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Section 1—1501 Service

CIRCUIT THEORY

The block diagram on the fold-out page near the back of

the manual should be used with this description. That

diagram provides a key to a thorough understanding of how

the 1501 works. Also, it is useful in isolating difficult

troubles. Refer to the left side of the block diagram for a

listing of specific transistors and integrated circuits and the

schematic where each is found. The parts list which

Precedes each schematic contains all the electrical compo-

nents shown on that schematic.

BASIC FUNCTIONS

The basic functions of the circuits in the 1501 TDR are

(1) to provide test pulses from a TEST PULSE GENER-

ATOR, (2) to provide HORIZONTAL & TIMING or

distance information, (3) to provide VERTICAL or ampli-

tude information, (4) to provide oscillograms via a plug-in

strip CHART RECORDER, (5) to provide start, stop and

timing CONTROL LOGIC for the chart recorder and (6) to

provide regulated voltages from a battery power-pack and

POWER SUPPLY. These six functions are identified on the

block diagram by corresponding sections having like titles.

The 1501 uses many of the basic principles and basic

circuits of sampling oscilloscopes. If you already have an

understanding of these principles, you may be able to

recognize or deduce most of the purposes of the individual

blocks and connections within the TIMING & HORI-

ZONTAL and within the VERTICAL sections merely by

careful study of the diagrams.

The TEST PULSE GENERATOR section is similar to

most other Time-Domain Reflectometers. However, either a

short duration pulse or a long duration, fast rise step signal

may be selected as a test signal for the transmission line

under test. Either kind of test signal is generated in

automatic synchronism with the sampling and display

process. The information display may be produced on a

separate monitor oscilloscope or on a heat sensitive paper

strip chart from the plug-in chart recorder.

Power for the chart recorder comes from regulated

voltages supplied by the 1501 mainframe. The supply

voltages remain disconnected, however, until the CHART

POWER pushbutton is pushed. Thus, the motor will not

start until the START pushbutton is pushed. Paper begins

to emerge immediately, and the stylus begins to heat. After

stylus is hot, the sampling and graph making process begins.

A 10-division (25 centimeter) chart record is made, then

the sampling process stops. The stylus heating voltage is

turned off at that instant, but the paper continues to move

until the last recorded chart division emerges from the slit

at the bottom of the recorder. The paper then stops and the

record is available. By lifting the chart paper at an angle

against the sharp upper lip, each new chart may be

separated from the remainder of the roll of paper. The

unrecorded part of each strip chart that appears ahead of

the graph is for handwritten data. Each strip should be 32.5

centimeters long, and have 13 heavy vertical lines identi-

fying each major horizontal division.

DETAILED FUNCTIONS

HORIZONTAL & TIMING Section

The SAMPLING RATE GENERATOR is a free-running

multivibrator with a frequency of about 10 to 12 kHz.

Each cycle initiates a negative-going fast ramp in the FAST

RAMP GENERATOR and provides an input to the SWEEP

GATING MULTI that occasionally causes it to switch and

initiate a new sweep in the SWEEP GENERATOR, At the

beginning of each sweep, the nearly simultaneous GATING

and BLANKING DRIVER signals occur. Monitor oscillo-

scope retrace blanking is provided by an approximate —5

volt level from the GATING and BLANKING DRIVER and

is mixed through a 10k ohm resistor (R269) with the

VERT OUT signal. When a sweep is in progress, the level of

the blanking line floats, following the VERT OUT signal.

The FAST RAMP GENERATOR output goes to two

comparators: the SLEWING COMPARATOR and the NON-

SLEWING COMPARATOR. Successive outputs from the

SLEWING COMPARATOR are increasingly delayed with

reference to the beginning of each fast ramp, because of the

slowly changing reference level at the other input to that

comparator. Since it is slaved to the SWEEP GENERATOR

through the SWEEP INVERTER, increasingly delayed

signals from the STROBE DRIVER are therefore delivered

to the sampling circuits during each sweep. That level

changes at a rate proportional to the sweep rate. Thus,

samples of the voltage near the TEST LINE connector are

taken at later and later instants, (relative to the trans-

mission of each test pulse). Successive samples will be

delayed by small or large amounts (to correspond with the

dielectric constant and propagation factor of the CABLE

selected and the distance to be checked), depending on the

FEET/DIV (or METERS/DIV) selected. The first of each

successive set of samples taken during any sweep may be

delayed, using the START POINT control, by a time

corresponding to the two-way propagation time of up to at

least 500 feet (or 100 meters) of cable. For measurement of

long distances a fast ramp having 10 times longer duration

is used, and the START POINT control can be set to delay
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Circuit Theory—1501 Service

the start of sample-taking for a time corresponding to 5000

feet (or 1000 meters) of cable.

Notice the three capacitors between the input and

output of the SWEEP GENERATOR. C220, controlled by

the NOISE FILTER pushbutton, causes the sweep repeti-

tion rate to change from about 40 per second to about 4

per second. C225, controlled by FET 0225, shunts C220

and C222 when the CHART POWER pushbutton is pushed.

This reduces the sweep rate to approximate the speed of

the chart recorder paper (about 2 seconds per division). The

sweep will not free-run in this mode. Instead, the GATING

MULTI is locked out by the GATING CONTROL circuits

until it receives a go signal from the START-STOP

CONTROL in the CONTROL LOGIC section. When

grounded, the same input line to FET 0225 also signals the

GATING CONTROL circuits, preventing the sweep from

repeating until the START pushbutton is pushed.

R216 controls the slope of the sweep ramps. It should

be set, using the chart recorder, for minimum correction

signal across C202. When the chart paper is properly

installed and R216 properly set, the sweep ends within one

small minor division of the heavy line corresponding to the

last major division. When the step mode is selected, there is

an abrupt downward swing of the pen when the sweep

stops, corresponding to the beginning of retrace, before it

cools off.

R192 controls the current delivered to the sliding

contact on the START POINT control. It is used to

calibrate the 10-turn START POINT control after the slope

of the fast ramps has been properly set with R132.

R132 sets the slope of the fast ramps so that FEET/DIV

(or METERS/DIV) will be accurate. One of two fast ramp

capacitors (C128 or C129) is selected by the FEET/DIV (or

METERS/DIV) switch and determines the start point range.

The larger of these capacitors must have precisely 10 times

the capacitance of the smaller (including stray circuit

capacitance) for the best accuracy at all settings of the

FEET/DIV (or METERS/DIV) switch.

VERTICAL Section

The STROBE GENERATOR periodically operates the

SAMPLING GATE momentarily, to admit, to the

SAMPLING PREANP, voltage existing at the TEST LINE.

That sampling time is on the order of 1 nanosecond.

Samples are taken approximately every 100 microseconds,

and stored as a partial charge in the capacitors C380 and

390. Positive feedback through adjustable capacitor C394

completes each charge in C380 and C390. The voltage from

each charge is applied to the sampling preamplifier.

1-2

C394 adjusts the sampling gate to have, in effect, 90%

sampling efficiency.

The sampling gate diodes are shunted by capacitance

that couples undesired charge to the SAMPLING PREAMP

input. The BLOWBY INVERTER produces an equal and

opposite signal to nullify the undersired charge. R398 sets

the gain of the BLOWBY INVERTER.

The SAMPLING PREAMP drives the VERTICAL AMP-

LIFIER, which is an operational amplifier, through a part

of the gain adjust resistor R442. The resistance connected

between the output and the other input of the VERTICAL

AMPLIFIER is selected by the %/DIV switch. That switch

also controls the gain of the VERTICAL AMPLIFIER. A

DC voltage, selectable with the DISPLAY OFFSET control,

is applied to the opposite end of R442. The effect of a

change in that voltage is to position the display up or down

on a monitor oscilloscope or chart recording. The output of

the VERTICAL AMPLIFIER normally goes to the PEN

DRIVE amplifier via the EXT DRIVE (or EXT SIG) switch.

A properly terminated step signal should produce a 1 volt

sampled facsimile at the VERT OUT jack when %/DIV is

set to 20. When the EXT Drive (or EXT SIG) pushbutton is

pushed, any externally supplied signal introduced to the

VERT IN jack is routed to the chart recorder and the

VERT OUT jack by way of the 1X BUFFER AMPLIFIER.

Notice that when the EXT DRIVE (or EXT SIG) push-

button is pushed, another contact connects the 0 to +5 volt

sweep to the SWEEP OUT jack. When that sweep is

properly connect to the 1401A or 1401A-1 TEKTRONIX

Spectrum Analyzer, and the proper vertical output of the

spectrum analyzer is connected to the VERT IN jack on the

1501, a chart recording of a spectrum plot can be made

with the 1501.

Notice the two capacitors that may be switched to

ground at the input to the VERTICAL AMPLIFIER. One is

selected by the NOISE FILTER pushbutton and the other

is selected by the CHART POWER pushbutton. These

capacitors provide “smoothing” or noise reduction in the

display when the sweep rate is slow enough to provide time

to average out the random noise.

R442 sets the gain of the VERTICAL AMPLIFIER so

that the internally generated step signal produces the

correct deflection.

TEST PULSE GENERATOR Section

Either narrow pulses (impulses) or fast rise step-signals

may be selected for transmission through the cable under

test. The STEP pushbutton selects the step test signal when

pushed in, or the impulse test signal when released (out).



The output of the NON-SLEWING COMPARATOR is a

pulse edge that causes either the STEP DRIVER or the

IMPULSE DRIVER to generate a step or impulse, respec-

tively, for transmission through the transmission line under

test, by way of the TEST LINE jack. When the STEP

DRIVER is. on, the IMPULSE DRIVER is off, and vice

versa, depending on the position of the STEP pushbutton.

The NON-SLEWING COMPARATOR has a fixed delaying

function. It delays the generation of each test pulse, with

respect to the beginning of each fast ramp, by a fixed

amount of time. The amount of time depends on the slope

of the fast ramp and the DC level at the lower input to the

NON-SLEWING COMPARATOR. This fixed delay allows

strobes, generated during the first part of a sweep, to

sample voltage on the line prior to the generation of some

test pulses, so that the incident edge of subsequent test

pulses may be sampled and displayed later in any sweep.

When the source and line load are matched, the signal

delivered to the TEST LINE jack from the STEP GENER-

ATOR has an amplitude of about +1 volt. When the

50 2-75 Q internal slide switch is set to the 75 Q position,

25 Q is inserted in series with the output line to make the

source impedance 75 Q and to deliver the same test signal

amplitude to a 75Q line that is delivered to a 50Q line

from the basic 50 {2 source impedance.

The INPUT PROTECTOR senses the presense of extra-

neous voltage on the line that may cause damage to

components in the 1501. When more than 5 to 8 volts is on

the line, a relay automatically switches a low capacitance

blocking capacitor (C346) in series to protect the compo-

nents. When this happens, a neon light on the front panel

flashes periodically. When extraneous voltage on the line

must be tolerated, the tests may usually be continued by

switching to the IMPULSE mode. Excessive voltage, espe-

cially high frequency signal voltage, may produce enough

noise in the display to make the tests impractical, however.

Once the relay is activated it will hold itself latched while a

sweep is in progress, even if voltage on the line goes below 5

volts. At the end of a sweep or chart, however, the relay is

unlatched by a signal from the GATING & BLANKING

DRIVER. The presense of extraneous voltage on the line

that is less than 5 to 8 volts may seriously interfer with the

display. In such a case, using the IMPULSE mode may

often be a satisfactory solution, providing a blocking

capacitor is externally connected in series with the output

of the TEST LINE jack.

R148 positions the leading edge of the step signal so it

may be visible on the chart or monitor scope at all

FEET/DIV {or METERS/DIV) settings in the 5000 foot (or

1000 meter) range. R151 serves a similar purpose for the

500 feet (or 100 meter) range but should be adjusted after

R148 has been set, because R148 affects the pulse position

in both ranges. Neither adjustment should be made unless

the START POINT is first set to 000.

®
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R330 adjusts the position of the leading edge of the

impulse to coincide with the leading edge of the step-signal.

It should be set using the shortest distance per division.

C366 and R366 are adjusted for the fastest, cleanest step

signal.

R347 is adjusted so that the impulse generating ava-

lanche transistor (0345) does not free-run, but requires

very little drive signal to avalanche. It also affects the

amplitude of the impulse, so it should be set before

IMPULSE amplitude adjustments are made.

C342, R342, and C344 are to minimize aberrations

following the impulse. C345 adjusts the amplitude of the

impulse delivered to the test line and C378 adjusts the

portion of the impulse and reflections that arrive at the

sampling gate input.

CONTROL LOGIC Section

The purpose of the control logic section is to provide

Proper start, stop, and timing information between the

CHART RECORDER and HORIZONTAL & TIMING

sections of the instrument. When the CHART POWER

pushbutton is pushed, an input to the GATING CONTROL,

circuits is grounded. This prevents the SWEEP GENER-

ATOR from running until the START pushbutton is

pushed. The pushbutton also connects a large capacitor

(C225) between the input and output of the SWEEP

GENERATOR, to assure a long duration sweep closely

approximating the paper speed in the chart recorder.

When the START pushbutton is pushed, two outputs

from the START-STOP CONTROL circuits immediately

turn on the PAPER DRIVE MOTOR and the STYLUS heat

by activating the MOTOR VOLTAGE CONTROL circuits

and the HEATER VOLTAGE REG circuits. The chart

paper then moves, and holes in the left edge (top) of the

chart paper periodically admit light from the LED (light

emitting diode) to the DETector. The detected light pulses

are passed to the PULSE SHAPER circuits, where they are

sharpened and passed on to the HOLE COUNTER and

ERROR GATE circuits. When the second hole is counted,

an output from the START-STOP CONTROL circuit

signals the GATING CONTROL circuits and unlocks the

SWEEP GATING MULTI. The SWEEP GENERATOR is

then started by the SWEEP GATING MULTI as soon as the

next pulse arrives from the SAMPLING RATE GENER-

ATOR (less than 100 us later). By the time the second hole

is counted the stylus should be hot and starting to write. If

the chart paper has been installed correctly (with the red

line visible through a hole in the chart paper set next to a

heavy line on the paper), the sweep should commence
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Circuit Theory—1501 Service

precisely as the next heavy line moves across the edge of

the hot stylus. After the sweep begins, successive samples

are increasingly delayed to correspond with movement of

the sweep and movement of the chart: paper, and the

increasing cable distance that they represent. To ensure

precise distance calibration of the chart, the chart speed is

monitored by counting holes with a light beam. Each time a

hole admits light from the LED to the light DETector a

pulse is produced, passed to the PULSE SHAPER and on to

the HOLE COUNTER and BINARY TO ANALOG CON-

VERTER. The voltage level of the sweep is compared with

an analagous current stair-step produced by the BINARY

TO ANALOG CONVERTER. Any difference in level is

then amplified by the SLOPE ERROR AMPLIFIER and

gated into the memory capacitor (C202) by the ERROR

GATE. The polarity of any error voltage on the capacitor

depends on whether the paper tends to move faster or

slower than the sweep. The magnitude of the voltage

depends on the inherent difference in rate, but tends to be

self-cancelling by automatically altering the sweep speed to

match the paper speed. When the speeds match perfectly,

the heavy line corresponding to the last of 10 major chart

divisions is in contact with the stylus edge at the instant the

sweep ends. R216 (in the HORIZONTAL & TIMING

section) is usually adjusted for a near-exact sweep slope.

Otherwise, the error circuits won’t operate correctly.

Fifty holes are counted and 50 equal increments of

current are supplied by the BINARY TO ANALOG

CONVERTER during each sweep. If the sweep rate

matches the paper speed, each increment is matched by

current supplied by the sweep voltage through the resistor

(R526) shown connected to the null point. When R216 at

the input to the SWEEP GENERATOR is adjusted prop-

erly, the error signal across C202 is minimized.

When the sweep ends, an input to the START-STOP

CONTROL circuits from the GATING & BLANKING

DRIVER turns off the HEATER VOLTAGE CONTROL. A

nearly simultaneous output from the START-STOP CON-

TROL circuits locks out the SWEEP GATING MULTI

through the GATING CONTROL circuits. The paper

continues to move, however, until a total of 65 holes are

counted. At that instant, the motor is turned off by the

START-STOP CONTROL circuits, and the motor is electri-

cally braked by the MOTOR VOLTAGE CONTROL

circuit. At the same instant, all counters are reset. The

Process may then be repeated by pushing the START

pushbutton. If the CHART POWER pushbutton is released

while the paper is moving, the motor will stop. It will then

be necessary, by pulling some paper from the recorder, to

re-align a major graticule mark on the paper with the red

index line.

CHART RECORDER Section

The chart recorder consumes no power when merely

plugged into the 1501. When the CHART POWER push-

button is pushed, the supply voltages are connected to the

recorder circuits and the CONTROL LOGIC circuits, and

power dissipation increases to at least 0.6 watts, depending

on the position of the stylus. When the START pushbutton

is pushed, the stylus HEATER VOLTAGE REGULATOR is

turned on and heats the writing stylus. The power required

to heat the stylus is about 5 watts, depending on the

adjustment of R722, the stylus temperature adjustment.

With no paper installed in the recorder, heater voltage will

not turn off by itself. Even when paper is installed, the

CHART POWER pushbutton should be released immedi-

ately after making each record, in order to conserve battery

charge. Further, the sweep generator is locked out and the

instrument may be thought to be defective if a monitor

oscilloscope is connected. If the chart recorder stops

running while making a chart, it is likely that the chart

paper is depleted. The stylus heater voltage will not turn

off, and to avoid excessive battery drain, the CHART

POWER pushbutton should be released.

The PEN DRIVE AMPLIFIER is activated whenever the

CHART POWER pushbutton is pushed. This amplifier

normally receives a signal from the 1501 VERTICAL

AMPLIFIER, but may also respond to a signal applied to

the VERT IN jack if the EXT DRIVE (or EXT SIG)

pushbutton is pushed. Such a signal will need to be slaved

to the sweeps generated in the 1501, however, to be of

practical use. Those sweeps are available at the SWEEP

OUT jack when the EXT DRIVE (or EXT SIG) pushbutton

is pushed. If a chart recording is to be made and the

CHART POWER pushbutton is pushed, no sweep is

available until the START pushbutton is also pressed. These

sweeps last about 20 seconds and a complete chart takes

about 26 seconds to be completed.

The PEN DRIVE AMPLIFIER must have the correct

gain to make an accurate chart record. Gain is controlled by

R755 and should be set so a 1 volt P-P low frequency signal

at the VERT OUT jack produces five chart divisions of

deflection. When the gain of the VERTICAL AMPLIFIER

in the 1501 is set correctly, a 1 volt step signal is available

at that point when the TEST LINE output is terminated to

match the source impedance selected with the internal

50 2-75 Q slide switch. The STYLUS POSITION pot

should be set so that, with zero volts at the VERT OUT

jack, the stylus is precisely positioned to the center of the

chart paper. The stylus is approximately centered but does

not respond to rotation of the STYLUS POSITION pot

unless CHART POWER is applied. If the paper movement is

deliberately stopped by releasing the CHART POWER

pushbutton the stylus may tend to stick to the paper

because it cooled in one position. In that case, rotation of

the STYLUS POSITION pot may not move the STYLUS

until the paper is advanced.
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PERFORMANCE CHECK AND ADJUSTMENT

Introduction

A complete procedure for verifying proper performance

of the 1501 and Chart Recorder (016-0506-00) is contained

in this section. Instructions are included for making all

internal electrical adjustments. Instructions for making

mechanical adjustments are included in the Maintenance

section of the manual.

We recommend a complete performance check every six

months or 1000 hours of operation if no serious perform-

ance problems have occurred in that time. If performance

troubles are suspected the Preliminary Checks and Trouble-

shooting Guide may be followed with a minimum amount

of equipment and with little investment of time. It will

reveal most abnormal performance conditions and will help

locate the trouble rapidly.

A complete performance check is recommended any

time a serious trouble has been corrected. Some failures do

not warrant a complete performance check, since not all

circuits are affected by a given circuit repair.

NOTE

Performance Specifications are listed in the Operation

Section of the manual. Tolerances and limits

mentioned in Section 2 are adequate to verify the

tolerances and limits in the section on operation but

may sometimes be tighter than absolutely necessary

or pertain to conditions that only indirectly apply to

the Performance Specifications,

EQUIPMENT REQUIRED

1. One monitor oscilloscope, such as the SONY/

TEKTRONIX 323. The monitor oscilloscope should have a

DC-coupled, external horizontal input, with a sensitivity

adjustable to 0.5 V per division on a 10-division full screen

scale. It should also have a calibrated DC-coupled vertical

input with sensitivities of 1V, 0.5 V, and 0.2V per

division.

2. One DC voltmeter, such as the TEXTRONIX DM 501

(or TEKTRONIX 7000-series oscilloscope and 7A13 plug-in

unit). The voltmeter should be accurate to 0.25% or better

when reading 5, 7.5, or 75 volts.

®

3. One variable auto-transformer (with voltmeter), such

as General Radio W10MT3WA. The auto-transformer

should permit line voltage to be varied from 90 V AC to

130 V AC (or 180 V AC to 260 V AC if the 1501 is wired

for 225 V AC).

4. One Time-Mark Generator such as the TEKTRONIX

2901. The generator should have 10 ns, 50 ns, 0.1 us,

0.5 us, 1us, and 10us marker output signals of about 0.5

volts P-P into 50 ohms, and 0.1us, 1s, and 10us

synchronous trigger signals of about 0.5 volts into 50 ohms.

5. One six-foot 1X-10X probe, such as TEKTRONIX

P6052, or separate six-foot 1X and 10X probes.

6. Three coaxial cables, such as TEKTRONIX

012-0057-01. The cables should be about 42 inches long

and have BNC connectors on each end.

7. One BNC to GR adapter such as TEKTRONIX

017-0063-00.

8. One 50 ohm Termination, such as TEKTRONIX

017-0081-00. The termination impedance should be 50

ohms + 0.5% at DC.

9. One 50 ohm 2X attenuator, such as TEKTRONIX

017-0080-00. The attenuator should provide 2X +1%

attenuation at DC.

10. One 50 ohm 5X attenuator, such as TEKTRONIX

017-0079-00. The attenuator should provide 5X +1%

attenuation at DC.

11. One 50 ohm 5X attenuator, such as TEKTRONIX

011-0060-00. The attenuator should have BNC connectors.

12. One 75 ohm Termination, such as TEKTRONIX

011-0102-00. The termination impedance should be 75

ohm + .25% at DC.

13. One F-to-BNC adapter such as TEKTRONIX

013-0158-00.
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14. One insulated adjustment tool such as TEKTRONIX

003-0000-00. The tool should have an insulated shaft.

15. One insulated adjustment tool such as TEKTRONIX

003-0003-00. This tool should have a short thin, narrow,

screwdriver-shaped, metalic tip imbedded in an insulating

material. Tool 003-0003-00 should be shortened to about 2

inches.

16. One extension cable such as TEKTRONIX 067-

0667-00 for troubleshooting the Chart Recorder.

PRELIMINARY CHECKS AND

TROUBLESHOOTING GUIDE

All references to the left or right side of the 1501 will

mean toward the operator's left or right hand as he views

the front panel right side up.

The circuits identified as likely centers of trouble are

shown on the block diagram pull-out sheet near the back of

the manual. The transistors and integrated circuits

associated with each block are identified on the same page.

1. Turn off the POWER switch on the 1501 front panel

and remove the 1501 from its case by loosening the thumb

screw on the rear panel and pulling on the front panel.

2. Remove the plug-in Chart Recorder by loosening the

thumb screw on the front panel and pulling on the thumb

screw. Slide the 50 92-75Q internal slide switch to the

50 & position, toward the front of the 1501. It is accessible

through the top of the chart recorder compartment on the

circuit card to your left.

3. Set the slide switch on the side panel to the FULL

CHG position and attach the 1501 power cord between the

1501 and the variable auto transformer. Plug in the auto

transformer and turn it on. Set for 120 V AC output to the

1501.

4. Release all pushbuttons on the 1501 front panel and

set the POWER switch to ON. The settings of the other

controls do not matter yet.

5. Connect a shielded cable (012-0057-01) between the

HORIZ OUT connector on the 1501 and the vertical input

connector on the monitor oscilloscope. Turn on the power

to the oscilloscope, DC-couple the oscilloscope input, set

the VOLTS/DIV to 1, the TIME/DIV to 10 ms and measure

the sweep voltage. Its indicated amplitude should be 5 volts
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P-P plus or minus about 0.2 volts. If there is no sweep, look

for trouble in the SAMPLING RATE GENERATOR,

SWEEP GATING MULTI, GATING CONTROL, or SWEEP

GENERATOR circuits. If the sweep voltage is not very

close to 5.0 volts, suspect trouble with, or misadjustment

of, the power supply voltage.

6. Move the cable from the HORIZ OUT jack to the

SWEEP VOLTAGE jack. Push the EXT SIG (or EXT

DRIVE) pushbutton. The same sweep signal should appear

on the oscilloscope. If not, suspect switch contact troubles.

7. Set TIME/DIV to 1 second. Push the NOISE FILTER

button and check for a slower sweep, and that the sweep

amplitude does not change. If not, suspect 0255 or switch

contact trouble.

8. Release all the pushbuttons then push the STEP

pushbutton. Using an F-to-BNC adapter, (013-0158-00),

move the shielded cable from the SWEEP VOLTAGE jack

to the TEST LINE jack. Change the START POINT control

to indicate 100 or more. Set the oscilloscope TIME/DIV to

20us and check the interval of one square-wave cycle. It

should be about 80 to 100ys. (Be sure the variable

TIME/DIV control is in the CAL position). If no wave form

appears, look for trouble in the FAST RAMP GENERA-

TOR, NON-SLEWING COMPARATOR, or STEP

GENERATOR circuits.

9. Disconnect the shielded cable from the TEST LINE

jack.

10. Release all pushbuttons on the 1501 and set %/DIV

to 50. Set the oscilloscope INPUT to GND, free-run the

trace and position it to center screen.

NOTE

After this step, the vertical position of the oscillo-

scope display should be controlled only with the

1501 DISPLAY OFFSET knob, Repeat the ground

level check anytime you suspect the vertical position

control may have been inadvertently moved.

11. Connect a shielded cable between the 1501 VERT

OUT jack and the vertical input to the monitor oscillo-

scope. DC-couple the oscilloscope input, then set the

VOLTS/DIV to 1 and the TIME/DIV to 5 ms.

12. Observe the rectangular wave on the oscilloscope

and check that the DISPLAY OFFSET control is able to

Position the top of the wave more than 1 division above

®



and below center screen. The negative peaks of the

waveform correspond to the 1501 sweep recovery interval

and should be about 4 to 7 ms in duration. The upper peaks

correspond to the sweep interval and should be about 15

to 30 ms in duration. If no waveform appears, look for

trouble in the GATING and BLANKING DRIVER circuits.

|f you can't move the tops of the waveform, look for

trouble in the SLEWING COMPARATOR, STROBE

DRIVER, STROBE GENERATOR, SAMPLING GATE,

SAMPLING PREAMP, VERTICAL AMPLIFIER or display

offset VOLTAGE GENERATOR circuits.

13. Push the STEP pushbutton and check that the top

of the rectangular wave moves approximately 0.8 volts. If

no movement occurs, suspect trouble in the STEP switch

contacts or SAMPLING GATE circuits.

14. Set the distance per division to 20 feet (or 5 meters)

and while observing the test scope display rotate the

START POINT control counterclockwise to indicate 000.

Check that about a +0.8 volt step appears ahead of the top

leading corner of each rectangular wave. If not, R148 may

have to be pre-adjusted so that it does. R148 is accessible

through a hole in the right side panel.

15. Disconnect the shielded cable from the 1501 and

release all the pushbuttons.
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POWER SUPPLY CHECKS

AND ADJUSTMENTS

Follow steps 1 through 3 of the preceding section unless

you started with that section.

1. Measure the voltage between ground and the orange

test point near the middle of the power supply board, using

an accurate volt meter or 7A13 plug-in unit (see Figure

2-1). The voltage should be between +5.6 and +5.8 volts. If

not, adjust R806 for a reading of 5.7 volts (see Figure 2-1).

If using the 7A13 and oscilloscope, it is normal to see about

50 to 100 mV of ripple.

2. Measure the voltage between ground and the red test

point near the right rear corner of the power supply board

using the set-up above. The voltage should be within

225 mV of +7.5 volts. If not, adjust R838 (adjacent to that

test point) for a reading of +7.5 volts. (See Figure 2-1).

3. Check for +5 volts within +150 mV at pin 3 of plug

P74 (see Figure 2-1).

4. Check for —5 volts within +150 mV at pin 2 of plug

P74 (see Figure 2-1).

5. Check for —75 volts within £4.0 V at pin 1 of plug

P74 (see Figure 2-1).

Test Point

Orange

@—— Test Point
Red

>

i]

&
5 e
a

c 4
wi

2 3

2 2
* 1

Plug

P74

Figure 2-1, Power Supply circuit board showing only test points and adjustment potentiometers. The board is located near the rear of the

1501.
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6. Repeat the checks in steps 1 through 5 one at a time

while varying the line voltage between 90 and 136 volts AC.

7. Using a 1X probe connected to the monitor oscillo-

scope vertical input, AC couple the input and check for

about 100 mV P-P ripple or less at the orange test point.

Vary the line voltage between 90 and 136 volts AC when

checking ripple at each point. Check for 15 mV P-P ripple

or less on the +7.5 V test point (red), +5 V test point (pin

3) and —5 V test point (pin 2).

8. Check the —75 V test point (pin 1) in the same way

for 75 mV P-P ripple or less.

9. Disconnect both ends of the probe.

VERTICAL CHECKS AND ADJUSTMENTS,

1. Remove the chart recorder from the 1501 and

remove the 1501 from its cabinet if you haven't already

done so.

2. Connect a shielded cable (012-0057-01) between the

VERT OUT jack of the 1501 and the vertical input to the

monitor oscilloscope. Connect a similar cable between the

HORIZ OUT jack on the 1501 and the external horizontal

input to the monitor oscilloscope.

3. Turn on the POWER switch to the 1501 and

oscilloscope and release all pushbuttons on the 1501. Set

the %/DIV to 50, the FEET/DIV to 20 (or METERS/DIV

to 5) and the START POINT to 000. For ease of

adjustment, remove the power cord and operate the 1501

from its internal batteries. Be sure the right side panel slide

switch is set for full charge or trickle charge.

4, Set the vertical input coupling of the monitor

oscilloscope to GND, free-run the sweep, and center the

trace with the vertical position control. DC-couple the

horizontal input to the monitor oscilloscope and set its

controls to display the 0 to +5 volt sweep from the 1501

across precisely ten divisions. For the most linear sweep

while using a SONY/TEKTRONIX 323 or 324 oscilloscope,

the left side panel slide switch should be set to 10X, and

the X10 front panel MAG switch should be pulled. Also,

the front panel trigger selector switch should be all the way

down, and the TIME/DIV switch should be set to EXT

HORIZ. The VARIABLE knob should be used to set the

sweep to be precisely ten divisions long. The bright dot at

the beginning of the sweep is normal.
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5. Set the monitor oscilloscope VOLTS/DIV to 0.2 and

the vertical input coupling to DC.

6. Push the STEP pushbutton on the 1501 and, using

only the DISPLAY OFFSET control on the 1501, center

the step vertically. It should be 4 divisions in amplitude. If

not, preadjust R442 so that it is. R442 is located near the

middle of the board that is wired to the %/DIV switch. If

no step appears you may have to preadjust R148, accessible

through a hole in the right sub-panel.

7. Using an F-to-BNC adapter (103-0158-00) if neces-

sary, connect the precision 75 termination

{011-0102-00) to the TEST LINE jack. Slide the internal
50 2-75 Q slide switch, accessible on the left through the
top of the chart recorder compartment, to the 75 & (rear)

Position. The step signal should now be 2 divisions in

amplitude.

8. Change the %/DIV to 20, distance to 2 feet (or 0.5

meters) per division and center the step with the DISPLAY

OFFSET control. Advance R316 fully clockwise and look

for a sudden increase in noise in the trace. See Figure 2-2

for the location of R316. Back off about 10 to 20 degrees

counterclockwise from the position where the noise dis-

appears. If no noise appears, set R316 about 10 degrees

back from the clockwise end of rotation.

9. Set the distance to 500 feet (or 100 meters) per
division. Set the START POINT to indicate 020 and adjust

R398 for a flat, level trace. Change the %/DIV to 1,
recenter the trace with the DISPLAY OFFSET control and

fine adjust R398 for a flat, level trace.

NOTE

What appears as a high frequency oscillation may be

on the entire trace. [ts amplitude should be close to

minimum when the trace is flattest. If more than

about 1/5 division of oscillation appears when R398

is adjusted for the flattest trace, the sampling gate

diodes (CR380 and CR390) may need to be replaced.

10. Change the %/DIV to 50 and set the START POINT

to 000. Rotate C394 and notice the amplitude of overshoot

and ringing change on the front corner (see Figure 2-3). Set

C394 so that the ringing barely disappears (see Figure 2-4).
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Test Point

Red

R330 ———>

O=—_ 342

I< R342

R398 ——————_->] e 344

50 2-752 R347
Switch

345

c378 a)

394

|< c 366

Test Point

@~—— "‘Vetiow
|\—_—_——__— R366

< ————_____ R316

e

| 1501 VERTICAL

Test Point

Orange

Figure 2-2, Vertical deflection circuit board showing location of test points and adjustable components. Dotted lines indicate locations of

components on the left side of the board. The board is mounted in a vertical plane near the DISPLAY OFFSET control.

Figure 2-3. Capacitor C394 improperly adjusted. Figure 2-4. Capacitor C394 correctly adjusted.
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11. Set the distance per division to 20 feet (or 5 meters)

and disconnect the 75 Q load. Set the internal 50 0-75 Q

slide switch to the front (50 2) position. Check that the

step amplitude measured between the flattest portions is

precisely 4 divisions or adjust R442 so that it is. R442 is

located near the middle of the board that is wired to the

%/DIV switch (see Figure 2-5)..

12. Connect a third 50 coaxial jumper cable

(012-0057-01) to the TEST LINE jack. Using the necessary

adapters, connect a precision 502 terminating resistor

(017-0081-00) to the end of the jumper cable. Check that

the amplitude reduces by 2 divisions. Change the %/DIV to

20; using the DISPLAY OFFSET control, position the step

on screen and check that the displayed amplitude is 5

divisions 2%.

13. Disconnect the 50Q terminator and in its place

connect the 2X attenuator (017-0080-00). Then attach the

terminator to the attenuator. The display should be the

same as in the previous step.

14. Change the %/DIV to 10; using the DISPLAY

OFFSET control, position the end of the top of the

waveform 2 1/2 divisions below center screen. Disconnect

the terminating resistor from the 2X attenuator and check

that the top of the trace moves up 2 1/2 divisions 3%.

15. Change the %/DIV to 5; using the DISPLAY

OFFSET control, position the end of the top of the

waveform 3 divisions above center screen. Reconnect the

50 Q terminator and check that the top of the waveform

moves down5 divisions +3%.

16. Disconnect the 2X attenuator and terminator from

the jumper cable and substitute the 5X attenuator

{017-0079-00). Connect the 50Q terminator to the 5X
attenuator, and change the %/DIV to 2. Using the DIS-

PLAY OFFSET control, position the top of the waveform

2 divisions below center screen. Disconnect the terminator

and check that the waveform moves up 2 divisions +3%.

17. Change the %/DIV to 1; using the DISPLAY

OFFSET control, position the top and the end of the

waveform 2 divisions above center screen. Connect the

terminator and check that the waveform moves down 4

divisions 3%.

18. Insert the 2X attenuator between the 5X attenuator

and the cable. Change the %/DIV to 0.5 and position the

end of the waveform precisely two divisions below center

screen. Disconnect the 50 Q terminator and check that the

waveform moves up 2 divisions +3%.
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Figure 2-5. Output circuit board showing test points and gain
adjustment R442, The board is mounted on a vertical plane directly

behind the front panel power switch.

19. Change the %/DIV back to 20%, disconnect the

jumper cable from the TEST LINE jack and connect a

precision 75 terminating resistor (011-0102-00) to the

jack. Slide the 50 2-75 Q internal switch to the rear (75 Q)

Position and using the DISPLAY OFFSET control position

the waveform and check that the amplitude of the step

signal is 5 divisions +2% between the flattest portions.

TEST PULSE GENERATOR CHECKS

AND ADJUSTMENTS

If you have not just completed the preceding section,

make the set-up described in steps 1 through 5 of that sec-

tion, Connect a 75 Q terminating resistor (011-0102-00) to

the TEST LINE jack and set the internal 50 2-75 Q switch

to the rear (75 Q position), then begin here.

1, Set the CABLE dielectric switch to the counterclock-

wise position and preset the OTHER pot fully CCW. Set the

distance per division to 2 feet (or 0.5 meters) and display

the step signal. If the step does not appear then preset

R148, through the hole on the right side sub-panel, so it

does appear.

NOTE

Use an adjustment tool with little or no metal in the

tip when adjusting capacitors in the following steps.

2. See Figure 2-2. Adjust R366 and C366 for the

shortest risetime, with about 6% but no more than 8% P-P

ringing on the top front corner (see Figure 2-6). Check the

ringing at 5% per division.
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3. Return the %/DIV to 20 and release the STEP

pushbutton. Adjust R347 so all evidence of “foot” on the

rising edge barely disappears (see Figures 2-7, 2-8, and 2-9).

4. While pushing and releasing the STEP pushbutton,

check that the beginning of the rising edge of the impulse

coincides with the beginning of the rising edge of the step,

or adjust R330 so that it does.

5. Change the distance per division to 5 feet (or 2

meters) and adjust R342 and C342 to minimize the baseline

aberrations following the impulse (see Figure 2-10). The

average baseline level following the impulse should not be

above or below the level preceding the impulse.

6. Change FEET/DIV to 2 (or METERS/DIV to 0.5).

Adjust C345 and C378 for 5 divisions of amplitude, with

minimum aberrations and a sharp falling edge (see Figure

2-10). Peak-to-peak aberrations should be 8% or less.

7. Check that the width of the impulse at 50%

amplitude is no more than 1/3 of a major division. If using

Figure 2-6. Acceptable overshoot and ringing with proper termi-

nation.
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Figure 2-8. R347 adjusted clockwise until “foot” barely but

completely disappears.

Figure 2-9. R347 adjusted too far clockwise, leading edge moves to

the left past the region of the “foot”.

Figure 2-10, Baseline aberrations minimized and amplitude adjusted

for 5 divisions.
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HORIZONTAL & TIMING CHECKS

AND ADJUSTMENTS

If you have not just completed the preceding section,

first make the set-up described in steps 1 through 5 of the

VERTICAL CHECKS AND ADJUSTMENTS section.

1. Apply power to the 2901 Time-Mark Generator. Set

the distance per division to 20 feet (or 5 meters), the

%/DIV to 50, and push the STEP pushbutton.

2. With the START POINT control set to 000 and

CABLE set to POLY, check that the step or impulse starts

between 1 and 2 divisions from the left edge of the trace. If

not, adjust R148 so the step begins two divisions from the

left edge. R148 is accessible through a hole in the right side

Panel.

3. Set the FEET/DIV to 2 (or METERS/DIV to 0.5)

and check that the step begins between 1 and 4 divisions

from the left edge of the trace. If not, adjust R148 as above

and check again. If still not within 1 and 4 divisions adjust

R151 so that the step begins 2 divisions from the left edge.

NOTE

R151 is located as shown in Figure 2-11. Temporarily

turn off power on the 1501 front panel and lift the

circuit board 388-2774-00 located under the START

POINT control by removing three machine screws

near the corners. Being careful not to allow any

conductors on the board to contact ground, turn on

the power and make the adjustment. Turn off the

power, fasten the board in place with the machine

screws and re-apply power.

4. Connect the 50 2 5X BNC attenuator (011-0060-01)

to the MARKER OUT jack on the 2901. Connect a

shielded cable (012-0057-01) between the attenuator and

the TEST LINE jack on the 1501, using an F-to-BNC

adapter. Push the .1 us button of the 2901 Time Mark Gen-

erator. Connect a 10 megohm 10X passible probe to the

TRIGGER OUT jack on the 2901 and apply the tip of the

Probe to the red test point on the Fast Ramp board (see

Figure 2-11). It may be important to use a short ground lead

on the probe. Turn off the MARKER AMPLIFIER on the

2901 and push the 14s TRIGGER SELECTOR push-

button. Set the internal 50 9-75 © slide switch to the 50 Q

(forward) position.
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Figure 2-11, Fast Ramp circuit board. Located under and behind

the START pushbutton, Mounted in a horizontal plane upside

down. R132 is near the START pushbutton. R192 and R148 may

be adjusted through holes in the right side panel.

NOTE

For instruments calibrated in METERS/DIV, ignore

steps 5 through 15.

5. Set the 1501 FEET/DIV to 50. Set the %/DIV to 50,

the START POINT to 000, and the CABLE dielectric to

OTHER. Set the OTHER control fully counterclockwise.

Check that the trace is still precisely 10 divisions long or

adjust the monitor oscilloscope horizontal variable gain so

that it is. Center the trace precisely between the left and

right hand graticule edges. Move the START POINT control

to position the peak of the first clear marker after the step

precisely at the beginning of the trace.
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NOTE

During the following steps the NOISE FILTER

pushbutton may be used to reduce noise in the

display. The length and position of the probe ground

lead also may affect the noise. Six foot 10X probes

work best. Check that there is nearly one marker per

division and that the last of the 10 following markers

is between about 1/2 minor divisions and 1 1/2 minor

division left of the right graticule edge (see Figure

2-12), If not, proceed to the next step and check

back later. Counterclockwise rotation of the OTHER

control corresponds to air dielectric.

6. Change the CABLE switch to the POLY position and

set the START POINT control to position the peak of the

first marker following the step precisely at the left edge of

the trace. Check that the 15th following marker is between

1 and 2 minor divisions to the left of the right edge of the

graticule. If not, adjust R132 so that marker is precisely 1

1/2 minor divisions from the right edge of the graticule.

R132 is visible from the top and located on a circuit card

just below the OTHER potentiometer. When adjusting

R132, the START POINT control may have to be moved to

keep the first marker precisely at the beginning of the trace

(see Figure 2-13).

7. Change the CABLE switch to the 0.81 FOAM

Position and set the START POINT control so that the

peak of the first marker following the step is again precisely

at the beginning of the trace. Check that the last of the

twelve following markers is between 1 1/2 and 3 minor

divisions left of the right edge of the graticule (see Figure

2-14).

8. Change the CABLE switch back to POLY. Change

the FEET/DIV to 20 and position the peak of the first

marker to the left edge of the trace with the START

POINT control. Check that the peak of the 6th following

marker is between 1/2 and 2 1/2 minor divisions from the

right edge of the graticule.

9. Change the markers to 50 ns (20 MHz sinewave), the

FEET/DIV to 5 and the %/DIV to 20. Using the DISPLAY

OFFSET control, center the display and set the START

POINT control to position the rising edge of the first clean

cycle to intercept the centerline at the left edge of the

graticule (see Figure 2-15). Check that the corresponding

point on the 3rd cycle crosses the centerline somewhere

between the right edge of the graticule and 3 minor

divisions left of that edge as shown in Figure 2-15.
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Figure 2-12. 0.1 us markers at 50 feet/Div; AIR dielectric.

Figure 2-13. 0.1 us markers at 50 feet/Div; POLY dielectric.

Figure 2-14. 0.1 us markers at 50 feet/Div; 0.81 FOAM dielectric.
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Figure 2-15. 50 ns markers at 5 feet/Div; POLY dielectric.

10. Change the markers to 10 ns and the FEET/DIV to

2. Set the START POINT control as in the previous step

and check that the 6th cycle crosses the centerline within 3

minor divisions left of the right edge of the graticule (see

Figure 2-16).

11. Change the FEET/DIV to 200, the markers to 1 us

and with the START POINT control, reposition the peak of

the first marker to be at the beginning of the left edge of

the trace. Check that the peak of the sixth following

marker is within three minor divisions left of the right edge

of the graticule (see Figure 2-17).

12. Change the FEET/DIV to 500, reposition the peak

of the first marker to coincide with the left edge of the

trace and check that the 15th following marker is within 3

minor divisions left of the right edge of the graticule (see

Figure 2-18).

13. Set the FEET/DIV to 50 and the CABLE dielectric

to POLY. Set the START POINT to 000 and set the marker

output to 1 us. Move the horizontal position control on the

monitor oscilloscope to position the leading edge of the

first marker precisely to center screen. Rotate the START

POINT control clockwise and position the 10th following

marker to center screen. Check that the START POINT

control reads between 3176 and 3304. If not, set R192

(right side panel) so that the edge is in precise alignment

when the dial is set to 3240 feet. Check that the zero

marker hasn't moved more than about 1 minor division

when the START POINT is turned back to 000. If it has,

repeat the step.

14. Change the FEET/DIV to 5, the markers to 50 ns

and the START POINT to 000. Using the oscilloscope

horizontal position control, position the middle of the first
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Figure 2-16. 10 ns markers at 2 feet/Div; POLY dielectric.

Figure 2-17. 1 us markers at 200 feet/Div; POLY dielectric.



Figure 2-19. 50 ns markers at 5 feet/Div properly posi

setting of 000 on the START POINT control.

Figure 2-20. 5 us markers at 200 meters/Div; POLY dielectric.
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clean rising edge of the sine-wave marker to center screen

(see Figure 2-19). Turn the START POINT control and

count 20 more sine-waves, finally positioning the 20th with

only the START POINT control to intercept center screen

as above. Check that the dial reads between 318 and 330. If

not, R192 should be adjusted as in the preceding step. If it

was already adjusted, it may have to be readjusted again to

split the residual error equally between the 5000 and the

500 foot range.

15. Disconnect the probe and cable from the 1501 and

marker generator.

The following steps pertain to 1501 instruments cali-

brated in METERS/DIV.

16. Select 5 us markers and 10 us triggers on the 2901.

Set the 1501 METERS/DIV to 200 and the %/DIV to 10.

Set the CABLE dielectric to POLY and the START POINT

control to 000. Check that the trace is still precisely 10

divisions long or adjust the monitor scope horizontal

variable gain so that it is. Center the trace precisely between

the left and right hand graticule edges. Move the START

POINT control to position the peak (of the first clear

marker that follows the step) at the beginning of the trace.

NOTE

During the following steps the NOISE FILTER

pushbutton may be used to reduce noise in the

display. The length and position of the probe ground

lead also may affect noise.

Check that the peak of the fourth following marker

appears between the right graticule edge and one minor

division left of the graticule edge (see Figure 2-20). If not,

adjust R132 so that marker is precisely 1/2 minor division

left of the right hand graticule edge. When adjusting R132

the START POINT control may have to be moved to keep

the peak of the first marker precisely at the beginning of

the trace.

17. Change the CABLE switch to the .81 FOAM

Position and set the START POINT control so the peak of

the first marker following the step is again precisely at the

beginning of the trace. Check that the third following

marker is within + 1/2 minor division of the 9th major

division (see Figure 2-21). If not, adjust R132 as in the

preceding step and check again.

2-11


