95265 National Coil Co Shendan, Wyo, THE FOLLOWING H-P VENDORS HAVE NO NUM-
Peterborough N H 90970 Bearing Engineenng Co San Francisce Cahif 95275 Vitramon Inc Budgeport Conn BER ASSIGNED IN THE LATEST SUPPLEMENT TO
83125 Pyramid Electric Co Darlington 5.C 91260 Canoor Spring Mg, Co San Francisco Calif 95343 Gordas Corp Bloomfreld N J THE FEDERAL SUPPLY CODE FOR MANUFAC-
83148 Electro Cords Co Los Angeles Calif 81345 Muller Diat & Nameplate Co El Monte Calif 95354 Methode Mfg Co Chicago, 1. TURERS HANDBOOK
83186 Victory Engineering Corp Springfield N 1 91418 Radio Matenals Co Chicago 114 95712 Dage Electnc Co  Inc Frankhin  Ind
83298 Bendix Corp  Red Bank Div Red Bank N 91506 Augat Brothers inc Attleboro, Mass 95987 Weckesser Co Chicago, M. 10000 Wenchester Electronics Inc
83315 Hubbell Corp Mundelemn it 91637 Dale Electronics Inc Columbus Nebr 96067 Huggins Laboratories Sunnyvale, Cahf Santa Monica Calf
83330 Smith Herman B Inc Brooklyn N Y 91662 Elco Corp Philadeiphia Pa 96095 Hi @ Diviston of Aerovox Ofean, N Y 0000F Malco Tool and Die Los Angeles Calif.
83385 Central Screw Co Chicago Hi 91737 Gremar Mfg Co Inc Wakefield, Mass 96256 Thordarsen-Meissner Div  of 0000M Westesa Coul Div of Automatic
83501 Gavitt Wire and Cable Co 91827 K F Development Co Redwood City Cahf. Maguire Industries Inc Mt, Carmel 10l Ind  Inc. Redwood City, Calif.
Div of Amerace Corp Brookfield Mass 91929 Minneapelis Honeywell Regulator Co 96296 Solar Manufacturing Co Los Angeles, Calif, 0000P Ty Ca: Mig. Co., Inc. Holhiston, Mass,
83594 Burroughs Corp., Microswitch Div Freeport li} 96330 Carlton Screw Co Chicago, Iil 0000Z Witiow Leather Products Corp Newark, N J
Electronic Tube Div Plainfield N J 91961 Nahm Bros Spring Co Oakland, Calif 96341 Microwave Associates, Inc, Burlington, Mass., 000AA British Radio Electronics Ltd. Washington, D C.
83740 Eveready Battery New York N Y 92180 Tru-Connector Corp Peabody Mass 96501 Excel Transformer Co. Oakland, Caltf 000AB ETA £ngland
83777 Model Eng and Mfg inc Huntington Ind 92196 Universal Metal Prod inc  Bassett Puente Cahf 97464 Industrial Retaiming Ring Co Irvington N} 000AC Indiana General Corp , Efect Div. intiana
83821 Loyd Scruggs Co Festus Mo 92367 Elgeet Optical Co  Inc Rorhester N Y 97533 Automatic and Precision Mg Co 000BB Precision Instrument Components Co
84171 Arco Electromis Inc New York N Y 92607 Tinsolite Insulated Wue Co Tarytown N Y Yonkers N Y Van Nuys, Cahf.
84396 A J Glesener Co Inc San Francisco Calif 93332 Sylvamia Electric Prod inc 97966 CBS Electronics 00OMM Rubber Eng. & Development Hayward, Calif,
84411 Good All Electric Mfg Co Ogatlata Neb Semiconductor Div Woburn  Mass Div of C.B.S., Inc. Danvers, Mass GOONN A “N*' D Manufactuisng Co  San Jose 27 Calif.
84970 Sarkes Tarzsan Inc Bloomington Ind 93369 Robbins and Myers Inc New York N Y 97973 Reon Resistor Corp Yonkers, N Y 600QQ Cooltron Qakland, Calf.
85454 Boonton Molding Company Boonton N J 93410 Stevens Mfg Co Inc Mansfield Ohro 98141 Axel Brothers Inc Jamaica, N Y 0008S Control of Eigin Wateh Co Burbank, Calif.
85471 A B Boyd Co $an Franc sco Canf 93788 Hrward } Smath Ine Port Monmouth N J 98159 Rubber Teck, Inc Gardena Cabf, 000WW California Eastern Lab Burlingame, Calif,
000YY S K Smith Co Los Angeles 45 Calif

52983 Sanborn Co. Waltham, Mass.
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Appendix I Model 1415A
TABLE IA-1. Option 14, Replaceable Parts
Action Ref hp Part Description Mir Mir
* Desig Number Part No.
CHG Al 01415-66518 Assy: etched ckt (time base) hp
CHG A2 01415-6651"7 Assy: etched ckt (pulse generator) hp
CHG A3 01415-66516 Assy: etched ckt (sampler) hp
CHG A4 01415-66519 Assy: etched ckt (input amplifier) hp
CHG A9 01415-61905 Assy: switch (time scale) hp
CHG Cl01 0140-0235 C: fxd mica 2250 pf 1% 300 vdcw 14655 RDM20F2250QF3C
CHG C102 0140-0235 C: fxd mica 2250 pf 1% 300 vdew 14655 RDM20F2250QF3C
CHG C146 0140-0182 C: fxd mica 5000 pf 2% 300 vdcw 04062 RDM20F50263C
DEL C325 0140-0220
ADD C335 0160-2331 C: fxd mica 8200 pf 1% vdew 04062 RDM20F822F18
ADD C336 0140-0150 C: fxd mica 731.5 pf 1% 300 vdcw 04062 RDM15F731J5QF 38
CHG L170 9140-0041 Coil: fxd rf 2.5 mh 92054 51 4471 25
ADD L302 9170-0029 Inductor: ferrite bead 02114 56 590 654A
ADD L303 9170-0029 Inductor: ferrite bead (2 required) | 02114 56 590 654A
CHG L401 9140-0096 Coil: fxd rf 1.0ph hp
CHG 1.402 9140-0096 Coil: fxd rf 1.0ph hp
ADD 1405 9140-0137 Coil: fxd rf 1.0 mh hp
CHG R149 0684-1031 R: fxd comp 10K ohms 10% 1/4W 01121 CB 1031
DEL R335 0683-1035
CHG R336 0683-4715 R: fxd comp 470 ohms 5% 1/4W 01121 CB 4715
ADD R337 0683-3315 R: fxd comp 330 ohms 5% 1/4W 01121 CB 3315
ADD R338 0683-1035 R: fxd comp 10K ohms 5% 1/4W 01121 CB 1035
CHG R422 0683-2265 R: fxd comp 22M ohms 5% 1/4W 01121 CB 2265
CHG R423 0683-2265 R: fxd comp 22M ohms 5% 1/4W 01121 CB 2265

* ADD= Add item. DEL= Delete item.

CHG= Change item.
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Appendix II

APPENDIX II
MANUAL CHANGES

This appendix contains information on ctanges required
to adapt this manual to an instrument with a serial
prefixlistedin thetablebelow. Checkforyour instru-
ment serial prefix and make the numbered changes in-
dicated. Note that these changes adapt the manual to

cover a particular instrument as manufactured and
therefore will not apply to an instrument subsequently
modified in the field. Refer back to Section I for in-
formation on errata in this manual and on any other
instrument serial prefixnot covered in this appendix.

Instrument Make Numbered
Serial Prefix Changes
607- 1,2
548- 1
545- 1,3,4,
526- 1,3 thru 5
521- 1,3 thru 6
518- 1,4 thru 7
512- 1,4 thru 8
501- 4 thru 13
450- 4 thru 9, 11 thru 14
445- 4 thru 9, 12 thru 15
439- 4 thru 9, 12 thru 17
430- 4 thru 9, 13 thru 18
426- 4 thru 9, 13 thru 19
411- 4 thru 9,14, 15,17 thru20
CHANGE 1
Figure 5-6,
Add grounded shield to enclose both 9-1-3 leads
of R110.

Move R112 from Q102 collector circuit to Q102 base
circuit (R112 is now located in the lead coming
from CW end of R110).

CHANGE 2

Figure 5-6,
Add: C105 (680 pf) in parallel with R110.
Add: L102 (BEAD) in series with ground and shield
of R110 leads.

Tables 6-1 and 6-2,
Add: C105, hp Part No. 0140-0208; C: fxd, mica,
680 pf, 5%; Mfr hp.
Add: L102, hp Part No. 9170-0029; Inductor: ferrite
bead; Mfr 02114; Mfr Part No. 56-590-654A.

CHANGE 3

Figures 5-11 and 5-26,
R230: Change value to 10K ohms.

Tables 6-1 and 6-2,
R230: Change to hp Part No. 0683-1035, R: fxd,
comp, 10K chms, 5%, 1/4W; Mfr 01121; Mir
Part No CB1035.
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CHANGE 4

Figure 5-11,
C223: Change value to 110 pf.
R218: Change value to 2200 ohms.

Figure 5-14,
Delete L302.

Tables 6-1 and 6-2,

C223: Change to hp Part No. 0140-0194; C: fxd,
mica, 110 pf, 5%, 300VDCW; Mfr 04062; Mfr
Part No. RDM15F111J3C.

L302: Delete

R218: Change to hp Part No.0684-2221; R: fxd,
comp, 2200 ohms, 10%, 1/4W; Mfr 01121; Mir
Part No. CB2221.

Under Miscellaneous,

Change: Cable, main harness to hp Part No.
01415-61612.

Change: Cable, manual scan to hp Part No. 01415~
61613.

CHANGE 5

Tables 6-1 and 6-2,
Q302, Q303: Change to hp Part No. 1854-0005;
Transistor: si, npn, 2N708; Mfr 07263; Mfr
Part No. 2N708.
Under Miscellaneous:
Add: hp Part No. 01415-61101: Heat sink; Mfrhg.

CHANGE 6

Figure 5-6,
R129: Change value to 39 ohms.

Tables 6-1 and 6-2,
R129: Change to hp Part No. 0684-3901; R: fxd,
comp, 39 ohms, 10%, 1/4W; Mfr 01121; Mfr
Part No. CB3901.

CHANGE 7

Figure 5-11,
C212: Change value to 0.1 1.
Delete R230.

Figure 5-18,
Add: R415 (68 ohms) in parallel with twisted lead
output to sampler block.

Figure 5-26,
Delete R230, Pin 2 is now N.C.

Tables 6-1 and 6-2,
C212: Change to hp Part No. 0160-0168; C: fxd,
my, 0.1pf, 10%, 200VDCW; Mfr hp.
R230: Delete.
Add: R415: hp Part No.0684-6801; R: fxd, comp
68 ohms, 10%, 1/4W; Mfr 01121; Mfr Part No.
CB6801.
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CHANGE 8

Figure 5-24,
R601: Change value to 12K ohms.

Tables 6-1 and 6-2,
R601, R603: Change to hp Part No. 0684-1231;
R: fxd, comp, 12K ohms, 5%, 1/4W; Mfr01121;
Mir Part No. CB1231.

CHANGE 9

Paragraph 3-8,

Replace the complete paragraph with the following:
"3-8. SCANNING. This control function con-
sists of two controls which set up the horizontal
scan mode, The NORMAL/DETAIL slide switch
selects either normal scanning of the input sig-
nal (about 3000 samples per sweep, repetition
rate of 50 cps)or detail scanning which provides
a higher sampling density for a more detailed
sweep (about 30, 000 samples per sweep, repe-
tition rate of 5 cps). The INT/MANUAL con-
trol selects either internal scanning (when
turned fully counterclockwise)of the input signal
or, when rotated clockwise, provides a manual
scanning capability.

Paragraph 3-12,
Delete Paragraph 3-12.

Figure 3-1,
Replace with Figure ITA-1 of this appendix.

Figure 3-2, step 4,
Change to read ''Set SCANNING INT/MANUAL to
INT. "

Figure 3-5, step 3,
Delete Note.

Figure 3-6, step 4,
Delete Note.

Paragraph 4-6, second sentence,
Delete: "Narrowband - - - - - interference band. "

Paragraph 4-10, third sentence,
Replace withthefollowing: '"This voltage maybean
internally-generated sawtooth (SCANNING control

switched to INT) or manually determined by
operating R206 (MANUAL). "

Paragraph 4-11,

Replace four sentences beginning with ""With the
SWEEP switch - - - -"" andendingwith "- - - -
approximately zero volts. " with the following
sentence: "Withthe MANUAL/INT control in
MANUAL scancondition, the dc voltageon the
wiper of R206 isthe slow ramp signal. "

Figure 4-3,

Delete: "RECORD SWEEP GENERATOR Q215"
block, Record/Reset section of switch, callouts
"Record/Reset" and ""Sweep Switch $203, " and
switch mechanical linkage.

Change ""Normal Detail" callout to Normal/Detail/

Int."
Paragragraph 4-24, sixth sentence,
Delete: "Broad band - - - - - interference band. "
IA-2
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Paragraphs 5-9, 5-25 step a, and Table 5-5,

Change "SWEEP. .... NORMAL" to "SCANNING
«....NORMAL, INT."

Paragraphs 5-14 steps a and ¢, and 5-38 step a,
Change "SWEEP" to "SCANNING. "

Paragraph 5-44, second sentence,
Change to read: '""Set SCANNING INT ‘MANUAL
control to MANUAL and adjust so that the dot
is----- -

Figure 5-6,
Delete R110, and connect R112 in parallel with
Q102 base and collector.
R103: Change value to 15K ohms.

Figure 5-8,
Delete

Figure 5-9,
Replace with Figure IIA-2 of this appendix.

Figure 5-11,

Delete: S203, R208 thru R211, C204, CR210, and
Q215.

Connect 8201, J201, andassociated components as
shown in Figure IIA-3 of this appendix.

Delete R276 and R277, and connect R275 to +15V.

Q210/Q211: Change transistors to NPNand connect
both collectors to +15VF. Connect R281 and
R282 to -12. 6V, and change value of R282 to
2200 ohms.

Change dc voltages as follows:
Q210 base to +2. 85V
Q211 base to +2, 8V

Figure 5-14,
L301: Change value to 500 ph.
C322: Change value to 80 pf.
R325: Change value to 100K ohms.

Figure 5-18,
C403: Change value to 1, 0 uf.
Delete asterisk on V401 designator.

Figures 5-19 and 5-20,

Replace with Figures IIA-4 and IIA-5 of this appendix.
Figure 5-23,

R528: Change value to 68K ohms.

Delete: R598A and R598B.

Include C581 on Amplifier board Ab.

Delete R534, and connect V503, pin 12 directly to

V401, pin 12,

Figure 5-24,
Delete R609 and its leads.
Delete CR603, and connect Q601 emitter directly
to ground.
Figure 5-25,
Replace with Figure ITA-6 of this appendix.

Tables 6-1 and 6-2,
Make changes, additions, and deletions as shown
in Table IIA-1 ot this appendix.
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CHANGE 10

Figure 5-6,
C101: Change value to 680 pf.

Tables 6-1 and 6-2,
C101: Change to & Part No. 0140-0208; C: fxd,
mica, 680 pf, 5%, 300VDCW; Mfr hp.

CHANGE N

Tables 6-1 and 6-2,
R207: Change to @ Part No. 0684-3911; R: fxd,
comp, 390 ohms, 10% 1/4W; Mir 01121; Mfr
Part No. CB 3911.

CHANGE 12

Tables 6-1 and 6-2,
Al: Change to & Part No. 01415-66511.

CHANGE 13

Figure 5-11,
R271: Change value to 510 ohms.

Tables 6-1 and 6-2,
R271: Change to %z Part No, 0683-5115; R: fxd,
comp, 510 ohms, 10%, 1/4W; Mfr 01121;.Mfr
Part No. CB 5115,

CHANGE 14

Paragraph 4-2, line 7 and Paragraph 4-6,
line 2,
Change ""150 ke' to ""200 ke, "

Figure 5-5,
Change "7.5 usec” to "5 usec, "

Figure 5-6,
C101: Change value to 320 pf.
C146: Change value to 1000 pf.

Tables 6-1 and 6-2,
C101: Change to ® Part No. 0140-0226; C: fxd,
mica, 320 pf, 1%, 300VDCW; Mfr 04062; Mfr
Part No. DM15F 321F 300V.
C146: Change to ® Part No. 0150-0069; C: fxd,
cer, 1000 pf, +100-20%, 500VDCW; Mfr 72982;
Mir Part No. 801-010X5G01027Z.

CHANGE 15

Figure 5-6,

R136: Change value to 200 ohms,

R149: Change value to 10K chms.

Add: R145, 1500 ohms, between base of Q124 and
ground.

Add: R147, 2200 ohms, and C147, 240 pf, inparal-
lel between R149 and base of Q125,

Change dc voltages as follows:
Q121/Q124 bases to +4.5V.
Q121 emitter to +4. 6V.
Q125 base to -12V.
Q125 collector to -6. 4V.

Figure 5-11,
R207: Change value to 560 ohms.
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Figure 5-22,
R503: Change value to 50K ohms,
R506: Change value to 18K ohms.

Tables 6-1 and 6-2,

Add: C147; ¢ Part No. 0140-0199; C: fxd, mica,
240 pf, 5%, 300VDCW; Mir 04062; Mfr Part
No. DM15F 241J 300V.

Add: R145; & Part No. 0684-1521; R: fxd, comp,
1500 ohms, 10%, 1/4W; Mfr 01121; Mfr Part
No. CB 1521,

Add: R147; & Part No. 0684-2221; R: fxd, comp,
2200 ohms, 10%, 1/4W; Mir 01121; Mfr Part
No. CB 2221.

R207: Change to ¢ Part No. 0684-5611; R: fxd,
comp, 560 ohms, 10%, 1/4W; Mfr 01121;
Mir Part No. CB 5611,

R503: Change to ¢ Part No. 2100-0141; R: var,
comp, 50K ohms, 20%, 1/4W; Mir hp.

R506: Change to & Part No. 0683-1835; R: fxd,
comp, 18K ohms, 5%, 1/4W; Mfr 01121; Mfr
Part No. CB 1835.

CHANGE 16
Figure 5-6,
Add: C143, 120 pf, between base of Q124 and
ground.

Tables 6-1 and 6-2,
Add: C143; ¢ Part No. 0140-0216; C: fxd, mica,
120 pf, 2%, 300VDCW; Mir hp.

CHANGE 17

Figure 5-6,
Add: C104, CR101, and L101 as shown in Figure
ITA-T of this appendix.

Figure 5-14,
Delete L301 and replace with short circuit.
Remove "F'" from "+15VF" wherever it appears.
Figure 5-26,
P1l: Change pin 21 callout to read ""-12. 6V to Al
and A6, "

P2: Delete R608. Add WHT-VIO connection and
callout ""12, 6V to A5 andfront panel" to pin 21.

Tables 6-1 and 6-2,

Delete: L301 and R608.

Add: C104; & Part No. 0140-0176; C: fxd, mica,
100 pf, 2%, 300VDCW; Mfr04062; Mfr Part No.
DMI15F 101G 300V.

Add: CR101; & Part No. 1901-0040; Diode, Si;
Mfr 07263; Mfr Part No. FDG 1088.

Add: L101; ® Part No. 9140-0118, Coil, RF, fxd,
500 ph, 5%; Mfr 99800; Mfr Part No. 2500-14.

CHANGE 18

Figure 5-6
Add: Ci20, 0.1 uf, between the input end of L120
and ground.

Figure 5-26,
P1l: Delete R607 and WHT-VIO connection to pin
23. Pin23 isnow "N.C."
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Tables 6-1 and 6-2,
Al: Change to f Part No. 01415-66402.
Add: C120: % Part No. 0150-0121: C: fxd, cer,
0.1y f, +80-20%, 50VDCW: Mfr 56289: Mir
Part No. 5C50A.
Delete: R607.

CHANGE 19

Figure 5-6,
Add: C151, 22 pf, in parallel with R151.
R127: Change value to 100 ohms.
Tables 6-1 and 6-2,
Add: C151; #» Part No. 0140-0145; C: fxd, mica,

22 pf, 5%, 500VDCW; Mfr 04062; Mfr Part No.

DM15C 220J.

R127: Change to #% Part No. 0684-1011; R: fxd,
comp, 100 chms, 10%, 1/4W; Mfr 01121; Mfr
Part No. CB 1011.

CHANGE 20

Figure 5-1,
Add: "(Bottom-next to S501)"" to Pulse Shape Adj

I1A-4
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R172 callout.
Figure 5-4,
Replace with Figure IIA-8 of this appendix.

Figure 5-6,
Add: C143, 120 pf, 1n parallel with R143.
Change position of L170, R171, and R172 as showi.
in Figure ITA-9 of this appendix.

Figure 5-11,
R271, R275: Change value to 1000 ohms.

Tables 6-1 and 6-2,
A2: Change to % Part No. 01415-66504.
R271: Change to s Part No.210C-0169; R: var,
comp, 20K ohms, 30%, 1/4W; Mfr hp.
R271, R275: Change to r Part No. 0684-1021;
R: fxd, comp,1K ohms, 10%, 1/4W: Mfr 01121,
Mifr Part No. CB 1021.

Add: C143; % Part No. 0140-0216; C: fxd, mica,
120 pf, 2%, 300VDCW: Mir hp.
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Table ITA-1

Table ITA-1. Reference Designation Index and Replaceable Parts

ACTION CIRCUIT % PART MFR
* REFERENCE NUMBER DESCRIPTION MFR PART NO.
CHG A3 01415-66501 |ASSY: ETCHED CIRCUIT (SAMPLER) hp
CHG A6 01415-66507 |ASSY: ETCHED CIRCUIT (PWR SUP) hp
CHG AT 01415-66505 |ASSY: ETCHED CIRCUIT (TRIMMER) hp
DEL Al3 01415-61904
DEL C204 0180-1706
CHG C322 0140-0215 |C: FXD MICA 80 pf 2% 300VDCW 04062 | DM15E 800G 300V
CHG C403 0160-0127 |C: FXD CER 1.0 uf 20% 25VDCW 56289 |5C13
CHG C412, C413 0140-0205 |C: FXD MICA 62 pf 5% 300VDCW 04062 | DMI15E 620J 300V
CHG CR123 1912-0006 |DIODE: GE TUNNEL 1N3718 03508 | 1N3718 SP
DEL CR210 1901-0179
DEL CR803 1901-0040
CHG 1301 9140-0118 |[COIL: RF FXD 500 h 99800 |2500-14
CHG Q101, Q102 1850-0158 |TRANSISTOR: GE PNP 2N2635 01295 |2N2635
CHG Q210, Q211 1851-0024 |TRANSISTOR: GE NPN 2N388A 01295 |2N388A
DEL Q215 1854-0033
CHG R103 0684-1531 |R: FXD COMP 15K OHMS 10% 1,/4W 01121 | CB 1531
DEL R110 2100-0421
CHG R205 0683-1325 |R: FXD COMP 1300 OHMS 5% 1/4W 01121 |CB 1325
CHG R206 2100-0798 |R: VAR COMP 5K OHMS 20% 1,/2W hp
DEL R208 0686~ 3055
DEL R209 0757-0442
DEL R210 0757-0452
DEL R211 0757-0418
CHG R273 2100-0802 |{R: VAR WW 5K OHMS 3% 7TW 10- TURN hp
CHG R275 0684-1521 {R: FXD COMP 1500 OHMS 10% 1/4W 01121 |CB 1521
DEL R276 0757-0844
DEL R277 0757-0435
CHG R282 0684-2221 |R: FXD COMP 2200 OHMS 10% 1/4W 01121 ([CB 2221
CHG R302 0758-0018 |R: FXD MET OX 15K OHMS 5% 1/2W 07115 | C20
CHG R311 0761-0072 |R: FXD MET OX 11K OHMS 5% 1W hp
CHG R325 0684-1041 |R: FXD COMP 100K OHMS 10% 1/4W 01121 | CB 1041
CHG R526 0684-1541 |R: FXD COMP 150K OHMS 10% 1/4W 01121 |CB 1541
CHG R528 0684-6831 |R: FXD COMP 68K OHMS 10% 1/4W 01121 |[CB 6831
CHG R529 0684-1521 |R: FXD COMP 1500 OHMS 10% 1/4W 01121 |CB 1521
CHG R530 0684-1041 |R: FXD COMP 100K OHMS 10% 1/4W 01121 | CB 1041
DEL R534 0684-1001
DEL R598 2100-1562
DEL R609 0683-1225
ADD 5201 3101-0011 |SWITCH: SLIDE DPDT (NORM/DET) 42190 {4603
DEL S203 NSR
CHG V401 1921-0017 |ELECTRON TUBE: 7586 86684 7586
MISCE LLANEOUS

CHG 01415-00201 |PANEL FRONT hp
DEL 01415-21101 |[COVER DIODE
DEL 01415-21102 |HEAT SINK
CHG 01415-21201 |CLAMP DIODE (USED WITH CR403) hp
DEL 01415-61101 |HEAT SINK
DEL 01415-61102 |HEAT SINK
DEL 01415-61103 |COVER TRANSISTOR
ADD 0370-0026 |KNOB BLACK (MANUAL/INT) hp
CHG 0370-0113 |KNOB BLACK (REFL COEFFICIENT) hp
CHG 0370-0114 |KNOB RED (VERNIER) hp
DEL 0370-0151 |KNOB BLACK (fo and BW)
DEL 0370-0158 |KNOB BLACK (HORIZ POS)
ADD 1140-0002 |KNOB DUO DIAL (MAGNIFIER DELAY) |[73490 |Model RB Duc-dial
* ADD = Add item DEL = Delete item CHG = Change item

01344-1
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Figure IIA-1

é ,&/ 140 A OSCILLOSCOPE

SIGNAL
out

Ny

(qﬂé@

éa Ny

1 HORIZ POS. Sets the horizontal positionof the 11 STEP CAL. Calibrates vertical sensitivity of
display on the oscilloscope graticule. (Does not the Model 1415A to compensate for slight dif-
require frequent adjustment. ) ferences in oscilloscope CRT deflection plate

sensitivities.

2 DISTANCE/TIME CM LINE/CM DISPLAY. . . .
Adjusts the basic time and distance scales. 12 TRIG OUT. Pro_v1de§ a delayed negative trig-
(See Paragraph 3-5. ) ger output for triggering an external step gene-

grap . rator, such as the ¢ Model 215A Pulse

3  DISTANCE/TIME MAGNIFIER. Expands the Generator.
basic time and distance scales. (See Para- 13 REFLCOEFFICIENT (VERTICAL MAGNIFIER).
graph 3-6.) Determines the vertical scale. (See Paragraph

3-9.)

4 DIST/TIME CAL. Setstime and distancescale R .
calibration to compensate for slight differences 14 STEP OUTPC.[T' Supplies the neggtwe step
in oscilloscope CRT deflection plate sensitivities output (amplitude about 0.25 volts into a 50-

P p * ohm system). The display is normally in-

5 MAGNIFIER DELAY. Determines horizontal verted for negative-up presentation.
separation between any points on the displayin 15 RECORDER OUT VERT. Supplies vertical de-
centimeters. (See Paragraph 3-17.) flection signal for an X-Y recorder. Output

voltage is approximately 0.8 volts per centi-

6 LOCK. Rotate the LLOCK knob clockwise to meter of screen deflection; being approximately
mechanically secure the Model 1415A in the 0 volts with the trace centered.
oscilloscope. 16 RECORDER OUT HORIZ. Supplies horizontal

scan voltage for an X-Y recorder. Outputvolt-

7 SCANNING NOR‘MAL/ DETAH‘" Se;lects normal age is approximately +2 volts with beam at
or detail scanning of the input signal. (See . :

left edge of graticule, and +18 volts with beam
Paragraph 3-8.) . .
at right edge of graticule.

8 SCANNING INT/MANUAL. Selects manual or 17 STEP STABILITY. Adjusts the stability of the
internal scanning. (See Paragraph 3-8.) output step pulses for minimum pulse jitter.

9 SIGNAL OUT. Providesconnection for the ex- 18 VERT POSITION. Adjusts the vertical posi-
ternal system in reflection measurements, or tion of the display on the oscilloscope screen.

a termination in transmission systems. 19 NEG UP/POS UP (located on bottom of Model

10 SIGNAL IN. Provides connection for the step 1415A). Selects either negative-up or positive-
input in reflection measurements, or inputsig- up presentation of the display on the oscillo-
nal from a transmission system. scope CRT screen.

Figure ITIA-1. Controls and Connectors
01944-3
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SALES AND SERVICE OFFICES

UNITED STATES and CANADA

ALABAMA
Huntsville, 35802
2003 Byrd Spring Rd S.W.
(205) 881-4591
TWX: 510-579-2204

ALASKA
Bellevue, Wash. 98004
11656 N.E. 8th Street
(206) 454-3971
TWX- 910-443-2303

ARIZONA
Scottsdale, 85251
3009 No. Scottsdale Rd.
(602) 945-7601
TWX: 602-949-0111

Tucson, 85716

232 So. Tucson Blvd.
(602) 623-2564

TWX: 602-792-2759

CALIFORNIA
North Hollywood, 91604
3939 Lankershim Bivd.
(213) 877-1282 and 766-3811
TWX: 910-499-2170

Sacramento, 95821
2591 Carlsbad Ave
(916) 482-1463

TWX: 916-444-8683

San Diego, 92106
1055 Shafter Street
(714) 223-8103
TWX: 714-276-4263

Palo Alto, 94303
1101 Embarcadero Rd.
(415) 327-6500

TWX: 910-373-1280

COLORADO
Englewsod, 80110
7965 East Prentice
(303) 771-3455
TWX: 910-935-0705

CONNECTICUT
Middletown, 06457
589 Saybrook Rd.
(203) 346-6611
TWX: 710-428-2036

FLORIDA
Miami, 33125
2907 Northwest 7th St.
(305) 635-6461

Orlando, 32803

621 Commonwealth Ave.
(305) 425-5541

TWX: 305-841-2568

St Petersburg, 33708
410-150th Ave., Madeira Beach
(813) 391-0211 and 391-1829
TWX: 813-391-0666

GEORGIA
Atlanta, 30305
3110 Mapie Drive, N.E.
(404) 233-1141
TWX: 810-751-3283

HAWAIL
North Hollywood, Calif. 91604
3939 Lankershim Blvd.
(213) 877-1282
TWX: 910-493-2170

ILLINOIS
Skokie, 60076
5500 Howard Street
(312) 677-0400
TWX: 910-223-3613

INDIANA
Indianapolis, 46205
3919 Meadows Dr.
(317) 546-4891
TWX: 317-635-4300

LOUISIANA
New Orleans
(504) 522-4359

MARYLAND
Baltimore, 21207
6660 Secunty Blvd
(301) 944-5400
TWX: 710-862-0850

Rockville, 20852

12303 Twinbrook Pkwy.
(301) 427-7560

TWX: 710-828-9684

MASSACHUSETTS
Burlington, 01803
Middlesex Turnpike
(617) 272-9000
TWX: 710-332-0382

MICHIGAN
Southfield, 48076
24315 Northwestern Hwy.
(313) 353-9100
TWX: 313-357-4425

MINNESOTA
St. Paul, 55114
2459 Umversity Ave.
(612) 646-7881
TWX: 910-563-3734

MISSOURI
Kansas City, 64114
9208 Wyoming Place
(816) 333-2445
TWX: 910-771-2087

St Louts, 63144

2812 South Brentwood Blvd.
(314) 644-0220

TWX: 910-760-1670

NEW JERSEY
Eatontown, 07724
(201) 747-1060

Englewood, 07631
391 Grand Avenue
(201) 567-3933
TWX: 510-230-9709

NEW MEXICO
Albuguerque, 87108
6501 Lomas Blvd., N.E.
(509) 255-5586
TWX: 910-989-1655

Las Cruces, 88001
114 S. Water Street
(505) 526-2486

TWX: 910-983-0550

NEW YORK
New York, 10021
236 East 75th Street
(212) 879-2023
TWX: 710-581-4376

Rochester, 14623
39 Saginaw Drive
(716) 473-9500
TwX: 510-253-5981

Poughkeepsie, 12601
82 Washington Street
(914) 454-7330

TWX: 914-452-7425

Syracuse, 13211
5858 East Molloy Rd.
(315) 454-2486

TWX: 710-541-0482

Endicott, 13764
1219 Campville Rd.
(607) 754-0050
TwX: 510-252-0890

NORTH CAROLINA
High Point, 27262
1923 N. Main Street
(919) 882-6873
TWX: 510-926-1516

OHIO
Cleveland, 44123
5579 Pearl Road
(216) 834-9209
TWX: 216-888-0715

Dayton, 45409

1250 W. Dorothy Lane
(513) 298-0351

TWX: 513-944-0090

OKLAHOMA
Oklahoma City
(405) 235-7062

PENNSYLVANIA
Camp Hili
(717) 737-6781

West Conshohocken, 19428
144 Elizabeth Street

(215) 248-1600 and 828-6200
TWX: 518-660-8715

Monroeviile, 15146
Monroe Complex
Building 2

Sutte 2

Moss Side Bivd
(412) 271-5227
TWX- 710-797 3650

TEXAS
Dallas, 75209
P.0. Box 7166, 3605 Inwood Rd.
(214) 357-1881
TWX: 910-861-4081

Houston, 77027

P.0. Box 22813, 4242 Richmond Ave.
(713) 667-2407

TWX: 713-571-1353

UTAH
Salt Lake City, 84115
1482 Major St.
(801) 486-8166
TWX: 801-521-2604

VIRGINIA
Richmond, 23230
2112 Spencer Road
(703) 282-5451
TWX: 710-956-0157

WASHINGTON
Bellevue, 98004
11656 N.E. 8th St.
(206) 454-3971
TWX: 910-443-2303

GOVERNMENT
CONTRACTING OFFICE
San Antonio, Texas 78226

Hewlett-Packard

Contract Marketing Division
225 Billy Mitchell Road
(512) 434-4171

TWX: 512-571-0955

CANADA
Montreal, Quebec
Hewlett-Packard (Canada) Ltd.
8270 Mayrand Street
(514) 735-2273
TWX: 610-421-3484
Telex: 01-2819

Ottawa, Ontano
Hewlett-Packard (Canada) L td.
1762 Carling Avenue

(613) 722-4223

TWX: 610-562-1952

Toronto, Ontario
Hewlett-Packard (Canada) Ltd.
1415 Lawrence Avenue West
(416) 249-9196

TWX: 610-492-2382

Vancouver, B.C.
Hewlett-Packard (Canada) Ltd.
2184 W. Broadway

(604) 738-7520

TWX: 610-922-5059
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SALES AND SERVICE OFFICES

INTERNATIONAL - Electronic Equipment

ARGENTINA
Mauricio A. Suarez
Telecommuntcaciones
Carlos Calvo 224
Buenos Aires
Tel. (30-6312) (34-9087)

AUSTRALIA
Sample Electronics (Vic) Pty., Ltd.
9-11 Cremorne Street
Richmond E.1, Victona
Tel. 42-4757

Sample Electronics (N.S.W.) Pty, Ltd.

4 Grose Street
Glebe, New South Wales
Tel. 69-6338

AUSTRIA
Untfabor H.m.b.H.
Wissenschaftliche Instrumente
Rummelhardtgasse 6/3
P.0. Box 33, Vienna IX/71
Tel. 426 181

BELGIUM
Hewlett-Packard Benelux S.A.
20-24 rue de I"'Hopital
Brussels
Tel. 112220

BRAZIL
Ciental Importacao e Comercio Ltda.
Rua des Eliseu Guitherme, 62
Sao Paulo 8
Tel. 70-2318

CHILE
Hector Calcagni
Casilla 13942
Santiago
Tel. 6.42.26

DENMARK
Tage Olsen A/S
Ronnegade 1
Copenhagen 0
Tel. 2948 00

FINLAND
INTO 0/Y
Menitullinkate 11
P.0. Box 153
Helsinki
Tel. 61133

FRANCE
Hewlett-Packard France
150 Boulevard Massena
Parts 13
Tel. 707 97 19

Hewlett-Packard France
2 rue Tete d'0Or

“Lyon, 6 - Rhone

Tel. 52 3566

GERMANY
Hewlett-Packard Vertriebs-GmbH
Kurhessenstrasse 95
Frankfurt a. Main
Tel. 5200 36

Hewlett-Packard Vertriebs-GmbH
Reginfriedstrasse 13, Munich 9
Tel. 49 51 21

Hewlett-Packard Vertriebs-GmbH
Beim Strohhause 26/28

Hamburg 1

Tel. 240551

Hewlett-Packard Vertriebs-GmbH
(Technisches Buro)
Herrenberger Strasse 110
Biblingen, Wurttemberg

Tel. 6971

Hewlett-Packard Vertriebs-GmbH
Lietzenburger Strasse 30

1 Berlin W 30

Tel. 24 86 36

Hewlett-Packard Vertriebs-GmbH
Achenbachstrasse 15

4 Dusseldorf 1,

Tel. 68 52 58

GREECE
K. Karayannis
Klaftmonos Square
Athens 124
Tel. 230 301

INDIA

1
The Scienttfic Instrument Co., Ld.

6, Tej Bahadur Sapru Road
Allahabad 1
Tel. 2451

The Scientific Instrument Co., Ld.

240, Dr. Dadabhai Naoroji Road
Bombay 1
Tel. 26-2642

The Scientific Instrument Co., Ld.

11 Esplanade East, Calcutta 1
Tel. 23-4129

The Scientific Instrument Co., Ld.

30 Mount Road, Madras 1
Tel. 86339

The Scientsfic Instrument Co., Ld.

B-7, Aimen: Gate Extn.
New Delht 1
Tel. 271083

IRAN
Telecom, Lid.
P.0. Box 1812
Teheran
Tel. 43850, 48111

ISRAEL
Electronics & Engineering Ltd.
Division of Motorola israel Ltd.
16. Kremenetsk Street, Tel-Aviv
Tel. 35021

ITALY
Hewlett- Packard |taliana S.p.A.
Viale Lunmigiana 46, Milan
Tel. 69 1584

Hewlett-Packard Italiana S.p.A.
Palazzo Italia

Piazza Marconi 25, Rome-Eur
Tel. 591 2544

JAPAN
Yokogawa-Hewlett-Packard Ltd.
#59, 1-chome
Yoyogt
Shibuya-ku
Tokyo,

Tel. 370-2281

Yokogawa-Hewlett-Packard Ltd.
#8, Umeda

Kita-ku, Osaka City

Tel. 313-0091

Yokogawa-Hewlett-Packard Lid.
#4, 3-chome

Himeikedor

Chigusa-ku, Nagoya City

Tel. 751-8545

KOREA

American Trading Co., Koiea, Ltd.
Seoul P.0. Box 1103

112-35 Sokong-Dong

Jung-ku, Seoul

Tel. 3.7049, 3.7613

LEBANON

Constantin E. Macnidis
Clemenceau Street
Clemenceau Center
Betrut

Tel. 220846

NETHERLANDS

Hewlett-Packard Benelux, N.V.

23 Burg, Roelistraat
Amsterdam, W.

Tel. (020) 13 28 98

NEW ZEALAND

Sample Electronics (N.Z.) Ltd.
8 Matipo Street

Onehunga S.E. 5, Auckland
Tel. 565-361

NORWAY

Morgenstierne & Co. A/S
Ingeniofirma

6 Wessels Gate, Oslo
Tel. 20 16 35

PAKISTAN

Mushko & Company, Ltd.
Oosman Chambers
Victoria Road

Karachi 3, West Pakistan
Tel. 54601

Mushko & Company, Ltd.
Zirat Chambers

31, Jinnah Avenue
Dacca, East Pakistan
Tel. 80058

PANAMA

Electronico Balboa, S.A.
P.0. Box 4929

Panama City

Tel. 3-0833

PERU

Fernando Ezeta B

Av. Petit Thouars 4719
Mira Flores, Lima

Tel. 5-0346

PORTUGAL

Telectra

Rua Rodrigo da Fonseca 103
P.0. Box 2531, Lisbon 1
Tel. 68 60 72

PUERTO RICO

San Juan Electronics, Inc.
Ponce de Leon No. 150, Stop 3
Pta. de Tierra Sta., San Juan
Tel. 725-3342

SPAIN

Ataio Ingenieros
Enrique Laretta 12
Madnd, 16

Tel. 235 43 44-5

SOQUTH AFRICA
F.H. Flanter & Co. (Pty.), Ltd.
Rosella House
Buitencingle Street
Cape Town
Tel. 3-3817

F.H. Flanter & Co. (Pty.), Ltd.
P 0. Box 200, Bramley

775 Pretoria Main Road
Wynberg, Transvaal

Tel. 40-6871

SWEDEN
HP Instrument AB
Centralvagen 28
Soina Centrum
Tel. 08-83 08 30

HP Instrument AB
Box 4028
Indunagatan 28A
Molndal 4

Tel 276800

SWITZERLAND
Max Paul Frey
Wankdoiffeldstrasse 66
Berne
Tel. (031) 4200 78

TAIWAN
Hwa Sheng Electromc Co., Ltd.
P.0. Box 1558
21 Nanking West Road
Taipel
Tel. 46076, 45936

TURKEY
Telekom Engineering Bureau
P.0. Box 376 - Galata
Istanbul
Tel. 49 40 40

UNITED KINGDOM
Hewlett-Packard Ltd.
Dalias Road
Bedford, England
Tel. 68052

VENEZUELA
Citec, C.A.
Edif. Arisan-0f. No. 4
Avda. Francisco de Miranda
Chacaito
Caracas
Tel. 71.88.05

YUGOSLAVIA
Belram S.A.
83 Avenue des Mimosas
Brussels 15, Belgium
Tel. 3529 58

For Sales and Service
Assistance in Areas Not
Listed Contact:

EUROPE
Hewlett-Packard, S A.
54 Route des Acacias
Geneva, Switzerland
Tel. (022) 42.81.50

ELSEWHERE
Hewlett-Packard
1501 Page Mili Road

Palo Alto, Califorma 94304, U.S.A.

Tel. (415) 326-7000
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IMPEDANCE OVERLAYS

INSTRUCTIONS FOR USE
50-OHM SYSTEM
IMPEDANCE CONVERSION OVERLAYS

FOR MODEL 1415A
TIME DOMAIN REFLECTOMETER

The enclosed set of CRT overlays may be used with the hp
Model 1415A to obtain a direct impedance reading at

a specific point on a device or system under test. Proceed
as follows:

1.
2.

Cut out overlays at circle.

Calibrate the Model 1415 according to the procedure
outlined in Section III of the Operating and Service
Manual.

Make required connections and instrument settings.
Note setting of the REFL COEFFICIENT control, and
select corresponding impedance overlay (the value of
P, reflection coefficient, appears at the left edge of
the overlay).

Place the selected overlay on face of CRT. Use the
index marks to position the overlay at center and
along the horizontal and vertical axes of the graticule.
If necessary, use clear tape to secure the overlay.

Note

Values indicated for p and ZL have been

located on the overlay to compensate for
parallax when taking pictures.

Position the display with the 50-ohm reference line
at the center of the overlay.

Note the magnitude of the disturbance on the display
and read the impedance value, ZL’ from the right-

hand columnonthe overlay. The corresponding value
of reflection coefficientappears in the left-hand column.

hp Part Number: 01415-90001 02535-2
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