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OPERATORS SAFETY SUMMARY

The general safety information in this part of the summary
is for both operating and servicing personnel. Specific
warnings and cautions will be found throughout the
manual where they apply, but may not appear in this
summary.

TERMS

In This Manual

CAUTION statements identify conditions or practices that
couldresultin damageto the equipment or other property.

WARNING statements identify conditions or practices
that could result in personal injury or loss of life.

As Marked on Equipment

CAUTION indicates a personal injury hazard not im-
mediately accessible as one reads the marking, or a
hazard to property including the equipment itself.

DANGER indicates a personal injury hazard immediately
accessible as one reads the marking.

SYMBOLS

In This Manual

This symbol indicates where applicable
cautionary or other information is to be
found.

As Marked on Equipment
<4 DANGER — High voltage.

C—_l_—) Protective ground (earth) terminal.

A ATTENTION — refer to manual.

Power Source

This product is intended to operate from a power source
that will not apply more than 250 volts rms between the

supply conductors or between either supply conductor
and ground. A protective ground connection by way of the
grounding conductor in the power cord is essential for
safe operation.

Grounding the Product

This product is grounded through the grounding conduc-
tor of the power cord. To avoid electrical shock, plug the
power cord into a properly wired receptacle before

connecting to the product input or output terminals. A,

protective ground connection by way of the grounding
conductor in the power cord is essential for safe opera-
tion.

Danger Arising From Loss of Ground

Upon loss of the protective-ground connection, all
accessible conductive parts (including knobs and con-
trols that may appear to be insulating) can render an
electric shock.

Use the Proper Power Cord

Use only the power cord and connector specified for your
product.

Refer cord and connector changes to qualified service
personnel.

Use the Proper Fuse

To avoid fire hazard, use only the fuse of correct type,
voltage rating and current rating as specified in the parts
list for your product.

Refer fuse replacement to qualified service personnel.

Do Not Remove Covers or Panels

To avoid personal injury, do not remove the product
covers or panels. Do not operate the product without the
covers and panels properly installed.




1503

SERVICE SAFETY SUMMARY
FOR QUALIFIED SERVICE PERSONNEL ONLY

Refer also to the preceding Operators Safety Summary.

Do Not Service Alone

Do not perform internal service or adjustment of this
product unless another person capable of rendering first
aid and resuscitation is present.

Use Care When Servicing With Power On

Dangerous voltages exist at several pointsin this product.
To avoid personal injury, do not touch exposed connec-
tions and components while power is on.

Disconnect power before removing protective panels,
soldering, or replacing components.

Power Source

This product is intended to operate from a power source
that will not apply more than 250 volts rms between the
supply conductors or between either supply conductor
and ground. A protective ground connection by way of the
grounding conductor in the power cord is essential for
safe operation.
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‘Section 1—1503

SPECIFICATION

General Information

The TEKTRONIX 1503 is a portable Time Domain
Reflectometer which uses pulse techniques to test cables
and provides a visual display of cable faults. The test
pulses are transmitted via the CABLE output jack. Reflec-
tions are received at the same jack and displayed on the
cathode-ray tube (crt).

NOTE

All distances are shown in feet followed by metresin
parenthesis. Metric units are not direct conversions
from the measurements shown in feet, but represent
the calibrated ranges of the metric option 1503.
Multiplier settings for the metric options are in-
dicated in the same manner.

Calibrated distance controls allow an operator to
examine up to 50,000 feet (10,000 metres) of cable. Up to
7,500 feet (1,500 metres) of cable can be examined with
the multiplier control at X10 (X1) from which 50 to 5000
feet (10 metres to 1000 metres) can be displayed across
the 10-division horizontal (X-axis) crt scale with an
additional 0 to 2500 feet (0 to 500 metres) of distance
covered by the DISTANCE dial. Up to 50,000 feet (10,000
metres) of cable can be examined when the multiplier
control is at X100 (X10) of which 500 to 50,000 feet (100 to
10,000 metres) can be examined across the crt face. With
the FEET/DIV (METRES/DIV) control set at 50, (100) and
X100 (X10) up to 50,000 feet (10,000 metres) of cable can
be displayed on the crt screen, but in this position the
DISTANCE dial is disabled. The horizontal crt scale is
calibrated in distance units from 5 feet (1 metre) per
division to 5000 feet (1000 metres) per divisionina 1-2.5-5
sequence. Distance calibration accuracy on the crt scale
is within £2% of indication.

There are three externally selectable dielectric con-
stants. Two of these are calibrated for foamed
polyethylene (FOAM POLY) and solid polyethylene
(SOLID POLY). The third is obtained by "default” con-
ditions; both pushbuttons depressed or both pushbuttons
released. When both pushbuttons (FOAM POLY and
SOLID POLY) are depressed or released, the effective
dielectric constant is variable, being controlled by a

screwdriver adjustment labeled "VAR"”. The fully
clockwise position of the "VAR” control setsthe dielectric
constant for air.

Vertical (Y-axis) deflection of the crt beam is propor-
tional to the amplitude of the reflected signal. The vertical
scale is a linear representation of the return pulse and is
ordinarily calibrated so that two divisions represent
"0 dB"” when the reference level is set to "0 dB". The dB
reference level is selectablein 7 calibrated steps from 0 dB
to 60 dB plus a 0 to 18 dB vernier adjustment.

The transmitted pulse is an impulse signal of ap-
proximately 5V into a 50 Q, 75 Q, 93 Q, or 125 Q load.
Half-sine shaped pulse durations of 10 ns, 100 ns, or
1000 ns are selectable from the front panel. Durations are
measured at the half amplitude points.

The 1503 plug-in compartment will accept either the X-
Y Output Module or the TEKTRONIX Y-T Chart Recorder.
The X-Y Output Module is a standard accessory for the
1503 and provides an interface for an X-Y recorder. The
TEKTRONIXY-T Chart Recorder is an optional accessory.
This recorder uses a heated stylustorecord on4 cm wide,
heat-sensitive chart paper. The chart recording length
represents the entire crt screen and is controlled by the
1503.

The 1503 is a ruggedized portable instrument that can
be used in the field as well as in the laboratory. The 1503
meets requirements for a Type Ill, Class 3, Style A
instrument as specified in MIL-T-28800. The 1503 has a
ruggedized case that provides protection whentheinstru-
ment is stored in exposed areas. When the instrument is
not being used, the accessories, including the Operators
manual, may be packed in the instrument cover and
latched tightly on the front of the instrument. Table 1-1
indicates which accessories may be placed in the cover of
the 1503.

The characteristics given in Table 1-2 apply over an
ambient temperature range from —15°C to +55°C after
the instrument has been calibrated at +25°C, +£5°C.

1-1



Specification—1503

Table 1-1
STANDARD ACCESSORIES FOR THE 1503

Accessory Tektronix Part Number
2 Replacement Fuses 159-0032-00
(ac—for front panel) (for 115 Vac) or
159-0029-00
(for 230 Vac)
1 Power Cord 161-0066-00
1 Viewing Hood 016-0297-00
150 Q BNC Terminator 011-0123-00
1 X-Y Output Module 016-0606-00
1 Filter, Mesh (crt) 378-0055-00
1 Operators Handbook 070-1864-00
1 Instruction Manual . 070-1865-00
1 Cable Assembly 012-0671-00
1 Calculator, 003-0700-01
TDR Cable Tester

rj

Table 1-2
ELECTRICAL CHARACTERISTICS
Characteristics Performance Requirements Supplemental Information
Impulse
Width Selectable: 10 ns, 100 ns, 1000 ns Measured at half amplitude point.
Accuracy +20%
Amplitude
Terminated 5V £20%
Unterminated 10 V +£20%
Shape 1/2 sine
Termination 50 Q, 75 Q, 93 Q £1%. 125 Q +3%. .
Jitter 0.2 division maximum At 5 ft/div (1 m/div)
Graticule Deflection
Deflection
Range +6 to —18 dB From deflection reference; linear
scale on gratiucle. 0 dB=2 div,
displayed signal =0.1 div.
Accuracy +3% '
Deflection Reference 0to 60 dB 7 steps, 10 dB increments.
Accuracy +0.1 dB
Variable Oto 18 dB Additive to step increments.
Fully clockwise is 18 dB +£2.0 dB.

1-2
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Characteristics

Performance Requirements

Supplemental Information

Displayed Noise

With proper termination, 10 ns
pulse, and pulse completely
off-screen.

Aberrations

—30 dB peak-to-peak

Within first three test pulse

widths after test pulse.

Random —80 dB rms Beyond first three test pulse
widths after test pulse.
Low Noise Operétion
Random —86 dB rms Three test pulse widths after

initial test pulse.

Test Line Conductor

Coupling

AC coupled

Maximum Input

+400 V (dc + peak ac at
maximum frequency of 440 Hz).

Distance Control

Range 0 to 50,000 feet
(0 to 10,000 metres)
Scales 5 ft/div to 500 ft/div @ X10 (X1)
(1 m/div to 100 m/div) 7 steps, 1-2.5-5 sequence.
At 5000 ft/div (1000 m/div) (FIND),
the DISTANCE dial is disabled.
Accuracy +2% Of display screen from 2nd to

tenth graticule line.

Scale Multipliers

X10 and X100
(X1 and X10)

Accuracy

+2%

From 2nd to tenth graticule
line.

Distance Dial

Range 0 to 2,500 feet At X10 setting
(0 to 500 metres) (At X1 setting)
0 to 25,000 feet . At X100 settings
(0 to 5,000 metres) (At X10 settings)
Accuracy 2% of reading, =2 ft @ X10,

(£0.2 metres @ X1) £20 ft
@ X100, (2 metres @ X10)

Dielectric Scales

Solid Poly Vp/Vair = 0.66 Used where velocity of propa-
. gation is 65.9% C (C=speed of

light.)
Foam Poly Vp/Vair = 0.81 Where velocity of propagation

is 81% C.

1-3
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Table 1-2 (cont)

Characteristics

Performance Requirements

Supplemental Information

VAR

Vp/Var = 0.31 t0 1.0

Activated when both SOLID POLY
and FOAM POLY buttons released;
or both depressed calibrated for
air when VAR control set to Full
cw position.

Sweep

40 Hz within +0 Hz, —10 Hz

Noise Filter switch "out”.

Sweep (Chart Recorder Mode)

20 sec/sweep nominal

Varies and is dependent on
chart recorder.

Chart Tracking

+2% from 2nd to tenth graticule line

Line Voltage 117 Vac £20%, 48 to 410 Hz
or
234 Vac £20%, 48 to 410 Hz
Line Power 5 W average

Battery Pack Operation

At least 5 hours

C size, 9 cell +20°C to +25°C
charge and discharge temperature.

Full Charge Time

16 hours

Typical Charge Capacity

Charge Temperature

Discharge Temperature

(

+20°C to
—15°C +25°C +55°C
0°C 40% 60% 50%
+20°C to +25°C 65% 100% 85%
+40°C 40% 65% 55%

External Recorder Interface
for X-Y Recorders

Horizontal 0.1 V/div Source impedance 10 kQ
Vertical 0.09 to 0.13 V/div (adjustable) Source impedance 10 kQ
Pen Lift
Mode 1
Source V; = 5 V Nominal with R, = 10 kQ
Sink <10 mA Vou <0.5 V
Mode 2 (inverted
Mode 1)
Source V; =5V Nominal with R, = 10 kQ
Sink <0.5 mA Vou <0.6 V
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Characteristics

Performance Requirements

Supplemental Information

Y-T Plug-In Chart
Recorder Interface

Vertical

0.2 V/div nominal

Source impedance 200 Q (switched)

The TEKTRONIX Chart Recorder,
016-0506-03 is designed to
operate with the 1503. The chart
uses a heat sensitive stylus to
record on 4 cm chart paper. Chart
recording length is controlled by
the 1503.

Temperature

Operating

—15°C to +55°C

At temperatures other than
20°C—25°C, the battery
efficiency becomes restricted.

Non-Operating

—62°C to +85°C

With batteries removed. If stored
with batteries storage range
is —40°C to +55°C.

Humidity To 100%
Altitude
Operating 10,000 feet
Non-Operating 50,000 feet

Vibration

3.0 g, 5to 55 Hz, Test time ‘
45 min

Shock, Mechanical

Shock, Pulse

15 g, 1/2 sine shock waveform of
11 ms duration. Total of 18 shocks

Bench Handling

Operating 4 drops each face at 4 inches or Case on
45° with opposite edge as pivot
Non-Operating 4 drops each face at 4 inches or Case off
45° with opposite edge as pivot.
Satisfactory operation after drops
Transit Drop 12 inch drop
Water Resistance
Operating Splash-proof and drip-proof with
cover off and instrument operating.
Non-Operating Watertight with three feet of Cover on

water above top of the case for 1
hour

Salt Atmosphere

Structural Parts

Withstand 48 hours exposed to
20% solution without corroding

1-5
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Table 1-2 (cont)

Characteristics

Performance Requirements

Supplemental Information

Explosive Atmosphere

Operation does not cause ignition
of an ambient-explosive-gaseous
mixture with air

Sand and Dust

Operates after non-operating, cover
removed, exposed to dust test of
MIL-STD-810, Method 510, Proc. |

Washability

Capable of being washed

Electromagnetic
Compatibility

Electromagnetic
Interference (EMI)

Meets requirements specified in
Table X of MIL-T-28800A

CEO01, CS01, CS02, CS06, RE02
(limited to 1 GHz), and RS03,
(limited to 1 GHz).

Fungus Inert

Materials used are fungus inert

Table 1-3
PHYSICAL CHARACTERISTICS

Characteristics

Performance Requirements

Supplemental Information

Weight

With Panel Cover and

Accessories

18.0 pounds (8.2 kg)

Without Panel Cover and

Accessories

16.0 pounds (7.3 kg)

Height 5.0 inches (12.7 cm)
Width
With Handle 12.4 inches (31.5 cm)

Without Handle

11.8 inches (29.9 cm)

Depth

Including Panel Cover

16.5 inches (41.9 cm)

Handle Extended

18.7 inches (47.4 cm)

1-6
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Section 2—1503

OPERATING INSTRUCTIONS

This section of the manual contains the basic informa-
tion required for the operation of the 1503 Time Domain
Reflectometer. Included is a brief description of the
purpose of each front panel control, general operating
information, care of the instrument, and basic
applications.

FRONT COVER AND HANDLE

The watertight front cover protects the front panel
when the instrument is not in use and the cover is latched
in place. Special operating instructions are printed on the
lid. A canister containing silica gel is mounted on the rear
of the instrument to reduce the moisture inside the case.

The cover is released from the unit by pulling forward
on the side latches. To secure the cover over the front
panel, place the cover into the grooved portion of the front
panel and push the latches backward towards the instru-
ment. If the unit is accidentally left on, it will be turned off
when the cover is secured over the front panel.

The handle is a friction disc design and will rotate 325°.
When the handle is turned so that it is beneath the unit, it
will serve as a stand (see Fig. 2-1).

POWERING THE 1503

This equipment has a 3-wire power cord with a 3-
contact plug for connection to the power source and to
protective ground. The plug protective-ground contact
connects (through the cord protective-grounding con-
ductor) to the accessible metal parts of the equipment. For
electric-shock protection, insert this plug into an outlet
that has a securely grounded protective-ground contact.

Do not use this unit with a power inverter that
produces a square wave output because power
inverters may damage circuitry.

For confirmation that the outlet ground contact is
securely grounded, refer to qualified service personnel.

The 1503 operates from the battery supply for a
minimum of 5 hours (including 20 chart recordings). If a
TEKTRONIX Y-T Chart Recorder is used, the 5 hours
operating time will decrease by about 3 minutes for each
recording made beyond the 20 specified.

1865-02A

Fig. 2-1. 1503 Time Domain Reflectometer.
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Operating Instructions—1503

Charging the Battery

The battery pack can be charged at any temperature
between 0°C and +40°C. It can be operated at any
temperature between —15°C and +55°C. For maximum
charge capacity, the cells should be charged at +20°Cto
+25°C.

The battery pack is fully charged-.in 16 hours when
connected to an ac power source and the unit is switched
off. The 1503 may be operated while the battery pack is
charging, but the charging time will increase. The
batteries will not overcharge if the charger is left onlonger
than 16 hours. Therefore, the 1503 can remain connected
to an ac source without damaging the batteries. Ap-
proximately once a month or every 15 charge-discharge
cycles, the batteries should be charged for approximately
24 hours. Approximately 30 minutes of operatingtime can
be expected from a 1 hour partial charge. For longest
battery life, the full 16 hour charge should be com pletedin
preference to a partial charge.

A battery can be damaged by reverse charging. This
can occur if an individual cell becomes completely
discharged and the current from the other cells flowina
reverse direction through the discharged cell. Such acase
can develop dueto cell aging, partial charging, orif acell is
replaced. The battery charger uses SCR protection cir-
cuits to prevent accidental reverse charging. The SCR
protection circuits automatically shut off the instrument
whenever battery voltage falls below about 10 V. Do not
leave the POWER switch on when the instrument has shut
itself down because it will continue to discharge the
battery at a slower rate.

A 12 V dc power supply may be substituted for the 1503
battery pack by removing the pack from the unit and
connecting the power supply to the terminals inside the
battery pack compartment.

When substituting a dc power supply or external
battery for the battery pack, be sure the polarity is
correct. See Fig. 2-2.

The power pack can be stored at any temperature
between —40°C and +55°C with the battery cells either
fully or partially charged. The self-discharge rate of the
cells increases with increased temperature. A fully charg-
ed battery will lose about 50% of its chargein 3to 4 months
if stored at +20°C to +25°C. Therefore, the battery pack
should be completely recharged before using if it has been
stored without power supplied to its charging circuit for
more than a month.

2-2

Fig. 2-2. Battery connector polarity.

230 V Operation

The battery charger is factory wired for 115V ac or
230 V ac if Option 6 is ordered. The standard 115 V ac unit
can be changed to 230 V ac operation by rewiring the line
transformer. Refer voltage changes to qualified service

personnel only.

When the 1503 is wired for 230 V ac, be sure that the
two front-panel fuses are changed and the proper
plug is installed on the ac cable. Refer tothe partslist
for the correct parts.

Front Panel Controls (See Fig. 2-3)

1. CABLE Precision bnc connector used to
transmit theimpulse signal intothe
test cable and receive thereflected

signal.

Two push buttons used to select
the 1503 output impedance. 50 Q
pushed in, selects 50Q im-
pedance. 75 Q pushed in, selects
75 Q impedance. Both pushed in,
selects 125 Q impedance. Both
out, selects 93 Q impedance.

2. Impedance
selectors

3. FOCUS Controls sharpness of crt display.

4. INTENSITY Controls brightness of crt display.

5. POSITION/FINE Vertical position controls for crt

display.
6. ZERO REF Push button to check horizontal
CHECK reference location of test impulse(

signal on crt.
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CAUTION
AJBY PEAK
MAX

i
g

TOR *;ABL TEST

10 11

12 13 14

15

Jf-Y OUTPUT MODULE
016-0608-00

g PERCURT e

TEKTRONIX®

1865-03B

10.

11.

12.

ZERO REF
SET

RET LOSS (dB)
FINE

POWER

0-dB SET

NOISE FILTER

BATTERY

Fig. 2-3. Front-panel controls.

Horizontal pulse position control
for crt display. Sets test signal
edge to a vertical referenceline on
the crt when the DISTANCE dial is
at 000 or ZERO REF CHECK but-
ton is pushed.

Selects dB reference level of
the reflected signal. 0-dB to 60-dB
in seven calibrated steps. FINE
adds 0—18 dB to selected steps.

Pull-on, push-off switch. Does not
affect battery charging circuits.

0-dB
to set

Screwdriver adjust for
reference level. Used
amplitude of test pulse.

Reduces displayed noise. Display
sweep rateisreduced by afactor of
ten.

Indicates relative charge of power
pack.

13.

14.

15.

16.

DISTANCE

X10 (X1)
X100 (X10)

FEET/DIV
(METRES/DIV)

IMPLS WIDTH

Indicates the distance from 1503to
a point on the test cable; 0to 25000
feet (0to 500 metres) at X100 (X10).
Disabled when the FEET/DIV
(METRES/DIV) control is set to 50
(100) and the multiplier is set to
X100 (X10).

Two-position switch for X10 (X1)
or X100 (X10) multiplier. Affects
both DISTANCE dial and FEET/
DIV (METRES/DIV) control.

Selects horizontal deflection fac-
tor.

X10 (X1) = 5 to 500 feet/div (1 to
100 metres/div).

X100 (X10) = 50 to 5000 feet/div
(10 to 1000 metres/div).

Selects width of testimpulsefor 10,
100, or 1000 ns.

2-3
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17. CABLE
DIELECTRIC

SOLID POLY

FOAM POLY
VAR

18. RECORD

19. AC LINE
FUSES

Plug-in Modules

1. X-Y OUTPUT
MODULE

X, Y and
PEN LIFT
2. Y-T CHART

RECORDER

STYLUS
POSITION

Two push buttons and a screw-
driver adjust. Selects proper
velocity of propagation. VAR
control is activated when both but-
tons are pressed or released. VAR
control is set to air when fully
clockwise. VAR control has
reference marks every 30° to in-
dicate relative propagation con-
stants.

Two-position toggle switch. Used
to start an X-Y Recorder or
TEKTRONIX Y-T Chart recorder.
Push up and hold momentarily to
pre-heat stylus; then release to
start Chart recorder.

Protection fuses for the battery
charger circuits.

The standard plug-in module for
the 1503. Used to interface to an
external X-Y chart recorder.

Three dual sets of front-panel
jacks are used to supply horizon-
tal, vertical, and pen lift informa-
tion to an external X-Y Recorder.

An optional Tektronix Chart Re-
corder which replaces the X-Y
OUTPUT MODULE.

Screwdriver adjustment to adjust
stylus to the same level as the crt
display when the RECORD switch
is in RECORD position.

OPERATIONAL CHECKOUT

1. Use the step-by-step procedure for an operational
check of the 1503. First set the controls as follows:

FOCUS
INTENSITY
ZERO REF
RET LOSS (dB)
DISTANCE
NOISE FILTER
FEET/DIV

(METRES/DIV)

Midrange
Fully clockwise
Fully clockwise
0dB
000
Out
5
(10)

X10-X100 X10

(X1-X10) (X1)
CABLE DIELECTRIC SOLID POLY
IMPLS WIDTH 100
50/75 Q ' 50 Q

2. Adjust the INTENSITY & FOCUS control for a clear
bright trace.

3. Adjust the POSITION control to set the trace on the
horizontal center line.

4. Attachthe 50 Qterminatortothe CABLE connector.

5. Turn the ZERO REF SET button ccw until the test
pulse leading edge is located on a vertical reference line.
The vertical reference line may be any vertical line you
choose on the crt graticule. Adjust the 0-dB SET control
for a two division display.

NOTE

Always use the leading edge at the base line of the
pulse for setting reference. (See Fig. 2-4.)

[
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Fig. 2-4. Test pulse at reference line.

6. Adjust the ZERO REF SET button throughout its
range to see that the test pulse edge can be set on any
vertical graticule line. Set the test pulse edge on the
vertical reference line.

7. Set the DISTANCE dial to 010, press the ZERO REF
CHECK button and check that the test pulse edge returns




to the vertical reference line of the graticule. Reset the
DISTANCE dial to 000.

8. Change the RET LOSS control to 10-dB and adjust
the POSITION control so that the horizontal baselineis on
the bottom crt graticule line.

9. Press the NOISE FILTER button and check for a
reduction in displayed noise as well as a reductioninscan
rate. Reset the RET LOSS switch to 0-dB, release the
NOISE FILTER button (by depressing a second time).

10. Press IMPLS WIDTH (ns) 1000 and check for a 9
division (within 20%) wide pulse.

11. Press IMPLS WIDTH (ns) 10 and set FEET/DIV
(METRES/DIV) to .5 (1) and check for a slightly greater
than one division wide pulse.

12. Lift up and hold the RECORD switch. Check that a
bright spot appears at left edge of the crt.

13. Release the RECORD switch. The spot will slowly
trace the waveform. When the scan is complete the 1503
will automatically return to its normal mode.

Connecting a Test Cable to the 1503

Voltages up to 400 V may be expected on long
twisted-pair lines. These voltages may be present on
the front panel of the 1503. The optional isolation
transformer (013-0169-00) is recommendedto avoid
electrical shock to the user.

Voltages higher than 400 V peak or lower voltages at
frequencies higher than 400 Hz may damage the
Pulser and/or Sampler circuits of the 1503.

Connect cables, to be tested by the 1503, tothe CABLE
connector on the front panel. Cables of any impedance
may be tested by adjusting the 0-dB SET control and/or
using other than 2 crt divisions as the 0-dB reference.
However, tests at long ranges may be degraded.
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Table 2-1
OPTIONAL ACCESSORIES FOR THE 1503

Tektronix
Accessories Part Number

Adapter Assembly, Isolation

Transformer 013-0169-00
Terminator, 75 Q BNC 011-0102-00
Connector, BNC Female-to-Clip

Leads 013-0076-00
Adapter, Camera (Extension) 016-0327-01
Chart Recorder 016-0506-03
Chart paper 006-1658-00 or 01
Connector, BNC Female-to-GR 017-0063-00
Connector, BNC Male-to-GR 017-0064-00
Adapter, 50/125 Q 017-0090-00
Adapter, 50/75 Q 017-0091-00
Adapter, 50/93 Q 017-0092-00
Connector, BNC Female-to-UHF 103-0015-00
Connector, BNC Female-to-Dual

Banana Plug 103-0090-00
Connector, BNC Male-to-Male 103-0029-00
Connector, BNC Male-to-UHF

Female 103-0032-00
Connector, BNC Male-to-Dual

Binding Post 103-0035-00
Connector, BNC Male-to-N Female 103-0058-00
Connector, BNC Female-to-Dual _

Banana Plug 103-0090-00

Locating a Discontinuity in a Cable

The DISTANCE dial and the FEET/DIV (METRES/DIV)
control make it possible to evaulate cables as long as
50,000 feet (10,000 metres), subject to their transmission
quality. The entire length can be displayed directly on the
crt if desired. If a chart recorder is used, only that portion
of the trace seen on the crt will be recorded on the graph.

To check cables using only the crt display, the
FEET/DIV (METRES/DIV) control and the X10-X100 (X1-
X10) control must be set so that the crt display window is
longer than the cable. For example, if the cableis 1500 feet
(500 metres) long, set the FEET/DIV (METRES/DIV)
control to 25 (10) and the multiplier control to X10 (X10).
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This setting of the FEET/DIV (METRES/DIV) control
assures that the return signal will appear in the display
window. Measure the distance between the test pulse start
and the return pulse start.

To more accurately locate the discontinuity, set the
FEET/DIV (METRES/DIV) control to alower setting. (The
return pulse does not need to be in the display window.)
Adjust ZERO REF SET button so that the test pulse rise is
set at a convenient vertical reference graticule line. The
ZERO REF SET control may have to be readjusted when
changing the FEET/DIV (METRES/DIV) control.

NOTE

Always use the leading edge at the base line of the
test/return pulses for setting the reference. (See Fig.
2-4.)

Now turn the DISTANCE dial clockwise until thereturn
pulse is located on the reference graticule line. The
reading on the DISTANCE dial times the multiplier gives
thelength from the CABLE connectortothe discontinuity.

NOTE

The dB reference may have to be increased to
observe the reflection.

The CABLE DIELECTRIC push buttons allow the 1503
to accurately locate discontinuities in cables with various
relative propagation velocity constants (V;). The SOLID
POLY button is calibrated to check solid polyethylene
dielectric which has a V, of 0.66. The FOAM POLY button
is calibrated to check foam polyethelyne which has a V, of
0.81. When both buttons are either in or out, the effective
dielectric is variable from 0.31 to 1.00 and is controlled by
the screwdriver adjustment control VAR. In the fully
clockwise position it is calibrated for air dielectrics (V,
1.00).

Evaluating a Discontinuity

The RET LOSS control determines the vertical deflec-
tion that can be seen on the crt, or recordedonagraphifa
chart recorder is used. The control is calibrated to
measure the dB loss of the return pulse amplitude relative
tothetest pulse amplitude. The screwdriver adjustment, O-
dB SET, is used to set the amplitude (number of crt
graticule divisions) of the test pulse. The RET LOSS
control is then adjusted so that the return pulse amplitude
is the same as the 0-dB reference amplitude. The return
loss in dB is then read directly from the RET LOSS control
settings.

The mathematical definition of RET LOSS is 20 log p;
where p, the reflection coefficient rho, is given by:

ZL— 2 (

P="z. %z,

where Z, is the cable impedance and Z. is the
impedance of the discontinuity, assuming no cable loss.

Fig. 2-5 shows the two parts of a TDR display ap-
propriately labeled to identify the test and return voltage
signals. When the return loss = dB, the cable is
terminated by a resistance equal to its characteristic
impedance (Z,), since a perfectly matched cable (RL = Zo)
gives no reflection. When the return loss equals 0 dB with
a positive return pulse, the cable has an open termination
(RL = Q). When the return loss equals 0 dB with a
negative return pulse, then the cable is terminated with a
short (RL =0 Q).

NOTE

Care must be taken to account for cable loss whichis
assumed to be zero inthe example shownin Fig. 2-5.
Actual discontinuities are shown later in this section.

Cables with a characteristic impedance other than 50,
75, 93, or 125 Q can be evaluated by adjusting the 0-dB
SET control to correct the test pulse for two divisions then
proceed as normal. Positive or negative re-reflections will
be observed, however, due to the impedance mis-match.

The NOISE FILTER button can be used to reduce the
noise displayed on the crt. The reduction in noise is
accomplished by changing the time constant of the R-C
filter and is accompanied by a slowing of the sweep rate.

1503 ACCESSORIES

Plug-ins

The 1503 plug-in compartment will accept either the X-
Y OUTPUT MODULE (provided as a standard accessory)
orthe TEKTRONIXY-T Chart Recorder (Part Number 016-
0506-03) which is supplied with Option 4 instruments.

Using an X-Y Recorder

The X-Y OUTPUT MODULE may be wired for either a
positive or negative pen lift signal. Before using the X-Y
OUTPUT MODULE, be sure that the pen lift circuit on the
etched circuit board is properly connected. Fig. 2-6 shows
the proper connection for either a positive or negative pen{
lift signal.
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Fig. 2-5. TDR display of R, vs Z,.
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Fig. 2-6. X-Y Output Module strap.

An X-Y recorder can be used with the 1503 by
connecting it to the X-Y OUTPUT MODULE when it is
plugged into the 1503. Connect the X, Y, and PEN LIFT
inputs of the recorder to the corresponding jacks of the X-
Y OUTPUT MODULE. See the manual provided with the
recorder for further information on its use.

Mesh Filter for the crt

A mesh filter is provided with the 1503 which makes
viewing of the crt easier when the unitis being used in the
sunlight. This filter is placed over the crt by sliding it onto
the slots of the crt bezel.

Viewing Hood

Another accessory provided with the 1503 for light
shading is a viewing hood. This unit can be installed over
the crt by sliding it down over the crt bezel sides. The mesh
filter must be removed before the viewing hood will
connect to the crt bezel.

Using a Camera with the 1503

If a Camera Adapter is attached to the crt bezel of the
1503, a C-30B/31B camera can be used to take
photographs of the crt display.
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Nominal C-30B/31B camera settings are:

f/stop 5.6-11
time 1s
magnification 1.2 (fixed at 0.5 in C-31B)

focus as necessary

Battery Care

To charge the batteries, connect the 1503 to a suitable
ac power source. The battery pack will be fully charged in
16 hours. Approximately 30 minutes of operatingtime can
be expected from a one hour partial charge. The batteries
will not overcharge if left on longer than 16 hours so the
1503 can remain connected to an ac source without
damaging the batteries.

Reverse charging a battery can damage it. Reverse
charging can occur if an individual cell becomes discharg-
ed before the others. Such a case can develop due to cell
aging, partial charging, or if a cell is replaced. If a cell
becomes completely discharged, it is possible for it to
become reverse charged by the current from the stronger
cells. The battery charger is designed, using SCR protec-
tion circuits, to prevent deep discharge. The SCR protec-
tion circuits automatically shut off the instrument
whenever battery voltage falls below about 10 V. Do not
leave the POWER switch on when the protection circuit
has shut down the instrument becausethereis still aslight
drain on the battery.

To obtain longer battery life, the full 16 hour charge
should be completed in preference to a partial charge
cycle whenever possible. In addition, approxiamtely once
a month or every 15 charge-discharge cycles (whichever
occurs first), the batteries should be charged for ap-
proximately 24 hours.

The battery pack can be charged at any temperature
between 0° C and +40° C and discharged (operated) at any
temperature between —20°C and +55°C, but for max-
imum charge capacity, the cells should be charged at
+20°C to +25°C. For more information refer to the
Specification section of the Instruction Manual.

The power pack can be stored at any temperature
between —40°C and +55°C with the battery cells either
fully or partially charged. The self-discharge rate of the
cells increases with increased temperature. A fully charg-
ed battery will lose about 50% of its chargein 3to 4 months
if stored at +20°C to +25°C. Therefore the battery pack
should be completely recharged if it has been stored for
more than a month.

The 1503 has been made with a ruggedized case that is
suitable to provide protection when stored in exposed
areas. When the instrument is not being used, the
accessories, including the Operators Handbook, should
be packed in the instrument cover and the cover latched
on the front of the instrument.

Instrument Storage

The 1503 can be stored in temperatures between
—62°C and +85°C, but if the temperature is below —40°C
or exceeds +55°C, the batteries must be removed and
stored in a location where the temperature is between
—40°C and +55°C.

MEASUREMENT EXAMPLES

This section shows diagrams and results of checking
telephone-type twisted pair lines with the 1503. Errors in
impedance matching are the most misleading to the user
and must be understood for proper evaluation of the crt
display. The notes with each diagram are very condensed.
Refer to TEKTRONIX application note on testing
telephone long lines for more detail.

Voltages up to 400 V may be expected on long
twisted pair lines. These voltages may be present on
the front panel of the 1503. The optional isolation
transformer (013-0169-00) is recommended to avoid
electrical shock to the user.
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TIP
o
1503 RING
o

CABLE

An open tip and ring is shown as a positive
return pulse. If only one (tip or ring) is open, the
return pulse will be of less amplitude than if both
are open. Twisted pair lines generally use wire in
gauge range from 19 to 26. Line attenuation
increases rapidly with the gauge number, so the
range is reduced and the display on the 1503 is
more "smeared” when testing fine gauge wire.

\S

\
A A

Ll

TEST —— RETURN
PULSE PULSE

our
930

IMPLS WID'

FIND)

—|
S0LID]

POLY,

1865-06

Fig. 2-7. Open Tip and Ring.

TIP
o R ——
1503 RING _—

o 200000 ——

CABLE

The function of a loading coil is to increase
line inductance to improve transmission
characteristics. The tip and ring conductors
connect to separate windings on a donut-shaped
core. The two coils are wound in a direction to
produce an aiding magnetic field. The value of
the coil is determined by the cable
characteristics which runs between two points.
The 1503 cannot look through loading coils
because of the large impedance mis-match,
therefore, the coil will appear as an open line.
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Fig. 2-8. Loading Coil.
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TIP

1503 | piNG ><
O.

CABLE

Shorts between pairs is shown on the 1503 as
a negative return pulse. A short, called a metallic
cross, may be detected using a standard battery
or earphone test. However, the 1503 will indicate
the exact distance to the fault.

RETURN
PULSE

g

3

\

Fig. 2-9. Shorted Tip and Ring.

TIP
150(; RIN 'I' I I
o ¢ Lw T Wl_

CABL

A building-out network will appear on the
1503 as a short circuit (the capacitors in the
network short out the test pulse). A building-out
network is used with loading coils to artificially
make up the required distance of the coil. The
15083 cannot look through building-out networks
because of the large impedance mis-match.

N

RETURN
PULSE

\
\

1865-09

Fig. 2-10. Building-out network.
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TIP 4
° ~"MW—— ([
1503 AR
RING OPEN END |
o- ~/\V\/—— OF CABLE ——|
AT 6000 FT ||
AN
SALA)
A splice may have any impedance depending [ 3_
upon its quality. The illustration here is for a A !

splice having 67 ohms. This shows up as a
positive return on the 1503. A known fault
location such as a splice may be used as a
reference point for calibration prior to perfor-
ming measurements in a cable of unknown
dielectric constant.

TEST —SPLICE A
PULSE 4000 FT

1865-10

Fig. 2-11. 67-ohm splice at 4000 feet.
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TIP 1
1503 SLIT RESPLIT RESPLIT AT
RING 1 ¢ 2500 FT
o} 2
¢ K1/
TIP 2
RING 2 -
AR A4
CABLE TEST ~SPLIT AT

PULSE- 1600 FT ——

A split occurs at asplice when the tip or ring of yaye

positive return pulse. If a re-split (restoration to
normal condition) occurs in asubsequentsplice, 4
the return pulse will appear with the opposite 1 A
polarity of that shown for the split.

one cable isaccidently spliced to the tip or ring of N
another cable pair. The 1503 crt will show a RESPLIT AT
discontinuity similiar to that of a splice at the \ " 5000 FT
point where the conductors are separated. A \

decrease in capacitance will be indicated by a \

—1— SPLIT AT+

. 4000 FT
?l [
TEST

PULSE

ot
4

1865-11

212

Fig. 2-12. Split and re-split pair.
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TIP

1503 RING

CABLE

[

The 1503 will look through Bridge Taps. Since
they represent a large capacitance the Bridge
Tap will appear as a negative return pulse. A large
number of taps could be difficult to evaluate.

~

END OF ——
'I BRIDGE TAP
| AT 4000 FT
TEST Vi
PULSE \?\\
" /” .J"N
amy| END OF
BRIDGE TAP ||| CABLE AT
AT 2000 FT || 7000 FT
e oo rt

. [[worse||
LB

1865-12

Fig. 2-13. Bridge tap at 4000 feet.
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Section 3—1503

THEORY OF OPERATION

This section describes the circuits of the 1503 using a
combination of block and circuit diagrams on pull-outs at
the back of this manual. The components being described
can be found in the circuit diagrams. A cross reference
table for each schematic is located on the fold-out page
with the schematic.

Block Diagrams

There are two block diagrams that show the overall
functions of the 1503; Fig. 3-1, a simplified version, and the
main block diagram located on a pull-out page.

Circuit Operation

The 1503 uses pulse techniques to check cable con-
ditions. The Pulser circuits transmit the pulses down the
cable under test. The Sampler circuits sample the reflec-
tions and provide the vertical signal for display on the crt.

Sequential equivalent-time samplingis used to develop
adisplay. Two ramps are generated, afastramp and aslow
ramp. The fast ramp is compared to the slow ramp or a
fixed reference to generate trigger pulses for the Sampler
and the Pulser Generator respectively. These com-
parisons are made by the Pulser and Sampler Com-
parators.

Y

A
Y
o

CABLE

PULSER
\
PULSER +iesv
RAMP POWER > +100V
AND SUPPLY
GENERATORS SAMPLER . SAMPLER a oV
e - - COMPARATOR [ > ey
| HORIZ AMP | REG- I
Lo i ULATORS X v
> 125V
-—>— +8v
Y —>»—— —8V
DC —»—— +BATT
CRT - VERTICAL VOLTAGE
CIRCUIT AMPLIFIERS CON-
VERTER
]
BATTERY o +TO CHART
PACK > RECORDER
¥
X-YOUTPUT |
i MODULE = BATTERY
—— OR —— CHARGER
CONTROL C,.]';\LT
LOGIC RECORDER T
AC LINE
1792-15
Fig. 3-1. Simplified Block diagram.
@ 3-1
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A short time after the Pulser Generator transmits the
test pulse into the cable under test, depending on the
amplitude of the slow and fast ramps, a sampling trigger
from the Sampler Comparator causes the Sampler to
sample-and-hold the voltage level appearing at the input
connector at that time. This voltage sample is amplified
and sent to the crt Vertical amplifiers.

The Slow Ramp Generator provides the horizontal
sweep for the crt and, combined with the vertical sample,
provides a display of the sampled value. Samplingtriggers

taken later during the next fast ramp time, cause an

additional sample to be displayed next to the first one,
until a line of dots is formed across the crt, (Fig. 3-2).

The amplified vertical sample and slow ramp signals
are also sent to X-Y Interface connectors. These signals,
along with a pen lift control signal, provide the information (R
for driving external X-Y recorders.

If the TEKTRONIX Y-T Chart Recorder is used, the
amplified vertical signals from the Sampler are applied to
the writing stylus drive circuits. The speed of the chart
paper is controlled by the holes along the edge of the chart
paper passing between a phototransistor and a light
emitting diode. These provide digital information to the
Control Logic to control the speed of the slow ramp and
match the speed of the chart paper. Thus, the trace and
grid on the chart recording matches the trace and
graticule displayed on the crt.

TO PULSE
SLOW RAMP COMPARATOR
COMPARATOR FAST RAMP
—)l 27 mS {
_ /L
P!
vl
A A SAMPLER
CRT 30 usec X 10
SWEEP - -~ ~300 usec X100
CIRCUITS P - IJ;\ ~
. \ (
/ N
I\ \CRT
\ /I
A /
N SN, s
~ t = t,./
FAST RAMP
SLOW RAMP
]
| |
1 1
| ! I
i 1 | 1
| | | 1
1 | | | 1
1 | | I 1
| | | | | |
[ [ 1 1 | 1 !
| 1 | | | 1 1
| [ ] [ 1 1 ] ]
| [l 1 (L 1 | 1 "
1 11 1 [N [ [ 11 1
ab ab ab ab b a b a ba ba
t t,
a = Time at which test pulse is generated.
b = Time at which sample is taken.
1865-13
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Fig. 3-2. Sampling diagram.




When the slow horizontal scan of the crt has been
completed, the vertical input is automatically dis-
connected and the slow rampisreleased to scan atits own
speed. The chart paper continues to run until the entire
recorded data is outside the chart recorder.

DETAILED CIRCUIT DESCRIPTION

Time Base Generator (Diagram 1)

The Time Base Generator circuits consist of an
Inverter/Attenuator, Fast Ramp Generator, and the Timing
and Control Logic.

Inverter/Attenuator. The slow ramp signal, is a free
running saw tooth generated on the vertical amp/slow
ramp board, and entering diagram 1A at P24 in the upper
left corner. This signal also goes out to the output
amplifier and is the horizontal sweep for the crt. The slow
ramp is attenuated by selecting the gain of U1219B with
S1215F to provide a calibrated feet per division display on
the crtin seven steps: .5, 1, 2.5, 5, 10, 25, and 50 FEET/DIV.
This attenuated signal is applied to the inverting input of
U1219A through R1216 (FT/DIV CAL). The gain of
U1219A as related to the slow ramp is varied by R1216 to
provide FT/DIV scale calibration.

The output of U1219A, TP1312, contains a dc level
which is obtained from the combined settings of the
DISTANCE dial and the ZERO REF SET. The output from
the DISTANCE dial also goes to S0151 ZERO REF
CHECK. This switch will ground the DISTANCE dial
output when pressed and provide a zero reference for
checking the setting of the ZERO REF SET potentiometer.

Thesignal at TP1312 (ORANGE) is a variable amplitude
slow ramp whose dc offset is variable by ZERO REF SET
and the DISTANCE dial. This signal is applied to the
sampler comparator ‘'on diagram 1B.

Fast Ramp Generator. The fast ramp generator is
basically a constant current integrator consisting of
Q1235 and charging capacitors C1238 and C1227. The
current for Q1235 is determined by R1137 and R1127. The
voltage across these resistors is the 10 volt supply and the
base voltage of Q1235 plus the drop across the base-
emitter junction of Q1235. The base voltage of Q1235 is
the base voltage of Q1142 minus the voltage of the base-
emitter junction of Q1142. Thus the two base-emitter
voltages of Q1142 and Q1235 cancel each other and
compensate for temperature caused changes in base-
emitter voltage.

The current through Q1235 will flow when its base is
pulled toward ground. When Q1246 is turned off R1135

Theory of Operation—1503

will pull the base of Q1235 towards +10 V and thus no
voltage will exist across R1137 or 1127 and no current will
be drawn, conserving battery power between samples.

When Q1247 is turned on, Q1236 will be turned off and
Q1235 will be turned on. The current will flow charging
C1238 and C1227. The voltage across C1238 will increase
linearly with the current. The linear fast ramp is applied to
the base of Q1247, which provides a power gain of the fast
ramp signal (—2 V to +3.5V ramp) to drive the com-
parators, see diagram 1B. It also sends a voltage back to
Q1142, through C1243 to compensate for the base current
of Q1247.

The resistors R1356, R1357, R1355, and R1353 form
voltage dividers whose outputs are selected by S1156 and
S1252 (CABLE DIELECTRIC) to set the slope of the fast
ramp, keeping ZERO REF SET and DISTANCE calibrated
and setting the calibration for FOAM, POLY or Variable
cable dielectrics.

Timing and Control Logic

Timing and control of the 1503 Pulser and Sampler
circuits begins with the clock signal at U1667C pin 10. The
clock runs at a pulse repetition rate of 180 ms, see Fig. 3-3.
The clock can be turned off and an external calibration
signal inserted at the connector indicated by EXT CAL on
the main board.

Fast Ramp Timing. The clock signal is differentiated by
C1762 and R1761 and clamped to —5 V by CR1563. The
differentiated signal at pin 6 of both U1663 and U1667 will
be a positive-going spike occuring at therising edge of the
clock signal. This spike sets the R-S flip-flop so that the
output at pin 4 of U1663 goes low. This negative transition
is coupled to the delay circuit Q1565 through C1563,
turning Q1565 off during the time that C1563 is charging.
This holds pin 13 of U1663D high forcing its output at pin
11 to remain low even though pin 12 is low. When C1563
has charged to the point where Q1565 turns back on, the
level at pin 13 of U1663D drops to about —4 Volts. The
output at pin 11 of U1663D then goes high about 20 ms
after the first rising transition of the clock signal.

The output signal from U1663 is coupled to the gate of
Q1246, turning it on. It is also coupled through OR gate
Q1663C to the base of Q1236, turning it off. This startsthe
fast ramp by allowing C1238/C1227 to charge.

When the voltage of the rising Fast Ramp at the junction
of R1676 and R1663 crosses thereset threshold of U1663A
pin 1, the R-S flip-flop will reset, so that its output pin 4
goes high. This high is coupled through U1663D, to the
gate of Q1246 and through U1663C to the base of Q1236.

3-3
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Q1246 turns off, stopping the fast ramp rise. Q1236 turns
on, discharging C1238/C1227. The fast ramp then returns
to the level set by Q1332. The next rising transition of the
clock signal begins the cycle over again. Rising tran-
sistions of the clock signal have no effect during the time
of the fast ramp.

The time that C1238/C1277 take to charge determines
the length of the fast ramp, see Fig. 3-3. This time is
changed by the multiplier switch S1215R and the CABLE
DIELECTRIC pushbuttons S1156 and S1252.

Pulser Enable. R-S flip-flop comprised of U1667A and
U1667B is used to enable the power tothe pulse generator
through Q1657 (Diagram 2). It is also used to reset the
Pulser strobe generator, Q1556 and Q1551. Pulser power
is enabled 20 ms before the fast ramp starts to ensurethat
the pulser circuits are stable. The Pulser strobe from
CR1654 resets R-S flip-flop U1667A and U1667B. This is
necessary to save battery power.

Pulser/Sampler (Diagram 1)

The circuits contained on the Pulser/Sampler portion
of the main board consist of a Pulser and a Sampler
comparator and the Pulser Generator and Sampling
circuits.

Both comparators are identical, except the Pulser
Comparator is referenced to a dc level and the Sampler
Comparator is referenced to the slow ramp signal. They
are both essentially current comparators. In the Pulser
Comparator the voltage at the emitter of Q1559 is
compared to the voltage at the cathode of CR1755. The
current that flows through Q1559 is the difference
between those two voltages divided by the value of R1655
and R1755. CR1558 is a 1 milliamp tunnel diode and
together with Q1558 forms a fast switch. When the current
through Q1559 reaches 1 milliamp CR1558 will fire. The
switch will change state and the output at the collector. of
Q1558 will change from —5 V to +5 V. The transition is
about 30 ns. This causes the generation of one test pulse.
The switch will remain in this state until the current
through tunnel diode (CR1558) has dropped below its
valley point. This occurs when the fast ramp is reset.

The Sampler Comparator works the same, except the
time at which the comparator fires is delayed due to its
being referenced to a slowly increasing voltage (the slow
ramp). Thus the sampling point is slewed by the level of
the slow ramp (see Fig. 3-2).
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Pulse Generator

The Pulse generator consists of a current source Q1435
and various inductors and capacitors selected by IM-
PULSE WIDTH (S1343). The current source is turned on
causing energy to be stored in the selected inductor. The
pulser strobe causes Q1435 to turn off which resultsin an
induced pulse whose frequency is determined by the
selected inductor/capacitor parallel resonant circuits. The
voltage at the collector of Q1435 will swing negative once
but will be clamped to zero as it attempts to go positive.
The strobe that turns off Q1435 also resets flip-flop
U1667A and U1667B and turns off the current source.

Q1556 and Q1551 comprise a pseudo SCR circuit
whichis triggered by the pulse from the comparator circuit
Q1558 and CR1556. When the SCR fires it turns Q1435 off
in approximately 2 ns. The trigger from the comparator is
also sent to U1667 pin 2, an RS flip-flop, through CR1654
resetting the flip-flop which turns off Q1657, thus keeping
the current source Q1435 off.

When Q1435 is turned off the collector voltage will tend
to ring due to the energy in the inductor/capacitor circuit
and swing negative and positive with respect to ground.
Clamping diode CR1434 and Q1436 prevent any positive
excursion of the voltage. Due to the clamping action all
energy from the inductor/capacitor circuit is dissipated
and only one negative-going half-sine pulse is generated.

This pulse is applied through C1447 to the output stage
Q1637. The output stage is basically a class B common-
emitter amplifier which is biased to about +24 V. The
emitter goes to the +25 V supply through a network of
resistors. These resistors provide the required gain to
output the pulse voltage (0-5V) into the selected
characteristic impedance. The output of the Pulse
amplifier Q1637 is sent to the CABLE connector through
dc blocking capacitor C1715.

CR1639, R1646, and C1647 form a clamping circuit to
prevent high positive transient voltages from damaging
Q1637 and the sampling circuits. Voltages above +25 V
will forward bias CR1639 causingitto conduct and charge
C1647. When the voltage is removed, the excess voltage
drains through the +25 V supply; returning the charge on
C1647 to its quiesent level of +25 V.

The clock signal from U1667 pin 10 is rectified by
CR1647 and CR1648 and regulated by VR1649 to —9 V
across C1648. Any fast-transient negative-going voltages
on the CABLE will be clamped to about —9 V.

Slow transient positive or negative voltages, less than
400 V and less than 400 Hz, will be blocked by the
reactance of C1715 and the selected output resistance.
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Sampler

The sampler circuits receive the test pulse and the
reflected pulse from the Pulse Generator and the CABLE
connector via a coaxial cable. The cable has aferrite bead
isolator. The R1791, R1733, and R1734 provideimpedance
matching for the cable. Capacitors C1741 and C1742
compensate for a dc component of the pulse train.

First Sampling Gate. During the period in which the
gate diodes are forward biased by the strobe pulse
capacitors C1697 and C1793 appear in parallel and are
charged to a portion of the input signal level at that instant.
The amplifier U1795 is too slow to respond. After several
hundred nanoseconds the amplifier realizes that its in-
put/output levels are not in the correct proportion and the
output begins to move to correct the situation causing
charge redistribution between C1793 and C1697. Closer
look atthe amplifier shows that is a non-inverting amplifier
with positive feedback by means of C1697. The gain of the
feedback loop is varied from 1 to .62 by R1693 in
conjunction with R1692 and theforward gainis 1.62, set by
the sameresistors for an equivalentloop gain variation of 1
to 1.62. The final state of charge on each of the capacitors
C1793 and C1697 is determined by their values and the
loop gain. The output voltage thus may be varied by R1693
to produce an output equal to 1.62 times the true input
before sampling. This results in an equivalent sampling
efficiency of 100%.

First Blow-by Compensation. Blow-by results from
energy feeding through the junction capacitance of the
sampling diodes even though they are turned off. Thefirst
blow-by compensation is accomplished by R1796 and
R1793. These resistors feed a portion of the input signal
into the inverting input of operational amplifier U1795.
This cancels the blow-by voltage at the output of U1795.
The amount of compensation depends upon the setting of
R1796.

Second Sampling Gate. Q1594 and U1503 comprisethe
second sampling gate. Second sampling is required to
reduce the effect of unbalanced leakage currentinthefirst
sampling gate diodes. The output of the sampler com-
parator Q1578 is used to turn the gate on for about 8 ms,
allowing C1593, the second memory capacitor, to charge
to the level of the sampled signal. U1503 amplifies the level
stored on C1593 and provides the discharge path for
C1593 between charge times. Fig. 3-4illustrates thetiming
of the second sampling circuits.

Second Blow-by Compensation. Blow-by resulting
from gate-drive energy feeding through the gateto source
capacitance of the second sampling gate is compensated
for by feeding a portion of the drive signal into the
inverting input of U1503. This portion is obtained through
R1597, C1595, and R1406. The amount of the first sampled
signal sentto U1503is determined by the setting of R1406.
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Log Amplifier. Amplifier U1695B in conjunction with
R1603 and R2126 is used to amplify the sampled signal
logarithmically from Oto 18 dB providingthe FINE dBloss
control.

Slow Ramp Generator (Diagram 3)

Integrator. An inverting amplifier circuit with a FET
input is used as an integrator. Integrator capacitor C2356
is connected between the collector of Q2345 and the
inverting input (gate of Q2246A). A negative current
applied to the inverting input through R2353 results in a
linear rising voltage at the output (see the waveform
shown in Fig. 3-5). This output voltage will continuetorise
until it reaches an internal comparison level of 4.1 V. The
bi-level comparator output then switches to a higher
output level to close the FET switch, Q2257. It also
changes its comparison level to —0.1 V. This allows a
positive current to be applied to the input of the integrator
through R2251. The positive current is =13 times larger
than the negative current and causes the output voltage of
the integrator to decrease linearly. After a short period of
time, the integrator output voltage approaches this com-
parison voltage of —0.1 V and causes the positive current
into the integrator to be turned off. At this time the
comparator level is switched backtothe 4.1 Vlevel and the
cycle starts over.

The rise and fall time of the slow ramp can be varied by
changing the integrating capacitance values. In the nor-
mal 40 Hz scan a value of 0.0013 uF is used. When NOISE
FILTER switch S2254 is activated, the scan frequency is
reduced by approximately 7 times by paralleling a
capacitance value of 0.01 uF to the original 0.0013 uF. For
recording (X-Y or chart) purposes, a value of 1 uF is used.
(Q2248 acts as a FET switch and is controlled by the
Record Logic.)

Bi-Level Comparator. During the positive going se-
quence of the Slow Ramp Generator, Q2161 is saturated
and Q2166 is off. The emitter voltage of Q2161 and Q2166
is 4.1 V. This voltage is controlled by a resistor divider,
R2267 and R2158. The collector (output of the com-
parator) of Q2166 is at a—5 V level because the transistor
is not conducting. The anode of CR2159 has to rise to
4.1 Vin order to turn off Q2161.

When Q2161 turns off, its collector level will decrease,
which causes Q2166 to be turned on and saturated. The
emitter voltage output switches to —0.1 V. Q2161 remains
off until the anode voltage of CR2159 goes to —0.1V,
which restarts the cycle.

|
The comparator can be forced into the retrace cycle by
a +5 V signal at the anode of CR2262.
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Fig. 3-4. Sampling Circuit timing.

Retrace Signal Amplifier. The retrace signal amplifier
uses an input FET (Q2258) to drive amplifier Q2259. The
output voltage is +5 V during retrace and —5 V during the
scan cycle. The output is used for Chart Recorder Logic
and Record Logic.

Current Sources. The positive and negative currents for
the retrace sweep are generated by applying +5 V and
—5 V to the high value resistors R2251 and R2353 respec-
tively.
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Fig. 3-5. Functional block diagram of the Slow Ramp Generator.

X-Y Recorder Logic

The X-Y Recorder Logic consists of multivibrator
U2332B and U2332D; gates U2332A and U2332C (and
multiplex switches U3223A and U3223B on diagram 4).

During the normal mode of 1503 operation, the output
of the multivibrator (PEN LIFT: TP2157, yellow) islow and
Q2248 is not conducting. Pin 10 of U2332C is low and
Q2249 is not conducting. By pressing RECORD switch
S0481B, the RECORD line goes high, the multivibrator
changes level, and TP2157 becomes high (+5 V). This
turns on Q2248. The output of U2332A (pin 3) goes low,
and the output of U2332C (pin 10) goes high. This turns
Q2249 on. Q2249 and Q2248 keep C2356 discharged and
the output of the Slow Ramp remains at 0 V. By releasing
the RECORD switch, the output of U2332C goes low,
which turns Q2249 off, but, Q2248 stays on. This startsthe
Slow Ramp Generator scanning at amuch slower rate due
to C2352 being added to the circuit. When the scan cycle
ends, the output of retrace amplifier Q2259 goes high,
causing multivibrator U2332D and B to be reset. This sets
the Recorder Logic back tothe normal mode of operation.

The components CR2324, R2324, and C2325 are used
to ensure that the Recorder Logic is inthe normal mode of
operation when the power supply switch is turned on.

Horizontal Output Amplifier (Diagram 4)

The Horizontal Output Amplifier consists of Q3221,
Q3118, Q3113, and Q3114. This amplifier amplifies the 0-
4V, slow ramp signal into a differential voltage of
approximately 150 V as well as shifting the output level to
an average voltage of 85 V. The amplifier gain is ap-
proximately 37 and is achieved with a differential tran-
sistor amplifier, Q3221 and Q3118. The gain is controlled
by the ratio of resistance R3122 or R3121, to the parallel
values of resistors R3217 plus R3116, and resistors R3216
plus R3212. R3217 is variable to adjust for crt deflection
factor tolerances. The differential amplifier uses Q3113
and Q3114 as a current mirror current source. The
thermally stable current is set by R3112, R3114, and
R3115. R3213 is used for horizontal positioning.

Vertical Amplifier (Diagram 4)

The Vertical Amplifier circuit contains selectable gain
amplifier U2136 with positioning control, variable gain
amplifier U2143 to calibrate the instrument for different
cable impedances, retrace logic, and a vertical output
amplifier.

Selectable Gain Amplifier. This circuit consists of|
operational amplifier U2136, and a bank of resistors for

[
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gain selection. The required resistors are selected by
switch S2126 (RET LOSS). The resistors are selected to
provide a logarithmically varying gain.

The operational amplifier is connected as a voltage
follower. The non-inverting input receives its signal from
the log amplifier through R2138 and the positioning signal
from amplifier U2131 through R2137. High-frequency
noise is filtered by 0.001 uF capacitor C2137. Additional
noise filtering can be obtained by activating the NOISE
FILTER switch, S2254, which adds a 0.1 uF capacitor,
C2241, to the circuit and reduces the horizontal sweep
rate.

Positioning. Vertical trace positioning is accomplished
by offsetting the dc level of the input vertical signal.
Operational amplifier U2131 provides the dc offset
voltage. U2131 is controlied by R0251A (POSITION) and
R0251B (FINE).

Variable Gain Amplifier. The Variable Gain Amplifier
consists of U2143 with variable gain provided by R0263.
The incoming voltage is attenuated approximately 50% by
R2233 and R2144. The output voltage is approximately
200 mV per division. The variable gain control has arange
of approximately 5 times and is set by the values of R0263
and R2142. The output goes through the Retrace Logicto
the Vertical Output Amplifier.

Retrace Logic. The Retrace Logic consists of Gate
U3123C, inverter Q3137, controllable oscillator U3123A
and U3123D, and analog switches U3223C and U3223D.

The only time the vertical signal is applied to the vertical

-output amplifier is during the forward scanning cycle.

During the retrace cycle, an offset voltageis appliedtothe
vertical output amplifier.

During the slow ramp’s forward scan cycle, the retrace
signal is negative, as is pin 2 of U3123A. This causes the
output of U3123D to be low. Pin 6 of U3223C is also high,
while pin 12 of U3223D is low, and the vertical signal
passes through the analog gate to the output amplifier.

During the retrace cycle, the output of U3123D is low
and pin 6 of U3223C is low while pin 12 of U3223D is high.
This allows the output of U3123D to be passed to the
vertical output amplifier. This causes the beam to be
deflected below the crt viewing area.

Vertical Output Amplifier. The Vertical Output amplifier
consists of Q3236, Q3232, Q3139, and Q3235. The mode of
operation is identical to that of the Horizontal Output
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Amplifier. In the Vertical Output Amplifier the amplifier
gain is approximately 80. Capacitor C3233 is added to
increase high frequency response.

Display Circuits

The display circuit contains the High Voltage Supply,
which provides the voltage for the FOCUS control,
INTENSITY control, and the cathode of the crt and the crt
biasing network. The crt, which provides a display of the
conditions of the cable being checked, is alsoshowninthe
circuit.

High Voltage. The high voltage circuit consists of: an
oscillator, formed by transistors Q4149 and Q4145;
transformer T4241; a high voltage multiplier circuit con-
sisting of CR4323, CR4313, CR4311, and CR4211, and a
resistor divider string consisting of R4114, R4126, R4222,
R4129, R4221, INTENSITY control R0442, and FOCUS
control R0432.

The self-starting oscillator is formed by R4148 and
R4145 and transformer T4241. The transformer has a
separate feedback winding (pins 9, 10, 11) which ac
couples the voltage to the bases of the transistors Q4149
and Q4145. R4146 and R4141, along with the 0.001 uF
capacitors C4135 or C4134, establish a time-constant
sufficient to prevent saturation and establish the oscillator
frequency.

Winding 7-8 of the transformer provides a 0.6-V rms
signal for the crt filament. This winding is high voltage
insulated. Winding 4-6 provides a 500-V square wave that
is used to generate the high voltage. The high voltage
multiplier circuit converts the 500 Vto 2000 V. The resistor
divider string is connected between the 2000 V and the
1000 V taps of the multiplier circuit. This provides the
voltages for correct biasing of the crt. The FOCUS and
INTENSITY controls are part of this divider string. A150 V
zener diode, VR4117, is used to stabilize the cathode to
grid potential.

Power Supply

The Power Supply consists of a line selector,
transformer T0389, a battery charger network, battery
pack BT0369, and the dc to dc voltage converters. The
battery charger network contains SCR switch Q6157, SCR
triggering circuit Q6143, Q6244, and Q6241, operational
amplifier U6138, and current reference resistor R6131.

The dc voltage converters contains an Anti-Deep-
Discharge circuit (Q6548, Q6549, and Q6547); a primary
regulator (Q6552, Q6557, and VR6459); a duty-cycle
controlled oscillator (Q6458, Q6445, C6551, R6545); a fly-
back switch (Q6435 and Q6349); and fly-back transformer

39
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T6535. The secondary output windings of T6535 provide
the +165 vV, +100 V, +25 V, +10 V, +8 V,—8 V, +5 V, and
—5 V supplies. The +10 V, +5 V, and —5 V circuits have
secondary regulation circuitry. See Fig. 3-6 for a simplified
block diagram of the power supply.

Battery Charger. Line transformer T0389 in conjunc-
tion with full wave rectifier CR6157 provides battery
charge current. The battery charge current is regulated for
an average current of 150 mA (independent of battery
load).

A reference voltage of approximately 50 mV is created
across reference resistor R6132. This voltage is created by
R6135 and VR6134. The battery load and charge current
are always fed through R6131 and the charger will try to
maintain an average current of 150 mA into the battery.
This is done by comparing the voltages across two
reference resistors (R6132 and R6131) using operational
amplifier U6138. Depending upon the battery charge
current, the output of the operational amplifier will provide
more or less current into the current source input Q6244.
With every new cycle, a current (of the same magnitude as
the input current) will be released by Q6241 to charge
capacitor C6147. This current will be increased or
decreased to maintain an average of +50 mV across
R6131. The voltage across C6147 builds up every cycle
until it reaches the firing threshold level of the program-
mable unijunction transistor (PUT) Q6143. At this mo-
ment, a triggered pulse occurs at the cathode of the PUT,
which inturnfires SCR Q6157. When this occurs, a portion

of the full-wave rectifier output provides a charge current
for the battery during the remainder of the cycle. During
this same period, C6147 gets discharged through the
anode of the PUT. The point at which the triggering occurs
is determined by how fast C6147 becomes charged to the
reference voltage of about 4.5 V and the charging speedis
determined by the average current to the battery.

Because the charge current andload currents areinthe
formr of pulses, averaging (integration) is performed at the
output of operational amplifier U6138 by a 15 uF capacitor
C6233. Zener diode VR6235 provides level shifting.
Battery pack BT0369 consists of nine nickel-cadmium C
cells. CR6234 prevents reverse biasing of C6233.

NOTE

For proper operation, the battery pack must be in
place at all times during operation of the instrument.

DC Voltage Converter. The controllable oscillator is an
astable multivibrator (Q6458 and Q6445). The collector of
Q6445 is high for 8 us and low during the remainder of the
period. The 8 us period is set by C6551 and R6545 in
parallel with R6449 and R6457. The low voitage duration at
the output is controlled by the primary regulation voltage
of Q6552, R6454, and C6451. Diode CR6452, R6451, and
R6453 protect against base-emitter reverse breakdown
voltage.
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Fig. 3-6. Block diagram of 1503 Power Supply.
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The output of the astable multivibrator is connected to
the fly-back switching circuitry consisting of Q6349 (a
Darlington emitter follower) and Q6435 (a high current
switch). Q6435 conducts when the output of the mul-
tivibrator is high, so a magnetic field builds up in fly-back
transformer T6535 by way of windings 5-6 during the 8 us
period. When Q6435 turns off, the field collapses and the
stored energy is transferred to the secondary windings.
Diodes CR6347, CR6441 and CR6442 prevent Q6435 from
saturating, causing the switch-off time to be faster. To
reduce the base drive energy, a voltage source that is
lower than the battery pack is used. Thisis supplied from
terminal 3 of T6535 through diode CR6446.

The +25 V (pre-regulated) supply is usedto control the
primary regulation. (It is also used for the high voltage
circuitry and the pulse generator.) A voltage tap is
provided by way of R6358 and Q6357 to create 9.7 V as a
reference voltage for the primary regulator network. This
voltage is compared against the combined voltage of 9.1 V
zener diode VR6459 and the base-emitter junction of
Q6557. Depending on the voltage level of the 25 V supply,
Q6557 conducts more or less. The amplified collector
voltage is fed to astable multivibrator Q6458 and Q6445 by
way of emitter-follower Q6552. This controls the duty
cycle of the astable multivibrator.

Anti-Deep-Discharge  Circuit. The Anti-Deep-
Discharge circuit prevents the battery pack from going
into deep discharge, which could permanently damage
the batteries. Q6549 and Q6547 are connected as an SCR
network. When fired, both transistors fully conduct, which
forces the collector of Q6557 to ground. This reduces the
input voltage to the input of the astable multivibrator, and
turns it off, disabling the dc voltage converter.

The SCR network is triggered when Q6548 conducts.
This happens when the battery voltage drops below 10 V.
The +10 V power supply is used as reference voltage by
way of CR6546 and R6539. To reset this SCR network, the
battery voltage must be removed by turning off the front
panel POWER switch. The batteries must be charged or
replaced (unless ac power is to be used) before further
operation of the instrument. To allow quick discharge of
C6443, when the power switch is off, and reset the SCR
latch quickly, R0165 is connected between ground and
C6443 by switch S0165.

When the Anti-Deep-Discharge circuit is operating,
the voltage circuits are turned off, but there is still a
small amount of current drawn from the batteries.
This will further discharge the batteries (at a slower
rate) if the POWER switch is not turned off.
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Voltage Regulators. The +165V, +100 V, +8 V and
—8 V supplies are not individually adjustable. R6358 is
used to adjust the +25 V supply to the correct output
voltage. The +10 V regulator provides a10 Vreferencefor
the +5 V and —5 V regulators.

The 5.1 V zener diode, VR6417, is used in a bridge
configuration to provide a reference voltage for the +10 V
supply. R6518, R6513, R6413, and R6514 are part of this
bridge network. The bridge outputs are fed into
operational amplifier U6515, which drives series regulator
Q6427. Zener diode VR6419 is used as a start-up circuit.
Capacitor C6416 provides additional power supply filter-

ing.

Q6331 isthe series regulator forthe +5 V power supply.
The +5 V is referenced against the output of the divider,
R6225 and R6231, which in turn is driven by the +10 V
supply. The output of U6236 drives the seriesregulatorina
voltage follower mode.

The —5V power supply uses Q6227 as a series
regulator. U6222 is used as a controlled current source
and the minus voltage connection (—V) is connected tothe
base of the series regulator. Part of the no-load amplifier
current is shunted by R6222 and the load current fluc-
tuations are used to control Q6227. R6223 is a current
limiter.

Control Logic (Diagram 5)

The Logic board is used only with the TEKTRONIXY-T
Chart Recorder. This board can be removed without
affecting the operation of the 1503. However, if this board
is removed, the RECORD switch would have to be
connected to the Vertical board by connecting the cable
from the RECORD switch to P28 on the Vertical board.

The Logic board consists of pulse shaper, U5166A,
U5166B, U5166C, and U5166D; binary counter U5147; a
horizontal correction network; Chart Recorder Logic for
controlling the paper drive motor; stylus heat; a Chart
Recorder power switch; and an anti-bounce record circuit.

Pulse Shaper. The Pulse Shaper is made up of U5166A,
U5166B, U5166C and U5166D. When the paper is moving,
asquare wave signal (CHART SPEED SENS) is generated
by the holes in the paper passing between alight-emitting
diode and a photo-sensitive transistor. The resultant small
pulses are shaped to a clean square wave by a high gain
amplifier circuit, U5166B and U5166C. The output signal is
capacitor-coupled by C5167 to one-shot multivibrator
U5166A and U5166D. This one-shot produces an output
signal at TP5145 (violet test point) which is a positive
going pulse approximately 10 ms wide. This (clock) pulse
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is connected to binary counter U5147; and to the end of
the paper motion sensor network, R5148.

Counter. The 7-stage binary counter is an integrated
circuit U5147. The binary outputs are connected to an R,
2R resistor ladder network, which together with U5117
forms a digital-to-analog converter. Outputs Q1 and Q7
are connected to AND gate U5252B so that it recognizes
the count number 65. Q2 clocks multivibrator U5127B at
count 2. (The signal from U5127B starts the slow ramp.)

Horizontal Correction Network. The Horizontal
Correction network compares the output of the digital-to-
analog converter, with the inverted siow ramp signal.
U5227 inverts the slow ramp signal.

The digital-to-analog output and inverted slow ramp
signal are connected to inverting amplifier U5117, which
performs summation and amplification simultaneously.
This signal is fed to the Slow Ramp Generator by way of
R5118 and will speed up or slow down the Slow Ramp
Generator to synchronize it with the paper speed of the
Strip Chart Recorder.

Chart Recorder Logic. The logic control signal that is
received through pin 2 of P53 is shaped into a narrow
impulse (negative going) by U5156B and U5156C. This
impulse occurs at the trailing edge of the logic control
signal and latches bi-stable multivibrator U5252A and
U5252C. Pin 9 of U5252A goes positive, turns on Q5266
which pulls the motor control line to ground, causing the
paper drive motor to start rotating. The paper drive motor
is turned off at a count of 65 by U5252B. Asecond signalis
capabile of turning the motor off. This occurs whenthe end
of the paper is reached and the output from the pulse
shaper is stopped. This causes C5249 to discharge and
unlatch the multivibrator.

The multivibrator is initially latched when the inverted
control signal from pin 4 of U5156B charges C5249. The
impulse from pulse shaper U5166A and U5166D keeps
C5249 charged. The multivibrator latch (output of pin 10)
disables the reset of the counter and turns Q5144 on. This
locks out the logic control input line.

Stylus heat control comes from Q5239, which is turned
on by flip-flop U5127A. This flip-flop is energized by PEN
LIFT signal from the Vertical board. The RETRACE signal

TOTAL HOLES = 65

65 = 13 DIV OF FIVE 0.5 CM/DIV SEGMENTS

I‘ ’I

IRTTETIT RTTT TYOT! FYTTTTVN FRTTTIITTY PVTYITINI TP ITIR AP PIN G
START I
BUTTON P53-2
STYLUS
HEAT PIN J
POWER
PAPER
FEED PIN D
POWER
SLow P53-3
STYLUS
DRIVE PIN K, H
POWER

CORRECTION
SIGNAL P53-6
1865-19

Fig. 3-7. Chart Recorder logic.
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turns the stylus heat off. This signal brings the flip-flop
back to its original state (where-pin 1 is low). The "Q"
output also controls the chart pen motor power switch as
well as providing the "J” input to flip-flop U5127B.

U5127B controls the start of the Slow Ramp Generator
and controls the horizontal correction signal disable
network (Q5112) and the power switch to the chart pen
drive. The Slow Ramp Generator starts when Q2 of the
Counter goes high. The output "Q” of U5127A enables
U5127B to be clocked by Q2. When clocked, the pin 15
output of U5127B raises the HORIZ CONTROL line, while
the pin 14 output enables the horizontal correction circuit
by means of Q5112. The Q output of U5127A enables the
heat and pen drive power when high.

Q5237 and Q5229 act as a dc level shift amplifier
between flip-flop U5127B and the Slow Ramp Generator,
which is on the Vertical board. Q5226 senses when the
chart recorder is plugged in.

Chart Recorder Power Switch. The plus orminus 8 Vto
drive the stylus movement is applied to the Strip Chart
Recorder through two electronic switches, Q5273 and
Q5277. Q5179 parallels Q5273 to provide more current in
the +8 V line. These switches are driven by the same
signal that is used to control stylus heat switch Q5239.
This signal is passed through Q5173 and Q5279 to the
switches.

Anti-Bounce Record. This circuit, consisting of
U5156A and Q5156D, removes switching transients from
the RECORD switch. The output of this circuit goes to the
Vertical board to control the X-Y Record Logic. The
Record Logic in turn provides the logic control signal that
is received through pin 2 of P53 on the Logic board. If the
Logic board is removed from the TDR unit, the harmonica
connector from the RECORD switch should be connected
to P28 on the Vertical board.

X-Y Output Module

The X-Y Output Module provides an electrical interface
between the 1503 and an external X-Y Chart Recorder.
Three signals, PEN LIFT, X Output, and Y Output are
provided for use by the external Chart Recorder.

The switching mechanisms for the outputs are solid
state devices, therefore care should be taken when
connecting loads to them. See the specifications listed in
the Characteristics section of this manual.

Theory of Operation—1503

Pen Lift. The Pen Lift signal level changes when the
RECORD switch is activated. The normal level is either
0.0V £0.5V or 5V 40 or —1 V, depending on how the
terminal link of the X-Y Output Module board is connected
(positive or negative slope, see Fig. 3-9). When the
RECORD switch is activated, the level will change from
oVto5 Vorfrom5 Vto0 V. The driving capability of this
signal source is given in the Characteristic section of this
manual.

NEGATIVE SLOPE
\

—L<§>\_f_

POSITIVE SLOPE

1792-13

Fig. 3-8. X-Y Output Module strap.

Diode CR7247 is used to clamp the negative voltage
swing to —0.6 V. Q7242 provides the capabilities for the
operation of units with a positive pen lift or agroundreturn
path.

X Output. The X output is proportional tothe horizontal
position of the crt beam along the crt face. This signal is a
ramp of approximately 20 s duration and raises at arate of
0.1 V for each division of horizontal travel across the crt.
This 0.1 V per division scale factor is set by a voltage
divider network comprised of R7138, R7129 and R7122.
C7132 is used to reduce noise. Source impedance is less
than 13 K (9.4 K minimum).

Y Output. The Y output is proportional to the vertical
deflection on the crt. The scale factor (volts output per
division of crt deflection) is adjustable, from 0.09 V per
divisionto 0.13 V per division (factory setfor 0.1 V/div), by
variable resistor R7225. The source impedance of this
signal is less than 11 kQ (8 kQ minimum) and is deter-
mined by R7234, R7224 and R7225. C7232 is used to
reduce noise.
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Section 4—1503

CALIBRATION PROCEDURE
PERFORMANCE CHECK PROCEDURE

Calibration Interval

To ensure accuracy, check the calibration of the 1503
every 1000 hours of operation, or every six months if used
infrequently. Before complete calibration, thoroughly
clean and inspect this instrument.

Tektronix Field Services

Tektronix, Inc. provides complete instrument repair
and recalibration at local Field Service Centers and
Factory Service Centers. Contact your local Tektronix
Field Office or representative for further information.

Using this Procedure

Performance Check. The performance check of this
instrument can be made by performing all steps of the
performance check. The 1503 can be checked for basic
operation by using a cable of known length, impedance,
and dielectric, but an accurate check requires removing
the case and using the performance check. Whenever the
case is removed, it must be resealed using the procedure
listed at the end of the Calibration Procedure to maintain
watertight integrity.

Partial Calibration. A partial calibration step is often
desirable after replacing components. To prevent un-
necessary recalibration of other steps, be sure the instru-
ment settings are correct by referring to previous steps.

Complete Calibration. Completion of each step in this
procedure ensures that this instrument is correctly ad-
justed and performing within all given tolerances.

NOTE

When other equipment is substituted, control set-
tings or calibration set up may need to be altered to
meet the requirements of the substituted equipment.

Preliminary Procedure

Remove the battery pack from the rear of the 1503 case.
Remove the front cover of the 1503.

Loosen the four screws at the rear of the case and set
the unit face up. Push down on the handle to break the
seal; then place it face down on aflat surface. Take hold of
the sides of the case and pull to remove the case from the
unit.

Remove the EMI shields from the top and bottom of the
unit. Place the battery pack in the rear of the 1503, taking
carethat the polarity is correct. Connect the ac power cord
to the ac outlet, at the rear of the unit, andtoa 115 V ac
(230 V ac for Option 6) power source.

Extreme caution must be used when operating the
1503 with the covers removed. Up to 170 V may be
encountered in exposed areas.

Pull the POWER switch to turn the unit on and allow 20
minutes warm-up before proceeding with the calibration.
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Table 4-1
LIST OF TEST EQUIPMENT REQUIREMENTS

Description

Performance Requirements

Applications

Example

Power Module

Must be used with all
TM 500 plug-ins

TEKTRONIX TM 503
or TM 504

Digital Voltmeter

Range 0-200 V, +0.1%
accuracy

Voltage Measurements

TEKTRONIX DM 505
or DM 502A

Pulse Generator

0.1 ms, 0to 5V Output,

External Trigger

Timing

TEKTRONIX PG 501

Sinewave 200 Hz, 0-10 V into Vertical Attenuation TEKTRONIX FG 503
Oscillator 50 Q
Oscilloscope 5 MHz Bandwidth, Horizontal TEKTRONIX SC 501
10 mV/Div Vertical
Sensitivity
Step Attenuator 0-50 dB, 0.5% accuracy Vertical TEKTRONIX 2701

Attenuation

Attenuator

50 Q Termination 50 Q £2% General Tektronix Part No.
(feed through) 011-0049-01
Adapter bnc female- | General Tektronix Part No.
to-bnc female ) 103-0028-00
Coaxial Cables 50 Q, 42 inch bnc General Tektronix Part No.
(2 required) connectors 012-0057-01
75 Q Termination 75 Q +2% Vertical Check Tektronix Part No.

011-0055-00

PERFORMANCE CHECK

1. Vertical Attenuation Check

Control Settings:

RET LOSS

NOISE FILTER

0-dB SET

Distance Dial

FEET/DIV
(METRES/DIV)

CABLE DIELECTRIC

VAR

a. Disconnect P21 from
board.

0dB
Out
Clockwise
000
0.5

(1)
Both Out
Clockwise

the Vert Amp/Slow Ramp

b. Connect the sine-wave output from the FG 503
through the 2701 attenuatorto P21 onthe Vert Amp board.
It may be necessary to ground the chassis of the 1503 to

the FG 503.

c. Set the FG 503 to a 200 Hz sine wave.

d. Set the 1503 RET LOSS to 0 dB. Set the 0-dB SET
fully cw, set the 2701 to 0 dB, and set the FG 503 for a 6

division display.

e. The crt should display a sine wave for each of the
following settings of the 1503 RET LOSS switch and the

2701 attenuator switch:

RET LOSS 2701 ATTEN

0dB 0dB
10 dB 10 dB
20 dB 20 dB
30dB 30 dB
40 dB 40 dB
50 dB 50 dB
60 dB 60 dB

Display

6 div 0.2 div
6 div =0.2 div
6 div 0.2 div
6 div 0.2 div
6 div 0.2 div
6 div 0.2 div
6 div 0.2 div

f. Remove the test leads and replace P21.




2. Display Noise Check
a. Set RET LOSS to 0 dB.

b. Connect the 50 Q terminator to the CABLE connector
and press the 50 Q impedance button.

c. Set FEET/Div to 5, multiplier to X100, and press the
1000 ns IMPLS WIDTH button.

d. Set 0 dB SET control for a 2 division display.

e. Set the IMPLS WIDTH to 10 ns. Turn the ZERO REF
SET control fully clockwise.

f. Set the RET LOSS to 78 dB and adjust the POSITION
controls so the base line is located on the crt center line.

g. Check that the peak-to-peak noise is not greater than
3 divisions (—80 dB rms). Ignore occasional spikes.

h. Push the NOISE FILTER button in and check that the
peak-to-peak noise is less than 1.5 divisions (—86 dB rms).

3. X10 Timing Check

a. Setthe RET LOSSto20 dBandthe multiplierto X10.
Set FEET/DIV to 50.

b. Connect the TG 501 Time Mark Generator through
a 50 Q terminator to the CABLE connector on the 1503.
Set the TG 501 to 1 us marks.

c. Connect the + TRIGGER OUT from the TG 501 to
the TRIG/DURATION IN on the PG 501 pulse generator.
Set the PG 501 PERIOD control to EXT TRIG, the
DURATION control to 0.1 ms and the —OUTPUT control
to 5 Vinto 50 Q (10 V into 1 MQ).

d. Connectthe —OUTPUT from the PG 501tothe EXT
CAL terminals on the Main Board (see Fig. 4-6).

e. Setthe 1503 ZERO REF SET so that the test pulseis
off screen (left) and there is one time-mark per graticule
line.

f. Check for 8 time marks in 7.9 divisions.
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4. DISTANCE Dial Check
a. Set the FEET/DIV switch to 5 feet.

b. Turn the ZERO REF SET control clockwise, stop-
ping when the last time-mark pulse is seen beforethe fully
clockwise stop on the control is reached. Set the leading

edge of the marker on the second graticule line from the
left.

c. Set the DISTANCE dial to 050.

d. Check that the leading edge of the second pulse
seen as the DISTANCE dial is turned lines up on the
second graticule line from the left.

e. Check that when the DISTANCE dial is turned from
050 to 100, 150, 200, and 250 that each marker pulse is
located on the reference line within £2% of the dial
reading, +1 digit.

5. Check Cable Dielectric Settings

a. Setthe FEET/DIV switch to 5feet and the multiplier
to X10. Select 1 us markers from the TG 501.

b. Press the SOLID POLY dielectric button and posi-
tion a time mark on the second graticule line from the left
with the ZERO REF SET control.

c. Check that the two markers are 6.46-6.72 divisions
apart.

d. Press the FOAM POLY dielectric button.
e. Checkfor 7.94-8.26 division between thetwo pulses.
f. Switch back to AIR dielectric (both buttons out).

6. Check X100 Timing

a. Setthe FEET/DIV switch to 5 feet and the multiplier
to X100. Set the TG 501 for 1 us markers.

b. Check for eight markers in 7.84-8.16 divisions.

c. Remove the cables from the 1503. Replace the EXT
CAL connector.
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ADJUSTMENT PROCEDURE

Introduction

Use this Adjustment Procedure to restore the 1503 to
original performance requirements. This adjustment
Procedure need not be performed unless the instrument
fails to meet the Performance Requirements of the
electrical characteristics listed in the Specification sec-
tion, or if the Performance Check procedure cannot be
completed satisfactorily. If the instrument has undergone
repairs, the Adjustment Procedure is recommended.

Satisfactory completion of all adjustment steps in this
procedure ensures that the instrument will meet the
Performance Requirements.

Test Equipment Required

The test equipment (or equivalent) listed in Table 4-1is
required for adjustment of the 1503. Specifications given
for the test equipment are the minimum necessary for
accurate adjustment. All test equipment is assumed to be
correctly calibrated and operating within specifications.

If other test equipment is substituted, calibration setup
may need to be altered to meet the requirements of the
equipment used.

POWER SUPPLY

Control Settings. Preset the front panel controls as
follows:

ZERO REF SET Fully cw
POSITION Midrange
RET LOSS (dB) 0
NOISE FILTER Out
0-dB SET cw
DISTANCE Dial 000
FEET/DIV .5
(METRES/DIV) (1)
MULTIPLIER X10
FOCUS and Adjust for clear
INTENSITY bright trace
CABLE DIELECTRIC
SOLID POLY Out
FOAM POLY Out
VAR Fully cw

Place the DM 501 Digital Multimeter in the TM 503
Power Module. Plug in the TM 503 to an ac power source
and pull the PWR switch on.

Set the DM 501 RANGE/FUNCTION control to 200 DC
VOLTS. Connect the test leads to the HI and LO INPUT
terminals.

1. Voltage Measurements

a. Connect the lead from the DM 501 LO terminal to
TP6332 (black test point) on the 1503 Power Supply board.

b. Connect the lead from the DM 501 HI terminal to
TP6256, Fig. 4-1, (red test point).

c. ADJUST—R6358 (HV ADJ) so the voltmeter reads

+25V £0.25 V.

d. Move the HI test lead to TP6411 (violet test point).

e. Change the DM 501 RANGE/FUNCTION switch to
20 V dc.

f. ADJUST—R6514 (+10 ADJ) so the voltmeter reads
+10 V £0.1 V.

g. Move the HI test lead to TP6227 (green test point).

h. CHECK—That the voltmeter reads +5 V +0.25 V.

i. Movethe Hl test lead to TP6218 (orange test point).

j. CHECK—That the voltmeter reads —5 V +0.25 V.

k. Change the DM 501 RANGE/FUNCTION switch to
200 V dc.

I. Move the HI test lead to connector P66 Pin 6.

a
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TP6227

oo

TP6332

TP6256

R6358

1792-27A

Fig. 4-1. Power Supply test points and adjustment location.

m. CHECK—That the voltmeter reads +100 V =10 V.

n. Move the HI test lead to P66 Pin 7.

0. CHECK—That the voltmeter reads +165 V £10 V.

p. Remove the voltmeter test leads.

The following parts q through t apply to instruments of
SN B071995 and below. Proceed to parts u through y for
instruments of SN B071996 and up.

g. Set the INTENSITY control fully cw and note.

display.

r. CHECK—For maximum intensity without trace
blooming.

s. ADJUST—R4222 (INTENSITY LIMIT) for maximum
intensity without trace blooming. The adjustment is
located on the HIGH VOLTAGE board and adjusted
through the hole in the POWER SUPPLY board (See Fig.
4-1).

t. Set INTENSITY for normal trace brightness.

The following parts u through y apply toinstruments of
SN B071996 and up.

u. Connect the voltmeter between TP4243 and TP4251
(see Output Amp-High Voltage Component pull-out page
for test point locations). ’

v. Set the INTENSITY control fully cw.

w. CHECK—For avoltmeter reading of 95 mV =5 mV.
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x. ADJUST—R4222 (INTENSITY LIMIT) for a
voltmeter reading that is inside the range of 90 mV to
100 mV. The adjustment is located on the HIGH
VOLTAGE board and adjusted through the hole in the
POWER SUPPLY board (see Fig. 4-1). Check for max-
imum intensity without trace blooming.

y. Set INTENSITY for normal trace brightness.

DISPLAY

Control Settings. Preset the front panel controls as
follows:

RETLOSS0dB
NOISE FILTEROut
0-dB SETClockwise
DISTANCE Dial000
FEET/DIV.5
(METRES/DIV) (1)
MultiplierX10 (X1)
CABLEDIELECTRICBoth out
VARClockwise

2. Trace Focus and Astigmatism

a. Attach the 50 Q termination to the CABLE connec-
tor. .

b. With the ZERO REF SET control, set the pulse near
mid screen.

c. Set the trace with the POSITION control on the
center of the graticule.

d. ADJUST—R3242 (AST is located on the OUTPUT
AMPS board) and the front panel FOCUS control until the
clearest possible trace, both vertically and horizontally, is
obtained.

3. Trace Rotation

a. Turnthe ZERO REF SET fully clockwise so that just
the horizontal base line is located on the horizontal center
line.

b. CHECK—That the trace aligns with the crt horizon-
tal center graticule line.

c. ADJUST—R3143 (ROT is located on the OUTPUT
AMPS board) so that the trace aligns with the crt
horizontal center graticule line.

4. Trace Geometry

a. Movethetracewiththe POSITION controls sothatit o

is located three divisions below the horizontal center line.

b. CHECK—That the trace aligns with the graticule
line (has no bow).

c. Movethetracewiththe POSITION controlssothatit
is located three divisions above the horizontal center line.

d. CHECK—That the trace aligns with the graticule
line (has no bow).

e. ADJUST—R3248 (GEO is located on the OUTPUT
AMPS board) for the least possible bow in the two
positions; three divisions above and three divisions below
the horizontal center line.

f. Recheck the trace rotation and focus.

VERTICAL

Control Settings (
RET LOSS 0dB
NOISE FILTER Out
0 dB SET Clockwise
DISTANCE Dial 000
FEET/DIV .5

(METRES/DIV) (1)
Multiplier X10 (X1)
CABLE DIELECTRIC Both out

VAR Clockwise

5. Vertical Attenuation Check

a. Disconnect P21 from Vert Amp/Slow Ramp board.

b. Connect the sine wave output through the 2701
attenuator from the FG 503 to P21 on the VERT AMP
board. It may be necessary to ground the chassis of the
1503 to the FG 503.

c. Set the FG 503 to a 200 Hz sine wave.

d. Setthe 1503 RET LOSSto0 dB, setthe 0-B SET fully
cw. Set the 2701 to 0 dB, and set the FG 503 VAR ATTEN !
for a six division display.

o

B
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e. CHECK—The crt should display a sine wave for
each of the following settings of the RET LOSS switch on
the 1503 and the STEP ATTENUATOR switch on the 2701
attenuator:

RET LOSS 2701 ATTEN DISPLAY

0dB 0dB 6 div £0.2 div
10 dB 10 dB 6 div £0.2 div
20 dB 20 dB 6 div £0.2 div
30 dB 30 dB 6 div £0.2 div
40 dB 40 dB 6 div £0.2 div
50 dB 50 dB 6 div £0.2 div
60 dB 60 dB 6 div £0.2 div

f. Remove the test leads from the VERT AMP board
and replace P21.

g. To the CABLE input, connect a 42-inch coaxial
cable, a female to female adapter, a second 42-inch
coaxial cable, to a 75 Q termination.

h. Press in the 50 Q and 75 Q impedance buttons, set
RET LOSS to 0 dB and IMPLS WIDTH to 10, and set 0-dB
SET for a one division display.

i. Set the fine RET LOSS control to 18 dB and check
for an eight division display. If the display is not eight divi-
sions, * 1 division, select the value of R1603 between 1.5K
and 1.8M.

j. Set the fine RET LOSS control to 0 dB and remove the
termination and cables.

6. Vertical Gain Check
a. Set RET LOSS to 0 dB.

b. Set 0-dB SET control counterclockwise and note
amplitude of test pulse.

c. Set 0-dB SET control clockwise.

d. CHECK—Test pulse amplitude should be at least
four times greater than that at the counterclockwise
position.
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7. Sampling Efficiency and Blow-by

a. Connectthe 50 Q terminator to the CABLE connec-
tor and press the 50 QQ impedance button.

b. Set RET LOSS to 0dB, FEET/DIV to five feet,
multiplier to X100, and press the 1000 ns IMPLS WIDTH
button.

c. Set 0-dB SET control for a two division display.

d. Press the 100 ns IMPLS WIDTH button and AD-
JUST R1693—SAMPLING EFFICIENCY—so the peak of
the pulsing display does not rise above two graticule
divisions (see Fig. 4-2).

LB L

L4 111

1865-20
1

Fig. 4-2. Sampling Efficiency Pulse.

e. Set the RET LOSS switch to 60 dB.

f. ADJUST—R1796 1st BLOW-BY COMP for astraight
base line (no positive or negative pulse) at approximately
2000 feet before the test pulse (see Fig. 4-3a).

g. Withthe ZERO REF SET control, move the pulse off
screen to the right. Set RET LOSS to 78 dB. (Set the fine
RET LOSS control to 18 dB.) :

h. ADJUST—R1406 2nd BLOW-BY for minimum noise
on the base line (see Fig. 4-4a).

i. Set RET LOSS to 30 dB, IMPLS WIDTH to 1000 ns,
and center the leading edge of the pulse on the vertical
center line.

4-7



Calibration Procedure—1503
Adjustment Procedure

//

FT

A
3
S
° T
Y
——

1

bt ey
LI B L

W% LAt 00 00 oy 0 B e £

R

4t
LI |

a. First Blow-By COMP incorrect

\
\
\

Lo

?
}

b. First Blow-By COMP correct

1865-21

;IIT! 1t

R
LI

NEERI TR TN TSI AN

I N
LI B

a. Second Blow-By correct (noise adjustment).

Y bt b e ey ey
e e

LI L

b. Second Blow-By correct (trailing edge).
1865-22

Fig. 4-3. First Blow-by Compensation Adjustments.

j. CHECK—The trailing edge of the pulse should not
be greater than two divisions (see Fig. 4-4b).

8. Check Display Noise

a. Set IMPLS WIDTH to 10 ns. Turn the ZERO REF
SET control fully counterclockwise.

b. Set the RET LOSS to 78 dB and adjust the
POSITION controls so the base line is located on the crt
center line.

c. CHECK—That the peak-to-peak noiseis not greater
than three division (78 dB rms). Ignore occasional spikes.

48

Fig. 4-4. Second Blow-by Compensation Adjustments.

d. Push the NOISE FILTER button in and check that
the peak-to-peak noise is less than 1.5 divisions (84 dB
rsm).

HORIZONTAL—STANDARD VERSION
(See Step 17 for metric version)

Control Settings

RET LOSS 0dB

NOISE FILTER Out

0-dB SET Clockwise

DISTANCE Dial 000

FEET/DIV ‘ 50

Multiplier X100

CABLE DIELECTRIC Both out !
VAR Clockwise
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9. FAST RAMP

a. Connect the test oscilloscope test probetothe front
lead of C1238 (see Fig. 4-5).

.

b. CHECK—For a peak-to-peak amplitude of 6V,
+0.2 V. Ramp should begin at an approximate —2 V level
and ramp should end at an approximate +4 V.

c. ADJUST—R1676 (RAMP PEAK) for a peak-to-peak
amplitude of 6 V, =0.2 V with the ramp beginning at an
approximate —2 V level and ramp ending at an ap-
proximate +4 V level (see Fig. 4-5).

d. Remove the test probe.

R1414 1555534

Fig. 4-5. Fast Ramp test point.

10. Timing
a. Set RET LOSS to 20 dB and the multiplier to X10.

b. Connect the TG 501 Time Mark Generator through
a 50-Q terminator to the CABLE connector on the 1503.
Set the TG 501 to 1 us marks.

c. Connect + TRIGGER OUT from TG 501 to
TRIG/DURATION IN on PG 501 Pulse Generator. Set
PG 501 PERIOD to EXT TRIG, DURATION to 0.1 ms, and
— OUTPUT control to 5 V into 50 Q (10 V into 1 MQ).
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d. Connectthe —OUTPUT from the PG 501tothe EXT
CAL terminals on the Main Board (see Fig. 4-6).

e. Setthe 1503 ZERO REF SET so that the test pulseis
off screen. (left) and the time marks are set one per
graticule line.

f. CHECK—For 8 time marks in 7.9 divisions.

g. ADJUST—R1216 (FT/DIV CAL) for eight time
marks in 7.9 divisions (see Fig. 4-5).

11. DISTANCE Dial
a. Set the FEET/DIV switch to 5 feet.

b. Turn the ZERO REF SET control clockwise, stop-
ping when the last time mark pulse is seen before fully
clockwise is reached and set its leading edge on the
second graticule line from the left.

c. Set the DISTANCE dial to 050.

d. CHECK—That the leading edge of the second
pulse, seen asthe DISTANCE dial isturned, lines up onthe
second graticule line from the left.

e. ADJUST—R1414 DIST CAL to position the leading
edge of the pulse on the second graticule line (see Fig.
4-5). Check that the pulse is at the same point on the
graticule when the ZERO REF CHECK button is pressed.

f. CHECK—That when turning the DISTANCE dial
from 050to 100, 150, 200, and 250that each marker pulseis
located on the reference line within =1 digit of the dial.

12. Cable Dielectrics

a. Set the FEET/DIV switch to five feet, multiplier to
X10. Select 1 us markers.

b. Press the SOLID POLY dielectric button and posi-
tion a time mark on the second graticule line from the left
with the ZERO REF SET control.

c. CHECK—That the two markers are 6.39-6.79
divisions apart.

d. Press the FOAM POLY dielectric button.
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Adjustment Procedure

NORMAL
‘ OPERATION
EXT CAL —.Ll
MAIN BOARD <1
JUMPER
REMOVED
SET UP FOR
CALIBRATION
TO PULSE _j l
GENERATOR gy caL I |
MAIN BOARD
1865-24

Fig. 4-6. External Calibration connection.

e. CHECK—For 7.9-8.3 divisions between the two
pulses.

f. Switch back to AIR (both out).

13. X100 Timing

a. Set the FEET/DIV switch to five feet and the
multiplier to X100. Set the TG 501 for 1 us markers.

b. CHECK—For one marker per division +2%.

¢. Remove cables from the 1503. Replacethe EXT CAL
connector.

14. X100 Position

a. Set IMPLS WIDTH for 100 ns pulse, RET LOSS to
0 dB.

b. With ZERO REF SET position the pulse leading
edge on the graticule center line.

c. CHECK—That the pulse start remains at the center
line when switching from X100 to X10.

d. ADJUST—R1132 while in the X10 position so that
the pulse remains at the center line when switching
between X10 and X100.
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15. ZERO REF SET

a. Set FEET/DIV to 50, multiplier to X10, and IMPLS
WIDTH to 1000.
(,
b. Rotate ZERO REF SET fully counterclockwise and '
then fully clockwise.

¢. CHECK—The leading edge of the pulse should
move at least past the second vertical graticule line from
the left.

HORIZONTAL—METRIC VERSION
(See Step 9 for Standard Version)

Control Settings

RET LOSS 0dB

NOISE FILTER Out

0-dB SET 2 div pulse
DISTANCE Dial 000
METRES/DIV 50

Multiplier X10

CABLE DIELECTRIC Both out
VAR Fullyclockwise

16. FAST RAMP

a. Connect the test oscilloscope test probetothefront"
lead of C1238 (see Fig. 4-7).

REV SEP 1981




b. CHECK—For a peak-to-peak amplitude of 6V
+0.2 V. Ramp should begin at an approximate —2 V level
and ramp should end at an approximate +4 V level.

c. ADJUST—R1676 (RAMP PEAK) for a peak-to-peak
amplitude of 6 V +0.2 V with the ramp beginning at an
approximate —2 V level and ramp ending at an ap-
proximate +4 V level (see Fig. 4-7).

d. Remove the test probe.

17. Horizontal Gain and OFFSET

a. Use the POSITION controls to center the trace on
the graticule.

b. Set R3217 (HORIZ—located onthe OUTPUT AMPS
board) to the counterclockwise stop.

R1414

c1238 R1216 1865-23A

Fig. 4-7. Fast Ramp test point.

c. ADJUST—R3221 (H POS—Ilocated onthe OUTPUT

AMPS board) to center the trace on the graticule.

d. ADJUST—R3217 (HORIZ) sothat the retrace at the
start of the sweep is just off the graticule area and thetrace
covers all ten divisions of the graticule.

REV SEP 1981
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18. Timing
a. Set RET LOSS to 20 dB, and the multiplier to X1.

b. Connect the TG 501 Time Mark Generator through
a 50 Q terminator to the CABLE connector on the 15083.
Set the TG 501 to 1 us marks.

c. Connect + TRIGGER OUT from the TG 501 to
TRIG/DURATION IN on the PG 501 Pulse Generator. Set
the PG 501 PERIOD to EXT TRIG, DURATION to 0.1 ms,
and — OUTPUT controlto 5 Vinto 50 Q (10 Vinto 1 MQ).

d. Connectthe —OUTPUT fromthe PG 501tothe EXT
CAL terminals on the 1503 Main Board (see Fig. 4-8).

e. Setthe 1503 ZERO REF SET so that the test pulseis
off screen (left) and the time marks are set one per
graticule line. Use the VARIABLE PULSE DURATION
control on the PG 501 to obtain stable time marks.

f. CHECK—Each time mark should align with every
third graticule line.

g. ADJUST—R1216 FT/DIV CAL for one mark per
every third division.

19. DISTANCE Dial
a. Set the METRES/DIV switch to 10 metres.

b. Turn the ZERO REF SET control clockwise, stop-
ping when the last time mark pulse is seen before fully
clockwise is reached and set its leading edge on the
second graticule line from the left.

c. Set the DISTANCE dial to 150.

d. CHECK—That the leading edge of the second time
mark pulse, as seen as the DISTANCE dial is turned, lines
up on the second graticule line from the left.

e. ADJUST—R1414 DIST CAL to position the leading
edge of the time mark pulse on the second graticule line.
Check that the pulse is at the same point on the graticule
when the ZERO REF CHECK button is pressed.
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Adjustment Procedure

NORMAL
OPERATION
EXT CAL 1—.“
MAIN BOARD N
JUMPER
REMOVED
SET UP FOR
CALIBRATION
TO PULSE _j ‘n
GENERATOR yrcal l |
MAIN BOARD
1865-24

Fig. 4-8. External Calibration connection.

f. CHECK—That when turning the DISTANCE dial
from 150 to 300 and 450 that each marker pulse is located
on the reference line within +1 digit of the dial.

20. Cable Dielectrics

a. Setthe METRES/DIV switch to 25, the multiplier to
X1, and select 1 us markers.

b. Select SOLID POLY dielectric and position a time
marker on the second graticule line from the left using the
ZERO REF SET control.

c. CHECK—That the markers are 3.75-4.15 division
apart.

d. Select the FOAM POLY dielectric.

e. CHECK—For 4.66-5.06 divisions between pulses.

f. Switch the CABLE DIELECTRIC buttons back to
AIR (both out).

21. X10 Timing

a. Set the METRES/DIV switch to five metres, and the
multiplier to X10. Set the TG 501 for 1 us markers.
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b. CHECK—For one marker every third division +2%.

c. Remove cables from the 1503. Replacethe EXT CAL

connector.

22. X1 Position

a. Set IMPLS WIDTH for 1000 ns pulse and RET LOSS
to 0 dB.

b. With ZERO REF SET position the pulse leading
edge on the graticule center line.

c. CHECK—That the pulse start remains at the center
line when switching from X10 to X1.

d. ADJUST—R1132whileinthe X1 position sothatthe
pulse remains at the center line when switching between
X1 and X10.

X-Y OUTPUT MODULE

Control Settings

RET LOSS 0dB
NOISE FILTER Out

0-dB SET 2 div pulse
DISTANCE Dial 000

FEET/DIV .5

/

|
\

r*\




(METRES/DIV) (1)
Multiplier X10 (X1)
CABLE DIELECTRIC SOLID POLY
IMPLS WIDTH 10

Connect the 50 Q terminator to the 1503 CABLE
connector.

23. Pen Lift Signal

a. Setthe Digital Multimeter RANGE/FUNCTION con-
trol to 20 on the DC VOLTS scale.

b. Place the terminal connection link of the OUTPUT
MODULE board on the negative slope terminals (see Fig.
4-9).

c. Connect the lead from the DVM HI terminal tothe X-
Y OUTPUT MODULE PEN LIFT red terminal and the lead
from the DVM LO terminal to the X-Y OUTPUT MODULE
PEN LIFT black terminal.

d. CHECK—Thatthe DVM shows approximately +5 V.

e. Momentarily pushthe RECORD switchto RECORD,
then release the switch. Check that the voltage goes to
+0.5 V or less and returns to approximately +5 V at the
end of the sweep.

f. Move the terminal connection link to the positive
slope terminals on the X-Y OUTPUT MODULE board.

g. CHECK—That the DVM reads approximately 0.5 V.

h. Push the RECORD switch to RECORD and check
that the DVM reads +4 V or greater, then returns to
approximately 0.5 V at the end of the sweep.

NEGATIVE SLOPE
\

—L<§>\_f_

POSITIVE SLOPE
1792-13

Fig. 4-9. X-Y Output Module strap.

Calibration Procedure—1503
Adjustment Procedure

24. Y OUTPUT

a. Move the test leads from the PEN LIFT terminals to
the corresponding Y terminals of the X-Y OUTPUT
MODULE.

b. Set IMPLS WIDTH to 100 ns and turn ZERO REF
SET completely clockwise.

c. Push and hold the RECORD switchto RECORD and
adjust the POSITION controls so that the DVM reads
0.0 V.

d. Turn ZERO REF SET slowly counterclockwise and
check that the DVM rises to approximately +0.4 V.
Release the RECORD switch.

e. ADJUST—R7225 (on X-Y OUTPUT MODULE
board) until the DVM peaks at +0.4 V while holding the
RECORD switch to RECORD and slowly rotating the
ZERO REF SET control.

f. The dot on the left side of the crt should move one
division for each 0.1 V read on the DVM.

25. X OUTPUT

a. Move the test leads to the X terminals.

b. Press the RECORD switch.

c. CHECK—That the voltage reads from 0 to 1V

" (100 mV/div) as the dot moves across the screen.

REPLACING THE CASE ON THE 1503

To replace the case on the 1503, proceed as follows:

1. Remove any termination and adapters from the
CABLE connector.

2. Remove the battery pack and power cord from the
back of the 1503.

3. Place the EMI shields on the top and bottom of the
1508.

4. Stand the 1503 on its face. Lubricate the surface of
the rubber seals around the edge of the subpanel with a
waterproof lubricant.
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5. Slide the case over the back of the unit, until it has
reached the subpanel.

6. Tighten the four screws on the back of the case until
the case is aligned with the groove at the back of the
subpanel.

7. Make sure the case is in the groove; then, using a
torque screwdriver, tighten the four screws to eight inch-
pounds.

NOTE

If the screws are tightened more than eight inch-
pounds, the case may crack. If the screws are not
tightened equally to the required torque, the water-
tight integrity of the case may be compromised.

414

8. Place the battery pack in its compartment and
tighten the two screws (finger tight is sufficient).

9. Place the power cord and therest of the accessories
inthe front cover storage compartment andlatchit closed.

10. Placethe front cover over the front cover panel and
close the latches.

(\\
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Section 5—1503

MAINTENANCE

NOTE

It is recommended that the 1503 be serviced at a Tektronix Service Center. The instrument should be serviced
by a technician skilled in sampling and pulse techniques.

This section of the manual provides information used
for preventive maintenance, corrective maintenance, and
troubleshooting the 1503. The physical location of all
circuit components on the circuit boards are shown onthe
circuit diagram puliout.

Preventive Maintenance

Preventive maintenance consists of cleaning, visual
inspection, lubrication, etc. Preventive maintenance per-
formed on a regular basis will help improve the reliability
of the instrument. The severity of the environment to
which the 1503 is subjected determines the frequency of
needed maintenance. A convenient time to perform
preventive maintenance is preceding recalibration of the
instrument.

Cleaning

Accumulation of dirt in the instrument can cause
overheating and component breakdown. Dirt on com-
ponents acts as an insulating blanket and prevents
efficient heat dissipation. It also provides an electrical
conduction path.

NOTE

To remove the instrument cabinet, see Preliminary
Procedure at the beginning of the Calibration
procedure. When the cabinet is removed, the water-
tight feature may be compromised when the case is
reinstalled. See the instructions at the end of the
Calibration procedure on replacing the case on the
1503.

Interior. The 1503 is constructed so that the interior of
the instrument is protected from dust.

Therefore, the interior of the 1503 should not require
cleaning unless the unit has been left with the front cover
removed and the plug-in compartment empty. The best
way to clean the interior is to blow off the accumulated
dust with low-pressure air. Remove any dirt that remains
with a soft brush or a cloth dampened with a mild

detergent and water solution. A cotton-tipped applicator
is useful for cleaning in narrow spaces on circuit boards.

CAUTION

Avoid the use of chemical cleaning agents which
might damage the plastics used in this instrument.
Avoid chemicals which contain benzene, toluene,
xylene, acetone or similar solvents.

Exterior. The cabinet exterior can be washed with soap
and water and rinsed with clear water. Loose dust
accumulated on the front panel is best removed with a
small brush or a soft cloth dampened with a mild detergent
and water solution. Abrasive cleaners should not be used
on the front panel.

CRT Implosion Shield. The face of the crt can be
cleaned by using ISOPROPYL ALCOHOL applied and
wiped very gently dry with KENDALL "NEBRIL" non-
woven wipes.

Lubrication

The reliability of potentiometers, switches and other
moving parts can be maintained if they are kept properly
lubricated. However, too much lubricant is as detrimental
as too little lubricant. A lubrication kit containing the
necessary lubricants and instructions is available from
Tektronix, Inc.

Visual Inspection

Prior to recalibration, the 1503 should be inspected for
such defects as broken connections, damaged circuit
boards, improperly seated transistors or pin connectors,
frayed cable shields and heat-damaged components.

The corrective procedures for most visible defects are
obvious. Particular care should be taken if heat-damaged
components are found. Overheating usually indicates
other trouble in the instrument, so it is important that the
cause of overheating be corrected to prevent recurrence
of the damage.
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Semiconductor Checks

Periodic checks of the semiconductors in the 1503 are
not recommended. The best check of semiconductor
performance is actual operation in the instrument. More
details on checking semiconductor operation are given
under troubleshooting.

Recalibration

To ensure accurate measurements, check the calibra-
tion of the 1503 after each 1000 hours of operation or every
six months if used infrequently. In addition, replacement
of components may necessitate recalibration of the
affected circuits. The calibration procedure can be helpful
in localizing troubles in the instrument. Problems may be
found or corrected by recalibration.

Servicing the Battery

The battery pack should be inspected every sixmonths
or every 500 hours of operation, whichever occurs first.
The entire battery pack should be replaced if venting or
corrosion has occured.

TROUBLESHOOTING

The following information is provided to facilitate
troubleshooting of the 1503. Information contained in
other sections of this manual should be used along with
the following information to aid in locating defective
components. An understanding of the circuit operation is
helpful in locating troubles. See the Circuit Description
section for information.

Troubleshooting Aids

Diagrams. Circuit diagrams and corresponding circuit
boards are located on foldout pages at the rear of the
manual. Section 7 contains the Electrical Parts List. From
these schematics and parts lists, the component number,
location, electrical characteristics and Tektronix, Inc. part
number can be cross-referenced. The components that
are located on the front panel are shown on the circuit
diagrams with their front-panel titles enclosed in a block.
Additional aids for troubleshooting can be found in the
Calibration section of this manual.

COMPONENT REMOVAL AND
REPLACEMENT

Fuses

All ac line fuses are located on the front panel. All dc
protection links and spares are located on the Power
Supply board inside the instrument. Remove the 1503
from its case. Remove the aluminum shield from the top of
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the unit. The fuses are upright plug-in types located near
the center of the instrument (see Fig. 5-1).

Fig. 5-1. DC protection link location.

Transistor and Integrated Circuits

See Fig. 5-2 for the lead configurations of the tran-
sistors and integrated circuits used in the 1503.

Circuit Board Replacement

Most of the components mounted on the circuit boards
can be replaced without removing the boards from the
instrument. An exception is the HV circuit board which is
located underneath the Power Supply board. If a circuit
board is damaged beyond repair, the entire assmebly
(including all soldered-on-components) can be replaced.
The number is given in the Electrical Parts List for the
completely wired board. Note the position of all plugsand
connectors to make replacement easy.

Use the following procedure to remove a circuit board.
Follow the inverse procedure to replace boards.

Power Supply Boards

1. Remove the four screws.

[

-
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Plastic-Cased Transistors J l——— Metal Cased Transistors ———I

FET's l I Power Transistors l

(1206) 1792-36 |

Integrated Circuits

Fig. 5-2. Transistor and integrated-circuit lead configuration.
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2. Remove the pin connectors to P1, P2, and P3 near
the rear edge of the board.

3. Carefully lift the rear of the board until the pin
connectors underneath come into view.

4. Remove the pin connectors from the bottom of the
board and lift it out of the chassis.

HV Board

1. Remove the Power Supply board following the
previous procedure.

DANGER

2 kV may be present on the HV Board from charged
capacitors.

2. Discharge the possible 2 kV potential by placing a
short between point A, Fig. 5-3 and ground. This point is
accessible by removing the Battery Pack and turning the
1503 upside down.

1792-37

Fig. 5-3. Rear view of the HV board.

3. Remove the pin connectors.

4. Remove the four screws holding the board in the
chassis.

5. Lift the HV board out of the chassis.

Power Cord Conductor Identification

Conductor Color Alternate Color ( ™
Ungrounded (Line) Brown Black
Grounded (Neutral) Blue White

Grounding (Earthing) Green-Yellow Green-Yellow

Power Transformer

1. Remove the Power Supply and the HV boards from
the chassis using the previous procedures.

2. Unsolder the two leads on the bottom of the Power
Transformer.

3. Remove the four bolts holding the transformer in
place. The ground wire and lug on the bottom will come off
when the bolt and nut are removed.

4. Lift the Power Transformer out of the chassis.

Output Amplifier Board

1. Remove the four pin connectors from the top of the
Output Amps board.

2. Remove the four screws holding the board in the
chassis.

3. Lift the board out of the hole in the side of the
chassis.

Logic Board

1. Remove the three pin connectors from the Logic
board.

2. Remove the four screws holding it in the chassis.

3. CAREFULLY lift on the rear of the Logic board to
pull the board off the ten feed-thru pins which are
mounted on the chassis. Lift the board off the chassis
when clear of the pins.

4. Use care when replacing the board to prevent
bending the pins or the pin connectors on the board.




Vertical Amp/Slow Ramp Board

Removal of the main board and the Vertical Amp/Slow
Ramp board requires removal of some front panel con-
trols. This will destroy the water-tight seals, and special
techniques are required to replace the components and
preserve the seals. The removal of these boards should be
done at a Factory Service Center.

Cathode-Ray Tube Replacement

To replace the crt, proceed as follows:

Use care when handling a crt. Protective clothing
and safety glasses should be worn. Avoid striking it
on any object which might cause it to crack or
implode. When storing a crt, place it in a protective
carton or set it face downin a protectedlocationon a
smooth surface with a soft mat under the faceplate to
protect it from scratches.

1. Remove the Battery Pack from the 1503.

2. Remove the pin connectors from the top of the
Output Amps board.

3. Remove the four screws holding the crt socket
bracket to the frame.

4. Removethescrew bracingtherear of the crt socket.

5. Slide the entire assembly (crt, socket, bracket, and
crt shield) to the rear about 1/4 inch. Lift straight up onthe
entire assembly, clearing the tabs on the front panel
casting.

6. Set the assembly on top of the 1503 with the socket
wiring still attached.

7. Remove the rubber gasket from around the crt face.
8. Unplug the socket from the crt.

9. Carefully remove the crtfromthe shield, guiding the
two-wire pin connector through the hole in the shield as
the crt comes out the front.

10. The Trace Rotation Yoke (L0234) can now be
removed and installed on the new crt. Position of the Yoke

@
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is not critical. Make sureitistight against the nect of the crt
and fastened with tape.

11. Install the crt reversing the above procedure. Use
care when tightening the screw bracing the crt from the
rear of the chassis.

230/115 Volt Line Selector. The line selector is com-
posed of the input transformer’s terminals and can be
wired for either 115 Vor 230 V. Itisfactory wiredfor 115 V.
If 230 V operation is required, remove the wire straps from
lugs 1-2 and 3-4 of T0389then connect a strap from lug 2to
lug 3. See Fig. 5-4.

TO LINE Il
FUSE T0389

y J

a. 115 V AC Transformer Wiring

TO LINE ||
FUSE To389

b. 230 V AC Transformer Wiring.
1865-18

Fig. 5-4. Power transformer wiring.
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Ifthe instrument is wired for 230 V operation, be sure
that the two front panel fuses are changed to the
proper slow-blow fuses described in the parts list.

Water-tight Seals

The 1503 may be operated in any weather (rain, snow,
dust, etc.). To prevent moisture and dust from getting
inside the instrument, special seals are used around the
pushbuttons, crt, power switches, and rotary controls.
Removal of any of the components on the front panel will
require special resealing procedures to retain their water-
tight integrity. We recommend that the instrument be
returned to a Tektronix Factory Service Center to have this
resealing done, if water-tight resealing is required. Sealing
instructions are included in this section, however.

The gaskets installed in the slots around the front panel
casting where the case and front cover fit, should be

replaced at regular intervals (six to eight months depen-
ding on locality and use).

In order to maintain the water-tight integrity of the
1503, it is important to visually inspect the water-tight
seals periodically. Seals around the X-Y Output Module,
the battery pack and the front cover seal on the front panel
should be checked regularly to see that they have not
become damaged. The clam shell seal on the back of the
front-panel casting and the seals around the front-panel
controls and connectors should be inspected when the
cabinet has been removed for maintenance, calibration
purposes, or if a leak is suspected.

CAUTION

Anytime the cabinet has been removed from the
1503 or when any front panel controls or connectors
have been removed from the front panel, the water-
tight integrity of the 1503 will be jeopardized.

RESEALING PROCEDURES

MATERIALS REQUIRED

Tektronix Part No.

Description

Notes

006-2302-00 Dow Corning No. 3144 This Room Temperature Vulcan-
Adhesive Sealant izing agent (RTV) is used to form
watertight gaskets. (After appli-
cation, allow 24 hours curing
time.)
252-0199-00 Dow Corning No. 3140 This RTV agent is used where the
Coating application requires a sealant
more fluid than the No. 3144 seal-
ant. (Allow 24 hour curing time.)
006-0315-00 Dow Corning No. 4 This compound is used in the
Silicone Dielectric Battery Pack assembly.
Qompound
006-2475-00 Dow Corning No. 1204 Used as a primer for No. 3144
Primer sealant applications.
006-2207-00 General Electric Used as a waterproof lubricant.
No. G-661 Silicone
grease
006-0500-00 Acetone Cleaning Agent.
006-0034-00 Isopropyl Alcohol Cleaning Agent.
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ASSEMBLY PROCEDURES

NOTE

In the following assembly steps, the part being
discussed is identified by its location in the
Replaceable Mechanical Parts list (MPL) of the
Instruction Manual.

1. Preparation of the Subpanel for further assembly
(see Fig. 5-5)

a. SUBPANEL, FRONT
MPL Item 3-26.

b. Procedure

1. Clean entire Subpanel with isopropyl alcohol.

Fig. 5-5 Subpanel, identification of parts for steps 1 through 7.

2. Install the Holder for the Battery Level Indicator
in the Subpanel

a. HOLDER
MPL Item 2-57.

b. Procedure

1. Insert the holder into the Subpanel.

2. This item does not require the application of a
sealing compound.

Maintenance—1503
3. Install the seal for the Power Switch in the
Subpanel
a. SEAL, SWITCH
MPL Item 2-55.

b. Procedure

1. Clean mating surface of seal with acetone.

2. Coat mating surface of seal with No. 3144
sealant.

3. Install seal in Subpanel.

4. Install washers for the Fuseholders in the
Subpanel

a. WASHER, FLAT (2 ea.)
MPL Item 2-51.

b. Procedure

1. Clean the washers with acetone.

2. Coat the mating surfaces of the washers with No.
3144 sealant.

3. Insert the washers in the Subpanel.

5. Install the Pushbutton seals in the Subpanel
a. SEAL, PUSHBUTTON
MPL Item 2-53, MPL item 2-54, and MPL Item 2-52.

b. Procedure

1. Clean mating surfaces of seals with acetone.

2. Coat mating surfaces with No. 3144 Sealant.

3. Install seals in subpanel.

6. Installation of rubber seals in two grooves
located on the outer (see Figs. 5-5 and 5-6) edges of
the front and rear sides of the Subpanel

a. SEAL, RUBBER (2 ea.)
MPL Item 2-58.
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b. Procedure

1. Clean the rubber seals with acetone.

2. Apply a film of No. 3140 sealant to the inner
surface of each groove. See Fig. 5-6. Do not apply the
sealant to the other surfaces of the grooves. No. 3140 is
more fluid than No. 3144 and can be applled with a
hypodermic type applicator.

3. Place a seal in each groove. Trim each seal to a
length such that its ends butt together. Apply a film of
No. 3140 sealant to the butt joint.

4. Before installing the instrument in a cabinet,
lubricate the outer edges of the seals as shownin Fig. 5-
6.

c. Procedure

1. Clean the retainer and the implosion shield
mounting area of the Subpanel with acetone.

2. Remove the protective paper from the implosion
shield.

3. Position the shield on the Subpanel and form a
continuous bead of No. 3144 sealant, approximately
.090 inch in diamter, around the shield/Subpanel
interface.

4. Position the retainer over the bead of sealant and
press into place.

G-661
LUBRICANT

FRONT SIDE

RUBBER Seal (FRONT)

L S A

A [

OUTSIDE EDGE

NO. 3140
RUBBER Seal (REAR) SEALANT
G-661 REAR SIDE

LUBRICANT

NO. 3144
SEALANT

RETAINER

REMOVE
EXCESS
SEALANT

NAVANANANY.

SHIELD
SUBPANEL

1792-61

1792-60

Fig. 5-6. Rubber Seals, edge sealing for subpanel.

7. Install theimplosion shield andits retainer on the
Subpanel (see Figs. 5-5 and 5-7)

a. SHIELD, IMPLOSION
MPL ltem 2-91.

b. RETAINER
MPL Item 2-90.
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Fig. 5-7. Detail of implosion shield sealing.

NOTE

1. Pressing the retainer should cause some of the
sealant to appear outside the retainer area, see Fig.
5-7. Failure of the sealant to appear at any point
around the retainer is an indication of inadequate
sealing.

2. When performing this step, assure that the shield
makes flush contact with the subpanel, see Fig. 5-7.

5. After a curing time of approximately 4 hours, use
a small wooden dowel, such as a Q-tip handle, and
remove the excess sealant that is visible between the
shield and retainer.

(
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8. Preparation of Front Panel for assembly (see Fig.
5-8)

a. FRONT PANEL
MPL Item 2-49 and (Option 5) MPL Item 2-49.

b. Procedure

1. Clean mating surface of front panel with acetone.

2. Coat mating surface of panel with No. 1204
primer. Allow 2 hour curing time.

9. Bonding of Plug-in Compartment seal to Front
Panel (see Fig. 5-9)

a. SEAL, PLUG-IN
MPL Item 2-50.

b. Procedure

1. Clean mating surfaces of seal with acetone.

Maintenance—1503

2. Apply No. 3144 sealant to mating surface of seal.

3. Position seal on rear side of Front Panel.

4. Allow 2 hour curing time. Inspect seal bond, and
remove any excess sealant. Allow an additional 22 hour
curing time.

NOTE

Be sure seal is bonded securely to edge of panel as
well as rear surface of panel.

10. Bonding of washer to BNC type connector that
is located on the Main Circuit Board Assembly (see
Fig. 5-10)

a. CONNECTOR, RECEPTACLE
MPL Item 2-170.

BATTERY METER
POWER SWITCH SHAFT

VARIABLE RESISTOR

FRONT PANEL INSTL

¢ . CABLE Focus INTENSITY
Amon

Noimast

1502 IR CAE/.E V/ZSTER

BNC CONNECTOR
VARIABLE RESISTOR

CAM SWITCH
SHAFT INSERT

VARIABLE RESISTOR
TOGGLE SWITCH:

PLUG-IN SEAL

FUSEHOLDER

1792-62

Fig. 5-8. Front Panel, identification of parts for assembly steps 8 through 26.
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PANEL SEAL
NO. 3144
G-661
SEALANT LUBRICANT
1792-63

Fig. 5-9. Detail of Plug-In Compartment seal.

NO. 3144
SEALANT

G-661
_4—" LUBRICANT

1 n

[ =)
BNC CONNECTOR

\ WASHER

1792-64

Fig. 5-10. Detail of BNC Connector and Washer.

b. WASHER, FLAT SPONGE
MPL Item 2-94.

¢. Procedure

1. Clean mating surfaces of BNC Connector and
Washer with acetone. Allow to dry.

2. Apply No. 1204 Primer to mating surface of BNC
connector. Allow 2 hour curing time.

3. Coat mating surface of washer with No. 3144
sealant.

4. Assemble washer on BNC connector.

5-10

11. Install pushbuttons and their shaft assemblies
(see Fig. 5-11)

a. PUSHBUTTONS

MPL Item 2-7, MPL Item 2-8, MPL ltem 2-9, MPL ltem
2-10, MPL Item 2-11, MPL Item 2-12, MPL Item 2-13,
and MPL Item 2-14.

b. EXTENSION SHAFT
MPL Item 2-97 (8 ea.).

c. Procedure

1. Clean the mating surfaces of each shaft with
isopropyl alcohol.

2. Insert the shafts into the pushbutton seals. See
Fig. 5-11.

3. Apply bead of No. 3144 sealant to each shaft/seal
interface.

4. Install pushbuttons in their respective locations.

.

NO. 3144

SEALANT

1792-65

Fig. 5-11. Detail of Pushbuttons and their Shafts.

12. Attach Subpanel to the three Frame Sections
(see Fig. 5-12)

a. FRAME SECTIONS

Left, MPL Item 3-115; Center, MPL Item 3-116; Right,
MPL Item 3-117.

{

r
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1. MPL Item 3-27 (1 ea.), MPL item 3-28 (5 ea.).

Do not overtighten.

c. Procedure

1. Fill the countersunk screw holes onthe Si.lbpanel
with No. 3144 sealant. See Fig. 5-12.

SUBPANEL _\
SILICONE SPONGE

2. Attachthe Subpanel to the three Frame sections. WASHER
The decorative screw is installed in the upper-left
corner of the subpanel.

= @ N

/ EN
FUSEHOLDER \
NUT

NEOPRENE WASHER

[T

ALUMINUM
FRONT PANEL WASHER
\ 1792-67
REMOVE Fig. 5-13. Detail of Fuseholder installation.
EEXA?ESS NO. 31&#
S .
LANT SEALA 179266 15. Install Fuseholder Caps (see Fig. 5-14)
a. WASHERS
Fig. 5-12. Detail of Subpanel screwhole sealing. MPL Item 2-27

13. Install Front Panel on Subpanel b. Procedure

a. Procedure 1. Clean washers and Fuseholder Caps with

1. Apply G-661 lubricant to the rear surface of the isopropy! alcohol.
Plug-in Seal, and to the two Fuse Holder Seals.

2. Apply No. 3144 sealantto one surface of awasher
2. Place Front Panel on the Subpanel. and place the washer in one of the Fuseholder Caps.
Repeat for the other washer and cap.

3. Insert the caps in the Fuseholders and press to

14. Install Fuseholders in Front Panel (see Fig. ensure the washers are fully seated.
5-13)
a. FUSEHOLDERS 4. Remove the caps, inspect, and remove any
MPL Item 2-26. excess sealant.

5. Apply a film of G-661 lubricant to exposed

b. Procedure
surface of washer.

. 1. Installthetwo Fuseholders as shownin Fig. 5-13.
6. Insert fuse (see Electrical Parts list for correct

2. Tighten the retaining nut on the fuseholder until value) into cap and install cap with fuse in the
the Front Panel is pulled flush with the Subpanel. Fuseholder.

@ 5-11
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WASHER

CAP

NO. 3144
SEALANT

1792-68

Fig. 5-14. Detail of Fuseholder Caps.

16. Install Battery Meter (see Fig. 5-15 and 5-16)
a. METER
MPL Item 2-56.

b. Procedure

1. Apply a thin bead of No. 3144 sealant to the
junction of the bezel and meter canister (see Fig. 5-15).

LOW

1792-69

NO. 3144
SEALANT

—

1792-93

Fig. 5-15. Application of sealant to Battery Meter.

2. Install Meter in Front Panel with markings align-
ed as shown in Fig. 5-16.

5-12

Fig. 5-16. Alignment of Battery Meter.

17. Install the FOCUS and INTENSITY controls
(see Fig. 5-17)

a. RESISTOR, VARIABLE (2 ea.)
MPL Item 2-40 and ltem 2-43.

These two variable resistors are used for FOCUS
and INTENSITY control and are listed in the Electrical
Parts list.

b. Procedure

1. Unscrew the bushing part of the resistor

assembly and pack the barrel/shaft interface with G- .

661 lubricant. (
2. Screw the bushing into the resistor assembly.

3. Form a bead of No. 3144 sealant around the fillet
area of the bushing.

4. Use the washers and nuts supplied and install
these two controls in the Front Panel.

BARREL
NO. 3144
SEALANT
|
| —
 m—
BUSHING
SHAFT
1792-70

Fig. 5-17. Application of sealant to FOCUS and INTENSITY (‘

controls.

F~
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18. Install FINE POSITION control (see Fig. 5-18
and 5-19)

a. RESISTOR, VARIABLE
MPL Item 2-32.

The part number for this variable resistor is listed in
the Electrical Parts list.

b. Procedure

1. Form a bead of No. 3144 sealant around the
bushing threads as shown in Fig. 5-18.

2. Install nut on bushing as shown in Fig. 5-19.

3. Form a bead of No. 3144 sealant at the interface
of the nut and bushing as shown in Fig. 5-19.

4. Use washer and nut supplied and install the
control in the Front Panel.

NO. 3144

[—

1792-71

Fig. 5-18. Application of sealant to FINE control bushing.

NUT

NO. 3144
SEALANT

-.—I g .250 +.015

1792-72

Fig. 5-19. Application of sealant to FINE control nut.
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19. Install the DISTANCE METER in the Front
Panel (see Fig. 5-20)

a. RESISTOR, VARIABLE
MPL ltem 2-46.

This variable resistor is listed in the Electrical Parts
list as the Distance Meter.

b. Procedure

1. Insert the resistor assembly in the Front Panel.

2. Form a bead of No. 3144 sealant at the interface
of the resistor assembly and the Front Panel. The bead
should include the threads and anti-rotation lug.

3. Use the flat-washer, lock-washer, and nut to
secure the resistor assembly to the Front Panel.

NUT
\ " " LOCK WASHER
v
NO. 3144 / ; FLAT WASHER
SEALANT \fg | !
) [
' SUBPANEL
"0" RING
RESISTOR
ASSEMBLY
\ METER

1792-73

Fig. 5-20. Installation of Distance Meter.

5-13
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20. Install the ZERO REFERENCE control in the
Front Panel (see Figs. 5-21 and 5-22)

a. RESISTOR, VARIABLE
MPL Item 2-49.

Thisvariableresistorislisted inthe Electrical Parts list.

b. Procedure

1. Form a bead of No. 3144 sealant around the
threads of the bushing as shown in Fig. 5-21.

2. Flatten or remove the anti-rotation lug on the
resistor housing.

3. Install nut as shown in Fig. 5-22.

4. Form a bead of No. 3144 sealant around the
nut/bushing interface.

5. Use attaching hardware and install resistor in
Front Panel.

LUG

NO. 3144
SEALANT

= N

1792-74

Fig. 5-21. Application of sealant to ZERO REFERENCE control
bushing.

21. Install the Record control (see Figs. 5-23, 5-24,
5-25)

a. SWITCH, TOGGLE
MPL Item 2-23.

b. CAP, TOGGLE SWITCH, SEAL
MPL Item 2-24.

5-14

c. Procedure

1. Form a bead of No. 3144 sealant around the
bushing/switch body interface as shown in Fig. 5-23.

2. Install nut that was supplied with the switch, as
shown in Fig. 5-24.

3. Form a bead of No. 3144 sealant around the
bushing/nut interface as shown in Fig. 5-24.

4. Use attaching hardware and install the toggle
switch in the Front Panel.

5. Install the cap-seal on the toggle switch (see Fig.
5-25).

NUT

NO. 3144
SEALANT

il B =

—-’-I fa— .250 +.015

1792-75

Fig. 5-22. Application of sealant fo ZERO REFERENCE control
nut.

NO. 3144
SEALANT

|

00

1

1792-76

Fig. 5-23. Application of sealant to RECORD toggle-switch
bushing.

:
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NUT (FLUSH WITH SW. BODY)

NO. 3144

SEALANT
= | ——
(-

1792-77

Fig. 5-24. Application of sealant to RECORD toggle-switch nut.

RUBBER SEAL

—

nn

1792-78

Fig. 5-25. Installation of rubber Cap-Seal on RECORD toggle-
switch.

22. Install the VAR control and the 0-dB SET
control (see Figs. 5-26 and 5-27)

a. RESISTOR, VARIABLE

MPL Item 2-19 (VAR control), MPL Item 2-35 (0-dB
SET control).

b. Procedure

1. Partially unscrew Hex spacer nut and form a bead
of No. 3144 sealant around the bushing threads as
shown in Fig. 5-26.

2. Re-tighten the Hex spacer nut.

3. Pack the Shaft/Threaded Bushing interface with
G-661 lubricant as shown in Fig. 5-27.

4. Form a bead of No. 3144 sealant onthe end of the
Hex space nut as shown in Fig. 5-27.

5. Install the resistor in the Front Panel.
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NO. 3144
SEALANT

WASHER OR LUG

1792-79

Fig. 5-26. Application of sealant to the 0-dB SET control bushing.

NO. 3144
SEALANT

G-661
LUBRICANT

1792-80

Fig. 5-27. Detail showing lubrication and sealing for the variable
resistor.

23. Partial installation procedure for Main Circuit
Board Assembly

a. MAIN CIRCUIT BOARD ASSY.

Not shown in MPL as separate item.

b. Procedure

1. Lubricate washer on BNC connector with G-661
lubricant.

2. Insert Main Circuit Board Assembly into instru-
ment chassis engaging pushbutton shafts with their
respective switches. (Take care not to damage
pushbutton seals.)

5-15
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3. Do not install Main Circuit Board holding screws
at this point.

24. Install cam switch inserts (see Fig. 5-28)
a. INSERT, SHAFT SEAL (2 ea.)
MPL Item 2-100.

b. PACKING (O-ring, 2 ea.)
MPL Item 2-101.

c. Procedure

1. Apply G-661 lubricant to O-ring and install as
shown in Fig. 5-28.

2. Form a bead of No. 3144 sealar{t around thefillet
area of the insert.

3. Install the two inserts in the Front Panel. Tighten
until snug, then back off 2° to 3°. Remove any excess
sealant.

25. Finish installation procedure for Main Circuit
Board Assembly

a. Procedure

1. Install washer and nut on BNC connector.
Tighten nut to a torque reading of 20 3 inch-pounds.

2. Install Main Circuit Board holding screws.

NO. 3144

/_ SEALANT

O-RING

A

1792-81

Fig. 5-28. Lubrication of the O-rings and sealing for the cam-
switches.
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26. Install Power Switch Shaftinto Front Panel (see ,

Fig. 5-29)
a. EXTENSION-SHAFT
MPL ltem 2-17.

b. BUSHING
MPL Item 2-18.

c. Procedure

1. Insert the bushing into the Power Switch Seal
that was previously installed in the Front Panel.

2. Apply G-661 lubricant to the detent area of the
Power Switch Shaft.

3. Install as shown in Fig. 5-29.

FRONT PANEL

G-661
LUBRICANT

.

SHAFT

BUSHING

SEAL

1792-82

SUBPANEL

Fig. 5-29. Installation of the POWER switch.

27. Installation of the POSITION knob and the FINE
POSITION knob (see Figs. 5-30 and 5-31)

a. KNOB, POSITION
MPL Item 2-4.

b. KNOB, FINE POSITION
MPL Item 2-2.

c. Procedure

1. Apply G-661 lubricant to the POSITION knob as *
shown in Fig. 5-30.



2. Assemble the POSITION knob and the FINE
POSITION knob on the control shafts as shownin Fig.
5-31.

G-661
LUBRICANT

A
w

.
G-661 \\\\\\\\

LUBRICANT

1792-83

Fig. 5-30. Lubrication of POSITION control knob.

POSITION KNOB

1792-84

Fig. 5-31. Installation of knob on shaft.

28. Installation of the ZERO REFERENCE knob and
the zero reference CHECK pushbutton (see Figs.
5-32 and 5-33)

a. KNOB, ZERO REFERENCE
MPL Item 2-4 (same as FINE POSITION knob).

b. PUSHBUTTON
MPL Item 2-3.

c. Procedure

1. Apply G-661 lubricant to the ZERO REFERENCE
knob as shown in Fig. 5-32.

2. Assemble the knob and pushbutton on the
control shafts as hown in Fig. 5-33.
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2. Actuate the pushbutton several times. Remove
any excess lubricant.

G-661
LUBRICANT

G-661
LUBRICANT

1792-85

Fig. 5-32. Lubrication of ZERO REFERENCE knob.

ZERO REFERENCE KNOB

T L Ll L

4

-‘

NSO ONNONSNNNNN

# 17/////,
)
2% W

N

AN OSSN NN

N\

N

PUSHBUTTON

1792-86

Fig. 5-33. Installation of knob on ZERO REFERENCE control.

29. Install the FOCUS and INTENSITY knobs (see
Fig. 5-34)

a. KNOB, 2 ea.
MPL Item 2-1.

b. Procedure

1. Apply G-661 lubricant to both knobs as shownin
Fig. 5-34.

2. Install the knobs on the shafts of the FOCUS and
INTENSITY controls.

5-17
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KNOB

G-661
LUBRICANT

1792-87

Fig. 5-34. Lubrication of FOCUS and INTENSITY control knobs.

30. Watertight sealing procedures for the Battery
Pack (see Figs. 5-35 and 5-36)

a. BATTERY PACK
MPL Item 2-30.

b. PANEL
Not shown in MPL.

c. HEAT SINKS
Not shown in MPL.

d. GASKET
Not shown in MPL.

e. Procedure
1. Clean Panel with isopropyl alcohol.

2. Form a bead of No. 3144 sealant in and around
each of the six screw holes in the Panel. See Fig. 5-35.

3. Apply afilm of Dow Corning No. 4. Compound to
the mating surfaces of the heat sinks and the Panel and
join as shown in Fig. 5-36.

4. Clean the gasket with acetone.

5. Apply afilm of No. 3144 sealant to the gasket and
attach it to the Panel as shown in Fig. 5-36.

5-18

NO. 3144
SEALANT

/

O
Q, ©
o

o |O
0

\ /
1792-88

Fig. 5-35. Sealing of Battery Pack screwholes.

GASKET

DOW CORNING
#4 COMPOUND

HEAT SINK
NO. 3144

1792-89 SEALANT

Fig. 5-36. Application of dielectric type compound.

31. Watertight sealing procedures for the Front
Panel jacks of the X-Y Output Module, 016-0606-00,
(see Fig. 5-37)

a. FRONT PANEL
MPL Item 3-13.

b. SUB PANEL
MPL Item 3-14.

c. JACK, TIP: BLACK
MPL Item 3-5.




d. JACK, TIP: RED
MPL Item 3-6.

SUBPANEL

NO. 3144
SEALANT

WASHER

NUT

JACK

FRONT
PANEL

1792-90

Fig. 5-37. Detail of front-panel jacks.

e. Procedure

1. Clean the mating surface of the Subpanel with
isopropyl alcohol.

2. Align the Front Panel over the Subpanel and
insert one of the jacks in its respective position.

3. Form a bead of No. 3144 Sealant around the
Jack/Subpanel interface as shown in Fig. 5-37.

4. Use the supplied washer and nut to secure the
jack in position.

5. Repeat Steps 3and 4 fortheremainingfivejacks.

32. Preparation of the Thumbscrews that are used
for securing the X-Y Output Module (see Fig. 5-38)

a. PACKING (O-ring)
MPL Item 3-10.
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b. PIN, (shaft)
MPL Item 3-8.

c. KNOB
MPL Item 3-7.

d. Procedure

1. Insert one of the Pins (shaft) through the Front
Panel and Subpanel.

2. Apply G-661 lubricant to the O-ring.

3. Position the O-ring on the shaft as shownin Fig.
5-38.

4. Place the knob on the shaft and tighten the
setscrew.

5. Repeat procedure for the second thrumbscrew.

WASHER

KNOB

™N

SHAFT

A

3% I

oz

O-RING

FRONT PANEL

SUBPANEL

1792-91

Fig. 5-38. Detail of X-Y Module thumbscrews.
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33. Attach Latch Assemblies (2 ea.) to the Front
Cover (see Fig. 5-39)

a. COVER, FRONT
MPL Item 1-29.

b. LATCH ASSY.
MPL Item 1-0.

c. Procedure

1. Clean mating surfaces of Front Cover and Latch
Assembly with isopropyl alcohol.

2. Apply No. 3144 sealant to the two screw-holes in
each Latch Assembly as shown in Fig. 5-39.

3. Attach the two Latch Assemblies to the Front
Cover.

REMINDER: Don’t forget to lubricate surface of rubber
seals around edge of subpanel with G-661 lubricant before
installing instrument in cabinet and attaching front cover.

NO. 3144
SEALANT

of ¢

1792-92

Fig. 5-39. Sealing of latch-assembly screwholes.

Distance Indicator Knob Replacement

If it is necessary to attach a knob shell/lens assembly to
the DISTANCE indicator, form a bead of No. 3144

5-20

adhesive sealant (Tektronix Part No. 006-1171-00) at the
interface of the DISTANCE indicator and the knob shell.

REPACKAGING FOR SHIPMENT

If the Tektronix instrument is to be shipped to a
Tektronix Service Center for service or repair, attach atag
showing: owner (with address) and the name of an
individual at your firm that can be contacted, complete
instrument serial number and a description of the service
required.

Save and re-use package in which yourinstrument was
shipped. If the original packaging is unfit for use or not
available, repackage the instrument as follows:

1. Obtain a carton of corrugated cardboard havinginside
dimensions of no less than six inches more than the
instrument dimensions; this will allow for cushioning.
Refer to the following table for carton test strength
requirements.

2. Surround the instrument with polyethylene sheetingto
protect the finish of the instrument.

3. Cushion the instrument on all sides by tightly packing {

dunnage or urethane foam between carton and instru-
ment, allowing three inches on all sides.

4. Seal carton with shipping tape or industrial stapler.

SHIPPING CARTON TEST STRENGTH

Gross Weight (Ib) Carton Test Strength (Ib)

0-10 200
10-30 275
30-120 375

120-140 500
140-160 600

-
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OPTIONS

Option 1 provdes discrete cable dielectric (relative propagation velocity) selections from 0.2to 1.0
in .01 increments.

Option 4 provides a chart recorder for self-contained hard copy capability.

Option 5 provides metric calibration and metric front-panel notation.

Option 76 provides a crt with P7 phosphor, which is excellent for long-persistence display
requirements.

POWER CORD OPTIONS

Option A1: 220 V/16 A, Universal Europe, 161-0132-00.
Option A2: 240 V/13 A, United Kingdom, 161-0133-00.
Option A3: 240 V/10 A, Australian, 161-0135-00.
Option A4: 240 V/15 A, North American, 161-0134-00.

Option A5: 250 V/6 A, Swiss, 161-0154-00.

Fig. Option 1-1. Front-panel controls.

REV DEC 1981 6-1
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OPTION 1

1503 OPTION 1 differs from the 1503 standard model as
follows:

1. Thetwo front-panel CABLE DIELECTRIC pushbut-
tons have been replaced by two rotary DISTANCE CAL
switches; the VAR adjustment has been deleted. To make
these changes a PC Board (PC 9) has been added. See
Fig. Option 1-2.

R1356F |
R1356G

Fig. Option 1-2

2. The INTENSITY function has been removed and
factory set; the FOCUS control has been relocated. A
change in the High Voltage Board has been made
accordingly. See Fig. Option 1-3.

3. RET LOSS (dB) has been renamed SENSITIVITY
(dB).

4. IMPLS WIDTH has been redefined as TEST-PULSE,
and the pushbuttons have been marked SHORT, MED,
and LONG, instead of 10, 100, 1000.

Front-Panel Controls

1. CABLE

Precision bnc connector used to
transmit theimpulse signal intothe
test cable and receive the reflected
signal.

2. Impedance
selectors

Two push buttons used to select
the 1503 output impedance. 50 Q
pushed in, selects 50Q im-
pedance. 75 Q pushed in, selects
75 Q impedance. Both pushed in,

10.

11.

12.

. FOCUS

. POSITION/FINE

ZERO REF
CHECK

ZERO REF
SET

SENSITIVITY
(dB)

POWER

0 dB SET

NOISE FILTER

BATTERY

DISTANCE

.

selects 125 Q impedance. Both
out, select 93 Q impedance.

Controls sharpness of crt display.

Vertical position controls for crt
display.

Push button to check horizontal
reference location of test impulse
signal on crt.

Horizontal pulse position control
for crt display. Sets test signal
edge to a vertical reference line on
the crt when the DISTANCE dial is
at 000 or ZERO REF CHECK but-
ton is pushed.

Selects dB reference level of

the reflected signal. 0—60 dB in .

seven calibrated steps. FINE adds (
0—18 dB.

Push-pull, off-on switch. Does not
affect battery charging circuits.

Screwdriver adjust for 0 dB ref-
erence level. Used to get ampli-
tude of test pulse.

Reduces displayed noise. Display
sweep rateisreduced by afactor of
ten.

Indicates relative charge of power
pack.

Indicates the distance from 1503to
a point on the test cable; 0to 25000
feet (0to 500 metres) at X100 (X10).
Disabled when the FEET/DIV
(METRES/DIV) control is set to 50
(100) and the multiplier is set to {
X100 (X10).

r—
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13. X10 (X1) Two-position switch for X10 (X1)
X100 (X10) or X100 (X10) mutliplier. Affects
: both DISTANCE dial and FEET/
DIV (METRES/DIV) control.
14. FEET/DIV Selects horizontal deflection fac-

(METRES/DIV) tor.
X10 (X1) = 5 to 500 feet/div (1 to
100 metres/div).
X100 (X10) = 50 to 5000 feet/div
(10 to 1000 metres/div).

15. TEST PULSE Selects duration of test impulse;
SHORT (10 ns), MED (100 ns), or

LONG (1000 ns).

16. DISTANCE CAL Two rotary switches, providing
direct calibration in terms of
propagation velocity, expressed as
a fraction of C (speed of light). The
right switch provides settings from
00 to .01 in increments of .01 C.
The left switch provides settings
from .2to .9in increments of .1 C.
The cable Vp factor is found by
adding the two switch settings.

17. RECORD Two-position toggle switch. Used
to start an X-Y Recorder or
TEKTRONIX Y-T Chart recorder.
Push up and hold momentarily to
pre-heat stylusthen releaseto start

Chart recorder.

18. AC LINE
FUSES

Protection fuses for the battery
charger circuits.

CALIBRATION

Calibrate OPTION 1 according to the Calibration
Procedure in the 1503 Instruction Manual, with the
following exceptions:

Under control settings in all sections of the manual
Calibration Procedure (Power Supply, Display, Vertical
and Horizontal-Standard Version), change:

(from)

CABLE DIELECTRIC. Both Out
VAR Clockwise
(to)

Both Clockwise
(.9 and .1 =1.0)

DISTANCE CAL

6-4

Replace parts q through y of the Power Supply portion
of the manual Calibration Procedure with the following

parts g through s. (/A

g. Connect the voltmeter between TP4243 and TP4251
(see Output Amp-High Voltage Component pull-out page
for test point locations).

r. CHECK—For a voltmeter reading of 60 mV £5 mV.

s. ADJUST—R4222 (INTENSITY LIMIT) for a
voltmeter reading that is inside the range of 55 mV to
65 mV. The adjustment is located on the HIGH VOLTAGE
board and adjusted through the hole in the POWER
SUPPLY board (see Fig. 4-1). Check for optimum trace
brightness without blooming.

12. DISTANCE CAL

a. Set the FEET/DIV switch to five feet, multiplier to
X10. Select 1 us markers.

b. Withthe ZERO REF SET, position the display sothat
the leading edge of one time marker is on thefirst graticule
line and the corresponding point of the nexttime markeris
on the last graticule line (10 div). (

c. Use the following table to check the DISTANCE
CAL switches:

Switch Setting Div Between

Left Right Markers, +0.4% to —3.6%

9 A 10

.9 .09 9.9

.9 .08 9.8

.9 .07 9.7

.9 .06 9.6

.9 .05 9.5

.9 .04 9.4

.9 .03 9.3

.9 .02 9.2

.9 .01 9.1

.9 .00 9.0

.8 A 9.0

7 A 8.0

.6 A 7.0

.5 A 6.0

4 A 5.0

3 A 4.0

2 A 3.0 [
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REPLACEABLE
ELECTRICAL PARTS

PARTS ORDERING INFORMATION

Replacement parts are available from or through your local Tektronix, Inc. Field Office
or representative. >

Changes to Tektronix instruments are sometimes made to accommodate improved
components as they become available, and to give you the benefit of the latest circuit
improvements developed in our engineering department. It is therefore important, when
ordering parts, to include the following information in your order: Part number, instrument
type or number, serial number, and modification number if applicable.

If a part you have ordered has been replaced with a new or improved part, your local
Tektronix, Inc. Field Office or representative will contact you concerning any change in part
number.

Change information, if any, is located at the rear of this manual.

SPECIAL NOTES AND SYMBOLS
X000 Part first added at this serial number

00X Part removed after this serial number

ITEM NAME

In the Parts List, an Item Name is separated from the description by a colon (:).
Because of space limitations, an Item Name may sometimes appear as incomplete. For
further Item Name identification, the U.S. Federal Cataloging Handbook H6-1 can be
utilized where possible. .

ABBREVIATIONS
ACTR ACTUATOR PLSTC PLASTIC
ASSY ASSEMBLY QTZ QUARTZ .
CAP CAPACITOR RECP RECEPTACLE
CER CERAMIC RES RESISTOR
CKT CIRCUIT RF RADIO FREQUENCY
COMP COMPOSITION SEL SELECTED
CONN CONNECTOR SEMICOND SEMICONDUCTOR
ELCTLT ELECTROLYTIC SENS SENSITIVE
ELEC ELECTRICAL VAR VARIABLE
INCAND  INCANDESCENT ww WIREWOUND
LED LIGHT EMITTING DIODE XFMR TRANSFORMER
NONWIR  NON WIREWOUND XTAL CRYSTAL

REV A, MAR 1980
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Replaceable Electrical Parts—1503

CROSS INDEX—MFR. CODE NUMBER TO MANUFACTURER

Mfr. Code Manufacturer Address City, State, Zip
0000M SONY/TEKTRONIX CORPORATION P O BOX 14, HANEDA AIRPORT TOKYO 149, JAPAN
00853 SANGAMO ELECTRIC CO., S. CAROLINA DIV. P O BOX 128 PICKENS, SC 29671
01002 GENERAL ELECTRIC COMPANY, INDUSTRIAL

AND POWER CAPACITOR PRODUCTS DEPARTMENT  JOHN STREET HUDSON FALLS, NY 12839
01121 ALLEN-BRADLEY COMPANY 1201 2ND STREET SOUTH MILWAUKEE, WI 53204
01295 TEXAS INSTRUMENTS, INC., SEMICONDUCTOR P O BOX 5012, 13500 N CENTRAL

GROUP EXPRESSWAY DALLAS, TX 75222
02735 RCA CORPORATION, SOLID STATE DIVISION ROUTE 202 SOMERVILLE, NY 08876
03508 GENERAL ELECTRIC COMPANY, SEMI-CONDUCTOR

PRODUCTS DEPARTMENT ELECTRONICS PARK SYRACUSE, NY 13201
03888 KDI PYROFILM CORPORATION 60 S JEFFERSON ROAD - WHIPPANY, NJ 07981
04222 AVX CERAMICS, DIVISION OF AVX CORP. P O BOX 867, 19TH AVE. SOUTH MYRTLE BEACH, SC 29577
04713 MOTOROLA, INC., SEMICONDUCTOR PROD. DIV. 5005 E MCDOWELL RD,PO BOX 20923 PHOENIX, AZ 85036
07263 FAIRCHILD SEMICONDUCTOR, A DIV. OF

FAIRCHILD CAMERA AND INSTRUMENT CORP. 464 ELLIS STREET MOUNTAIN VIEW, CA 94042
09353 C AND K COMPONENTS, INC. 103 MORSE STREET WATERTOWN, MA 02172
12697 CLAROSTAT MFG. CO., INC. LOWER WASHINGTON STREET DOVER, NH 03820
12969 UNITRODE CORPORATION 580 PLEASANT STREET WATERTOWN, MA 02172
14099 SEMTECH CORP. 652 MITCHELL RD. NEWBURY PARK, CA 91320
14552 MICRO SEMICONDUCTOR GORP. 2830 E FAIRVIEW ST. SANTA ANA, CA 92704
14752 ELECTRO CUBE INC. 1710 S. DEL MAR AVE. SAN GABRIEL, CA 91776
14936 GENERAL INSTRUMENT CORP., SEMICONDUCTOR

PRODUCTS GROUP P.0. BOX 600,600 W. JOHN ST. HICKSVILLE, NY 11802
15238 ITT SEMICONDUCTORS, A DIVISION OF INTER

NATIONAL TELEPHONE AND TELEGRAPH CORP.  P.0. BOX 168, 500 BROADWAY LAWRENCE, MA 01841
17856 SILICONIX, INGC. : 2201 LAURELWOOD DRIVE SANTA CLARA, CA 95054
18324 SIGNETICS CORP. 811 E. ARQUES SUNNYVALE, CA 94086
19396 ILLINOIS TOOL WORKS, INC. PAKTRON DIV. 900 FOLLIN LANE, SE VIENNA, VA 22180
24138 INTERNATIONAL ELECTRONIC CORP. 316 S SERVICE RD,HUNTINGTON STA MELVILLE, L.I., NY 11746
24546 CORNING GLASS WORKS, ELECTRONIC ,

COMPONENTS DIVISION 550 HIGH STREET BRADFORD, PA 16701
27014 - NATIONAL SEMICONDUCTOR CORP. 2900 SEMICONDUCTOR DR. SANTA CLARA, CA 95051
28480 HEWLETT-PACKARD CO., CORPORATE HQ. 1501 PAGE MILL RD. PALO ALTO, CA 94304
32997 BOURNS, INC., TRIMPOT PRODUCTS DIV. 1200 COLUMBIA AVE. RIVERSIDE, CA 92507
33096 COLORADO CRYSTAL CORPORATION 2303 W 8TH STREET LOVELAND, CO 80537
34430 MONSANTO COMMERCIAL PRODUCT, CO. -

FABRICATOR PRODUCTS DIV. BOX 3790, 611 EAST CERRITOS AVE. ANAHEIM, CA 92803
50434 HEWLETT-PACKARD COMPANY 640 PAGE MILL ROAD PALO ALTO, CA 94304
51642 CENTRE ENGINEERING INC. 2820 E COLLEGE AVENUE STATE COLLEGE, PA 16801
56289 SPRAGUE ELECTRIC CO. 87 MARSHALL ST. NORTH ADAMS, MA 01247
59660 TUSONIX INC. 2155 N FORBES BLVD TUCSON, AZ 85705
71400 BUSSMAN MFG., DIVISION OF MCGRAW-

EDISON CO. 2536 W. UNIVERSITY ST. ST. LOUIS, MO 63107
71590 CENTRALAB ELECTRONICS, DIV. OF

GLOBE-UNION, INC. P O BOX 858 FORT DODGE, IA 50501
72982 ERIE TECHNOLOGICAL PRODUCTS, INC. 644 W. 12TH ST. ERIE, PA 16512
73138 BECKMAN INSTRUMENTS, INC., HELIPOT DIV. 2500 HARBOR BLVD. FULLERTON, CA 92634
75042 TRW ELECTRONIC COMPONENTS, IRC FIXED

RESISTORS, PHILADELPHIA DIVISION 401 N. BROAD ST. PHILADELPHIA, PA 19108
75915 LITTELFUSE, INC. 800 E. NORTHWEST HWY DES PLAINES, IL 60016
78488 STACKPOLE CARBON CO. ST. MARYS, PA 15857
80009 TEKTRONIX, INC. P O BOX 500 BEAVERTON, OR 97077
81073 GRAYHILL, INC. 561 HILLGROVE AVE., PO BOX 373 LA GRANGE, IL 60525
83508 GRANT PULLEY AND HARDWARE CO. HIGH ST. WEST NYACK, NY 10994
84411 TRW ELECTRONIC COMPONENTS, TRW CAPACITORS 112 W. FIRST ST. OGALLALA, NE 69153
90201 MALLORY CAPACITOR CO., DIV. OF 3029 E. WASHINGTON STREET

P. R. MALLORY AND CO., INC. a P. 0. BOX 372 INDIANAPOLIS, IN 46206
91418 RADIO MATERIALS COMPANY, DIV. OF P.R.

MALLORY AND COMPANY, INC. 4242 W BRYN MAWR CHICAGO, IL 60646
91637 DALE ELECTRONICS, INC. P. 0. BOX 609 COLUMBUS, NE 68601
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Replaceable Electrical Parts—1503

Tektronix  Serial/Model No. Mfr
Ckt No. Part No. Eff ~ Dscont Name & Description Code  Mfr Part Number

CIRCUIT BOARD ASSEMBLIES

Al 670-3866-00 B010100 B082958 CKT BOARD ASSY:MAIN 80009 670-3866-00
Al 670-3866-01  B082959 CKT BOARD ASSY:MAIN 80009 670-3866-01
Al 670-4388-00 B010100 B082958 CKT BOARD ASSY:MAIN 80009 670-4388-00
—————————— (OPTION 5 ONLY)
Al 670-4388-01  B082959 CKT BOARD ASSY:MAIN 80009 670-4388-01
---------- (OPTION 5 ONLY) '
A2 670-3895-00 B010100 B029999 CKT BOARD ASSY:VERT AMPL/SLOW RAMP 80009 670-3895-00
A2 670-3895-01  B030000 B082958 CKT BOARD ASSY:VERT AMPL/SLOW RAMP 80009 670-3895-01
A2 670-3895-02  B082959 CKT BOARD ASSY:VERT AMPL/SLOW RAMP 80009 670-3895-02
A3 670-3130-00 B010100 B069999  CKT BOARD ASSY:OUTPUT AMPLIFIER 80009 670-3130-00
A3 670-3130-02 B070000 B082958 CKT BOARD ASSY:OUTPUT AMPLIFIER 80009 670-3130-02
A3 670-3130-03 B082959 B094379 CKT BOARD ASSY:OUTPUT AMPLIFIER 80009 670-3130-03
A3 670-3130-04  B094380 CKT BOARD ASSY:OUTPUT AMPLIFIER 80009 670-3130-04
A4 670-3010-00 B010100 B069999  CKT BOARD ASSY:SWEEP GEN 80009 670-3010-00
A4 670-3010-01 B070000 B082958 CKT BOARD ASSY:SWEEP GEN 80009 670-3010-01
AL 670-3010-02  B082959 CKT BOARD ASSY:SWEEP GEN 80009 670-3010-02
A5 670-3513-00 BO10100 B019999 CKT BOARD ASSY:CHART RECORDER LOGIC 80009 670-3513-00
A5 670-3513-01 B020000 B082958 CKT BOARD ASSY:CHART RECORDER LOGIC 80009 670-3513-01
A5 670-3513-02  B082959 CKT BOARD ASSY:CHART RECORDER LOGIC 80009 670-3513-02
A6 670-3520-00. BO10100 B020245 CKT BOARD ASSY:POWER , 80009 670-3520-00
A6 670-3520-01  B020246 B082958 CKT BOARD ASSY:POWER 80009 670-3520-01
A6 670-3520-02  B082959 CKT BOARD ASSY:POWER 80009 670-3520-02
A7 670-3865-00 B010100 B082958 CKT BOARD ASSY:X-Y PLUG IN 80009 670-3865-00
---------- (016-0606-00 ONLY)
A7 670-3865-01  B082959 CKT BOARD ASSY:X-Y PLUG IN 80009 670-3865-01
---------- (016-0606-00 ONLY)
A8 670-5634-00 CKT BOARD ASSY:CABLE VP FACTOR 80009 670-5634-00
—————————— (OPTION 1 ONLY) .
A9 670-6592-00 XB090000 CKT BOARD ASSY:POWER FUSE JACK 80009 670-6592-00
Al10 670-0364-00 XB093410 CKT BOARD ASSY:RESISTANCE SOCKET 80009 670-0364-00

__________ (NO ELECTRICAL PARTS)

;

Al 670-3866-00 B010100 B082958  CKT BOARD ASSY:MAIN 80009 670-3866-00

Al 670-3866-01  B082959 CKT BOARD ASSY:MAIN v 80009 670-3866-01

Al 670-4388-00 B010100 B082958 CKT BOARD ASSY:MAIN 80009 670-4388-00
—————————— : (OPTION 5 ONLY)

Al 670-4388-01  B082959 CKT BOARD ASSY:MAIN 80009 670-4388-01
---------- (OPTION 5 ONLY)

Cl143 290-0114-00 CAP. ,FXD,ELCTLT:47UF,20%,6V 56289 150D476X0006B2

Cl1153 290-0134-00 CAP.,FXD,ELCTLT: 22UF, 20%,15V 56289 150D226X0015B2

c1227 285-0598-00 CAP. ,FXD,PLSTC:0.01UF,5%,100V 01002 61F10AC103
---------- (OPTION 5 ONLY)

C1238 285-0650-00 CAP. ,FXD,PLSTC:0.027UF,5%,100V 56289 192P27352

Cc1238 285-0719-00 CAP. ,FXD,PLSTC:0.015UF,5%,100V 84411 663UW-15351
—————————— (OPTION 5 ONLY)

C1243 283-0198-00 CAP.,FXD,CER DI:0.22UF,20%,50V 72982 8121N08325U0224M

C1249 281-0623-00 XB040710 CAP.,FXD,CER DI:650PF,5%,500V 04222 7001-1362

Cc1257 290-0530-00 CAP. ,FXD,ELCTLT: 68UF, 20%,6V 90201 TDC686MOO6NLF

c1321 283-0203-00 CAP.,FXD,CER DI:0.47UF,20%,50V 72982 8131M05825U0474M

C1324 290-0530-00 CAP. ,FXD,ELCTLT: 68UF, 20%,6V 90201 TDC686MOO6NLF

C1331 290-0530-00 CAP. ,FXD,ELCTLT: 68UF, 20%, 6V 90201 TDC686MOO6NLF

Cl1422 290-0530-00 CAP. ,FXD,ELCTLT: 68UF, 20%,6V 90201 TDC686MOO6NLF

Cl434 290-0530-00 CAP. ,FXD,ELCTLT: 68UF, 20%, 6V 90201 TDC686MOO6NLF

Cl447 283-0203-00 CAP.,FXD,CER DI:0.47UF,20%,50V 72982 8131M058Z5U0474M

C1456 290-0517-00 CAP. ,FXD,ELCTLT: 6.8UF, 20%, 35V 56289 196D685X0035KAl

C1459 283-0104-00 CAP.,FXD,CER DI:2000PF,5%,500V 72982 811-565B202J

C1503 283-0103-00 CAP.,FXD,CER DI:180PF,5%,500V 59660 831-518-25D0181J

C1505 290-0530-00 CAP. ,FXD,ELCTLT:68UF,20%,6V 90201 TDC686MOO6NLF
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Replaceable Electrical Parts—1503

Tektronix ~ Serial/Model No. Mfr
Ckt No.  Part No. Eff Name & Description Code  Mfr Part Number
€1508  290-0530-00 CAP. ,FXD,ELCTLT: 68UF, 20%, 6V 90201 TDC686MOO6NLF
C1525  290-0114-00 CAP.,FXD,ELCTLT:47UF, 20%,6V 56289 150D476X0006B2
C1531  283-0023-00 CAP.,FXD,CER DI:0.1UF,+80-20%,12V 91418 MX0104Z1205R5
C1534  283-0625-00 CAP. ,FXD,MICA D:220PF,1%,500V 00853 D105F221F0
C1536  290-0559-00 CAP.,FXD,ELCTLT: 22UF, 20%, 35V 90201 TDC226MO35WLG
C1538  283-0694-00 CAP. ,FXD,MICA D:2240PF,0.5%,300V 00853 D193F2241E0
C1548  283-0193-00 CAP.,FXD,CER DI:510PF,2%,100V 72982 8121N130C0G05116
C1554  290-0530-00 CAP. ,FXD,ELCTLT: 68UF , 20%, 6V 90201 TDC686MOO6NLF
C1556  283-0115-00 CAP.,FXD,CER DI:47PF,5%,200V 59660 805-519-C0G0470J
C1558  283-0047-00 CAP. ,FXD,CER DI:270PF,5%,500V 72982 0831522Z5D00271J
C1563  283-0060-00 CAP.,FXD,CER DI:100PF,5%,200V 72982 855-535U2J101J
C1565  283-0154-00 CAP.,FXD,CER DI:22PF,5%,50V 72982 8111B061C0G220J
C1574  283-0047-00 CAP.,FXD,CER DI:270PF,5%,500V 72982 0831522Z5D00271J
C1577  283-0047-00 CAP.,FXD,CER DI:270PF,5%,500V 72982 0831522Z5D00271J
€1578  290-0517-00 CAP. ,FXD,ELCTLT: 6.8UF, 20%, 35V 56289 196D685X0035KA1
C1585  290-0530-00 CAP. ,FXD,ELCTLT: 68UF, 20%, 6V 90201 TDC686MOO6NLF
C1586  290-0530-00 CAP. ,FXD,ELCTLT: 68UF, 20%, 6V 90201 TDC686MOO6NLF
€1593  285-0598-00 CAP. ,FXD,PLSTC:0.01UF,5%,100V 01002 61F10AC103
€1595  283-0023-00 CAP.,FXD,CER DI:0.1UF,+80-20%,12V 91418 MX0104Z1205R5
C1596  283-0115-00 CAP. ,FXD,CER DI:47PF,5%,200V 59660 805-519-C0G0470J
€1601 283-0000-00 CAP.,FXD,CER DI:0.001UF,+100-0%,500V 59660 831-519-Z5U-102P
€1605  290-0530-00 CAP. ,FXD,ELCTLT: 68UF, 20%, 6V 90201 TDC686MOO6NLF
C1607  290-0530-00 CAP. ,FXD,ELCTLT: 68UF, 20%, 6V 90201 TDC686MOO6NLF
C1647  290-0517-00 CAP. ,FXD,ELCTLT: 6.8UF, 20%, 35V 56289 196D685X0035KA1
Cl648  290-0559-00 CAP. ,FXD,ELCTLT: 22UF, 20%, 35V 90201 TDC226MO35WLG
C1654  290-0530-00 CAP. ,FXD,ELCTLT: 68UF, 20%, 6V 90201 TDC686MOO6NLF
C1673  283-0115-00 CAP.,FXD,CER DI:47PF,5%,200V 59660 805-519-C0G0470J
C1677  283-0115-00 CAP.,FXD,CER DI:47PF,5%,200V 59660 805-519-C0G0470J
C1686  283-0032-00 CAP.,FXD,CER DI:470PF,5%,500V 72982 0831085Z5E00471J
C1687  283-0107-00 CAP.,FXD,CER DI:51PF,5%,200V 72982 8121B232C0G0510J
C1697  283-0175-00 CAP.,FXD,CER DI:10PF,5%,200V 72982 8101B210C0G0100J
C1698  283-0103-00 CAP.,FXD,CER DI:180PF,5%,500V 59660 831-518-Z5D0181J
€1701 290-0530-00 CAP. ,FXD,ELCTLT: 68UF, 20%,6V 90201 TDC686MOO6NLF
C1706  290-0530-00 CAP. ,FXD,ELCTLT: 68UF, 20%, 6V 90201 TDC686MOO6NLF
€1715  285-0537-00 CAP.,FXD,PPR DI:0.5UF,20%,400V 14752 650BIBLE504
C1741  283-0203-00 CAP.,FXD,CER DI:0.47UF,20%,50V 72982 8131M058Z5U0474M
C1742  283-0209-00 CAP.,FXD,CER DI:1UF,20%,50V 51642 UC35050Z5U105MPS
C1743  290-0517-00 CAP.,FXD,ELCTLT:6.8UF, 20%, 35V 56289 196D685X0035KAl
C1762  283-0193-00 CAP. ,FXD,CER DI:510PF,2%,100V 72982 8121N130C0G0511G
C1765  283-0114-00 CAP.,FXD,CER DI:0.0015UF,5%,200V 72982 805-509B152J
€1775  283-0159-00 CAP.,FXD,CER DI:18PF,5%,50V 72982 8111B065C0G0180J
c1783  283-0107-00 CAP. ,FXD,CER DI:51PF,5%,200V 72982 8121B232C0G0510J
€1793  283-0076-00 CAP.,FXD,CER DI:27PF,10%,500V 56289 40C287A2
CR1358  152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
CR1432  152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1IN4152R
CR1433  150-1000-00 LT EMITTING DIO:RED,650NM,40MA MAX 34430 MV-50
CR1434  152-0333-00 SEMICOND DEVICE:SILICON,55V,200MA 07263 FDH-6012
CR1463  152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
CRI556  152-0457-00 SEM¥COND DEVICE:SILICON,25V 28480 5082-2068
CRI557  152-0322-00 XB083169 SEMICOND DEVICE:SILICON,15V,HOT CARRIER 50434 5082-2672
CR1558  152-0169-00 SEMICOND DEVICE:TUNNEL,1MA, 10PF 03508 IN3712
CR1561 152-0141-02 SEMICOND DEVICE:SILICON, 30V,150MA 01295 1N4152R
CR1563  152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
CR1564  152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
CR1572 152-0322-00 XB083169 SEMICOND DEVICE:SILICON,15V,HOT CARRIER 50434 5082-2672
CR1574  152-0169-00 SEMICOND DEVICE:TUNNEL,1MA, 10PF 03508 IN3712
CRI581  152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
CR1582 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
CR1639 152-0107-00 SEMICOND DEVICE:SILICON,400V,400MA 01295 G727
CR1647 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
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REV DEC 1981

Tektronix  Serial/Model No. Mfr

Ckt No. Part No. Eff Dscont Name & Description Code  Mfr Part Number
CR1648  152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
CR1654 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
CR1659 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
CR1673  152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N&152R
CR1688  152-0457-00 SEMICOND DEVICE:SILICON,25V 28480 5082-2068
CR1689  152-0457-00 SEMICOND DEVICE:SILICON,25V 28480 5082-2068
CR1696  152-0457-00 SEMICOND DEVICE:SILICON,25V 28480 5082-2068
CR1735  152-0107-00 SEMICOND DEVICE:SILICON,400V,400MA 01295 G727

CR1752 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
CR1755 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
CR1792  152-0457-00 SEMICOND DEVICE:SILICON,25V 28480 5082-2068
L1155 108-0598-00 COIL,RF:200UH 80009 108-0598-00
L1162 108-0598-00 COIL,RF:200UH 80009 108-0598-00
L1433 108-0598-00 COIL,RF:200UH 80009 108-0598-00
L1441 108-0215-00 COIL,RF:1.1UH 80009 108-0215-00
L1449 108-0598-00 COIL,RF:200UH 80009 108-0598-00
L1541 108-0833-00 COIL,RF:10.2UH 80009 108-0833-00
L1546 108-0832-00 COIL,RF:FIXED,88UH POT CORE 80009 108-0832-00
L1555 108-0598-00 COIL,RF: 200UH 80009 108-0598-00
L1753 108-0598-00 COIL,RF:200UH 80009 108-0598-00
L1774 276-0647-00 CORE ,EM:TOROID,FERRITE 78488 57-0126
Qll42 151-0302-00 TRANSISTOR:SILICON,NPN 07263 5038487
Q1235 151-0301-00 TRANSISTOR: SILICON,PNP 27014 2N2907A
Q1236 151-0302-00 TRANSISTOR:SILICON,NPN 07263 5038487
Q1246 151-1078-00 TRANSISTOR:SILICON,JFE,N-CHANNEL 17856 J2133

Q1247 151-0216-00 TRANSISTOR: SILICON,PNP 04713 SPS8803
Q1332 151-0221-00 TRANSISTOR:SILICON,PNP 04713 SPS246
Q1435 151-0188-00 TRANSISTOR:SILICON,PNP 04713 SPS6868K
Q1436 151-0301-00 TRANSISTOR:SILICON,PNP 27014 2N2907A
Q1551 151-0441-00 TRANSISTOR:SILICON,NPN 04713 SRF501
Q1556 151-0221-00 TRANSISTOR:SILICON,PNP 04713 SPS246
Q1558 151-0131-00 BO10100 B083168 TRANSISTOR:GERMANIUM,PNP 04713 2N964

Q1558 151-0188-00  B083169 TRANSISTOR:SILICON,PNP 04713 SPS6868K
Q1559 151-0441-00 TRANSISTOR:SILICON,NPN 04713 SRF501
Q1565 151-0333-00 TRANSISTOR:SILICON,NPN,SEL FROM MPS918 04713 SPS1752
Q1571 151-0301-00 TRANSISTOR: SILICON,PNP 27014 2N2907A
Q1573 151-0441-00 TRANSISTOR: SILICON,NPN 04713 SRF501
Q1575 151-0441-00 BO10100 B049999  TRANSISTOR:SILICON,NPN 04713 SRF501
Q1575 151-0302-00  B050000 TRANSISTOR:SILICON,NPN 07263 5038487
Q1578 151-0131-00 B0O10100 B083168 TRANSISTOR:GERMANIUM,PNP 04713 2N964

Q1578 151-0188-00  B083169 TRANSISTOR: SILICON,PNP 04713 SPS6868K
Q1588 151-0302-00 TRANSISTOR: SILICON,NPN 07263 5038487
Q1593 151-0302-00 TRANSISTOR:SILICON,NPN 07263 5038487
Q1594 151-1078-00 TRANSISTOR: SILICON,JFE,N-CHANNEL 17856 J2133

Q1637 151-0450-00 TRANSISTOR: SILICON,PNP,SEL FROM 2N5583 80009 151-0450-00
Q1657 151-1078-00 TRANSISTOR:SILICON,JFE,N-CHANNEL 17856 J2133
Q1658 151-0441-00 BO10100 B049999  TRANSISTOR:SILICON,NPN 04713 SRF501
Q1658 151-0302-00  B050000 TRANSISTOR:SILICON,NPN 07263 5038487
Q1678 151-0221-00 TRANSISTOR:SILICON,PNP 04713 SPS246
Q1772 151-0302-00 TRANSISTOR:SILICON,NPN 07263 5038487
Q1775 151-0441-00 TRANSISTOR:SILICON,NPN 04713 SRF501
R1115 321-0976-04 RES.,FXD,FILM:602 OHM,0.1%,0.125W 91637 HFF188D60202B
R1117 321-0973-04 RES.,FXD,FILM:60.2K OHM,0.1%,0.125W 91637 MFF1816D60201B
R1118 321-0604-00 RES.,FXD,FILM: 30K OHM,0.25%,0.125W 91637 MFF1816D30001C
R1127 321-0170-00 RES.,FXD,FILM:576 OHM,1%,0.125W 91637 MFF1816G576ROF
R1132 311-1337-00 RES.,VAR,NONWIR:25K OHM,10%,0.50W 73138 89-129-1
R1135 315-0473-00 RES. ,FXD,CMPSN:47K OHM,5%,0.25W 01121 CB&4735
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R1137 321-0262-03 RES.,FXD,FILM:5.23K OHM,0.25%,0.125W 91637 MFF1816G52300F

R1147 315-0103-00 RES.,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035

R1148 315-0223-00 RES.,FXD,CMPSN: 22K OHM,5%,0.25W 01121 ©B2235

R1158 321-0155-00 RES.,FXD,FILM:402 OHM,1%,0.125W 91637 MFF1816G402ROF
---------- (NOT USED IN OPTION 1)

R1216 311-1268-00 RES.,VAR,NONWIR: 10K OHM,10%,0.50W 32997 3329P-158-103

R1218 315-0223-00 RES.,FXD,CMPSN: 22K OHM,5%,0.25W 01121 CB2235

R1227 321-0603-00 RES.,FXD,FILM: 15K OHM,0.25%,0.125W 91637 MFF1816D15001C

R1228 321-0268-03 RES.,FXD,FILM:6.04K OHM,0.25%,0.125W 91637 MFF1816D60400C

R1228 321-0277-03 RES.,FXD,FILM:7.5K OHM,0.25%,0.125W 24546 NC55C7501C
---------- (OPTION 5 ONLY) .

R1229 321-0239-03 RES.,FXD,FILM:3.01K OHM,0.25%,0.125W 91637 MFF1816D30100C

R1249 315-0273-00 RES.,FXD,CMPSN: 27K OHM,5%,0.25W 01121 ©B2735

R1256 315-0471-00 RES.,FXD,CMPSN:470 OHM,5%,0.25W 01121 CB4715

R1257 315-0103-00 RES.,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035

R1258 315-0101-00 RES.,FXD,CMPSN:100 OHM,5%,0.25W 01121 CB1015

R1313 315-0333-00 RES.,FXD,CMPSN:33K OHM,5%,0.25W 01121 CB3335

R1314 315-0223-00 RES.,FXD,CMPSN: 22K OHM,5%,0.25W 01121 CB2235

R1317 315-0243-00 RES.,FXD,CMPSN: 24K OHM,5%,0.25W 01121 CB2435
—————————— (OPTION 5 ONLY)

R1317 315-0563-00 RES.,FXD,CMPSN:56K OHM,5%,0.25W 01121 CB5635

R1319 315-0473-00 RES.,FXD,CMPSN:47K OHM,5%,0.25W 01121 CB4735

R1328 315-0101-00 RES.,FXD,CMPSN:100 OHM,5%,0.25W 01121 CB1015

R1336 315-0101-00 RES.,FXD,CMPSN: 100 OHM,5%,0.25W 01121 CB1015

R1337 321-0227-00 RES.,FXD,FILM:2.26K OHM,1%,0.125W 91637 MFF1816G22600F

R1338 321-0235-00 RES.,FXD,FILM:2.74K OHM,1%,0.125W 91637 MFF1816G27400F

R1353 321-0243-00 RES.,FXD,FILM:3.32K OHM,1%,0.125W 91637 MFF1816G33200F
---------- (NOT USED IN OPTION 1)

R1354 315-0223-00 RES.,FXD,CMPSN: 22K OHM,5%,0.25W 01121 CB2235

R1355 321-0221-00 RES.,FXD,FILM:1.96K OHM,1%,0.125W 91637 MFF1816G19600F
—————————— (NOT USED IN OPTION 1)

R1356 321-0280-00 RES.,FXD,FILM:8.06K OHM,1%,0.125W 91637 MFF1816G80600F.
—————————— (NOT USED IN OPTION 1)

R1357 321-0272-00 RES.,FXD,FILM:6.65K OHM,1%,0.125W 91637 MFF1816G66500F
---------- (NOT USED IN OPTION 1)

R1406 311-1275-00 RES.,VAR,NONWIR: IM OHM,10%,0.50W 32997 3329P-L58-105

R1414 311-1270-00 RES.,VAR,NONWIR:12K OHM,10%,0.5W 32997 3329P-L58-253

R1421 315-0362-00 RES.,FXD,CMPSN:3.6K OHM,5%,0.25W 01121 CB3625

R1424 315-0821-00 RES.,FXD,CMPSN:820 OHM,5%,0.25W 01121 CB8215

R1431 315-0512-00 RES.,FXD,CMPSN:5.1K OHM,5%,0.25W 01121 CB5125

R1436 315-0200-00 RES.,FXD,CMPSN:20 OHM,5%,0.25W 01121 CB2005

R1457 315-0471-00 RES.,FXD,CMPSN:470 OHM,5%,0.25W 01121 CB4715

R1462 315-0222-00 RES.,FXD,CMPSN:2.2K OHM,5%,0.25W 01121 GB2225

R1477 315-0103-00 RES.,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035

R1486 315-0103-00 RES.,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035

R1496 315-0101-00 RES.,FXD,CMPSN:100 OHM,5%,0.25W 01121 CB1015

R1502 315-0105-00 RES.,FXD,CMPSN:1M OHM,5%,0.25W 01121 CB1055

R1506 315-0103-00 RES.,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035

R1507 315-0101-00 RES.,FXD,CMPSN:100 OHM,5%,0.25W 01121 CB1015

‘R1508 315-0332-00 RES.,FXD,CMPSN:3.3K OHM,5%,0.25W 01121 CB3325

R1509 315-0101-00 RES.,FXD,CMPSN:100 OHM,5%,0.25W 01121 CB1015

R1532 315-0152-00 RES.,FXD,CMPSN:1.5K OHM,5%,0.25W 01121 CB1525

R1533 315-0102-00 RES.,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CB1025

R1544 315-0223-00 RES.,FXD,CMPSN: 22K OHM,5%,0.25W 01121 CB2235

R1543 315-0102-00 RES.,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CB1025

R1545 315-0103-00 RES.,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035

R1547 315-0470-00 RES.,FXD,CMPSN:47 OHM,5%,0.25W 01121 CB4705
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R1552  315-0103-00 RES.,FXD,CMPSN:10K OHM,5%,0.25W 01121 CB1035
R1557  315-0223-00 RES.,FXD,CMPSN: 22K OHM,5%,0.25W 01121 CB2235
R1562  315-0223-00 RES.,FXD,CMPSN: 22K OHM,5%,0.25W 01121 CB2235
R1563  315-0304-00 RES.,FXD,CMPSN: 300K OHM,5%,0.25W 01121 CB3045
R1576  315-0473-00 RES.,FXD,CMPSN:47K OHM,5%,0.25W 01121 CB4735
R1577  315-0102-00 RES.,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CB1025
R1582  315-0331-00 B010100 B010128  RES.,FXD,CMPSN:330 OHM,5%,0.25W 01121 CB3315
R1582  315-0221-00 B010129 RES.,FXD,CMPSN:220 OHM,5%,0.25W 01121 CB2215
R1584  315-0101-00 RES.,FXD,CMPSN:100 OHM,5%,0.25W 01121 CB1015
R1587  315-0101-00 RES.,FXD,CMPSN: 100 OHM,5%,0.25W 01121 CB1015
R1588  315-0103-00 RES.,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
R1589  315-0223-00 RES.,FXD,CMPSN:22K OHM,5%,0.25W 01121 CB2235
R1592  315-0204-00 RES.,FXD,CMPSN: 200K OHM,5%,0.25W 01121 CB2045
R1597  315-0473-00 RES.,FXD,CMPSN:47K OHM,5%,0.25W 01121 CB4735
R1599  315-0822-00 RES.,FXD,CMPSN:8.2K OHM,5%,0.25W 01121 CB8225
R1602  315-0101-00 RES.,FXD,CMPSN: 100 OHM,5%,0.25W 01121 CBIO15
R1603  315-0822-00 RES.,FXD,CMPSN:8.2K OHM,5%,0.25W 01121 CB8225
R1604  315-0101-00 RES.,FXD,CMPSN: 100 OHM,5%,0.25W 01121 CB1015
R1606  315-0101-00 RES.,FXD,CMPSN: 100 OHM,5%,0.25W 01121 CB1015
R1608  315-0103-00 RES.,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
R1633  321-0085-00 RES.,FXD,FILM:75 OHM,1%,0.125W 91637 MFF1816G75R0O0F
R1634  321-0094-00 RES.,FXD,FILM: 93.1 OHM,1%,0.125W 91637 MFF1816G93R10F
R1635  321-0107-00 - RES.,FXD,FILM:127 OHM,1%,0.125W 91637 MFF1816G127ROF
R1641  321-0068-00 RES.,FXD,FILM:49.9 OHM,1%,0.125W 91637 MFF1816G49R90F
R1643  315-0472-00 RES.,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB4725
R1646  315-0472-00 RES.,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB4725
R1651  315-0332-00 RES.,FXD,CMPSN:3.3K OHM,5%,0.25W 01121 CB3325
R1661  315-0102-00 RES.,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CB1025
R1663  315-0104-00 RES.,FXD,CMPSN:100K OHM,5%,0.25W 01121 CB1045
R1655  321-0169-00 RES.,FXD,FILM:562 OHM,1%,0.125W 91637 MFF1816G562ROF
R1664  315-0333-00 RES.,FXD,CMPSN: 33K OHM,5%,0.25W 01121 CB3335
R1672  315-0392-00 RES.,FXD,CMPSN:3.9K OHM,5%,0.25W 01121 CB3925
R1673  315-0103-00 RES.,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
R1674  315-0103-00 RES.,FXD,CMPSN:10K OHM,5%,0.25W 01121 CB1035
R1669  315-0274-00 RES.,FXD,CMPSN: 270K OHM,5%,0.25W 01121 CB2745
R1676  311-1273-00 RES.,VAR,NONWIR:200K OHM,10%,0.5W 32997 3329P-L58-204
R1677  315-0104-00 RES.,FXD,CMPSN: 100K OHM,5%,0.25W 01121 CB1045
R1683  315-0103-00 RES.,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
R1687  317-0270-00 RES.,FXD,CMPSN:27 OHM,5%,0.125W 01121 BB2705
R1688  317-0270-00 RES.,FXD,CMPSN:27 OHM,5%,0.125W 01121 BB2705
R1692  315-0822-00 RES. ,FXD,CMPSN:8.2K OHM,5%,0.25W 01121 CB8225
R1693  311-1267-00 RES.,VAR,NONWIR:5K OHM,10%,0.50W 32997 3329P-L58-502
R1694  315-0153-00 RES.,FXD,CMPSN: 15K OHM,5%,0.25W 01121 CB1535
R1701  315-0101-00 RES.,FXD,CMPSN:100 OHM,5%,0.25W 01121 CB1015
R1724  321-0089-00 RES.,FXD,FILM:82.5 OHM,1%,0.125W 91637 MFF1816G82R50F
R1725  321-0149-00 RES.,FXD,FILM: 348 OHM,1%,0.125W 91637 MFF1816G348ROF
R1731  321-0122-00 RES.,FXD,FILM:182 OHM,1%,0.125W 91637 MFF1816G182ROF
R1733  322-0097-00 RES.,FXD,FILM:100 OHM,1%,0.25W 75042 CEBTO-1000F
R1734  321-0076-00 RES.,FXD,FILM:60.4 OHM,1%,0.125W 91637 MFF1816G60R40F
R1743  315-0102-00 RES.,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CB1025
R1751  315-0103-00 RES.,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
R1752  315-0223-00 RES.,FXD,CMPSN: 22K OHM,5%,0.25W 01121 CB2235
R1754  315-0472-00 RES.,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB4725
R1755  315-0271-00 RES.,FXD,CMPSN:270 OHM,5%,0.25W 01121 CB2715
R1761  315-0102-00 RES.,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CB1025
R1762  315-0104-00 RES.,FXD,CMPSN:100K OHM,5%,0.25W 01121 CB1045
R1765  315-0513-00 B010100 B040709  RES.,FXD,CMPSN:51K OHM,5%,0.25W 01121 CB5135
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R1765 315-0223-00  B040710 RES.,FXD,CMPSN: 22K OHM,5%,0.25W 01121 CB2235
R1773 315-0223-00 RES.,FXD,CMPSN: 22K OHM,5%,0.25W 01121 CB2235
R1774 315-0511-00 RES. ,FXD,CMPSN:510 OHM,5%,0.25W 01121 CB5115
R1781 315-0102-00 RES.,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CB1025
R1782 315-0102-00 RES.,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CB1025
R1783 315-0566-00 RES.,FXD,CMPSN: 56M OHM,5%,0.25W 01121 CB5665
R1784 317-0270-00 RES.,FXD,CMPSN:27 OHM,5%,0.125W 01121 BB2705
‘R1785 317-0270-00 RES.,FXD,CMPSN:27 OHM,5%,0.125W 01121 BB2705
R1791 321-0068-00 RES.,FXD,FILM:49.9 OHM,1%,0.125W 91637 MFF1816G49RIOF
R1793 315-0473-00 RES.,FXD,CMPSN:47K OHM,5%,0.25W . 01121 CB4735
R1796 311-1267-00 RES.,VAR,NONWIR:5K OHM,10%,0.50W 32997 3329P-L58-502
S1156 263-0011-08 SWITCH,PB ASSY:1 PUSH,10MM,2CONTACTS 80009 263-0011-08
—————————— (NOT USED IN OPTION 1) v
51252 263-0011-07 SWITCH,PB ASSY:1 PUSH,10MM,1CONTACT 80009 263-0011-07
---------- (NOT USED IN OPTION 1) v
$1624 263-0010-00 SWITCH PB ASSY:1 PUSH,7.5MM,W/2 CONTACTS 80009 263-0010-00
$1625 263-0011-00 SWITCH,PB ASSY:1 PUSH,10 MM,W/4 CONTACTS 80009 263-0011-00
T1686 120-0544-00 XFMR, TOROID: 80009 120-0544-00
Ul1219 156-0158-00 B010100 B072079 MICROCIRCUIT,LI:DUAL OPERATIONAL AMPLIFIER 18324 MC1458N
U1219 156-0158-04  B072080 MICROCIRCUIT,LI:DUAL OPERATIONAL AMPLIFIER 01295 N99320JG
U1503 156-0686-00 MICROCIRCUIT,LI:OPNL AMPL,HIGH IMPEDANCE 02735 CA31308
_U1663 156-0349-00 MICROCIRCUIT,DI:QUAD 2-INPUT NOR GATE 27014 CD4001CJ
U1667 156-0349-00 MICROCIRCUIT,DI:QUAD 2-INPUT NOR GATE 27014 CD4001CJT
U1695 156-0158-00 B010100 B072079 MICROCIRCUIT,LI:DUAL OPERATIONAL AMPLIFIER 18324 MC1458N
U1695 156-0158-04  B072080 MICROCIRCUIT,LI:DUAL OPERATIONAL AMPLIFIER 01295 N99320JG
U1795 156-0335-00 B010100 BO082958 MICROCIRCUIT,LI:OP AMPL,FET INPUT 27014 LHOO42CH
U1795 156-1149-01  B082959 MICROCIRCUIT,LI:OPER AMPL,JFET,BURN-IN 27014 LF351N/A+
VR1649  152-0438-00 SEMICOND DEVICE:ZENER,3W,9.1V,5% 12969 UZ1364
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A2 670-3895-00  BO10100 B029999  CKT BOARD ASSY:VERT AMPL/SLOW RAMP 80009 670-3895-00
A2 670-3895-01  B030000 BO082958 CKT BOARD ASSY:VERT AMPL/SLOW RAMP 80009 670-3895-01
A2 670-3895-02  B082959 CKT BOARD ASSY:VERT AMPL/SLOW RAMP 80009 670-3895-02
€2137  283-0000-00 CAP.,FXD,CER DI:0.001UF,+100-0%,500V 59660 831-519-Z5U-102P
€2138  290-0530-00 CAP. ,FXD,ELCTLT: 68UF, 20%, 6V 90201 TDC686MOO6NLF
C2146  283-0111-00 CAP.,FXD,CER DI:0.1UF,20%,50V 72982 8121-NO88Z5U104M
C2147  290-0530-00 CAP. ,FXD,ELCTLT: 68UF, 20%, 6V 90201 TDC686MOO6NLF
C2158  283-0340-00 CAP.,FXD,CER DI:45PF,5%,1000V 72982 898-000 A 4507
€2229  290-0530-00 CAP. ,FXD,ELCTLT: 68UF, 20%, 6V 90201 TDC686MOO6NLEF
€2232  290-0530-00 CAP. ,FXD,ELCTLT: 68UF, 20%, 6V 90201 TDC686MOO6NLF
C2241 283-0111-00 CAP.,FXD,CER DI:0.1UF,20%,50V 72982 8121-N088Z5U104M
€2325  290-0534-00 CAP. ,FXD,ELCTLT: 1UF, 20%, 35V 56289 196D105X0035HAL
C2345  290-0512-00 XB030000 CAP. ,FXD,ELCTLT: 22UF, 20%,15V 56289 196D226X0015KAL
€2349  283-0115-00 CAP. ,FXD,CER DI:47PF,5%,200V 59660 805-519-C0G0470J
€2351  283-0204-00 CAP.,FXD,CER DI:0.01UF,20%,50V 72982 8121N061Z5U0103M
€2352  285-1056-00 CAP. ,FXD,PLSTC: 1UF, 2%, 50V 14752 650B1A105G
€2356  283-0624-00 CAP.,FXD,MICA D:1300PF,2%,500V 00853 D195F132G0
CR2159  152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
CR2216  152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
CR2217  152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
CR2262  152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
CR2324  152-0141-02. SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
CR2341  152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
CR2344  152-0141-02 XB030000 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
CR2358  152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
Q2161 151-0410-00 TRANSISTOR: SILICON,PNP 80009 151-0410-00
Q2162  151-0410-00 TRANSISTOR:SILICON,PNP 80009 151-0410-00
Q2246  151-1054-00 TRANSISTOR: SILICON, JFE ,N~CHANNEL, DUAL 80009 151-1054-00
Q2248  151-1022-00 TRANSISTOR:FET,N-CHAN,ST,F1782,T0-18 80009 151-1022-00
Q2249  151-1022-00 TRANSISTOR:FET,N-CHAN,SI,F1782,T0-18 80009 151-1022-00
Q2257  151-1022-00 TRANSISTOR:FET,N-CHAN,SI,F1782,T0-18 80009 151-1022-00
Q2258  151-1022-00 TRANSISTOR: FET,N-CHAN,SI,F1782,T0-18 80009 151-1022-00
Q2259  151-0410-00 TRANSISTOR: SILICON, PNP 80009 151-0410-00
Q2341  151-0410-00 TRANSISTOR: SILICON, PNP 80009 151-0410-00
Q2342  151-0410-00 TRANSISTOR:SILICON,PNP 80009 151-0410-00
Q2345  151-0410-00 TRANSISTOR: SILICON, PNP 80009 151-0410-00
R2137  315-0623-00 RES. ,FXD,CMPSN:62K OHM,5%,0.25W 01121 CB6235
R2138  315-0203-00 RES. ,FXD,CMPSN: 20K OHM,5%,0.25W 01121 CB2035
R2139  315-0153-00 RES. ,FXD,CMPSN: 15K OHM,5%,0.25W 01121 CBI1535
R2142  315-0123-00 RES.,FXD,CMPSN: 12K OHM,5%,0.25W 01121 CBI1235
R2144  315-0393-00 RES. ,FXD,CMPSN: 39K OHM,5%,0.25W 01121 CB3935
R2146  315-0103-00 RES. ,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
R2149  316-0186-00 RES. ,FXD,CMPSN: 18M OHM,10%,0.25W 01121 CB186l
R2157  315-0473-00 B010100 B010128 RES.,FXD,CMPSN:47K OHM,5%,0.25W 01121 CB4735
R2157  315-0333-00 B010129 RES. ,FXD,CMPSN: 33K OHM,5%,0.25W 01121 CB3335
R2158  321-0422-00 RES.,FXD,FILM: 243K OHM,1%,0.125W 91637 MFF1816G24302F
R2166  315-0185-00 RES. ,FXD,CMPSN:1.8M OHM,5%;0.25W 01121 CB1855
R2220  315-0105-00 RES.,FXD,CMPSN: 1M OHM,5%,0.25W 01121 CB1055
R2221  321-0766-06 RES. ,FXD,FILM:4.053K OHM,0.25%,0.125W 91637 MFF1816C40530C
R2222  321-0770-03 RES.,FXD,FILM:4.204K OHM,0.25%,0.125W 91637 MFF1816D42040C
R2223  321-0931-03 RES. ,FXD,FILM:1.11K OHM,0.25%,0.125W 91637 MFF1816D11100C
R2224  321-0193-03 RES. ,FXD,FILM:1K OHM,0.25%,0.125W 91637 MFF1816D10000C
R2225  315-0330-00 RES. ,FXD,CMPSN: 33 OHM,5%,0.25W 01121 CB3305
R2226  321-0749-06 RES.,FXD,FILM:450 OHM,0.25%,0.125W 91637 MFF1816C450R0C
R2227  321-0912-03 RES. ,FXD,FILM:408 OHM,0.25%,0.125W 24546 NC55C4080C
R2228  321-0781-06 RES. ,FXD,FILM:400K OHM,0.25%,0.125W 91637 MFF1816C40002C
R2229  321-0289-00 RES.,FXD,FILM: 10K OHM,1%,0.125W 91637 MFF1816G10001F
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R2233  315-0393-00 RES.,FXD,CMPSN: 39K OHM,5%,0.25W 01121 ©CB3935
R2235 315-0330-00 RES.,FXD,CMPSN: 33 OHM,5%,0.25W 01121 CB3305
R2236 315-0104-00 RES.,FXD,CMPSN: 100K OHM,5%,0.25W 01121 CB1045
R2237 315-0104-00 RES.,FXD,CMPSN: 100K OHM,5%,0.25W 01121 CB1045
R2242 315-0333-00 RES.,FXD,CMPSN: 33K OHM,5%,0.25W 01121 CB3335
R2247 315-0105-00 RES.,FXD,CMPSN:1M OHM,5%,0.25W 01121 CB1055
R2251 315-0155-00 RES. ,FXD,CMPSN:1.5M OHM,5%,0.25W 01121 CB1555
R2258  315-0223-00 RES. ,FXD,CMPSN: 22K OHM,5%,0.25W 01121 CB2235
R2266 315-0105-00 RES. ,FXD,CMPSN:1M OHM,5%,0.25W 01121 CB1055
R2267 321-0318-00 RES.,FXD,FILM: 20K OHM,1%,0.125W 91637 MFF1816G20001F
R2311 315-0682-00 B010100 B029999 RES.,FXD,CMPSN:6.8K OHM,5%,0.25W 01121 CB6825
R2311 315-0682-00  B030000 RES. ,FXD,CMPSN: 6.8K OHM,5%,0.25W 01121 CB6825
R2321 321-1399-06 RES.,FXD,FILM: 142K OHM,0.25%,0.125W 91637 MFF1816C14202C
R2322 321-0996-03 RES.,FXD,FILM:99K OHM,0.25%,0.125W 24546 NC55C9902C
R2323  321-0679-00 RES. ,FXD,FILM: 34K OHM,0.5%,0.125W 91637 MFF1816D34001D
R2324  315-0224-00 RES.,FXD,CMPSN: 220K OHM,5%,0.25W 01121 CB2245
R2325  321-0622-00 RES.,FXD,FILM:37.96K OHM,0.25%,0.125W 91637 MFF1816D37961C
R2326  321-1283-03 RES.,FXD,FILM:8.76K OHM,0.25%,0.125W 91637 MFF1816D87600C
R2337  315-0104-00 RES. ,FXD,CMPSN:100K OHM,5%,0.25W 01121 CB1045
R2345  315-0103-00 XB030000 RES. ,FXD,CMPSN:10K OHM,5%,0.25W 01121 CB1035
R2346  315-0105-00 RES.,FXD,CMPSN: 1M OHM,5%,0.25W 01121 CB1055
R2347 315-0105-00 RES.,FXD,CMPSN: 1M OHM,5%,0.25W 01121 CB1055
R2348  315-0105-00 RES.,FXD,CMPSN: 1M OHM,5%,0.25W 01121 CB1055
R2353  325-0199-00 RES.,FXD,FILM:24M OHM,2%,0.25W 03888 PVC60-G24004G
R2354.  315-0272-00 RES.,FXD,CMPSN:2.7K OHM,5%,0.25W 01121 CB2725
R2355  315-0223-00 RES.,FXD,CMPSN: 22K OHM,5%,0.25W 01121 CB2235
R2361 321-0321-00 RES.,FXD,FILM:21.5K OHM,1%,0.125W 91637 MFF1816G21501F
R2363  321-0321-00 RES.,FXD,FILM:21.5K OHM,1%,0.125W 91637 MFF1816G21501F
$2254  260-1445-02 SWITCH,PUSH: DPDT,W/8 POLESPRING 80009 260-1445-02
U2131 156-0067-00 B010100 B072079 MICROCIRCUIT,LI:OPERATIONAL AMPLIFIER 02735 85145
U2131 156-0067-12  B072080 MICROCIRCUIT,LI:OPERATIONAL AMPLIFIER 01295 UA741CJG
U2136 156-0067-00  B010100 B072079 MICROCIRCUIT,LI:OPERATIONAL AMPLIFIER 02735 85145
U2136 156-0067-12  B072080 ' MICROCIRCUIT,LI:OPERATIONAL AMPLIFIER 01295 UA741CJG
U2143 156-0067-00 MICROCIRCUIT,LI:OPERATIONAL AMPLIFIER 02735 85145
U2332 156-0350-00 B010100 B082958 MICROCIRCUIT,DI:QUAD 2-INPUT NAND GATE 80009 156-0350-00
U2332 156-0350-02  B082959 MICROCIRCUIT,DI:QUAD 2 INPUT NAND GATE,SEL 80009 156-0350-02
VR2212  152-0149-00 BO10100 B029999  SEMICOND DEVICE:ZENER,0.4W,10V,5% 04713 SZG35009K3
VR2212  152-0149-00  B030000 SEMICOND DEVICE:ZENER,0.4W,10V,5% 04713 SZG35009K3
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Tektronix  Serial/Model No. Mfr
Ckt No. Part No. Eff Dscont Name & Description Code  Mfr Part Number
A3 670-3130-00 B0O10100 B069999  CKT BOARD ASSY:OUTPUT AMPLIFIER 80009 670-3130-00
A3 670-3130-02 B0O70000 B082958 CKT BOARD ASSY:OUTPUT AMPLIFIER 80009 670-3130-02
A3 670-3130-03  B082959 B094379  CKT BOARD ASSY:OUTPUT AMPLIFIER 80009 670-3130-03
A3 670-3130-04  B094380 CKT BOARD ASSY:OUTPUT AMPLIFIER 80009 670-3130-04
€3132  283-0067-00 CAP.,FXD,CER DI:0.001UF,10%,200V 59660 835-515-Z5D0102K
€3219  283-0116-00 CAP. ,FXD,CER DI:820PF,5%,500V 72982 801-547B821J
€3226  283-0116-00 CAP.,FXD,CER DI:820PF,5%,500V 72982 801-547B821J
€3233  283-0114-00 CAP.,FXD,CER DI:0.0015UF,5%,200V 72982 805-509B152J
€3241  290-0534-00 CAP. ,FXD,ELCTLT: 1UF, 20%, 35V 56289 196D105X0035HA1L
C3246  290-0534-00 CAP. ,FXD,ELCTLT: 1UF, 20%, 35V 56289 196D105X0035HAL
Q3113 151-0341-00 TRANSISTOR: SILICON, NPN 07263 S040065
Q3114 151-0341-00 TRANSISTOR:SILICON,NPN 07263 S040065
Q3118  151~0279-00 TRANSISTOR: STLICON,NPN 01295 SGC2622
Q3137  151-0341-00 TRANSISTOR: SILICON,NPN 07263 S040065
Q3139  151-0341-00 TRANSISTOR: SILICON, NPN 07263 S040065
Q3221 151-0279-00 TRANSISTOR: SILICON, NPN 01295 SGC2622
Q3232 151-0279-00 TRANSISTOR: SILICON,NPN 01295 SGC2622
Q3235  151-0341-00 TRANSISTOR: STLICON,NPN 07263 S040065
Q3236  151-0279-00 TRANSISTOR: SILICON, NPN 01295 SGC2622
R3112  321-0280-00 B010100 B069999 RES.,FXD,FILM:8.06K OHM,1%,0.125W 91637 MFF1816G80600F
R3112  321-0251-00 B070000 B094379  RES.,FXD,FILM:4.02K OHM,1%,0.125W 91637 MFF1816G40200F
R3112  321-0263-00. B094380  RES.,FXD,FILM:5.36K OHM,1%,0.125W 91637 MFF1816G53600F
R3114  321-0251-00 BO010100 B069999  RES.,FXD,FILM:4.02K OHM,1%,0.125W 91637 MFF1816G40200F
R3114  321-0222-00 B070000 B094379  RES.,FXD,FILM:2K OHM,1%,0.125W 91637 MFF1816G20000F
R3114  321-0178-00  B094380 RES.,FXD,FILM:698 OHM,1%,0.125W 91637 MFF1816G698ROF
R3115  321-0251-00 BO010100 B069999  RES.,FXD,FILM:4.02K OHM,1%,0.125W 91637 MFF1816G40200F
R3115  321-0222-00 B070000 B094379 RES.,FXD,FILM:2K OHM,1%,0.125W 91637 MFF1816G20000F
R3115  321-0178-00  B094380 RES. ,FXD,FILM:698 OHM,1%,0.125W 91637 MFF1816G698ROF
R3116  321-0306-00 B010100 B069999 RES.,FXD,FILM:15K OHM,1%,0.125W 91637 MFF1816G15001F
R3116  321-0277-00  B070000 RES.,FXD,FILM:7.5K OHM,1%,0.125W 91637 MFF1816G75000F
R3121  315-0474-00 BO10100 B069999  RES.,FXD,CMPSN:470K OHM,5%,0.25W 01121 CBA4745
R3121  321-0420-00  B070000 RES.,FXD,FILM: 232K OHM,1%,0.125W 91637 MFF1816G23202F
R3122  315-0474-00 B010100 B069999  RES.,FXD,CMPSN:470K OHM,5%,0.25W 01121 CB4745
R3122  321-0420-00  B070000 ' RES.,FXD,FILM: 232K OHM,1%,0.125W 91637 MFF1816G23202F
R3124  315-0203-00 RES.,FXD,CMPSN: 20K OHM,5%,0.25W 01121 CB2035
R3126  315-0123-00 B010100 B069999  RES.,FXD,CMPSN:12K OHM,5%,0.25W 01121 CB1235
R3126  321-0267-00  B070000 RES.,FXD,FILM:5.9K OHM,1%,0.125W 91637 MFF1816G59000F
R3131  315-0103-00 RES. ,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
R3133  315-0754-00 B010100 B069999  RES.,FXD,CMPSN:750K OHM,5%,0.25W 01121 CB7545
R3133  321-0440-00  B070000 RES. ,FXD,FILM:374K OHM,1%,0.125W 91637 MFF1816G37402F
R3134  315-0754-00 B010100 B069999  RES.,FXD,CMPSN:750K OHM,5%,0.25W 01121 CB7545
R3134  321-0440-00  B070000 RES. ,FXD,FILM:374K OHM,1%,0.125W 91637 MFF1816G37402F
R3135  321-0308-00 B010100 B069999 RES.,FXD,FILM:15.8K OHM,1%,0.125W 91637 MFF1816G15801F
R3135  321-0279-00  B070000 RES.,FXD,FILM:7.87K OHM,1%,0.125W 91637 MFF1816G78700F
R3136  315-0104-00 RES. ,FXD,CMPSN: 100K OHM,5%,0.25W 01121 CB1045
R3138  315-0104-00 RES.,FXD,CMPSN:100K OHM,5%,0.25W 01121 CBLO45
R3139  321-0251-00 BO10100 B069999  RES.,FXD,FILM:4.02K OHM,1%,0.125W 91637 MFF1816G40200F
R3139  321-0222-00 B070000 RES.,FXD,FILM: 2K OHM,1%,0.125W 91637 MFF1816G20000F
R3142  315-0102-00 RES.,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CB1025
R3143  311-1556-00 RES. ,VAR,NONWIR:50K OHM,20%,0.50W 73138 91-78-0
R3146  321-0251-00 B010100 B069999  RES.,FXD,FILM:4.02K OHM,1%,0.125W 91637 MFF1816G40200F
R3146  321-0222-00  B070000 RES.,FXD,FILM:2K OHM,1%,0.125W 91637 MFF1816G20000F
R3148  315-0204-00 RES. ,FXD,CMPSN: 200K OHM,5%,0.25W 01121 CB2045
R3149  315-0224-00 RES. ,FXD,CMPSN: 220K OHM,5%,0.25W 01121 CB2245
R3212  321-0325-00 B010100 B069999  RES.,FXD,FILM:23.7K OHM,1%,0.125W 91637 MFF1816G23701F
R3212  321-0297-00  B070000 RES.,FXD,FILM:12.1K OHM,1%,0.125W 91637 MFF1816G12101F
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R3213  311-1556-00 B010100 B069999  RES.,VAR,NONWIR:50K OHM,20%,0.50W 73138 91-78-0
R3213  311-1557-00 B070000 RES.,VAR,NONWIR: 25K OHM,20%,0.50W 73138 91-79-0
R3216  321-0325-00 BO10100 B069999 RES.,FXD,FILM:23.7K OHM,1%,0.125W 91637 MFF1816G23701F
R3216  321-0297-00 B070000 RES.,FXD,FILM:12.1K OHM,1%,0.125W 91637 MFF1816G12101F
R3217  311-1557-00 BO10100 B069999  RES.,VAR,NONWIR:25K OHM,20%,0.50W 73138 91-79-0
R3217  311-1559-00 B070000 RES. ,VAR,NONWIR: 10K OHM,20%,0.50W 73138 91-81-0
R3219 315-0102-00 RES. ,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CB1025
R3225  315-0104-00 - RES. ,FXD,CMPSN: 100K OHM,5%,0.25W 01121 CB1045
R3226  315-0102-00 RES.,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CB1025
R3229  315-0105-00 RES. ,FXD,CMPSN: 1M OHM,5%,0.25W 01121 CB1055
R3233  315-0363-00 B010100 B069999 RES.,FXD,CMPSN:36K OHM,5%,0.25W 01121 CB3635
R3233  321-0313-00 B070000 RES. ,FXD,FILM:17.8K OHM,1%,0.125W 91637 MFF1816G17801F
R3234  315-0183-00 B010100 B069999 RES.,FXD,CMPSN:18K OHM,5%,0.25W 01121 CB1835
R3234  321-0284-00 B070000 RES. ,FXD,FILM:8.87K OHM,1%,0.125W 91637 MFF1816G88700F
R3237  311-1554-00 RES. ,VAR,NONWIR: 200K OHM, 20%,0.50W 73138 91-76-0
R3238 315-0183-00 B010100 B069999 RES. ,FXD,CMPSN: 18K OHM,5%,0.25W 01121 CB1835
R3238  321-0284-00 B070000 RES.,FXD,FILM:8.87K OHM,1%,0.125W 91637 MFF1816G88700F
R3242  311-1554-00 RES.,VAR,NONWIR:200K OHM,20%,0.50W 73138 91-76-0
R3248  311-1554-00 RES. ,VAR,NONWIR: 200K OHM, 20%,0.50W 73138 91-76-0
R3249  315-0204-00 RES. ,FXD,CMPSN: 200K OHM,5%,0.25W 01121 CB2045
U3123  156-0350-00 B010100 B082958 MICROCIRCUIT,DI:QUAD 2-INPUT NAND GATE 80009 156-0350-00
U3123  156-0350-02 B082959 MICROCIRCUIT,DI:QUAD 2 INPUT NAND GATE,SEL 80009 156-0350-02
U3223 156-0289-00 MICROCIRCUIT,DI:QUAD BILATERAL SWITCH 07263 74LS95(PC OR DC)
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A4 670-3010-00 B010100 B069999  CKT BOARD ASSY:SWEEP GEN 80009 670-3010-00
A4 670-3010-01  B0O70000 B082958  CKT BOARD ASSY:SWEEP GEN 80009 670-3010-01
AL 670-3010-02  B082959 CKT BOARD ASSY:SWEEP GEN 80009 670-3010~02
C4118  283-0068-00 CAP. ,FXD,CER DI:0.01UF,+100-0%,500V 56289 19C241
C4119  285-1093-00 CAP.,FXD,PLSTC:0.027UF,0.1%,200V 19396 51-17243
C4128  283-0068-00 CAP. ,FXD,CER DI:0.01UF,+100-0%,500V 56289 19C241
C4134 283-0000-00 CAP.,FXD,CER DI:0.001UF,+100-0%,500V 59660 831-519-2Z5U-102P
C4135 283~0000-00 CAP. ,FXD;CER DI:0.001UF,+100~0%,500V 59660 831-519-Z5U-102P
C4312 285-1093-00 CAP.,FXD,PLSTC:0.027UF,0.1%,200V 19396 51-17243
c4321 285-1093-00 CAP. ,FXD,PLSTC:0.027UF,0.1%,200V 19396 51-17243
C4328  285-0644-00 CAP.,FXD,PLSTC:0.033UF, 20%,600V 56289 410P33306
CR4151  152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N&4152R
CR4156 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
CR4211  152-0429-00 SEMICOND DEVICE:SILICON,5000V,10MA 14099 SA3282
CR4311  152-0429-00 SEMICOND DEVICE:SILICON,5000V,10MA 14099 SA3282
CR4313  152-0429-00 SEMICOND DEVICE:SILICON,5000V,10MA 14099 SA3282
CR4323  152-0429-00 SEMICOND DEVICE:SILICON,5000V,10MA 14099 SA3282
Q4145 151-0273-00 B0O10100 B020245 TRANSISTOR:SILICON,NPN 80009 151-0273-00
Q4145 151-0347-00 B020246 B069999  TRANSISTOR:SILICON,NPN 56289 2N5551
Q4145 151-0136-03  B070000 TRANSISTOR: SILICON,NPN, SEL 80009 151-0136-03
Q4149 151-0273-00 B010100 B020245 TRANSISTOR:SILICON,NPN 80009 151-0273-00
Q4149 151-0347-00. B020246 B069999 TRANSISTOR:SILICON,NPN 56289 2N5551
Q4149 151-0136~03  B070000 TRANSISTOR:SILICON,NPN, SEL 80009 151-0136-03
R4114  315-0106-00 B010100 B020231  RES.,FXD,CMPSN:10M OHM,5%,0.25W 01121 CB1065
R4114  315-0125-00 B020232 B069999  RES.,FXD,CMPSN:1.2M OHM,5%,0.25W 01121 CB1255
R4114  315-0625-00  B070000 RES. ,FXD,CMPSN:6.2M OHM,5%,0.25W 01121 CB6255
R4122  315-0470-00 RES. ,FXD,CMPSN:47 OHM,5%,0.25W 01121 CB4705
R4123  315-0470-00 RES.,FXD,CMPSN:47 OHM,5%,0.25W 01121 CB4705
R4126  315-0225-00 B010100 B020231 RES.,FXD,CMPSN:2.2M OHM,5%,0.25W 01121 CB2255
R4126  315-0155-00 B020232 B069999 RES.,FXD,CMPSN:1.5M OHM,5%,0.25W 01121 CB1555
R4126  315-0474-00  B070000 RES. ,FXD,CMPSN:470K OHM,5%,0.25W 01121 CB4745
R4129  315-0475-00 RES.,FXD,CMPSN:4.7M OHM,5%,0.25W 01121 CB4755
R4141 315-0472-00 RES.,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB4725
R4145  315-0105-00 RES.,FXD,CMPSN: 1M OHM,5%,0.25W 01121 CB1055
R4146  315-0472-00 RES.,FXD,CMPSN:4,7K OHM,5%,0.25W 01121 CB4725
‘R4148  315-0105-00 RES.,FXD,CMPSN: 1M OHM,5%,0.25W 01121 CB1055
R4221 315-0475-00 RES.,FXD,CMPSN:4.7M OHM,5%,0.25W 01121 CB4755
R4222 311-1257-00 RES.,VAR,NONWIR:5M OHM,20%,0.50W 32997 3386F-T04-505
R4245  315-0102-00 RES. ,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CB1025
R4442  315-0475-00 RES.,FXD,CMPSN:4.7M OHM,5%,0.25W 01121 CB4755

—————————— (OPTION 1 ONLY)
T4241 120-0975-00 BO10100 B069999  XFMR,PWR,SDN/SU:HIGH VOLTAGE POT CORE 80009 120-0975-00
T4241 120-0975-01 B070000 TRANSFORMER,RF:HIGH VOLTAGE POT CORE 80009 120-0975-01
VR4117 152-0247-00 SEMICOND DEVICE:ZENER,0.4W,150V,5% 04713 SZG275KI1RL
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A5 670-3513-00 B010100 BO019999  CKT BOARD ASSY:CHART RECORDER LOGIC 80009 670-3513-00
A5 670-3513-01 B020000 B082958 CKT BOARD ASSY:CHART RECORDER LOGIC 80009 670-3513-01
A5 670-3513-02 B082959 CKT BOARD ASSY:CHART RECORDER LOGIC 80009 670-3513-02
C5116 283-0198-00 CAP.,FXD,CER DI:0.22UF,20%,50V 72982 8121N083Z5U0224M
c5117 283-0054-00 CAP.,FXD,CER DI:150PF,5%,200V 59660 855-535U2J0 151J
C5131 290-0524-00 B010100 B019999X CAP.,FXD,ELCTLT:4.7UF,20%,10V 90201 TDC475MO10EL
C5159 283-0203-00 CAP.,FXD,CER DI:0.47UF,20%,50V 72982 8131MO58Z5U0474M
C5167 283-0004-00 CAP.,FXD,CER DI:0.02UF,+80-20%,150V 91418 SP203Z151-4R9
€5219 283-0111-00 CAP.,FXD,CER DI:O0.1UF,20%,50V 72982 8121-N088Z5U104M
€5249 283-0111-00 CAP.,FXD,CER DI:0.1UF,20%,50V 72982 8121-N088Z5U104M
€5253 283-0154-00 CAP.,FXD,CER DI:22PF,5%,50V 72982 8111B061C0G220J
€5263 283-0110-00 CAP. ,FXD,CER DI:0.005UF,+80-20%,150V 56289 19C242B
€5266 283-0010-00 CAP.,FXD,CER DI:0.05UF,+100-20%,50V 56289 273C20
€5276 283-0346-00 CAP.,FXD,CER DI:0.47UF,+80-20%,100V 72982 8131-M100F474Z
CR5162  152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
CR5243  152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
CR5244 152-0141-02 SEMICOND DEVICE:SILICON, 30V,150MA 01295 1N4152R
CR5245  152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
CR5254  152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
Q5112 151-1078-00 B010100 B019999 TRANSISTOR:SILICON,JFE,N-CHANNEL 17856 .J2133
Q5112 151-1022-00° B020000 TRANSISTOR:FET ,N-CHAN, SI,F1782,T0-18 80009 151-1022-00
Q5114 151-0301-00 TRANSISTOR:SILICON,PNP 27014 2N2907A
Q5144 151-0301-00 TRANSISTOR:SILICON,PNP 27014 2N2907A
Q5173 151-0126-00 TRANSISTOR:SILICON,NPN 04713 ST1046
Q5179 151-0301-00 TRANSISTOR:SILICON,PNP 27014 2N2907A
Q5226 151-0301-00 TRANSISTOR:SILICON, PNP 27014 2N2907A
Q5229 151-0301-00 TRANSISTOR: SILICON,PNP 27014 2N2907A
Q5237 151-0302-00 TRANSISTOR:SILICON,NPN 07263 5038487
Q5239 151-0302-00 TRANSISTOR:SILICON, NPN 07263 038487
Q5266 151-0302-00 TRANSISTOR:SILICON, NPN 07263 5038487
Q5273 151-0301-00 TRANSISTOR:SILICON,PNP 27014 2N2907A
Q5277 151-0260~00 TRANSISTOR:SILICON,NPN 80009 151-0260-00
Q5279 151-0301-00 TRANSISTOR:SILICON,PNP 27014 2N2907A
R5112 315-0104-00 RES.,FXD,CMPSN: 100K OHM,5%,0.25W 01121 CB1045
R5116 315-0105-00 RES.,FXD,CMPSN:1M OHM,5%,0.25W 01121 CB1055
R5118 316-0186-00 RES. ,FXD,CMPSN: 18M OHM,10%,0.25W 01121 CB1861
R5119 315-0105-00 RES.,FXD,CMPSN:1M OHM,5%,0.25W 01121 CB1055
R5121 315-0104-00 RES. ,FXD,CMPSN: 100K OHM,5%,0.25W 01121 CB1045
R5122 315-0104-00 RES.,FXD,CMPSN: 100K OHM,5%,0.25W 01121 CB1045
R5126 315-0105-00 RES.,FXD,CMPSN: 1M OHM,5%,0.25W 01121 CB1055
R5128 315-0105-00 RES. ,FXD,CMPSN: 1M OHM,5%,0.25W 01121 CB1055
R5130 321-0644-00 RES.,FXD,FILM: 100K OHM,0.25%,0.125W 91637 MFF1816C10002C
R5131 315-0335-00 RES.,FXD,CMPSN: 3.3M OHM,5%,0.25W 01121 CB3355
R5132 321-0756-03 RES.,FXD,FILM:50K OHM,0.25%,0.125W 91637 MFF1816D50001C
R5134 321-0644-00 RES. ,FXD,FILM: 100K OHM,0.25%,0.125W 91637 MFF1816C10002C
R5135 321-0756-03 RES. ,FXD,FILM: 50K OHM,0.25%,0.125W 91637 MFF1816D50001C
R5136 321-0756-03 RES.,FXD,FILM:50K OHM,0.25%,0.125W 91637 MFF1816D50001C
R5137 321-0756-03 RES?,FXD,FILM: 50K OHM,0.25%,0.125W 91637 MFF1816D50001C
R5138 321-0644-00 RES.,FXD,FILM:100K OHM,0.25%,0.125W 91637 MFF1816C10002C
R5139 321-0644-00 RES.,FXD,FILM:100K OHM,0.25%,0.125W 91637 MFF1816C10002C
R5141 315-0104-00 RES. ,FXD,CMPSN: 100K OHM,5%,0.25W 01121 CB1045
R5148  315-0104-00 RES.,FXD,CMPSN: 100K OHM,5%,0.25W 01121 CB1045
R5155 315-0104-00 RES. ,FXD,CMPSN: 100K OHM,5%,0.25W 01121 CB1045
R5158 315-0105-00 RES. ,FXD,CMPSN: 1M OHM,5%,0.25W 01121 CB1055
R5161 315-0104-00 RES. ,FXD,CMPSN: 100K OHM,5%,0.25W 01121 CB1045
R5163 315-0105-00 RES.,FXD,CMPSN: 1M OHM,5%,0.25W 01121 CB1055
R5166 315-0104-00 RES.,FXD,CMPSN: 100K OHM,5%,0.25W 01121 CB1045
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R5167  315-0105-00 RES.,FXD,CMPSN: IM OHM,5%,0.25W 01121 CB1055
R5168  315-0105-00 RES.,FXD,CMPSN: IM OHM,5%,0.25W 01121 CBI1055
R5171  315-0333-00 RES. ,FXD,CMPSN: 33K OHM,5%,0.25W 01121 CB3335
R5177  315-0102-00 RES.,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CB1025
R5178  315-0102-00 RES.,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CB1025
R5211  321-0318-02 RES.,FXD,FILM: 20K OHM,0.5%,0.125W 91637 CMF55116D20001D
R5216  321-0306-01 RES.,FXD,FILM: 15K OHM,0.5%,0.125W 91637 MFF1816G15001D
R5221  315-0104-00 RES.,FXD,CMPSN: 100K OHM,5%,0.25W 01121 CB1045
R5222  315-0105-00 RES.,FXD,CMPSN: IM OHM,5%,0.25W 01121 CB1055
R5223  321-0345-00 RES.,FXD,FILM:38.3K OHM,1%,0.125W 91637 MFF1816G38301F
R5225  315-0104-00 RES. ,FXD,CMPSN: 100K OHM,5%,0.25W 01121 CB1045
R5229  315-0104-00 RES.,FXD,CMPSN: 100K OHM,5%,0.25W 01121 CB1045
R5231  321-0756-03 RES.,FXD,FILM:50K OHM,0.25%,0.125W 91637 MFF1816D50001C
R5232  321-0644-00 RES.,FXD,FILM: 100K OHM,0.25%,0.125W 91637 MFF1816C10002C
R5233  315-0473-00 RES.,FXD,CMPSN: 47K OHM,5%,0.25W 01121 CB4735
R5234  321-0644-00 RES.,FXD,FILM: 100K OHM,0.25%,0.125W 91637 MFF1816C10002C
R5235  321-0644-00 RES.,FXD,FILM:100K OHM,0.25%,0.125W 91637 MFF1816C10002C
R5236  315-0104-00 RES. ,FXD,CMPSN: 100K OHM,5%,0.25W 01121 CB1045
R5237  315-0104-00 RES. ,FXD,CMPSN: 100K OHM,5%,0.25W 01121 CB1045
R5246  315-0104-00 RES. ,FXD,CMPSN: 100K OHM,5%,0.25W 01121 CBLO45
R5247  315-0566-00 RES. ,FXD,CMPSN: 56M OHM,5%,0.25W 01121 CB5665
R5248  315-0105-00 RES.,FXD,CMPSN: 1M OHM,5%,0.25W 01121 CB1055
R5255  315-0104-00. RES. ,FXD,CMPSN: 100K OHM,5%,0.25W 01121 CB1045
R5259  315-0105-00 RES.,FXD,CMPSN: 1M OHM,5%,0.25W 01121 CB1055
R5263  315-0105-00 RES.,FXD,CMPSN: 1M OHM,5%,0.25W 01121 CB1055
R5266  315-0473-00 RES.,FXD,CMPSN:47K OHM,5%,0.25W 01121 CB4735
R5267  315-0104-00 RES. ,FXD,CMPSN: 100K OHM,5%,0.25W 01121 CB1045
R5268  315-0472-00 RES.,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB4725
R5269  315-0104-00 RES.,FXD,CMPSN: 100K OHM,5%,0.25W 01121 CBL1045
R5275  315-0561-00 RES.,FXD,CMPSN: 560 OHM,5%,0.25W 01121 CB5615
U5117  156-0686-00 MICROCIRCUIT,LI:OPNL AMPL,HIGH IMPEDANCE 02735 CA3130S
U5127  156-0525-00 B010100 B082958 MICROCIRCUIT,DI:DUAL J-K MASTER SLAVE F-F 80009 156-0525-00
U5127  156-0525-03  B082959 MICROCIRCUIT,DI:DUAL J-K MASTER SLAVE FF 80009 156-0525-03
U5147  156-0523-00 MICROCIRCUIT,DI:7~STAGE BINARY COUNTER 80009 156-0523-00
U5156  156-0350-00 B010100 B082958 MICROCIRCUIT,DI:QUAD 2-INPUT NAND GATE 80009 156-0350-00
U5156  156-0350-02  B082959 MICROCIRCUIT,DI:QUAD 2 INPUT NAND GATE,SEL 80009 156-0350-02
U5166  156-0350-00 B010100 B082958 MICROCIRCUIT,DI:QUAD 2-INPUT NAND GATE 80009 156-0350-00
U5166  156-0350-02  B082959 MICROCIRCUIT,DI:QUAD 2 INPUT NAND GATE,SEL 80009 156-0350-02
U5227  156-0067-00 B010100 B072079 MICROCIRCUIT,LI:OPERATIONAL AMPLIFIER 02735 85145
U5227  156-0067-12  B072080 MICROCIRCUIT,LI:OPERATIONAL AMPLIFIER 01295 UA741CJG
U5252 156-0524-00 MICROCIRCUIT,DI:TRIPLE 3-INPUT NAND GATES 80009 156-0524-00
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A6 670-3520-00 B010100 B020245 CKT BOARD ASSY:POWER 80009 670-3520-00
A6 670-3520-01  B020246 B082958 CKT BOARD ASSY:POWER 80009 670-3520-01
A6 670-3520-02  B082959 CKT BOARD ASSY:POWER 80009 670-3520-02
C6147 283-0177-00 CAP.,FXD,CER DI:1UF,+80-20%,25V 56289 273C5
C6219 290-0114-00 CAP.,FXD,ELCTLT:47UF,20%,6V 56289 150D476X0006B2
C6224 283-0177-00 CAP.,FXD,CER DI:1UF,+80-20%,25V 56289 273C5
C6226 283-0177-00 CAP.,FXD,CER DI:1UF,+80-20%,25V 56289 273C5
C6228 290-0114-00 CAP.,FXD,ELCTLT:47UF, 20%, 6V 56289 150D476X0006B2
€6233 290-0527-00 CAP. ,FXD,ELCTLT: 15UF, 20%, 20V 90201 TDC156M020FL
C6243 290-0559-00 CAP.,FXD,ELCTLT: 22UF, 20%,35V 90201 TDC226MO35WLG
C6246 290-0137-00 CAP.,FXD,ELCTLT: 100UF,+75-15%, 30V 56289 109D107C7030T2
C6323 290-0425-00 CAP. ,FXD,ELCTLT: 100UF, 20%, 20V 90201 THF107M020P1G
C6326 290-0425-00 CAP.,FXD,ELCTLT: 100UF, 20%, 20V 90201 THF107M020P1G
€6329 290~0425-00 CAP.,FXD,ELCTLT: 100UF, 20%, 20V 90201 THF107MO20P1G
C6336 290-0425-00 CAP. ,FXD,ELCTLT: 100UF, 20%, 20V 90201 THF107M020P1G
C6341 290-0137-00 CAP. ,FXD,ELCTLT: 100UF ,+75-15%, 30V 56289 109D107C7030T2
C6342 283-0142-00 XB020232 CAP.,FXD,CER DI:0.0027UF,5%,200V 59660 875-571-Y5E0272J
C6415 290-0701-00 CAP.,FXD,ELCTLT: 470UF,40%,16VDC 90201 TTX471U0161E1A3P
C6416 290-0134-00 CAP. ,FXD,ELCTLT: 22UF, 20%,15V 56289 150D226X0015B2
C6426 290-0701-00 CAP.,FXD,ELCTLT:470UF,40%,16VDC 90201 TTX471U0161E1A3P
C6429 290-0425-00 CAP. ,FXD,ELCTLT: 100UF, 20%, 20V 90201 THF107MO20P1G
C6443 290-0701-00 CAP. ,FXD,ELCTLT: 470UF,40%,16VDC 90201 TTX471U0161E1A3P
C64Lh 283-0107-00 CAP. ,FXD,CER DI:51PF,5%,200V 72982 8121B232C0G0510J
C6447 283-0111-00 CAP. ,FXD,CER DI:0.1UF,20%,50V 72982 8121-N088Z5U104M
C6451 283-0047-00 CAP. ,FXD,CER DI:270PF,5%,500V 72982 0831522Z5D00271J
C6455 283-0115-00 XB020246 CAP.,FXD,CER DI:47PF,5%,200V 59660 805-519-C0G0470J
C6515 283-0000-00 CAP.,FXD,CER DI:0.001UF,+100-0%,500V 59660 831-519-Z5U-102P
C6525 290-0425-00 CAP. ,FXD,ELCTLT: 100UF, 20%, 20V 90201 THF107M020P1G
C6527 290-0164-00 CAP.,FXD,ELCTLT: 1UF, +50-10%, 150V 56289 500D105F150BA7
€6529 290-0658-00 CAP. ,FXD,ELCTLT: 4UF ,+50-10%, 200V 56289 600D405F200KD4
€6551 283~0077-00 CAP. ,FXD,CER DI:330PF,5%,500V 59660 831-500B331J
CR6139  152-0400-00 SEMICOND DEVICE:SILICON,400V,1A 80009 152-0400-00
CR6157  152-0488-00 SEMICOND DEVICE:SILICON,200V,1500MA 04713 SDA317
CR6234  152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
CR6247  152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R .
CR6346  152-0400-00 SEMICOND DEVICE:SILICON,400V,1A 80009 152-0400-00
CR6347  152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
CR6414 152-0400-00 SEMICOND DEVICE:SILICON,400V,1A 80009 152-0400-00
CR6438  152-0400-00 SEMICOND DEVICE:SILICON,400V,1A 80009 152-0400-00
CR6439  152~0400-00 SEMICOND DEVICE:SILICON,400V,1A 80009 152-0400-00
CR6441 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
CR6442  152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
CR6446  152-0400-00 B010100 B020245X SEMICOND DEVICE:SILICON,400V,1A 80009 152-0400-00
CR6448 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
CR6452  152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
CR6534  152-0400-00 SEMICOND DEVICE:SILICON,400V,1A 80009 152-0400-00
CR6536 152-0586-00 SEMICOND DEVICE:SILICON,600V,500MA 14936 RGP10J-011
CR6537  152-0586-00 SEMICOND DEVICE:SILICON,600V,500MA 14936 RGP10J-011
CR6546 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
CR6551 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
F6112 159-0128-00 FUSE, CARTRIDGE: 2A,125V,5 SEC 75915 273002
F6113 159-0128-00 FUSE, CARTRIDGE: 2A,125V,5 SEC 75915 273002
F6122 159-0128-00 FUSE, CARTRIDGE: 24,125V, 5 SEC 75915 273002
F6123 159-0128-00 FUSE, CARTRIDGE : 2A,125V,5 SEC 75915 273002
L6344 108-0598-00 COIL,RF:200UH 80009 108-0598-00
L6423 108-0598-00 COIL,RF:200UH 80009 108-0598-00
L6428 COIL,RF:200UH 80009 108-0598-00
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L6532 108-0598-00 COIL,RF:200UH 80009 108-0598-00
L6538 108-0598-00 COIL,RF:200UH 80009 108-0598-00
Q6143 151-0508-00 TRANSISTOR:UJT, SI, 2N6027,T0-98 03508 2N6027
Q6155 151-0506-00 SCR:SILICON 03508 C106B2X283
Q6227 151-0302-00 TRANSISTOR:SILICON,NPN 07263 S038487
Q6241 151-0188-00 TRANSISTOR:SILICON,PNP 04713 SPS6868K
Q6244 151-0188-00 TRANSISTOR:SILICON,PNP 04713 SPS6868K
Q6331 151-0302-00 TRANSISTOR:SILICON,NPN 07263 S038487
Q6349 151-0390-00 TRANSISTOR:SILICON, NPN 04713 SPS3414
Q6357 151-0302-00 TRANSISTOR:SILICON,NPN 07263 S038487
Q6427 151-0301-00 TRANSISTOR:SILICON,PNP 27014 2N2907A
Q6435 151-0352-00 TRANSISTOR:SILICON,NPN 03508 X44C282
Q6445 151-0424-00 TRANSISTOR:SILICON,NPN 04713 SPS8246
Q6458 151-0424-00 TRANSISTOR:SILICON,NPN 04713 SPSS_246
Q6547 151-0302-00 TRANSISTOR:SILICON,NPN 07263 S038487
Q6548 151-0301-00 TRANSISTOR:SILICON,PNP 27014 2N2907A
Q6549 151-0301-00 TRANSISTOR:SILICON,PNP 27014 2N2907A
Q6552 151-0302-00 TRANSISTOR:SILICON, NPN 07263 5038487
Q6557 151-0302-00 TRANSISTOR:SILICON,NPN 07263 5038487
R6131 308-0463-00 RES.,FXD,WW:0.3 OHM,1%,3W 91637 RS2B-KR3000F
R6132 315-0102-00 RES. ,FXD,CMPSN: 1K OHM,5%,0.25W 01121 GCB1025
R6133 315-0362-00 - RES.,FXD,CMPSN: 3.6K OHM,5%,0.25W 01121 CB3625
R6134 315-0272-00 RES.,FXD,CMPSN:2.7K OHM,5%,0.25W 01121 CB2725
R6135 315-0154-00 RES.,FXD,CMPSN: 150K OHM,5%,0.25W 01121 CB1545
R6147 315-0272-00 RES.,FXD,CMPSN:2.7K OHM,5%,0.25W 01121 CB2725
R6148 315-0101-00 RES.,FXD,CMPSN:100 OHM,5%,0.25W 01121 CB1015
R6149 315-0361-00 RES.,FXD,CMPSN:360 OHM,5%,0.25W 01121 CB3615
R6214 321-0289-00 RES.,FXD,FILM: 10K OHM,1%,0.125W 91637 MFF1816G10001F
R6215 321-0260-00 RES.,FXD,FILM:4.99K OHM,1%,0.125W 91637 MFF1816G49900F
R6222 315-0821-00 B010100 B029999  RES.,FXD,CMPSN:820 OHM,5%,0.25W 01121 CB8215
R6222 315-0181-00  B030000 RES.,FXD,CMPSN:180 OHM,5%,0.25W 01121 CB1815
R6223 315-0202-00 B010100 B029999  RES.,FXD,CMPSN:2K OHM,5%,0.25W 01121 CB2025
R6223 315-0821-00 B030000 B030499 RES.,FXD,CMPSN:820 OHM,5%,0.25W 01121 CB8215
R6223 315-0431-00  B030500 RES.,FXD,CMPSN:430 OHM,5%,0.25W 01121 CB4315
R6225 321-0289-00 RES.,FXD,FILM: 10K OHM,1%,0.125W 91637 MFF1816G10001F
R6231 321-0289-00 RES.,FXD,FILM:10K OHM,1%,0.125W 91637 MFF1816G10001F
R6235 315-0391-00 RES. ,FXD,CMPSN:390 OHM,5%,0.25W 01121 CB3915
R6254 304-0391-00 RES.,FXD,CMPSN: 390 OHM,10%,1W 01121 GB3911
R6346 315-0101-00 B010100 B020245 RES.,FXD,CMPSN:100 OHM,5%,0.25W 01121 CB1015
R6346 315-0471-00  B020246 RES.,FXD,CMPSN:470 OHM,5%,0.25W 01121 CB4715
R6356 315-0753-00 BO10100 B020245 RES.,FXD,CMPSN:75K OHM,5%,0.25W 01121 CB7535
R6356 315-0563-00  B020246 RES. ,FXD,CMPSN: 56K OHM,5%,0.25W 01121 CB5635
R6358 311-1268-00 RES.,VAR,NONWIR:10K OHM,10%,0.50W 32997 3329P-L58-103
R6413 321-0352-00 B010100 B020231  RES.,FXD,FILM:45.3K OHM,1%,0.125W 91637 MFF1816G45301F
R6413 321-0332-00  B020232 RES.,FXD,FILM: 28K OHM,1%,0.125W 91637 MFF1816G28001F
R6424 315-0103-00 RES.,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
R6426 315-0101-00 RES.,FXD,CMPSN:100 OHM,5%,0.25W 01121 CB1015
R6444 307-0103-00 RES.,FXD,CMPSN:2.7 OHM,5%,0.25W 01121 CB27G5
R6445 315-0104-00 RES. ,FXD,CMPSN:100K OHM,5%,0.25W 01121 CB1045
R6447 315-0101-00 RES.,FXD,CMPSN:100 OHM,5%,0.25W 01121 CB1015
R6449 315-0513-00 RES. ,FXD,CMPSN: 51K OHM,5%,0.25W 01121 CB5135
R6451 315-0104-00 RES.,FXD,CMPSN: 100K OHM,5%,0.25W 01121 CB1045
R6453 315-0513-00 RES.,FXD,CMPSN: 51K OHM,5%,0.25W 01121 CB5135
R6454 315-0433-00 RES.,FXD,CMPSN:43K OHM,5%,0.25W 01121 CB4335
R6455 315-0473-00 RES.,FXD,CMPSN:47K OHM,5%,0.25W 01121 CB4735
R6456 315-0222-00 RES.,FXD,CMPSN:2.2K OHM,5%,0.25W 01121 (CB2225
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R6457  315-0104-00 RES. ,FXD,CMPSN: 100K OHM,5%,0.25W 01121 CB1045
R6459  315-0204-00 RES. ,FXD,CMPSN: 200K OHM,5%,0.25W 01121 CB2045
R6513  321-0346-00 BO10100 B020231 RES.,FXD,FILM:39.2K OHM,1%,0.125W 91637 MFF1816G39201F
R6513  321-0332-00  B020232 RES.,FXD,FILM: 28K OHM,1%,0.125W 91637 MFF1816G28001F
R6514  311-1268-00 RES.,VAR,NONWIR: 10K OHM,10%,0.50W 32997 3329P-L58-103
R6517  316-0156-00 RES.,FXD,CMPSN: 15M OHM,10%,0.25W 01121 CB1561
R6518  321-0260-00 RES.,FXD,FILM:4.99K OHM,1%,0.125W 91637 MFF1816G49900F
R6538  315-0433-00 RES. ,FXD,CMPSN:43K OHM,5%,0.25W 01121 CB4335
R6539  315-0102-00 RES. ,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CB1025
R6544  315-0243-00 RES.,FXD,CMPSN: 24K OHM,5%,0.25W 01121 CB2435
R6545  315-0473-00 RES.,FXD,CMPSN:47K OHM,5%,0.25W 01121 CB4735
R6548  315-0104-00 RES. ,FXD,CMPSN: 100K OHM,5%,0.25W 01121 CB1045
R6549  315-0154-00 RES.,FXD,CMPSN:150K OHM,5%,0.25W 01121 CB1545
R6553  315-0223-00 RES. ,FXD,CMPSN: 22K OHM,5%,0.25W 01121 CB2235
R6554  315-0223-00 RES.,FXD,CMPSN: 22K OHM,5%,0.25W 01121 ©B2235
R6557  315-0224-00 RES.,FXD,CMPSN: 220K OHM,5%,0.25W 01121 CB2245
R6558  315-0103-00 B0O10100 B020245 RES.,FXD,CMPSN:10K OHM,5%,0.25W 01121 CB1035
R6558  315-0102-00  B020246 RES. ,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CB1025
T6535 120-0976-00 XFMR,FLYBACK:POT CORE 80009 120-0976-00
U6138  156-0067-00 B010100 B072079 MICROCIRCUIT,LI:OPERATIONAL AMPLIFIER 02735 85145
U6138  156-0067-12  B072080 MICROCIRCUIT,LI:OPERATIONAL AMPLIFIER 01295 UA741CJG
U6222  156-0067-00 B010100 B072079 MICROCIRCUIT,LI:OPERATIONAL AMPLIFIER 02735 85145
U6222 156-0067-12 B072080 MICROCIRCUIT,LI:OPERATIONAL AMPLIFIER 01295 TUA741CJG
U6236  156-0067-00 B010100 B072079 MICROCIRCUIT,LI:OPERATIONAL AMPLIFIER 02735 85145
U6236 156-0067-12 B072080 MICROCIRCUIT,LI:OPERATIONAL AMPLIFIER 01295 UA741CJG
U6515  156-0067-00 BO10100 B072079 MICROCIRCUIT,LI:OPERATIONAL AMPLIFIER 02735 85145
U6515  156-0067-12  B072080 MICROCIRCUIT,LI:OPERATIONAL AMPLIFIER 01295 UA741CJG
VR6134  152-0243-00 SEMICOND DEVICE:ZENER,O0.4W,15V,5% 14552 TD3810983
VR6235  152-0278-00 SEMICOND DEVICE:ZENER,O0.4W,3V,5% 04713 SZG35009K20
VR6252  152-0278-00 SEMICOND DEVICE:ZENER,O0.4W,3V,5% 04713 SZG35009K20
VR6253 152-0127-00 SEMICOND DEVICE:ZENER,0.4W,7.5V,5% 04713 SZG35009K2
VR6318  152-0265-00 SEMICOND DEVICE:ZENER,0.4W,24V,5% 04713 SZG35009K8
VR6417  152-0195-00 ' SEMICOND DEVICE:ZENER,0.4W,5.1V,5% 04713 $Z11755
VR6419  152-0175-00 SEMICOND DEVICE:ZENER,O0.4W,5.6V,5% 04713 SZG35008
VR6427  152-0195-00 SEMICOND DEVICE:ZENER,0.4W,5.1V,5% 04713 $Z11755
VR6459  152-0306-00 SEMICOND DEVICE:ZENER,O0.4W,9.1V,5% 15238 25409
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Replaceable Electrical Parts—1503

Tektronix  Serial/Model No. Mfr

Ckt No.  Part No. Eff Dscont Name & Description Code  Mfr Part Number

A7 670-3865-00 B010100 B082958 CKT BOARD ASSY:X-Y PLUG IN 80009 670-3865-00
---------- (016-0606-00 ONLY)

A7 670-3865-01  B082959 CKT BOARD ASSY:X-Y PLUG IN 80009 670-3865-01
---------- (016-0606-00 ONLY)

€7132  283-0059-00 CAP.,FXD,CER DI:1UF,+80-20%,25V 72982 8131N031Z5U0105Z

€7232  283-0059-00 CAP. ,FXD,CER DI:1UF,+80-20%,25V 72982 8131N031Z5U0105Z

CR7247  152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R

Q7242  151-0302-00 TRANSISTOR: SILICON,NPN 07263 5038487

© R7122  321-0301-00 RES. ,FXD,FILM:13.3K OHM,1%,0.125W 91637 MFF1816G13301F

R7129  321-0288-00 RES.,FXD,FILM:9.76K OHM,1%,0.125W 91637 MFF1816G97600F

R7138  321-0335-00 RES.,FXD,FILM:30.1K OHM,1%,0.125W 91637 MFF1816G30101F

R7146  315-0103-00 RES. ,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035

R7224  315-0223-00 RES.,FXD,CMPSN: 22K OHM,5%,0.25W 01121 CB2235

R7225  311-1559-00 RES.,VAR,NONWIR:10K OHM,20%,0.50W 73138 91-81-0

R7234  315-0113-00 RES.,FXD,CMPSN: 11K OHM,5%,0.25W 01121 CB1135

R7244  315-0104-00 RES.,FXD,CMPSN: 100K OHM,5%,0.25W 01121 CB1045

R7245  315-0103-00 RES. ,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
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vRepIaceable Electrical Parts—1503

Tektronix  Serial/Model No. Mfr
Ckt No. PartNo.  Eff Dscont Name & Description Code  Mfr Part Number
A8 670-5634-00 CKT BOARD ASSY:CABLE VP FACTOR 80009 670-5634-00
——— ——— (OPTION 1 ONLY)
R1356A  321-0193-03 RES.,FXD,FILM: 1K OHM,0.25%,0.125W 91637 MFF1816D10000C
R1356B  321-0612-03 RES.,FXD,FILM:500 OHM,0.25%,0.125W 91637 MFF1816D500R0C
R1356C  321-0612-03 RES.,FXD,FILM:500 OHM,0.25%,0.125W 91637 MFF1816D500R0C
R1356D  321-0612-03 RES.,FXD,FILM:500 OHM,0.25%,0.125W 91637 MFF1816D500R0C
RI356E  321-0612-03 RES.,FXD,FILM:500 OHM,0.25%,0.125W 91637 MFF1816D500R0C
R1356F  321-0612-03 RES. ,FXD,FILM:500 OHM,0.25%,0.125W 91637 MFF1816D500R0C
R1356G  321-0612-03 RES. ,FXD,FILM:500 OHM,0.25%,0.125W 91637 MFF1816D500R0C
R1356H  321-0612-03 RES.,FXD,FILM:500 OHM,0.25%,0.125W 91637 MFF1816D500R0C
R1356J  321-0612-03 RES.,FXD,FILM:500 OHM,0.25%,0.125W 91637 MFF1816D500R0C
R1356K  321-0612-03 RES. ,FXD,FILM:500 OHM,0.25%,0.125W 91637 MFF1816D500R0C
R1357A  321-0097-07 RES.,FXD,FILM:100 OHM,0.1%,0.125W 24546 NE55E1000B
R1357B  321-0097-07 RES.,FXD,FILM:100 OHM,0.1%,0.125W 24546 NE55E1000B
R1357C  321-0097-07 RES.,FXD,FILM:100 OHM,0.1%,0.125W 24546 NE55E1000B
R1357D  321-0097-07 RES. ,FXD,FILM:100 OHM,0.1%,0.125W 24546 NE55E1000B
RI357E  321-0097-07 RES.,FXD,FILM:100 OHM,0.1%,0.125W 24546 NE55E1000B
R1357F  321-0097-07 RES.,FXD,FILM:100 OHM,0.1%,0.125W 24546 NE55E1000B
R1357¢  321-0097-07 RES.,FXD,FILM:100 OHM,0.1%,0.125W 24546 NES55E1000B
R1357H  321-0097-07 RES.,FXD,FILM:100 OHM,0.1%,0.125W 24546 NE55E1000B
R1357J  321-0097-07 RES.,FXD,FILM:100 OHM,0.1%,0.125W 24546 NE55E1000B
R1357K  321-0097-07 RES.,FXD,FILM:100 OHM,0.1%,0.125W 24546 NES55E1000B
S1356  260-1918-00 SWITCH,ROTARY: DISTANCE CAL,8 POSITION 81073 51SP2201208N
51357  260-1919-00 SWITCH,ROTARY: DISTANCE CAL,1l POS 81073 51SP3001111N
A9 670~6592-00 XB090000 CKT BOARD ASSY:POWER FUSE JACK 80009 670-6592-00
FUSE,WIRE LEAD:3A,125V 75915 272003

F9100 159-0124-00 XB090000
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Replaceable Electrical Parts—1503

Tektronix  Serial/Model No. Mfr

Ckt No. PartNo.  Eff Dscont Name & Description Code  Mfr Part Number

CHASSIS PARTS

BT0369 016-0595-00 B010100 B089999  BATTERY SET: 80009 016-0595-00

BT0369 016-0595-01  B090000 BATTERY SET: 80009 016-0595-01

C0380 283-0279-00 CAP.,FXD,CER DI:0.001UF,20%,3000V 59660 878-530 Y550102M

€0390 283-0279-00 CAP.,FXD,CER DI:0.001UF,20%,3000V 59660 878-530 Y5S0102M

CR0282  150-1040-01 LAMP,LED:W/LEADS & DIODE HOLDER 80009 150-1040-01

F0401 159-0029-00 B010100 B049999  FUSE,CARTRIDGE:3AG,0.3A,250V,SLOW~BLOW 71400 MDL3/10

F0401 159-0032-00  B050000 FUSE, CARTRIDGE : 3AG,0.5A, 250V, SLOW-BLOW 71400 MDL 1/2

F0401 159-0054-00 B010100 B049999  FUSE,CARTRIDGE:3AG,0.15A,250V,SLOW-BLOW 71400 MDL 15/100
—————————— (OPTION 6 ONLY)

F0401 159-0029-01  B050000 FUSE, CARTRIDGE : BUSSMAN ONLY 71400 MDL3/10
---------- (OPTION 6 ONLY)

F0491 159-0029-00 B010100 B049999  FUSE,CARTRIDGE:3AG,0.3A,250V,SLOW-BLOW 71400 MDL3/10

F0491 159-0032-00  B050000 FUSE, CARTRIDGE: 3AG,0.5A, 250V, SLOW~BLOW 71400 MDL 1/2

F0491 159-0054-00 B010100 B049999  FUSE,CARTRIDGE:3AG,0.15A,250V,SLOW-BLOW 71400 MDL 15/100
---------- (OPTION 6 ONLY) )

F0491 159-0029-01  B050000 FUSE, CARTRIDGE : BUSSMAN ONLY 71400 MDL3/10
---------- (OPTION 6 ONLY)

F0491 159-0172-00 XB083230 FUSE, CARTRIDGE : TYPE C,13 AMP 33096 PB1267
---------- (OPTION A2 ONLY)

10234 108-0671-01 COIL,TUBE DEFLE: 80009 108-0671-01

MO171 149-0031-00 B010100 B029999 METER,BTRY LVL:0-350UA,15%,0.50 DIA,SCALE 24138 P-202

M0171 149-0044-05  B030000 METER,BAT LEVEL:1MA, 345 OHMS,0.5 DIA W/CONN 80009 149-0044-05

RO151 311-1806-00 BO10100 B079999  RES.,VAR,NONWIR:500 OHM,20%,1W 12697 381S-CM40942

RO151 311-2010-01 B0O80000 B093425 RES.,VAR,WW:PNL,500 OHM,5%,1W,W/SW 80009 311-2010-01

RO151 311-2131-00 B093426 RES.,VAR,NONWIR:PNL,500 OHM,5%,1W,W/4SPT 80009 311-2131-00

RO165 315-0102-00 RES.,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CB1025

RO251A,B 311-0678-00 RES.,VAR,NONWIR:2 X 50K OHM,10%,0.50W 71590 BA211-008

RO252 315-0473-00 RES.,FXD,CMPSN:47K OHM,5%,0.25W 01121 CB&4735

RO262 315-0104-00 RES.,FXD,CMPSN: 100K OHM,5%,0.25W 01121 CB1045

RO263 311-0160-00 RES.,VAR,NONWIR: 50K OHM,10%,0.50W 12697 381-CM30918

RO271 311-1707-00 B0O10100 B039999  RES.,VAR,WW:5K OHM,5%,1.5W 32997 3610S-420-502
---------- (OPTION 5 ONLY)

RO271 311-1707-02  B040000 RES.,VAR,WW:PNL,5K OHM,5%,1.5W,W/KNOB 80009 311-1707-02
---------- (OPTION 5 ONLY)

RO271 311-1800-00 B010100 B039999  RES.,VAR,WW:PNL,5K OHM,5%,1.5W 32997 36105-514-502

RO271 311-1800-02  B040000 RES.,VAR,WW:PNL, 5K OHM,5%,1.5W,W/KNOB 80009 311-1800-02

RO352 315-0473-00 RES.,FXD,CMPSN:47K OHM,5%,0.25W 01121 CB4735

RO432 311-0690-01 B010100 B020329 RES.,VAR,NONWIR:5M OHM,0.50W 0000M OBD

RO432 311-1905-00 B020330 RES. ,VAR,NONWIR:PNL,5M OHM,20%,0.50W 12697 CM412712

RO442 311-0690-01 B010100 B020329 RES.,VAR,NONWIR:5M OHM,0.50W 0000M OBD
—————————— (NOT USED IN OPTION 1)

RO442 311-1906-00 B020330 RES.,VAR,NONWIR:PNL,5M OHM,20%,0.25W 12697 CM41713
—————————— (NOT USED IN OPTION 1)

RO472 311-0091-00 RES.,VAR,NONWIR:1K OHM,10%,0.50W 01121 W-3083E
---------- (NOT USED IN OPTION 1)

R2126 311-1005-00 RES.,VAR,NONWIR:15K OHM,10%,0.50W 12697 382-CM40952

$0151 260-1923-00 SWITCH,PUSH:4PST,0.4VA, 28V 01121 17M814

S0165 260-0834-00 SWITCH, TOGGLE : DPDT, 5A, 125VAC,0.25-40 THD 09353 U21-SHZQE

S0481A,B 260-1727-00 SWITCH, TOGGLE : DPDT,0.4VA AND 20V MAX 09353 7215 SYZ(B)E

s1215 263-1118-00 SW CAM ACTR AS:FEET/DIV 80009 263-1118-00

$1343 263-0013-00 SWITCH,PB ASSY:3 LATCHING,100MM,W/DETENT 80009 263-0013-00

$1356 260-1918-00 SWITCH,ROTARY:DISTANCE CAL,8 POSITION 81073 51SP2201208N
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'Replaceable Electrical Parts—1503

Tektronix  Serial/Model No. Mfr
Ckt No. Part No. Name & Description Code  Mfr Part Number
$1357 260~1919-00 SWITCH,ROTARY:DISTANCE CAL,11 POS 81073 51SP3001111N
81357  ————— ————- (OPTION 1 ONLY)
$1624 263-0010-00 SWITCH PB ASSY:1 PUSH,7.5MM,W/2 CONTACTS 80009 263-0010-00
$1625 263-0011-00 SWITCH,PB ASSY:1 PUSH,10 MM,W/4 CONTACTS 80009 263-0011-00
$2126 263-1125-00 SW CAM ACTR AS:FEET/DIV 80009 263-1125-00
T0389 120-0978-00 XFMR, PWR, STPDN: 80009 120-0978-00
V0235 154-0667-02 ELECTRON TUBE:CRT,P-31 80009 154-0667-02
V0235 154-0067-13 XB020321 ELECTRON TUBE:CRT,P-7 80009 154-0667-03
---------- ‘ (OPTION 76 ONLY)
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Section 8—1503

DIAGRAMS AND CIRCUIT BOARD ILLUSTRATIONS

Symbols
'Graphic symbols and class designation letters are
based on ANSI Standard Y32.2-1975.

Logic symbology is based on ANSI Y32.14-1973 in
terms of positive logic. Logic symbols depict the logic
function performed and may differ from the manufac-
turer’'s data.

The overline on a signal name indicates that the signal
performs its intended function when it is in the low state.

Abbreviations are based on ANSI Y1.1-1972.

Other ANSI standards that are used in the preparation
of diagrams by Tektronix, Inc. are:

Assembly Numbers and Grid Coordinates

Each assembly in the instrument is assigned an
assembly number (e.g., A20). The assembly number
appears on the circuit board outline on the diagram, inthe
title for the circuit board component location illustration,
and in the lookup table for the schematic diagram and
corresponding component locator illustration. The
Replaceable Electrical Parts listis arranged by assemblies
in numerical sequence; the components are listed by
component number *(see following illustration for
constructing a component number).

The information and special symbols below may appear in this manual.

Y14.15, 1966  Drafting Practices.
Y14.2, 1973 Line Conventions and Lettering.
Y10.5, 1968 Letter Symbols for Quantities Used in

Electrical Science and Electrical

Engineering.
American National Standard Institute
1430 Broadway
New York, New York 10018
Component Values

Electrical components shown on the diagrams are in
the following units unless noted otherwise:

Capacitors = Values one or greater are in picofarads (pF).
Values less than one are in microfarads
(uF).

Resistors = Ohms (Q).

The schematic diagram and circuit board component
location illustration have grids. A lookup table with the
grid coordinates is provided for ease of locating the
component. Only the componentsillustrated onthe facing
diagram are listed in the lookup table. When more than
one schematic diagram is used toillustrate the circuitry on
a circuit board, the circuit board illustration may only
appear opposite the first diagram on which it was il-
lustrated; the lookup table will list the diagram number of
other diagrams that the circuitry of the circuit board
appears on.

Modified Component—See
" Parts List (Depicted in grey,
or with grey outline)

Strap or Link

Y [1
Function Block Title e
-

Internal —r-h——-——

Screwdriver "_| l < 1 LINE SYNC GEN /I/q_/‘

Adjustment S +5V seTuP By i
Cam Switch 1 o ér '1?8»%/ ég \i@ cos
Closure Chart 7

(Dot indicates
switch closure)

Etched Circuit Board
Outlined in Black ™~ +8v

Refer to Waveform

Function Block ___ 2.:
Outline

IC type

Test Voltage

Heat Sink 3 o

R —— Plug to E.C. Board
%@__ﬂm. Identifies Panel
SYNC - laentifies Panel
ontrols, Connectors and

Indicators
Coaxial connectors:
e MAIG
\W female
~eeree - Plug Index; signifies pin No. 1
282 "‘ """ External Screwdriver Adij.

Shielding
2l | pao Selected value, see Parts List
|

Board Name and Maintenance Section for
, . Selection Criteria
P/O—Part of 1o LPLO AS _TIMING BOARD 1
circuit board ‘1 el A\ Decoupled or Filtered
Assembly Number ST B XX XK= XX R3320 D Voltage

% COMPONENT NUMBER EXAMPLE

Component Number

—

AZSﬁgRlZSA'W .

ma

Assembly _ | et

Number ™ Suassembly " yumpe
Number (f useq)

Tektronix Part No.
for circuit boards

Chassis mounted components have no Assembly Number
prefix—see end of Replaceable Electrcal Parts Lst

S

Refer to Diagram Number

SYNC GCENERATOR

Schematic Name
and Number
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