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PREFACE
We have tried to provide you with the best instrument we can.
In doing this we sometimes make changes in our products after the
instruction manuals have been printed. Many changes are made to
give you the benefit of the latest circuit improvements devloped in
our engineering department, and to accomodate improved com
ponents as they become available. Our Test and Calibration En
gineers sometimes hand tailor the circuits to provide optimum in
dividual performance.
When a particular instrument is changed in any manner, its
manual is corrected accordingly. That is why the instrument serial
number is written on the title page of this manual. If you need
repair parts for an instrument, refer to the manual that belongs to
that particular instrument.

This manual begins with a list of Specifications, so that you will
know the characteristics of your instrument. The second section
provides information on cooling and connecting the power trans
former for various input voltages. The third section gives you some
of the principle ways in which you can operate your instrument.
Next is the Circuit Description, where the circuitry of your instru
ment is described in a detailed form. The Maintenance and Recali
bration sections are last. Here you will find information on trouble
shooting and repairing your instrument and on carrying out a re
calibration of the instrument, if necessary, in the field.
We hope that you will find your instruction manual useful. Refer
to it often. We welcome comments.
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502
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SPECIFICATIONS

The Tektronix Type 502 Oscilloscope provides linear dual-beam
displays with a wide range of sweep rates combined with high in
put sensitivity. In addition, the Type 502 may be used to provide
dual-beam X-Y displays at medium sensitivities, and single-beam
X-Y displays at high sensitivities. Vertical amplifiers for both
beams may be operated with single-ended inputs for conventional
operation, or with differential inputs for cancellation of common
mode signals. The wide range of operational modes available,
make the Type 502 adaptable to a great many industrial and
scientific applications.

VERTICAL- DEFLECTION SYSTEM
Characteristics at each input terminal

Direct connection—-1 megohm paralleled by
47µµf. With P6000 probe—10 megohms
paralleled by 14 µµf.
Deflection factors

Sixteen calibrated deflection factors from 200
µv/cm to 20v/cm accurate within 3%.
Frequency response

Frequency response characteristics of the Type
502 vary with settings of the SENSITIVITY con
trols. Typical readings are as follows:
200 µv/cm
5 mv/cm
50 mv/cm
.2 v/cm

100 kc
200 kc
400 kc
1 mc

Differential input rejection ratio

The rejection ratios specified below apply if
the signal voltage at the Input connector
does not exceed specified limits. The signal
limits for dc-coupling are ±2 volts with respect
to ground for settings of the SENSITIVITY con
trol from 200 µv/cm to .2 v/cm, ±20 volts
with respect to ground for settings from
.5 v/cm to 2 v/cm, and ±200 volts with re
spect to ground for settings from 5 v/cm to 20
v/cm. For ac coupling, the signal limits are 2
volts peak-to-peak from 200 µv/cm to .2 v/cm,
20 volts peak-to-peak from .5 v/cm to 2 v/cm,
and 200 volts peak-to-peak from 5 v/cm to 20
v/cm. From 200 µv/cm to 1 mv/cm, the rejec
tion ratio is approximately 1000-to-l, decreas
ing to 100-to-1 at 0.2 v/cm, and to 25-to-1 in
the range from .5 v/cm to 20 v/cm.

HORIZONTAL-DEFLECTION SYSTEM
3% for sweep speeds which do not exceed
the maximum calibrated rate of 1 µsec/cm.

Sweep rates

Twenty-one calibrated sweep rates from 1
µsec/cm to 5 sec/cm. Accuracy typically with
in 1 % of full scale; in all cases, within 3% of
full scale.

Unblanking

DC coupled.
Triggering signal requirements

Magnifier

Expands sweep 2, 5, 10, or 20 times. Calibra
tion of magnified sweep rates accurate within

Internal—a signal producing 2 mm vertical de
flection on either the upper or lower
beam.
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External—0.2 volts to 10 volts of either po
larity.
Triggering signal sources

Upper beam, lower beam, external, or line.
Input characteristics at TRIGGER INPUT con
nector

AC coupled—1 megohm in series with 0.01 µf
and paralleled by approximate
ly 33
DC coupled—1 megohm shunted by approxi
mately 33 µf.

Horizontal input

With upper beam amplifier connected to crt
horizontal deflection plates.
Deflection factors of 200 µv/cm to 20 v/cm
in 16 steps.
With external input connected to horizontal
amplifier.
Deflection factors of 0.1 v/cm to 2 v/cm in
5 steps.
Input characteristics at EXTERNAL connector

1 megohm shunted by approximately 70µµf.

OTHER CHARACTERISTICS
volts, 50-60 cycles.
Power—Approximately 300 watts.

Cathode-ray tube

Type T60P2—P1, P7, and P11 phosphors op
tional. Accelerating potential—3 kv minimum.
Mechanical specifications

Voltage calibrator

Square wave output at approximately 1 kc.
Six calibrated voltage steps from 1 mv to 100
volts peak-to-peak.
Accuracy—within 3%.

Ventilation—filtered, forced-air.
Construction—Aluminum-alloy chassis
and
three-piece cabinet.
Dimensions—23'/2" long, 11 1/4' wide, 15"
high.
Weight—52 pounds.

Graticule

Edge lighted—marked in 10 vertical and 10
horizontal 1 cm divisions with 2 mm markings
on the baselines.

Accessories included

2—Type P6000 attenuator probes
2—Type A510 binding post adapters

Power requirements

1—Green filter

Line voltage—105 to 125 volts, or 210 to 250
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PRELIMINARY INSTRUCTIONS
Cooling

A fan maintains safe operating temperature in
the Type 502 Oscilloscope by circulating air
through a filter and over the components. There
fore, the instrument must be placed so that the
air intake is not blocked. The air filter must be
kept clean to permit adequate air circulation. If
the interior temperature should rise too high, for
some reason, a thermal cutout switch will discon
nect the power and keep it disconnected until
the temperature drops to a safe value.

IMPORTANT: For proper air circula
tion, the bottom and side panels
must be in place. Be sure the bottom
panel is installed according to direc
tions.

Power Requirements

The regulated power supplies in the Type 502
will operate with line voltages from 105 to 125

volts, at 117 nominal line volts, or from 210 to
250 volts at 234 nominal line volts. Proportionate
line voltage variations apply when other nominal
line voltage primary connections are made. For
maximum dependability and long life the voltage
should be near the center of this range.

Voltages outside of these limits, or poor line
voltage waveforms, may cause hum or jitter on
the trace and may cause unstable operation. Be
sure to check for proper line voltage if indica
tions such as these are present.

The Type 502 is equipped with a special
power transformer. This transformer has a group
of primary terminals which allows you to connect
the primary windings for use on six different in
put voltages. The line voltage for which your
transformer is connected is indicated on the
metal tag at the rear of the instrument. Fig. 2-1
shows the primary connections for all the input
voltages.

Fig. 2-1. The power transformer has two extra wind
ings permitting nominal primary voltages of 110, 117,
124, 220, 234 or 248 volt, 50 or 60 cycle operation.
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Fan Connections

Fuse Requirements

The manner in which the fan is wired depends
on the line voltage. For 110-124 volt operation,
the fan is connected as shown in Fig. 2-2(a). For
220-248 volt operation, the fan is connected as
shown in Fig. 2-2(b).

Use a 3 amp., 3AG, Fast-Bio fuse for 110, 117
or 124 volt 60 cycle operation; for 50 cycles use
a 3.2 amp., 3AG, Slo-Blo fuse. For 220, 234 or
248 volt, 60 cycle operation, use a 1.5 amp.,
3AG, Fast-Bio fuse; for 50 cycles use a 1.6 amp.,
3AG, Slo-Blo fuse.

Fig. 2-2 (a). Fan connection for
110-124 volt input.
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Fig. 2-2 (b). Fan connection for
220-248 volt input.
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OPERATING INSTRUCTIONS
INPUT SELECTION
On the Type 502 Oscilloscope, you can con
nect single-ended inputs to either the "A" or
"B" input connectors of the lower or upper beam
amplifiers by rotating the input selector switches
to the corresponding positions. The choice of
input connections will depend upon the display
desired. Waveforms applied to input "B" are
displayed in an inverted position on the face of
the crt while waveforms applied to input "A"
are displayed in the normal upright position. If
you are not aware of this difference in the input
connectors, it is probable that you will im
properly evaluate the results obtained from an
input to the "B" connector.

Differential inputs must be connected to both
the "A" and "B" input connectors of one ampli
fier. In the A and B positions of the input selec
tor switch, the corresponding waveforms are dis
played on the crt. In the A-B (DIFF) position, the
"B” inpui is algebraically subtracted from the
"A" input and the difference is displayed. This
feature permits you to eliminate common mode
signals, and to observe a waveform which is
peculiar to one input.

INPUT
TO A

INPUT
TO B

DISPLAYED
WAVEFORM

Fig. 3-2. Rejection of a common mode signal by the
differential amplifier.
Fig. 3-1. Inputs to the vertical amplifiers.
Waveforms applied to input connector A are displayed
in the upright position, while waveforms applied to in
put connector B are inverted.

The waveform applied to input connector B is alge
braically subtracted from the waveform applied to in
put connector A and the difference waveform is dis
played on the screen of the crt.

INPUT COUPLING
Input signals to the vertical amplifiers can be
either ac or dc coupled by placing the input
selector switch in the corresponding positions.
DC coupling applies both the ac and dc com
ponents of the input signal to the vertical ampli
fier circuits. This permits you to measure the dc
voltage level as well as the amplitude of the ac

component. It is sometimes neither necessary
nor desirable to display the dc component how
ever, and in such cases ac coupling should be
used. With ac coupling, a capacitor is placed
in series with the input connector to block the
dc component while at the same time allowing
the ac component to be displayed.

INPUT CONNECTIONS
Here are some precautions you should observe
in connecting your oscilloscope to the signal
source.
1. Avoid errors in readings due to stray electric
or magnetic coupling between circuits, partic
ularly in the leads connected to the input con
nector. In general, unshielded leads of appreci
able length are unsuited for this use. When
shielded leads are used, the shields should be

grounded to the oscilloscope chassis and to the
chassis of the equipment being tested. Coaxial
cables are recommended for many purposes.
Special care must be taken in the high sensi
tivity ranges of the oscilloscope due to the low
signal level and high amplifier gain.
2. As nearly as possible, simulate actual operat

ing conditions in the equipment being tested.
The equipment should have a load on it which is
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approximately equal to the load encountered in
normal operation.
3. Consider the effect of loading upon the sig

nal source due to the input circuit of the oscillo
scope. The circuit at the input connectors can be
represented by a resistance of 1 megohm

shunted by a capacitance of 47
With a
few feet of shielded cable, the capacitance may
well be 100
or more. In many cases, the ef
fects of these resistive and capacitive loads are
not negligible, and to minimize them, you might
want to use a probe in the manner described in
the next section.

USE OF PROBES
An attenuator probe lessens both capacitive
and resistive loading, at the same time reducing
sensitivity. When making amplitude measure
ments with an attenuator probe, be sure to multi
ply the observed amplitude by the attenuation
of the probe (marked on probe).

A Type P6000 Probe is furnished as an acces
sory to the Type 502 Oscilloscope. Connected
to the INPUT connector of the Type 502, the
probe presents an input characteristic of 10 meg
ohms shunted by 14 micromicrofarads and has
an attenuation ratio of 10:1. The maximum volt
age which may be applied to the probe is 1200
volts. Exceeding this rating, either in peak ac
volts or dc volts, may result in damage to the
components inside the probe body.
If the waveform being displayed contains fast
changing portions, it is generally necessary to
clip the probe lead to the chassis of the equip-

UNDERCOMPENSATED

ment being tested. Select a ground point near
the probe-input connection.
Before using the probe, always check its ad
justment.

An adjustable capacitor in the probe body
compensates for variations in input capacitance
from one instrument to another. To insure the
accuracy of pulse and transient measurements,
this adjustment should be checked frequently.
To make this adjustment, set the calibrator
control for a calibrator output signal of suitable
amplitude. Touch the probe tip to the CAL.
OUT connector and adjust the oscilloscope con
trols to display several cycles of the waveform.
Unlock the probe Locking Sleeve, adjust the Ad
justing Sleeve for a flat top on the displayed
waveform as shown in Fig. 3-3. When you have
completed the adjustment, tighten the Locking
Sleeve, being careful not to disturb the setting
of the Adjusting Sleeve.

OVERCOMPENSATED

CORRECTLY COMPENSATED

Fig. 3-3. The Type P6000 Probe Adjusting Sleeve is adjusted for a flat
topped square-wave display of the Calibrator waveform.
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TRIGGERED OPERATION

In order to obtain a stable display of some
recurrent waveform, it will be necessary for you
to trigger the horizontal sweep at the correct in
stant of time. This will insure that the sweep will
start at the same point on the observed wave
form for each cycle of operation. The sweep
should be triggered either by some waveform
bearing a fixed time relationship to the observed
waveform or by the observed waveform itself.
Either method will produce the desired stable
display. If the waveform which is applied to the
upper beam and the waveform which is applied
to the lower beam have a definite time relation
ship to each other it is possible to trigger from
either beam and obtain simultaneously a stable
display of both waveforms.

stant in amplitude and shape. It is thereby
possible to observe the shaping and amplifica
tion of a signal by each stage of a circuit with
out resetting the triggering controls for each
observation. Also time and phase relationships
between the waveforms at different points in the
circuit can be seen. If, for example, the external
triggering signal is derived from the waveform
at the input to a circuit, the time relationship
and phase of the waveforms at each point in the
circuit are automatically compared to the input
signal by the display presented on the face of
the crt.

The following instructions tell you how to
select the proper triggering signal for various
applications of your oscilloscope. These instruc
tions also provide information about the advan
tages and limitations of each triggering mode.
You should attempt to become thoroughly fa
miliar with all of the various triggering modes in
order that you may obtain maximum use from
your instrument. A thorough knowledge of the
triggering modes will allow you a greater selec
tion of triggering methods when you are con
fronted with a definite triggering problem.

Automatic triggering is obtained by rotating
the TRIGGERING LEVEL control fully counter
clockwise to the AUTOMATIC position. This
mode provides a preset triggering level which is
set to allow triggering at the average voltage
point of the applied waveform. Also, the sweep
runs at approximately a 50 cycle rate when no
triggering signals are applied. Automatic trig
gering can be used with triggering signals ob
tained from the LINE, UPPER, LOWER, or EXT
positions of the TRIGGER SELECTOR switch, but
for most waveforms, it is useful only for trigger
ing at frequencies above approximately 50
cycles. Automatic triggering saves considerable
time in observing a series of waveforms since
it is not necessary to reset the triggering level
for each observation. For this reason, it is the
mode that is normally used. Other modes are
normally used only for special applications or
where stable triggering is not attainable in the
automatic mode.

How to select the triggering signal source.
1. To trigger the sweep from the waveform dis
played on the upper beam, set the TRIGGER
SELECTOR switch at UPPER AC or UPPER DC.

2. To trigger the sweep from the waveform dis

played on the lower beam, set the TRIGGER
SELECTOR switch at LOWER AC or LOWER DC.
3. To trigger the sweep at the power line fre

quency, set the TRIGGER SELECTOR switch at
LINE. You would normally use this mode of trig
gering when you are observing a waveform
which bears a fixed time relationship to the
power-line frequency.
4. To trigger the sweep from some external

waveform bearing a definite time relationship to
the observed waveform, connect the external
waveform to the TRIGGER INPUT connector and
set the TRIGGER SELECTOR switch at EXT AC or
EXT DC. External triggering provides definite
advantages over other modes of triggering in
certain cases. With external triggering, the trig
gering signal generally remains essentially con

How to select the triggering mode.
Automatic Mode

DC Mode

The dc mode is selected in the UPPER DC,
LOWER DC, and EXT DC positions of the TRIG
GER SELECTOR switch. This mode of triggering
is particularly useful in triggering from wave
forms which are not adaptable to the ac mode,
such as random pulse trains or very low fre
quency waveforms. Random pulse trains pose a
special problem in the ac mode since the ran
dom occurance of the input waveforms causes
the average voltage level to shift. This in turn
may cause the triggering level to shift to an un
stable point. This problem is not encountered in
the dc mode since the triggering point is deter
mined only by instantaneous voltages.
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Note: In this illustrotion of the TRIGGERING LEVELcon
trol, the AUTOMATIC and RECURRENT positions are not
shown. The “UPPER Region” and “LOWER Region”
shown in the illustration do not actually appear on the
front panel, but are assumed here to aid in under
standing the operation of the TRIGGERING LEVEL con
trol.

TRIGGER SELECTOR

(SWEEP TRIGGERS
ON + SLOPE)
TRIGGERING LEVEL

LOWER
REGION

Waveforms obtained with the
TRIGGERING LEVEL control
set in the LOWER REGION

UPPER
REGION

TRIGGER SELECTOR

(SWEEP TRIGGERS
ON —SLOPE

TRIGGER SELECTOR

(SWEEP TRIGGERS
ON +SLOPE)

TRIGGERING LEVEL

Waveforms obtained with the
TRIGGERING LEVEL control
set in the UPPER REGION

LOWER
REGION

UPPER
REGION

TRIGGER SELECTOR

(SWEEP TRIGGERS
ON —SLOPE)

When the TRIGGERING LEVEL control is set in the
lower region, the sweep is triggered on the lower portion of the waveform; when it is set in the upper
region, the sweep is triggered on the upper portion of

the waveform.

The TRIGGER SELECTOR switch deter

mines whether the sweep is triggered on the rising ( +
Fig. 3-4. Effects of TRIGGERING LEVEL and TRIGGER
SELECTOR control settings.
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slope) portion, or the falling (—slope) portion of the
waveform.
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In the dc mode, when the triggering signal is
obtained from either the lower or the upper
beam amplifiers, varying the respective vertical
position controls will change the triggering point.
For this reason, you may find it necessary to re
adjust the TRIGGERING LEVEL control when you
change the vertical position of the trace. If you
desire to eliminate this effect, you can use the
ac mode providing the triggering signal is other
wise suitable for this mode of operation. In the
dc mode, the dc level of external triggering
signals will also effect the triggering point. Gen
erally, when the triggering signal is small com
pared to its dc level, the ac mode should be
used.
AC Mode

The ac mode is selected in the LINE, LOWER
AC, UPPER AC, and EXT AC positions of the
TRIGGER SELECTOR switch. This mode provides
stable triggering on virtually all types of wave
forms. As a general rule, however, the ac mode
is unsatisfactory for triggering with low ampli
tude waveforms at frequencies below approxi
mately 15 cycles. This figure will vary depend
ing upon the amplitude and shape of the trig
gering waveform and should not therefore be
set as an absolute standard. Triggering at fre
quencies below 15 cycles can be accomplished
when higher amplitude triggering signals are
used.
In the ac mode, the triggering point depends
on the average voltage level of the triggering
signals. If the triggering signals occur at ran
dom, the average voltage level will vary causing
the triggering point to also vary. This shift of
the triggering point may be enough so that it is
impossible to maintain a stable display. In such
cases you should use the dc mode.

How to select triggering slope.

If you wish to trigger the sweep on the rising
(positive slope) portion of the triggering wave
form, place the TRIGGER SELECTOR switch at
If you wish to trigger on the falling (nega
tive slope) portion of the triggering waveform,
place the TRIGGERING SELECTOR switch at –.

How to set the triggering level.

In the ac and dc triggering modes, the TRIG
GERING LEVEL control determines at which point
on the triggering signal that the sweep is trig
gered. Using this control, the sweep can be con
tinuously triggered at any point on the waveform
so long as the slope of the waveform is great
enough to provide stable triggering. In the DC
mode, the sweep cannot be triggered with any
degree of stability at the top of a square wave,
for example, because the time that the voltage
remains constant is comparatively long. As a
result, the sweep triggers at random points along
the top of the square wave producing consider
able trace jitter.
You can use the same method to set the TRIG
GERING LEVEL control for either the ac or dc
mode. After selecting the triggering slope, ro
tate the TRIGGERING LEVEL control fully count
erclockwise to the AUTOMATIC position. Then
rotate the TRIGGERING LEVEL control clockwise
until the sweep no longer triggers. Continue to
rotate the control in the clockwise direction until
the sweep again triggers and a stable display is
obtained. Further rotation of the control in the
clockwise direction causes the sweep to trigger
at more positive points on the triggering wave
form. See Figure 3-4.

FREE-RUNNING OPERATION
With the Type 502, you can get a periodic,
free-running sweep, independent of any external
triggering or synchronizing signal by rotating the
TRIGGERING LEVEL control fully clockwise to the

RECURRENT position. This permits you to ob
serve the upper- and lower-beam traces without
an input signal.
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MAGNIFIER

To expand a particular part of the display
horizontally, first use the Horizontal POSITION
control to position that part of the display so
that it falls at the center of the graticule. Then
turn the HORIZONTAL DISPLAY switch to the
magnification desired. The portion of the dis
play at the center of the graticule will then be

expanded 2, 5, 10, or 20 times depending on the
setting of the HORIZONTAL DISPLAY switch. At
the same time, the SWEEP MAGNIFIER ON in
dicator lamp will light, indicating that the dis
play has been expanded. Any portion of the
original unmagnified display can then be shown
by rotating the Horizontal POSITION control.
In magnified sweep operation, the sweep
speed is multiplied by the magnification. This
means that the time per centimeter indicated by
the TIME/CM switch must actually be divided by
the magnification to obtain the correct time re
quired for the sweep to move one centimeter.
For example, if the TIME/CM switch is set at 5
MILLISEC, and the magnifier is set at 5X, the
true time per centimeter is 5 milliseconds divided
by 5, or 1 millisecond per centimeter.

Fig. 3-5. Magnified sweep.

The portion of the waveform at the vertical centerline
remains stationary as the sweep is magnified. The dis
played waveform is expanded left and right from the
centerline. The lower waveform is a two times magni
fication of the upper waveform.

Magnified sweep rates are all calibrated with
in 3% accuracy so long as their true time per
centimeter is 1 microsecond or more. Sweep
speeds faster than this are uncalibrated and may
be unlinear. The SWEEP MAGNIFIER UNCALI
BRATED indicator lamp lights whenever the
maximum calibrated sweep speed is exceeded
to indicate that the sweep is uncalibrated.

EXTERNAL HORIZONTAL INPUT
On the Type 502, it is possible to horizontally
deflect one or both of the spots across the screen
by means of some externally derived waveform,
rather than by means of the internal sweep cir
cuits. This permits the oscilloscope to be used
for either single or dual-beam X-Y curve tracing.

and differential input for both horizontal and
vertical deflection. The lower beam is used for
this function while the upper beam is auto
matically positioned off of the screen. A panel
light indicates when the upper-beam amplifier
is connected to the horizontal-deflection plates.

For single-beam applications where equal hori
zontal and vertical-deflection factors are desir
able, the upper-beam amplifier can be switched
to the crt horizontal-deflection plates by placing
the HORIZ. DEF. PLATE SELECTOR switch at the
UPPER BEAM AMP. position. This type of opera
tion provides 200 µ/cm to 20 v/cm sensitivity

For dual-beam applications, an external wave
form can be applied to the horizontal amplifier
by connecting the waveform to the EXTERNAL
jack. The horizontal deflection sensitivity is con
trolled by the setting of the HORIZONTAL DIS
PLAY switch.
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VOLTAGE MEASUREMENT

Accurate voltage measurements of inputs to
the vertical amplifiers can be made using the
calibrated deflection factor feature of the Type
502. The following instructions tell you how to
use the oscilloscope for this purpose and how to
obtain the greatest possible accuracy in your
measurements. It is important that proper tech
niques be used in order that errors are not in
troduced in the results.

During voltage measurements, you should al
ways display the waveform across as much of
the crt face as is possible since, as a general
rule, the accuracy of your measurements will in
crease as the vertical size of the displayed
waveform is increased. In measuring voltages,
it is important to remember that the width of the
trace may be appreciable part of the overall
measurement and care should be used that the
trace width is not included in the vertical deflec
tion readings that you obtain. You should con
sistently make all your readings from one side of
the trace. If the bottom side of the trace is used
for one reading, it should be used for all suc
ceeding readings.
How to measure the ac component of a
waveform.

For measuring the ac component of a wave
form, ac coupling is normally used since it is
usually not advantageous to display the dc com
ponent of the waveform being measured. AC
component voltage measurements can usually be
made with dc coupling also, but there is nor
mally no particular advantage in doing so. To
obtain peak-to-peak voltage measurement, per
form the following steps:
1. Through the use of graticule, measure the

vertical distance in centimeters from the level of
the positive peak to the level of the negative
peak.
2. Multiply the setting of the SENSITIVITY con

trol by the distance measured to obtain the in
dicated voltage.
3. Multiply the indicated voltage by the atten

uation factor of the probe you are using to
obtain the true peak-to-peak voltage.
As an example of this method, assume that
using a 10X probe and a sensitivity of 1 volt per
centimeter, you measure a total vertical distance
between peaks of 4 centimeters. In this case
then, 4 centimeters times 1 volt per centimeter

Fig. 3-6. Voltage measurement of the ac component of
a waveform.

The vertical distance between peaks is multiplied by
the setting of the SENSITIVITY control and by the
probe attenuation factor to obtain the voltage meas
urement.

gives you an indicated voltage of 4 volts peakto-peak. The indicated voltage times the probes
attenuation factor of 10 then gives you the true
peak-to-peak amplitude of 40 volts. The peak-topeak sinusoidal voltage can then be converted
to peak, rms, or average voltage through use of
standard conversion factors.
How to measure instantaneous voltages.

The method used to measure instantaneous
voltages is very similar to the method described
previously for ac component voltage measure
ments except that for instantaneous voltage
measurements, a reference line must be esta
blished on the crt screen. The actual voltage
measurement is taken with respect to this refer
ence line. If, for example, the voltage measure
ment is to be made with respect to +100 volts,
the reference line would correspond to +100
volts. In the following procedure the method is
given for establishing this reference line as
ground since measurements with respect to
ground are by far the most common type made.
The same general method may be used to meas
ure voltage with respect to any other potential,
however, so long as that potential is used to es
tablish the reference line.
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CAUTION

To prevent saturation of the vertical
amplifiers, the peak voltage to
ground at any amplifier input con
nector must not exceed 200 volts on
the 5, 10, and 20 VOLTS PER CM
ranges; 20 volts on the .5, 1, and 2
VOLTS PER CM ranges; and 2 volts
on all other ranges.

measure a distance of 8 centimeters to the point
you wish to measure. In this case then, 8 centi
meters times .2 volts per centimeter gives you an
indicated voltage of 1.6 volts. Since the voltage
point is above the ground reference line, the po
larity is indicated to be positive. The indicated
voltage times the probes attenuation factor of 10
then gives you the true voltage of positive 16
volts.

To obtain a voltage measurement with respect
to ground, perform the following steps:
1. To establish the reference line, touch the
probe tip to the oscilloscope ground terminal,
and rotate the TRIGGERING LEVEL control fully
clockwise to the RECURRENT position.
2. Vertically position the trace to a convenient

point on the face of the crt. (This point will de
pend upon the polarity and amplitude of the
input signal, but it should always be chosen so
that the trace lies along one of the major divi
sions of the graticule. The graticule division cor
responding to the position of the sweep is known
as the ground reference line. (Do not adjust the
vertical positioning control after this reference
point has been established.)
3. Remove the probe tip from ground and con

nect the probe to the signal source. Adjust the
TRIGGERING LEVEL control for a stable display.
4. Measure the vertical distance in centimeters

from the point to be measured to the ground
reference line by use of the graticule.
5. Multiply the setting of the SENSITIVITY con

trol by the distance measured to obtain the in
dicated voltage.
6. Multiply the indicated voltage by the at

tenuation factor of the probe you are using to
obtain the true voltage with respect to ground.
As an example of this method, assume that
you are using a 10X probe and a sensitivity of
.2 volts per centimeter and that after setting the
reference line at the bottom of the graticule, you

Fig. 3-7. Measuring the instantaneous voltage.
The vertical distance from the point of measurement to
a pre-established reference line is multiplied by the
setting of the SENSITIVITY control and by the attenua
tion factor of the probe to obtain the voltage measure
ment.

You should remember in determining the po
larity of voltages measured in this fashion that
inputs applied to the "8" input connectors are
inverted on the face of the crt. Consequently,
the apparent polarity of these inputs is opposite
the true polarity. To prevent possible confusion
as to polarity it is usually best to use the "A"
input connectors for voltage measurements with
respect to ground.

TIME MEASUREMENT

Accurate elapsed time or time interval meas
urements can be made by utilizing the calibrated
timebase feature of the Type 502 Oscilloscope.
The sweeps are calibrated so that the beams are
deflected across the screen at known rates.
Since the beam travels completely across the
screen in a known period of time, the time re
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quired for the beam to travel any portion of
that distance can be determined. By measuring
the horizontal distance between points on the
displayed waveform, and by knowing the sweep
rate, you can determine the time interval be
tween the two points. You should use the same
precautions in finding the horizontal distance as
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were used in finding the vertical distance for
voltage measurements. The method for measur
ing a time interval is as follows:

1. Using the graticule, measure the horizontal
distance in centimeters between the points whose
time interval you wish to find.
2. Multiply the distance measured by the setting
of the TIME/CM control to obtain the apparent
time interval.
3. Divide the apparent time interval by the

magnification indicated by the setting of the
HORIZONTAL DISPLAY switch to obtain the cor
rect time interval.

complete cycle of a periodically recurrent waveform.
The horizontal distance in centimeters of one complete
cycle (in this case 3 centimeters) is multiplied by the
setting of the TIME/CM control and is divided by the
sweep magnification to obtain the time interval. The
frequency of the waveform is the reciprocal of its time
interval.

FREQUENCY MEASUREMENT
The frequency of a periodically recurrent
waveform can be determined if the time interval
(period) of one complete cycle of the waveform
is known. This time interval can be measured by

means of the procedure described in the preced
ing paragraph. The frequency of a waveform is
the reciprocal of its time interval.

DC BALANCE ADJUSTMENT
If the trace moves vertically as the SENSI
TIVITY control is rotated, this indicates a need to
readjust the DC BAL control. This control is used
to compensate for any dc unbalance in the verti
cal amplifier. This unbalance will be particularly
noticeable on the high sensitivity ranges of the
SENSITIVITY control. To adjust the DC BAL con
trol, ground the oscilloscope input, place the
SENSITIVITY control at 20 VOLTS PER CM, and
rotate the TRIGGERING LEVEL control to the
RECURRENT position. Set the DC BAL control at
mid range and position the sweep so that it lies

under the proper base line. Rotate the SENSI
TIVITY control to the 200 µVOLTS PER CM posi
tion, pausing at each range to adjust the DC
BAL control so that the trace remains on the base
line. (If the DC BAL control does not have suf
ficient range, it will be necessary to readjust the
appropriate COARSE DC BAL control located
inside the instrument. See the Calibration Pro
cedure, Section 6.) The trace should now remain
stationary as the SENSITIVITY control is turned
through its entire range of positions.

AUXILIARY FUNCTIONS
Calibrator

The calibrator is a source of accurately cali
brated square waves at a frequency of approxi
mately 1 kilocycle (±30%). The output ampli
tude is accurate within 3% of the SQUAREWAVE CALIBRATOR switch settings for no load
conditions. The primary function of the calibra
tor is to provide a convenient method for check
ing the calibration of the vertical-deflection sys

tem and for adjusting the probes. It can be used
for other purposes, however, if certain limitations
are kept in mind.

The output impedance of the calibrator varies
with the output-voltage setting. It is as low as
10 ohms in the 1 MV position of the SQUAREWAVE CALIBRATOR switch and as high as 1.8
kilohms in the 10 V position. In the 100 V posi
tion, the output impedance is approximately 170
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ohms when the circuit is loaded by a resistance
of not less than four kilohms. When the switch
is at any position other than 100 V, the output
may be loaded with any impedance without
damaging the components. See Table 1 for the
approximate output impedance for each position
of the SQUARE-WAVE CALIBRATOR switch.
TABLE I
Approximate Output Impedance of Calibrator
Output
SQUARE-WAVE CALIBRATOR
Impedance
switch setting
100 V
*170 ohms
10V
1.8 kilohms
1 V
200 ohms
100 MV
900 ohms
10 MV
100 ohms
1 MV
10 ohms
'Do not load with less than 4 kilohms.

NOTE
All output impedance figures given
for the calibrator are made with the
assumption that the output cathode
follower is conducting.

Trace-brightness (intensity) modulation

To couple markers or other signals into the crt
cathodes for trace-brightness modulation, dis
connect the ground strap at the rear of the in
strument and apply the signal between the CRT
CATH binding post and GND. This will simul
taneously apply the signals to the upper and
lower beam cathodes. At normal brightness,
positive signals of about 25 volts will cut the
beams off. Always replace the ground strap
when you are not intensity modulating the
beams.

Graticule illumination

The graticule lighting control, labeled SCALE
ILLUM, can be adjusted to suit the lighting con
ditions of the room. A green filter is supplied
with the instrument which can be used for in
creased contrast. This filter should be mounted
next to the crt screen so it does not block the
light from the graticule lines.
The graticule of the Type 502 Oscilloscope can
be illuminated so that it appears to have either
red or white graticule markings. The markings
can be quickly changed from white to red or
from red to white by removing the graticule
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CLIPS TO DEFLECTION PLATE PINS

NOTE:

TO AVOID GROUNDING
LEADS USE INSULATED
SLEEVING WHERE
NECESSARY.

TO SIGNAL
SOURCE

Fig. 3-9. Typical circuit for ac coupling to the crt de
flection plates.

cover and inverting the graticule. As a general
rule, white graticule lines are superior to red for
photographic purposes.
Direct connection to crt plates

In some applications, it may be desirable to
connect a signal directly to one or more sets of
crt deflection plates—bypassing the internal
oscilloscope amplifiers. This can be done in the
Type 502 if certain precautions are observed.
One of these precautions is to maintain the aver
age dc voltage on the deflection plates at ap
proximately +225 volts. If the average voltage
is not maintained at approximately +225 volts,
the crt display may be defocused.

For many applications, ac coupling of the sig
nal to the deflection plates is permissible. It has
the advantage of allowing the use of frontpanel
controls to position the display and permits the
display of signals not having the required aver
age voltage level. A diagram of this method of
coupling is shown in Figure 3-9. Here, the leads
from the oscilloscope amplifier are removed and
a resistor is connected between each lead and
its respective crt pin. A good value for this re
sistor in most cases is 1 megohm. The vertical
deflection plate pins are located on the sides of
the crt neck and the horizontal deflection plate
pins are located on the top of the neck.
A convenient method for connecting the resis
tors to the crt pins is to use clips removed from
standard miniature tube sockets. Before connect
ing the resistors to the leads from the amplifier,
slip a piece of insulated sleeving (spaghetti) over
the wire. Then, after making the connections,
draw the sleeving back over the insulated resistor
pigtail. This will prevent the leads from acci
dentally shorting to the chassis. The crt pins are
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easily bent and you must exercise care when
making these connections to avoid breaking the
pins.
CAUTION

Do not allow the leads from the os
cilloscope amplifiers to touch the
chassis when the power is on. A
short circuit of this type can damage
the amplifier circuits.
If it is desired to couple the signal directly to
the crt plates (dc coupling), it will be necessary

to supply positioning voltages from the signal
source. These voltages must also satisfy the re
quirement of an average level of +225 volts,
mentioned previously. To dc couple the signal
to the deflection plates, remove the leads from
the crt pins and fold them back, out of the way.
Taping the ends of the wires will prevent acci
dental shorting to the chassis. Connect the ex
ternal signal source to the pins of the crt.
The vertical deflection factor of the crt is
approximately 13 volts per centimeter. The hori
zontal deflection factor is approximately 17 volts
per centimeter.

FUNCTIONAL DESCRIPTION OF CONTROLS, INDICATORS, AND CONNECTORS

TIME BASE
TRIGGERING LEVEL. Selects the voltage point

on the triggering waveform where the hori
zontal sweep is triggered. This control also
selects automatic triggering (AUTOMATIC
position) or allow the sweep to free-run (RE
CURRENT position).
TRIGGER SELECTOR slope. Determines whether

triggering occurs on the rising portion (+
slope) or on the falling portion (—slope) of
the triggering waveform.
TRIGGER SELECTOR. Selects the triggering sig

nal from the upper beam, the lower beam,
the line, or from an external signal applied

at the TRIGGER INPUT connector. The con
trol also selects either the ac or dc mode.
TIME/CM. Selects the desired horizontal sweep
speed from a choice of twenty-one sweep
rates.
SWEEP MAGNIFIER ON.

Indicates that the

sweep magnifier is on.
SWEEP MAGNIFIER UNCALIBRATED. Indicates

that the horizontal sweep is uncalibrated
since the sweep rate is in excess of the
1 µsec/cm maximum calibrated sweep rate.

Input connector for external
triggering signals.

TRIGGER INPUT.

HORIZONTAL DISPLAY
HORIZONTAL DISPLAY. Selects 1, 2, 5, 10, or

POSITION. Positions both the upper and lower

20 times horizontal magnification of the dis
played waveform. Also controls horizontal
sensitivity for external inputs applied at the
EXTERNAL connector.

EXTERNAL. Input connector for external signals

beams horizontally.

which are applied to the horizontal ampli
fier.
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UPPER-AND LOWER-BEAM VERTICAL
SENSITIVITY. Selects the sensitivity of the verti

cal amplifier.

and also selects either ac or dc coupling of
the input signal.

DC BAL. Used to balance the vertical amplifier

A. One of two input connectors to the vertical

on the high sensitivity ranges of the SENSI
TIVITY control.

amplifier. Inputs applied to this connector
are displayed in the upright position.

POSITION. Positions the trace vertically.
Input Selector. Connects inputs from selected

B. One of two input connectors to the vertical

input connector(s) to the vertical amplifier

amplifier. Inputs applied to this connector
are displayed in an inverted position.

MISCELLANEOUS
UPPER BEAM FOCUS. Used to focus the upper

beam.
LOWER BEAM FOCUS. Used to focus the lower

beam.

Controls the intensity of both the
upper and lower beams.

INTENSITY.

Controls the illumination of the
graticule and is the power switch for the
instrument.

SCALE ILLUM.

Upper Beam Amplifier Connection Indicator.

When lit, this light indicates that the upper
beam amplifier output is connected to the
horizontal deflection plates.
CALIBRATOR. Controls the
amplitude of the calibration voltage applied
at the CAL OUT connector.

SQUARE-WAVE

CAL. OUT. Output connector for the calibration

voltage selected by the SQUARE-WAVE
CALIBRATOR switch.
In the TIME
BASE AMP position, this switch connects the
output of the horizontal amplifier to the

HORIZ DEF PLATE SELECTOR.
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horizontal deflection plates for normal op
eration. When the switch is in the UPPER
BEAM AMP position, the upper beam verti
cal amplifier output is connected to the hori
zontal deflection plates.
Gain adjust
ment control for the upper beam vertical
amphfiei when the amplifier is connected to
the horizontal deflection plates. This control
provides compensation for differences be
tween the vertical and horizontal deflection
factors of the crt.

GAIN ADJ FOR HORIZ MODE.

Connector at the rear of the
instrument for application of beam-intensity
modulation voltages. The intensity modula
tion signals are simultaneously applied to
cathodes of both guns. When not in use,
this connector should be jumpered to the
GND connector with the grounding strap
provided.

CRT CATHODE.

GND. Connector on the rear of the instrument

which is used to provide a ground connec
tion to the CRT CATHODE connector.
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CIRCUIT DESCRIPTION

INTRODUCTION

The Type 502 is a dual-beam, high-gain, nar
row-band oscilloscope employing a T60-type
dual-gun cathode-ray tube. The instrument has
identical Vertical Deflection Amplifiers, one for
the Upper Beam and one for the Lower. Simulta
neous horizontal deflection of both beams is
provided by a single Time-Base Generator and
Horizontal Sweep Amplifier circuit.
The Type 502 circuitry is arranged so that the
instrument can be used in any of several config
urations. It may be used as a conventional
single-beam oscilloscope by applying an input
signal to either of the Vertical Deflection Ampli

fiers. It may be used to examine two waveforms
simultaneously by applying input signals to both
Vertical Amplifiers. Both deflection amplifiers
may be used in a differential mode, to examine
the difference between, or the algebraic sum of,
two signals. The Upper Beam Deflection Ampli
fier can be connected to the horizontal deflec
tion plates, so that the instrument may be em
ployed as single-beam X-Y oscilloscope. And, by
means of the EXTERNAL horizontal-input con
nector, the instrument may be used as a dual
beam X-Y oscilloscope, with both traces plotted
on the same X scale.

VERTICAL DEFLECTION AMPLIFIERS
NEGATIVE FEEDBACK

8 470

NEGATIVE FEEDBACK

8 4S0

Fig. 4-1. Block diagram of the Vertical Amplifier, illustrating the feedback

loops.
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The Upper Beam and the Lower Beam Vertical
Deflection Amplifiers are identical, so the de
scription that follows applies to both.
General Description

The push-pull Vertical Amplifier consists of
three stages of amplication, the Input Amplifier,
the Second Amplifier and the Output Amplifier,
and a cathode-follower stage to drive the Out
put Amplifier. The overall gain of the Amplifier
is controlled by two feedback networks, one pro
viding negative feedback and the other positive
feedback (see Fig. 4-1). The Input Amplifier is a
cathode-coupled paraphase amplifier (it may
also be operated differentially) whose gain is
controlled by negative feedback from the cath
odes of the Driver C.F. stage. The Second Ampli
fier has a positive feedback network that extends
from the plate circuit on one side to the grid
circuit on the other; this configuration makes this
stage an almost "infinite-gain" amplifier. The
result of both feedback networks is an amplifier
having a sensitivity of 200 microvolts/centimeter.
The Input Circuit

The Input Selector switch SW403 determines
the mode of operation for the Amplifier. When
in any of the three positions marked AC the
signal is ac-coupled through C400 (for Input A)
and/or C401 (for Input B). When in any of the
three positions marked DC the input capacitor
(C400 or C401) is bypassed and the signal is
dc-coupled to the Input stages.
The sensitivity of the Vertical Amplifier, as
mentioned previously, is 200 microvolts per centi
meter. However, by means of attenuation and
degeneration networks, the vertical deflection
factor can be increased to 20 volts per centi
meter.
Either of two attenuation networks can be con
nected in series with the Input connectors of the
Vertical Amplifiers, one attenuates the signal by
a factor of 10, the other by 100. For dc and low
frequency signals, these networks are resistance
dividers, and the degree of attenuation is pro
portional to the ratio of the resistance values.
The reason for this is that the impedance of the
capacitors, in this range of frequencies, is so
high that their effect in the circuit is negligible.
For higher-frequency signals, however, the im
pedance of the capacitors is less and their effect
in the circuit is more pronounced. Near the up
per-frequency range of the Amplifier the imped
ance of the capacitors becomes so low, com
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pared to the resistance of the circuit, that the
attenuators become capacitance dividers. For
these frequencies the degree of attenuation is
inversely proportional to the capacitance ratio.
In addition to providing the proper degree of
attenuation, the resistance values of the attenua
tors are chosen so as to provide the same input
resistance, regardless of the setting of the SENSI
TIVITY switch. For example, in the "straight
through" positions of the Input Selector switch
(200µv/cm to .2-v/cm), the 1-megohm grid resis
tors...R410 for Input A and R440 for Input B...
constitute the input resistance of the Vertical Am
plifiers. In the range from .5 v/cm to 2 v/cm,
the X10 Attenuator is connected into the input
circuit. The resistor in the low end of the divider
...R406E for Input A and R407E for Input B...
shunts the grid resistor to create an equivalent
resistance of 100K ohms. This 100-K equivalent
resistance is then in series with the resistor in the
high side of the divider (900 K ohms) to produce
a total input resistance of 1 megohm. The X100
attenuator works in the same manner. The 10.1 -K
resistor at the lower end of the divider shunts the
1-meg grid resistor to form an equivalent resis
tance of 10K ohms. This equivalent resistance is
then in series with the 990-K resistor in the upper
side of the divider to create a total input resis
tance of 1 megohm.

The capacitance values in the attenuators are
also selected to provide a constant input capacitance.. .47 µµf.. .regardless of the setting of
the SENSITIVITY control. In the "straight
through" positions of the switch, the total input
capacitance is equal to the capacitance of C410
(or C440 for Input B) plus the tube and stray
capacitance. C410 is then adjusted so that the
total input capacitance is 47 µµf.
When the X 100 attenuator is connected into
the circuit, C406L (or C407L for Input B) shunts
the 47 µµf capacitance. This value of capaci
tance is then reduced to a very small value by
series capacitor C406J (or C407J). The capacitor
at the input to the attenuator then shunts this
small capacitance, and is adjusted to make the
total capacitance 47 µµf. The X 10 attenuator is
designed in the same manner, except that stray
capacity forms the lower branch of the divider.
Since the attenuator networks are frequencycompensated voltage dividers, a constant atten
uation ratio is maintained from DC to the upper
frequency limits of the Vertical Amplifiers.
The Input Amplifier

When the Input Selector switch is in the A
position (either AC- or DC-coupled) the grid of
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V414 is connected to the input circuit and the
grid of V444 is returned to ground either through
the switch or through one of the series attenuator
networks. When in position B (AC or DC), V444
is the input tube and V414 is the grounded-grid
tube. With either of these configurations, the In
put Amplifier is a cathode coupled, paraphase
amplifier; it converts a single-ended input signal
to a push-pull output signal.
The cathode resistor R408 plays an important
role in determining the amount of negative feed
back applied to the Input Amplifier stage. As
mentioned previously, this feedback voltage
comes from the cathodes of the Driver C.F. stage
(actually, from the output of the Second Ampli
fier stage). The feedback is applied through a
divider consisting of R470 on one side and R408,
and R480 on the other side and R408. The smal
ler the value of R408 the greater the drop across
the series resistors (R470 and R480) and the less
the negative feedback applied to the Input Am
plifier stage. Conversely, the greater the value
of R408 the greater the drop across it and the
greater the negative feedback. Thus, for very
small input voltages, when the SENSITIVITY
switch is set so that the resistance of R408 is
quite small, there is very little negative feedback
and the Input Amplifier operates with high
gain. When the SENSITIVITY switch is set to ac
comodate larger input voltages the resistance of
R408 is increased. This means that there is a
greater amount of negative feedback and the
gain of the Input Amplifier is decreased.
The switch diagram appearing at the bottom
of the circuit diagram shows the makeup of R408.
R408M is in the circuit for all positions of the
SENSITIVITY switch. In the .2, 2 and 20 VOLTS/
CM positions of the switch, R408M alone makes
up the resistance of R408. In all other positions
of the switch, R408M is shunted by at least one
other resistor. In the 200 µVOLTS/CM position
R408M is shunted by both R408A and C408A; in
the 50 and 100 MILLIVOLTS/CM positions, and
in the 5 and 10 VOLTS/CM positions, it is
shunted by both a resistor and an R-C network.
The total value of R408 is determined by the de
gree to which R408M is shunted. The greater the
shunting of R408M the smaller the value of R408
and the greater the gain of the Input Amplifier
stage. Conversely, the less the shunting of
R408M the greater the value of R408 and the
smaller the gain of the stage.

The cathodes of the Input Amplifier stage are
"long-tailed" to the —150 volt supply through
90-K resistors. With the grids of the Input Ampli
fier at ground potential, the cathodes will op
erate very close to ground (actually, a couple of

volts positive to bias the stage). The approxi
mately 150-volt drop across the 90-K cathode
resistors (R427 and R428) provides a constant
supply of cathode current to stabilize the per
formance of the 6AU6 Input Amplifier tubes.

In order for the Input Amplifier stage to re
main in a state of DC balance, there must be no
DC voltage drop across R408 when there is no
input signal. This means that the difference in
potential between the two cathodes must always
be zero, regardless of the value of R408. In
order to provide for equal cathode voltages
under this condition, the screen voltage of the
two tubes can be varied with respect to each
other with the COARSE DC BAL. control R431
and the DC BAL. control R433. Any change in
voltage at the screens will be reflected to the
cathodes by a factor of 1 / µ. (the screen grid µ)
and thus the cathode voltages can be equalized.

Vertical positioning of the crt beam is accom
plished through the action of the POSITION con
trol R421. This is a dual control, connected be
tween —150 volts and ground. It is wired so
that as the voltage between ground and the
movable arm in one side increases, the voltage
between ground and the movable arm in the
other decreases. Any change in the setting of
this control tends to produce a change in the
voltage at the cathodes of the tubes. However,
the negative feedback circuit reacts quickly to
prevent any change in the cathode voltage, and
as a result a change in the voltage at the cath
odes of the Driver C.F. is produced. This change
in voltage, at the cathodes of the Driver C.F., is
amplified by the Output Ampilfier and appears
as a change in the positioning voltage at the
vertical-deflection plates.
When the Input Selector switch is set to the
A-B position both grids of the Input Amplifier
are connected to the Input circuit. With this con
figuration the Input Amplifier is connected for
differential operation. Two input voltages are
required, and the push-pull output voltage is pro
portional to the difference between the two in
put voltages.

The .2 MV/CM DIFF. BAL. control R435 adjusts
the plates of the Input Amplifier for equal volt
ages when common mode signals are applied to
the grids. This control is equally effective in all
positions of the SENSITIVTY switch, but is pri
marily adjusted in the high-sensitivity position
(200 µVOLTS/CM). The .2 V/CM DIFF. BAL. con
trol R424 provides additional differential balance
for the low-sensitivity ranges, and is most effec
tive when the SENSITIVITY switch is in the .2
VOLTS/CM position.
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The Second Amplifier and Driver C.F. stage.

The push-pull output from the Input Amplifier
stage is amplified in the Second Amplifier and
coupled through the Driver C.F. stage to the
Output Amplifier. As mentioned previously, the
positive feedback from the plate circuit on one
side of the amplifier to the grid circuit on the
other makes this stage an infinite gain amplifier.
However, the amplifier does not oscillate due to
the overall negative feedback.

The .2MV/CM GAIN ADJ. control R456, lo
cated between the two cathodes, sets the small
signal gain of the Vertical Amplifier. This control
is most effective when the SENSITIVITY switch is
in the 200 µVOLTS PER CM position. The FEED
BACK BAL. control R455 balances the negative
feedback from both sides of the Driver C.F.
stage; this control is also most effective when the
SENSITIVITY switch is in the 200 µVOLT PER CM
position.
The Driver C.F. is the load for the Second Am
plifier. Its grid circuit provides the necessary
high impedance with low capacitance to main
tain the gain of the Second Amplifier; its cathode
circuit provides a very low impedance to drive
the input capacitance of the Output Amplifier.
The low output impedance of the cathode circuit
also provides an excellent point from which to
obtain the negative feedback for the Input Am
plifier stage.

The Output Amplifier.

The Output Amplifier is the stage that drives
the vertical-deflection plates in the crt. The gain
of this stage can be adjusted by means of the .2
V/CM GAIN ADJ. control R488. This control is
most effective when the SENSITIVITY switch is
in the .2 VOLTS PER CM position. The variable
capacitor C489 adjusts the high-frequency re
sponse of the amplifier, and is used principally
to provide a constant output capacitance.
By means of the HORIZ. DEF. PLATE SELEC
TOR switch SW489 the Upper-Beam Vertical Am
plifier can be connected to the horizontal-deflec
tion plates in the crt. With this configuration the
instrument can be used as a single-beam X-Y
oscilloscope. The GAIN ADJ. control R489 is
used to increase the gain of the Amplifier slight
ly, necessary for this application.
Trigger Pickoff

When internal triggering of the Time-Base
Generator is desired (TRIGGER SELECTOR in
either of the UPPER or LOWER positions) a
sample of the vertical-output signal is used to
develop the triggering pulse. This sample, ob
tained from the plate circuit of V484B, is coupled
through a frequency-compensated voltage di
vider to V493, a cathode-follower which drives
the Time-Base Trigger circuitry. The INT. TRIG.
DC LEVEL ADJ. control R495 is adjusted to set
the cathode voltage to zero when triggering in
the DC mode and with the beam positioned at
its respective zero-center graticule line.

TIME-BASE TRIGGER
The Time-Base Trigger circuit consists of a trig
gering-signal amplifier V24 and a rectangularpulse multivibrator (Schmitt Trigger) circuit V45.
The function of the trigger circuitry is to produce
a negative-going rectangular pulse at the plate
of V45B whose repetition rate is the same as
that of the triggering signal. This negative step
is then differentiated to produce a very sharp
negative spike (trigger) to trigger the Time-Base
Generator in the proper time sequence. A posi
tive spike is also produced by the differentiation
process, but this spike is not used.
The signal from which the rectangular output
is produced may emanate from one of four
sources. When the TRIGGER SELECTOR switch is
in the LINE position, a 6.3-volt signal at the
power line frequency is used for this application.
When the switch is in the UPPER or LOWER posi
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tion (AC or DC), the signal is obtained from Up
per- or Lower-Beam Vertical Amplifier, respec
tively. In the EXT position (AC or DC), the signal
is obtained from an external source through a
front-panel connector (TRIGGER INPUT). In any
of the DC positions of the TRIGGER SELECTOR
switch the signal is coupled directly from its
source to the Slope switch SW20. In any of the
AC positions, the signal is coupled through C10.

Although the output of the Trigger Multi is
always a negative rectangular pulse, the start of
the pulse may be initiated by either the rising
(positive-going) or falling (negative-going) por
tion of the triggering signal. To see how this is
accomplished the operation of the Trigger Multi
will be described first.
In the quiescent state, that is, ready to receive
a signal, V45A is conducting and its plate volt-
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age is down. This holds the grid of V45B below
cutoff, since the two circuits are dc-coupled.
With V45B in a state of cutoff its plate voltage
is up, hence no output is being produced.
A negative-going signal is required at the grid
of V45A to force the Trigger Multi into its other
state in which a triggering pulse can be pro
duced. However, since the signal at the grid of
V45A is an amplification of the triggering signal,
it contains both negative- and positive-going
portions.

f

The negative-going portion of the signal will
drive the grid of V45A in the negative direction,
and the cathodes of both tubes will follow the
grid down. At the same time the plate voltage
of V45A starts to rise, which causes the grid volt
age of V45B to rise. With the grid of V45B go
ing up and its cathode going down, V45B starts
to conduct. As V45B starts conducting its cath
ode starts going up; hence the cathode of V45A
starts going up. With the grid of V45A down
and its cathode up, V45A cuts off. And since
V45B is conducting its plate voltage drops, creat
ing a negative step in the output. This transition
occurs very rapidly, regardless of how slowly
the grid signal of V45A falls.
When the signal at the grid of V45A starts in
the positive direction, just the opposite chain of
events will occur. V45A will start conducting
again, which in turn will drive the grid of V45B
below cutoff. This will cause the voltage at the
plate of V45B to rise, which in turn will complete
the negative step-voltage output from the Trig
ger Multi circuit.

I
[
L

The Trigger-Input Amplifier V24 amplifies the
triggering signal that in turn is used to drive the
Trigger Multi. The amplified signal is always
taken from the plate of V24B, but the grid of
either tube (V24A or V24B) can be connected to
the input circuit. When the Slope switch SW20
is in the — position the grid of V24A is con
nected to the input circuit and the grid of V24B
is connected to a bias source adjustable by
means of the TRIGGERING LEVEL control R17.
With this configuration V24 is a cathode-coupled
amplifier, and the signal at the output plate is in
phase with the signal at the input grid. The cir
cuit operation is then as follows: With the Slope
switch in the — position, triggering of the Time
Base Generator will occur on the falling (nega
tive-going) portion of the triggering signal. Re
calling that a negative-going signal is required
at the grid of V45A to drive the Trigger Multi
into the other state of its bistable operation, this
signal must be of the same polarity as the origi
nal signal at the input circuit.

However, when it is desired to trigger the
Time-Base Generator on the rising or positive
going portion of the triggering signal, the signal
at the grid of V45A must be opposite in polarity
to that at the input circuit. This is accomplished
by placing the Slope switch in the + position.
With this arrangement the grid of V24B is con
nected to the input circuit and the grid of V24A
is connected to the bias source. This eliminates
V24A from the amplifier circuit and V24B be
comes a plate-loaded amplifier. The output
waveform will therefore be opposite in polarity
to the grid waveform.

The TRIG. LEVEL CENT, control R24 determines
the division of current through both tubes, and is
adjusted so that the quiescent voltage at the
plate of V24B lies in the center of the hysteresis
of the Trigger Multi. The TRIGGERING LEVEL
control R17 is adjusted to vary the bias on the
tube to which it is connected. This in turn varies
the quiescent voltage at the plate of V24B about
the level established by the TRIG. LEVEL CENT,
control. By adjusting the TRIGGERING LEVEL
control, the operator can select the point on the
waveform at which he wishes to trigger the
Time-Base Generator.
When the Time-Base Trigger circuit is switched
into the automatic mode of triggering (TRIGGER
ING LEVEL) control turned full left, the Automatic
switch SW17 converts the Trigger Multi from a
bi-stable configuration to a recurrent (free-run
ning) configuration. (This is not to be confused
with the action of the Recurrent switch, shown
on the Time-Base Generator diagram, which
causes the Sweep-Gating Multi to free-run.) This
is accomplished by coupling the grid circuit of
V45B to the grid circuit of V45A via R32. In ad
dition, the dc-coupling between the Trigger Input
Amplifier and the Triggering Multi is removed
when the switch is in this position.

The addition of R32 to the circuit causes the
Triggering Multi to free-run in the absence of a
triggering signal. For example, assume the grid
of V45A is just being driven into cutoff. The
voltage at the plate of V45A starts to rise, carry
ing with it the voltage at the grid of V45B. Since
the two grids are coupled through R32, this
causes the voltage at the grid of V45A to start
rising. The time-constant of the R32-C31 network
is such that it takes about .01 second for the volt
age at the grid of V45A to rise exponentially
from its starting point, below cutoff, to a point
where plate current can start.

AS V45A starts to conduct its plate voltage
drops, which in turn lowers the voltage at the
grid of V45B. The voltage at the grid of V45A

1
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then starts dropping exponentially. When this
grid drops below cutoff again, the circuit has
completed one cycle of its approximately 50cycle waveform.
With the circuit configuration just described,
the horizontal sweep can be triggered with re
petitive signals, over a wide range of frequen

cies, without readjustment. When not receiving
triggers, the sweep continues at approximately
a 50-cycle rate. Thus, in the absence of any trig
gering signal the sweep generates a base line
which indicates that the instrument is adjusted
to display any signal that might be connected
to the vertical deflection system.

TIME-BASE GENERATOR
The Time-Base Trigger produces a negative
going rectangular waveform which is coupled to
the Time-Base Generator circuit. This waveform
is differentiated in the grid circuit of V135A to
produce sharp negative-going triggering pulses
to trigger the Time-Base Generator in the proper
time sequence. As mentioned previously, posi
tive-going pulses are also produced in the dif
ferentiation process, but these are not used in the
operation of the circuit.
The Time-Base Generator consists of three
main circuits: A bistable sweep-gating multivi
brator, a Miller runup circuit, and a hold-off cir
cuit. The Sweep-Gating Multi circuit consists of
V135A, V145A and the cathode-follower V135B.
The essential components in the Miller runup
circuit are the Miller Runup Tube V161A, the
Runup C.F. V161B, the On-Off Diodes V152, the
Timing Capacitor C160 and the Timing Resistor
R160. The hold-off circuit consists of the HoldOff C.F's V183A and V145B, the Hold-Off ca
pacitor Cl 80 and the Hold-Off Resistors R181
and R180, A or B (shown on the Timing Switch
diagram).
In the quiescent state V135A is conducting and
its plate voltage is down. This cuts off V145A
through the cathode-follower V135B, the voltage
divider R141-R143 and the cathode resistor R144.
The quiescent stage of the Miller Runup Tube
is determined by a dc network between plate
and grid. This network consists of the neon lamp
B167, the grid-cathode impedance of the Runup
C.F., and the On-Off Diodes. The purpose of this
dc network is to establish a voltage at the plate
of the Miller Runup Tube of such a value that
the tube will operate above the knee, and thus
over the linear region, of its characteristic curve.
In the quiescent state the grid of the Miller
Tube rests at about —2 volts. There is about a
1-volt drop in the On-Off Diodes, about 25-volts
bias on the Runup C.F., and about a 60-volt drop
across the neon lamp. This-establishes a quies
cent voltage of about +32 volts at the plate of
the Miller Tube.
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A negative trigger pulse, arriving at the grid
of V135A, will then cause the Sweep-Gating
Multi to switch rapidly to its other state. That is,
V135A will be cutoff and V145A will start to
conduct. As V145A conducts its plate voltage,
and the voltage at the plates of the On-Off
Diodes, goes down. This cuts off the diodes,
which permits the grid of the Miller tube and the
cathode of the Runup C.F. to seek their own volt
ages.
The grid of the Miller Tube starts negative,
since it is connected to the —150-volt supply
through the Timing Resistor. The plate of the
Miller Tube then starts positive, carrying with it
the grid and cathode of the Runup C.F. This
raises the voltage at the top of the Timing Ca
pacitor, which in turn raises the voltage at the
grid of the Miller Tube and prevents the grid
from going negative. The gain of the Miller
Tube is about 200; this means that a 150-volt
change in the plate voltage will maintain the
grid voltage constant, within three-quarters of a
volt, through the plate-to-grid feedback network.
The Timing Capacitor C160 starts charging
with current from the —150-volt supply. Since
the voltage at the grid of the Miller Tube re
mains essentially constant, the voltage drop
across the Timing Resistor and hence the charg
ing current through it remains essentially con
stant. Hence, C160 charges linearly and the volt
age at the cathode of the Runup C.F. rises line
arly. Any departure from a linear rise in the
voltage at this point will produce a change in
the voltage at the grid of the Miller Tube in such
a direction as to correct for the error.
The linear rise in voltage at the cathode of
the Runup C.F. V161B is used as the sweep time
base. Timing Capacitor C160 and Timing Resis
tor R160 are selected by means of the TIME/CM
switch SW160. The Timing Resistor determines
the current that charges the Timing Capacitor.
By means of the Timing Switch, both the size of
the capacitor being charged and the current
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charging the capacitor can be selected to cover
a wide range of sweep speeds. Thus, the timing
circuit determines the speed at which the spot
moves across the crt.
The length of the sweep, that is, the distance
the spot moves across the crt, is determined by
the setting of the SWP. LENGTH control R176.
As the sweep voltage rises linearly at the cath
ode of V161B, there will be a linear rise in the
voltage at the arm of the SWP. LENGTH control.
This will increase the voltage at the grid and
cathode of V183A and at the grid and cathode
of V145B. As the voltage at the cathode of
V145B rises the voltage at the grid of V135A will
rise. When the voltage at this point rises to a
point that V135A comes out of cutoff, the SweepGating Multi will rapidly revert to its original
state with V135A conducting and V145A cutoff.
The voltage at the plate of V145A will then rise,
carrying with it the voltage at the plates of the
On-Off Diode V152. The diodes then conduct
and the lower-half (V152B) provides a discharge
path for the Timing Capacitor through R147 and
R148, and through the resistance in the cathode
circuit of V161B. The plate voltage of the Miller
Tube now falls linearly, under feedback condi
tions essentially the same as when it generated
the sweep portion of the waveform, except for a
reversal of direction.

The resistance through C160 discharges is
much less than that through which it charges
(the Timing Resistor). The capacitor current for
this period will therefore be much larger than
during the sweep portion, and the plate of the
Miller Tube will return rapidly to its quiescent
voltage. This produces the retrace portion of the
sweep sawtooth, during which time the crt beam
returns rapidly to its starting point.
The Hold-Off Circuit prevents the Time-Base
Generator from being triggered during the re
trace interval. In addition, the Hold-Off allows a
finite time for the Time-Base circuits to regain a
state of equilibrium after the completion of a
sweep.
During the trace portion of the sweep saw
tooth the Hold-Off Capacitor Cl 80 charges
through V183A as a result of the rise in voltage
at the cathode of V183A. At the same time the
grid of V135A is being pulled up, through the
cathode-follower V145B, until V135A comes out
of cutoff and starts conducting. As mentioned
previously, this is the action that initiates the re

trace. At the start of the retrace interval C180
starts discharging through the Hold-Off Resistor.
The time-constant of this circuit is long enough,
however, so that during the retrace interval,
and for a short period of time after the comple
tion of the retrace, C180 holds the grid of V135A
high enough so that it cannot be triggered.
However, when C180 discharges to the point
that the cathode-follower V145B is cutoff, it loses
control over the grid of V135A and the grid re
turns to the level established by the STABILITY
ADJUST R111l. The amount of hold-off time re
quired is determined by the sweep speed, i.e., by
the size of the Timing Capacitor. For this reason
the TIME/CM switch changes the time-constant
of the Hold-Off Circuit simultaneously with that
of the Timing Circuit.

The STABILITY ADJUST R11 regulates the dc
level at the grid of V135A. This control should
be adjusted so that the voltage at the grid of
V135A is just high enough to prevent the circuit
from free-running. Adjusted in this manner, a
sweep can only be produced when a negative
trigger pulse, from the Time-Base Trigger circuit,
can drive the grid of V135A below cutoff. How
ever, should a free-running sweep be desired, the
TRIGGERING LEVEL control can be turned full
right; this closes the RECURRENT switch and con
nects the grid circuit of V135A to the —150-volt
supply. This permits the grid of V135A to fall to
cutoff immediately upon removal of the hold-off
voltage, at which point the next sweep is ini
tiated.
The positive rectangular pulse appearing at
the cathode of V135B is coupled to the grid cir
cuits of the crt. This pulse, whose start and dura
tion are coincident with the trace portion of the
sweep sawtooth, unblanks the crt and permits
the trace to be observed.
The Time-Base Generator is inoperative when
the Upper-Beam Vertical Amplifier is connected
to the horizontal-deflection plates. One section
of the HORIZ. DEF. PLATE SELECTOR switch
SW489 is located in the cathode circuit of the
Sweep-Gating Multi, and immoblizes this circuit
for the application just described. The same cir
cuit is immoblized, and in the same manner,
when the HORIZONTAL DISPLAY switch is set
to any of the EXT. ranges. With this arrange
ment the horizontal sweep voltage is obtained
through a front-panel EXTERNAL connector rath
er than from the Time-Base circuits.
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HORIZONTAL AMPLIFIER
The Horizontal Amplifier consists of an input
cathode-follower, a cathode-coupled input-ampli
fier stage, and a plate-loaded output amplifier
to drive the horizontal deflection plates in the
crt.

The HORIZONTAL DISPLAY switch SW331 de
termines whether the input waveform is received
from the Time-Base Generator or from an ex
ternal source. When this switch is in either the
NORMAL or the SWEEP MAGNIFIED position,
the waveform is received from the Time-Base
Generator. With this configuration the sweep
sawtooth is coupled to the Input C.F. via the fre
quency-compensated voltage divider R311-R312.
The Horizontal POSITIONING control R398 sup
plies a manually adjustable dc voltage to the
grid of the Input C.F. V183B for horizontal posi
tioning of the crt beam. The Input C.F. isolates
the Miller Circuit from the Horizontal Amplifier
and provides a low-impedance source to drive
the switch capacitances and the Input Amplifier.
The Horizontal Amplifier is controlled by feed

back networks much the same as the Vertical
Amplifiers. This illustrated in Fig. 4-2. A nega
tive feedback loop extends from the plate circuit
of the Output Amplifier to the cathode circuit of
the Input Amplifier. The Output Amplifier, on
the other hand, has a positive feedback loop be
tween the plate circuit on one side and the grid
circuit on the other.
The Input Amplifier is a cathode-coupled para
phase amplifier, and converts the positive-going
sawtooth voltage, obtained from the Time-Base
Generator, to a push-pull output sawtooth volt
age. The gain of the Input Amplifier is deter
mined by the amount of resistance connected be
tween the two cathodes, which in turn determines
the degree of negative feedback applied to the
stage. In the NORMAL position of the HORI
ZONTAL DISPLAY switch R331 is not in the cir
cuit and the cathode resistance is composed of
R334 in parallel with the series combination of
R336, R337 and R338. In any of the SWEEP
MAGNIFIED positions, one of the R331 resistors
is switched into the cathode circuit and shunts
the total cathode resistance to a lower value.

NEGATIVE

FEEDBACK

FROM
TIME-BASE
GEN.

NEGATIVE FEEDBACK

Fig. 4-2. Block diagram of the Horizontal Amplifier, illustrating the feed
back loops.
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This decreases the amount of negative feedback
applied to the stage and consequently increases
the gain of the stage.

The function of the MAG. REGIS, control R337
is to insure that the waveform will be expanded
symmetrically about the center of the crt when
the HORIZONTAL DISPLAY switch is changed
from NORMAL to any of the SWEEP MAGNIFIED
positions. This control dc-balances the amplifier
so that the horizontal positioning of the beam
will not be affected, when the beam is posi
tioned in the center of the crt, as the value of
R331 is changed. The 1X CAL. control R357 ad
justs the plate-to-plate gain of the stage slightly
to compensate for any circuit nonsymmetry. This
control is most effective when the HORIZONTAL
DISPLAY switch is in the NORMAL position.
The Output Amplifier, by virtue of its positive
feedback network, is an extremely high-gain
stage. The gain of the stage can be varied over

a limited range, however, with the 20X CAL. con
trol R368 which varies the amount of cathode
degeneration. This control is most effective
when the HORIZONTAL DISPLAY switch is in
the X20 SWEEP MAGNIFIED position.

When the HORIZONTAL DISPLAY switch is in
any of the EXT. VOLTS/CM positions, the sweep
voltage is coupled directly from the front-panel
EXTERNAL connector to the grid circuit of the
Input Amplifier. This action changes the config
uration of the amplifier slightly. The Input C.F.
is disconnected from the circuit which changes
the dc level at the cathodes of the Input Ampli
fier slightly. To compensate for this change an
EXT. HORIZ. DC BAL. control R341 is adjusted
to equalize the cathode voltages.
Also, when using external sweep, the Hori
zontal POSITIONING control is disconnected
from the input circuit and connected between the
plates of the Output Amplifier.

POWER SUPPLY
Plate and filament power for the tubes in the
502 Oscilloscope is furnished by a single power
transformer T602. The primary has two equal
tapped windings; these may be connected in
parallel for 105- to 125-volt operation, or in
series for 210- to 250-volt operation. The three,
main full-wave power supplies furnish regulated
voltages of —150, +100 and +350 volts. The
+350-volt supply also has an unregulated out
put of about +485 volts for the high-voltage
power supply for the crt. It is unnecessary to
regulate this supply as the high-voltage power
supplies have their own regulation circuits. In
addition to the three main power supplies, a
transistorized full-wave supply furnishes a regu
lated —6.2-volt output for the heaters in the In
put Amplifier tubes in the Upper and Lower
Beam Vertical Amplifiers.
Reference voltage for the —150-volt supply is
furnished by a gas-diode voltage-reference tube
V639. This tube, which has a constant voltage
drop, establishes a fixed potential of about —70
volts at the grid of V636B, one-half of a differ
ence amplifier. The grid potential for the other
half of the difference amplifier, V636A, is ob
tained from a divider consisting of R621, R622
and R623. R622, the —150 ADJ. determines the
percentage of total voltage that appears at the
grid of V636A and thus determines the total volt
age across the divider. When this control is pro

perly adjusted the output is exactly —150 volts.
Should the loading on the supply tend to
change the output voltage, the voltage at the
grid of V636A will change in proportion, and an
error voltage will exist between the two grids of
the difference amplifier. The error signal is am
plified by V636B, whose plate is dc-coupled to
the grid of the series tube V637. The error volt
age appearing at the grid of V637 will change
the drop across the tube and hence change the
the voltage at the plate of the tube. The change
in voltage at the plate of
, which will be in
a direction to compensate for the change in the
output voltage, is coupled by the impedance of
the rectifier V602 back to the output and thus
pulls the output voltage back to its established
—150 volts. C623 improves the gain of the feed
back loop and thus increases the response of the
circuit to sudden changes in the output voltage.
The —150-volt supply serves as a reference
for the +100-volt supply. The divider R671-R673
establishes a voltage of essentially zero at the
grid of the amplifier V666B. (The actual voltage
at this grid will be equal to the bias voltage re
quired by the stage.) If the loading should tend
to change the output voltage an error voltage
will appear at the grid of V666B. This error volt
age will be amplified and will appear at the
grid of the series tube V677. The cathode of
V677 will follow the grid and hence the output
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voltage will be returned to its established value
of 4-100 volts. C671 improves the response of
the circuit to sudden changes in the output volt
age.
A small sample of the unregulated bus ripple
appears at the screen of V666B through R662.
The ripple signal which appears at the screen
(which acts as an injector grid) will produce a
ripple component at the grid of V677 which will
be opposite in polarity to the ripple appearing
at the plate of V677. This tends to cancel the
ripple at the cathode of the tube, and hence re
duces the ripple on the -|-100-volt bus. This
same circuit also improves the regulation of the
supply in the presence of line voltage variations.
The 4-350-volt supply functions in the same
manner as the +100-volt supply. Rectified volt
age from the cathode of V722 is added to the
voltage supplying the +100-volt regulator to
supply voltage for the +350-volt regulator. As

mentioned previously, the 4-350-volt supply also
furnishes an unregulated output of about 4-485
volts for the crt high-voltage supply.
The —6.2-volt supply works in essentially the
same manner as the vacuum-tube supplies. The
divider R648-R649 establishes a reference voltage
at the base of V644. If we now assume that the
output tends to go more negative, the emitter
of V644 will also go more negative since it is
strapped directly to the output. The collector of
V644 will then go more positive, carrying with it
the base of V634. The collector of V634 will
then go up, carrying with it the base of V647.
The series-regulator transistor V647 is essentially
an emitter-follower, so the emitter will follow
the base. Hence, the emitter of V647 also goes
up. This increase in the voltage at the emitter of
V647 will be coupled through the rectifier SR642
back to the output and will thus pull the output
back up to its specified value.

CRT CIRCUIT
A single 60-Kc Hartley oscillator circuit fur
nishes energy for the two power supplies that
provide accelerating voltages for the crt. The
main components of the Oscillator circuit are
V800 and a portion of the primary of T801 tuned
by C807.

The two half-wave rectifier circuits employ
capacitor-input filters. Separate supplies are re
quired for the grid and cathode circuits of the
crt in order to provide dc-coupled unblanking to
the crt grids.
V822 supplies about —2900 volts for the cath
odes of the crt. V862 supplies about —3100 volts
for the grids (the actual voltage depends on the
setting of the INTENSITY control.)

In order to maintain a constant deflection
sensitivity in the crt, and thereby maintain the
calibration of the instrument, it is necessary that
the accelerating potentials in the crt remain con
stant. This accomplished by regulating the two
supplies by comparing a sample of the cathode
voltage to the regulated —150-volt supply. This
sample voltage, obtained from the arm of the
H.V. ADJ. control R826, is applied to the grid of
V814A; the cathode of this tube is connected to
the —150-volt regulated supply. The error volt
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age is amplified by V814A and V814B; the out
put of V814B varies the screen voltage of the
Oscillator tube and thus controls its output.
Unblanking

As mentioned previously, dc-coupled unblank
ing is accomplished by employing separate highvoltage supplies for the grids and cathodes. The
cathode supply is tied to the 4-350-volt supply.
The grid supply, on the other hand, is not tied
to any other supply and is therefore floating.
The unblanking pulses from the Time-Base Gener
ator are transmitted to the grids of the crt via
the floating grid supply.

The stray capacitance in the circuit makes it
difficult to move the floating supply fast enough
to unblank the crt in the required time. To over
come this, an isolation network composed of
R864, C868 and R868 for one grid circuit, and
R864, C866 and R866 for the other, is employed.
By this arrangement, the fast leading edge of
the unblanking pulse is coupled directly to the
grids of the crt via C866 and C868. For shortduration unblanking pulses (at the faster sweep
rates) the power supply itself is not appreciably
moved. For longer unblanking pulses, at the
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slower sweep-rates, however, the stray capaci
tance of the circuit is charged through R864. This
holds the grids at the unblanked potential for the
duration of the unblanking pulse.

Each gun of the crt has its own FOCUS and
ASTIGMATISM control. A single control R841
adjusts the geometry of the display, and a single
INTENSITY control controls the brilliancy of both
beams. An INT. BAL control R860 balances one

grid voltage against the other so that the IN
TENSITY control will have an equal effect on
both beams.
The CRT HORIZ. SENS. BAL. control R833 al
lows more perfect balance of the sensitivity of
the two horizontal beams. Varying this control
can change the CRT cathode potentials by ap
proximately 100 volts with respect to each other.
This allows for a corresponding change in hori
zontal sensitivities of approximately ±3%.

CALIBRATOR
The Calibrator is a square-wave generator
whose approximately 1-Kc output is available at
a front-panel connector labeled CAL. OUT. It
consists of a Multivibrator V873A-V875 con
nected so as to switch the cathode-follower
V873B between two operating states—cutoff
and conduction.

During the negative portion of the multivibra
tor waveform the grid of V873B is driven well
below cutoff and the cathode rests at ground
potential. During the positive portion of the

waveform the grid rises to slightly less than
+ 100 volts. By means of the CAL. ADJ. R879
the grid voltage can be adjusted so that the
cathode voltage is exactly +100 volts when the
SQUARE-WAVE CALIBRATOR knob is turned to
the OFF position.
The Cal. Out C.F. has a precision voltage divi
der for its cathode resistor. By means of the
SQUARE-WAVE CALIBRATOR switch six cali
brated peak-to-peak voltages, from 1 millivolt
to 100 volts, are available.
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MAINTENANCE

PREVENTIVE MAINTENANCE

Air Filter

Visual inspection

The Type 502 Oscilloscope is cooled by air
drawn into the instrument through a washable
filter constructed of adhesive coated aluminum
wool. If this filter is allowed to become dirty, it
will restrict the flow of air and may cause the
instrument to overheat. You should inspect, and
clean if necessary, the filter every three or four
months. If the filter is damaged, you should re
place it as soon as possible to prevent dust be
ing drawn into the instrument.

You should visually inspect the entire oscillo
scope every few months for possible circuit de
fects. These defects may include loose or broken
connections, damaged binding posts, improperly
seated tubes, scorched wires or resistors, missing
tube shields, or broken terminal strips as well as
many others. For most of these troubles, the
remedy is apparent, but particular care must be
taken when scorched components are detected.
Scorched parts are often the result of other, less
apparent, defects in the circuit. Therefore, it is
essential that you determine the cause of over
heating before replacing scorched parts in order
to prevent damage to the new components.

To remove the loose dirt in the filter, rap the
filter gently on a hard surface. Then wash the
filter briskly from the dirty side with hot water
or if necessary with hot, soapy water. After rins
ing and drying thoroughly, coat the filter with
"Handi-Koter" or “Filtercoat", products of the
Research Products Corporation. These products
are generally available from air-conditioner sup
pliers.
Fan Motor

To protect the fan motor bearings, they should
be lubricated every three or four months with a
few drops of light machine oil.

Recalibration

The Type 502 Oscilloscope is a stable instru
ment, and will provide many hours of trouble
free operation. To insure the reliability of meas
urements obtained on the 502, we suggest that
you recalibrate the instrument after each 500
hours of operation (or every six months if used
intermittently). A complete step-by-step pro
cedure for recalibrating the instrument is pre
sented in the Recalibration Procedure section of
this manual.

REMOVAL AND REPLACEMENT OF PARTS

The procedures required for replacement of
most parts in the Type 502 are obvious. Detailed
instructions for their removal are therefore not
required. Other parts, however, can best be re
moved if a definite procedure is followed. In
structions for the removal of some of these parts
are contained in the following paragraphs. Be
cause of the nature of the instrument, replace
ment of certain parts will require that you recali
brate portions of the oscilloscope in order to
insure the proper operation of this instrument.
Refer to Section 6 for recalibration procedures.

Removal of Panels

The panels of the Type 502 Oscilloscope are
held in place by small screwhead fasteners. To
remove the side panels, use a screwdriver to
rotate the fasteners approximately two turns
counterclockwise; then pull the upper portion of
the panels outward from the carrying handles.
To remove the bottom panel, lay the instrument
on its side, rotate the fasteners approximately
two turns counterclockwise, and pull off the
panel. In order to prevent damage to the finish
of the side panels, you should remove them be-
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Fig. 5-1. Removal of the instrument side panels.

fore laying the instrument on its side. The bottom
panel should then be removed last. Panels are
replaced by reversing the order of their removal.
Replacement of the Cathode-ray Tube

To remove the cathode-ray tube, first discon
nect the tube socket and all leads connected to
the neck of the tube. Loosen the tube clamp at
the base of the crt and remove the graticule
cover. Pull the crt straight out through the front
panel. When the new crt is in place, the leads
may be properly connected to the neck of the
tube by following the color code information
provided on the tube shield. After replacement
of a crt, it will be necessary for you to recali
brate the oscilloscope.
Replacement of Switches

Methods for removal of defective switches are,
for the most part, obvious and only a normal
amount of care is required. Single wafers are
normally not replaced on the switches used in
the Type 502 and if one wafer is defective, the
entire switch should be replaced. Switches may
be ordered from Tektronix either wired or un
wired as desired.
Tube Replacements

Care should be taken both in preventive and
corrective maintenance that tubes are not re
placed unless they are actually causing a definite
circuit malfunction. Many times during routine
maintenance it will be necessary for you to re
move tubes from their sockets. It is important
that these tubes be returned to the same sockets
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Fig. 5-2. The method for removal and replacement of
the crt.

unless they are actually defective. Replacement
or switching of tubes will many times necessitate
recalibration of the instrument. If tubes do re
quire replacement, it is recommended that they
be replaced by previously checked high quality
tubes. Low noise tubes used in the instrument
should be replaced by equivalent tubes.
Soldering Precautions

In the production of Tektronix instruments, a
special silver-bearing solder is used to establish
a bond to the ceramic terminal strips. This bond
may be broken by repeated use of ordinary tin
lead solder, or by the application of too much
heat. However, occasional use of ordinary
solder will not break the bond if too much heat
is not applied.
It is advisable that you have a stock of solder
containing about 3% silver if you frequently per
form work on Tektronix instruments. This type of
solder is used quite often in printed circuitry and
should be readily available. It may also be pur
chased directly from Tektronix in one-pound rolls
(order by part number 251-514).

Because of the shape of the terminals on the
ceramic terminal strips you may wish to use a
wedge-shaped tip on your soldering iron. A tip
such as this allows you to apply heat directly to
the solder in the terminals thereby reducing the
heat required to melt the solder. Since excessive
heat can destroy the bond of the terminal to the
ceramic material, it is important to use as little
heat as possible. Also, the wedge-shaped tip is
desirable from a convenience stand-point, since
it is easier to work on the ceramic strips with
this type of tip.
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REPLACEMENT PARTS

Standard Parts

Replacements for all parts used in the Type
502 Oscilloscope can be purchased directly from
Tektronix at current net prices. However, since
most of the components are standard electronic
parts, they can generally be obtained locally in
less time than required to obtain them from the
factory. Before ordering or purchasing parts, be
sure to consult the parts list to determine the
tolerance required. The parts list gives the
values, tolerances, and Tektronix part numbers of
all components used in the instrument.

panies the improved component to aid in its in
stallation.
Duplicate Parts

The Type 502 contains virtually identical verti
cal amplifiers for the upper and lower beams.
Parts contained in both of these amplifiers carry
the same part numbers and reference designa
tions. In the parts list, these components are
listed only once although in actuality two are
used. These parts are distinguished from others
in the parts list by a dagger immediately follow
ing the reference designation.

Special Parts

In addition to the standard parts discussed in
the previous paragraph, special parts are also
used. These parts are manufactured, or specially
selected by Tektronix, or are made especially for
Tektronix by other manufacturers. Special parts
are distinguished in the parts list by an asterick
preceding the Tektronix part number. These
parts and all mechanical parts should be ordered
from Tektronix since they will normally be diffi
cult or impossible to obtain from other sources.
Special parts may be obtained either from the
factory or from the local Tektronix Field Engine
ering Office.
Since the production of your instrument, some
of the Tektronix-manufactured components may
have been superceded by improved components.
The part number of these new components will
not be listed in your manual. If you order a
Tektronix-manufactured part, and it has been
superceded by an improved component, the new
part will be shipped in place of the part ordered.
Your local Tektronix Field Engineering Office has
knowledge of these changes and may call you
if a change in your purchase order is necessary.

Replacement information sometimes accom

Parts Ordering Information

You will find a serial number on the frontis
piece of this manual. This is the serial number
of the instrument for which this manual was pre
pared. Be sure that the number on the manual
matches the serial number of the instrument when
ordering parts from the manual.
Each part in this instrument has a 6-digit Tek
tronix part number. This number together with
a description of the part, will be found in the
parts list. When ordering parts, be sure to in
clude both the description of the part and the
part number. For example, a certain resistor
would be ordered as follows: R160A, 100k, ’/2 w,
Fixed, Precision, 1 %, part number 309-045, for
Type 502 Oscilloscope number_____________
When parts are ordered in this manner, we are
able to fill your orders promptly, and delays that
might result from transposed numbers in the part
number are avoided.
NOTE
Always include the instrument TYPE
and SERIAL NUMBER in any corre
spondence concerning this instru
ment.

MAINTENANCE — TYPE 502

5-3

TROUBLESHOOTING

GENERAL INFORMATION
This section is included to provide you with
information about the Type 502 Oscilloscope that
will enable you to more efficiently troubleshoot
the instrument in the event of equipment failure.
During troubleshooting work, you should cor
relate information contained in this section with
information obtained from other sections of this
manual. We have not attempted to give de
tailed step by step procedures for finding the
cause of specific troubles, but rather have at
tempted to outline a general troubleshooting
guide. This guide provides a means for deter
mining the probable defective circuit or part
from the symptoms observed rather than from
detailed voltage or resistance measurements.
Although the Type 502 Oscilloscope is a com
plex instrument, it can conveniently be thought
of as consisting of a number of interrelated basic
circuits as shown on the block diagram contained
in the diagram section of the manual. Each of
these basic circuits performs a specific part of
the overall circuit operation required to place a
display on the face of the crt. If any one of
these circuits should fail, a definite symptom of
this failure will be apparent. By investigating
the possible causes of this symptom by means of
systemized circuit checks, it is possible to deter
mine which circuit or circuits are at fault. After
determining which circuit is defective, additional
checks will allow you to isolate the trouble to
a particular part.

Before proceeding with troubleshooting of the
instrument, make sure that any apparent trouble
is actually due to a malfunction within the oscil
loscope, and not due to improper control set
tings. Instructions for the operation of the instru
ment are contained in the "Operating Instruc
tions" section of this manual. If, after reviewing
the Operating Instructions, you determine that
control settings are not at fault, you should next
check the calibration of the suspected circuit
according to the procedures contained in the
"Recalibration Procedure" section of the manual.
A calibration check will not only correct any
troubles due to improper calibration, but will
often also aid in isolating the faulty stage in
cases where an actual trouble does exist. After
checking control settings and calibration, if the
trouble still exists, you should then go to a more
detailed
troubleshooting analysis.
Specific
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troubleshooting procedures are given later in this
section.
Separate schematic diagrams of each circuit
are contained in the rear portion of this manual
together with a block diagram which provides
an overall picture of instrument operation. The
reference designation of each electronic com
ponent of the instrument is shown on the circuit
diagrams as well as important voltages and
waveforms. The following chart lists the refer
ence designations associated with each circuit.
All numbers . ............. Time-Base Trigger
less than 100
100 series ... .... Time-Base Generator
and Timing Switch
300 series ............ Horizontal Amplifier
400 series ... ............. Upper and Lower
Beam Vertical
Amplifiers
600 and 700 series........... Low Voltage
Power Supply
800 series ... .......................CRT Circuits
and Calibrator
Switch wafers shown on the schematic dia
grams are coded to indicate the position of the
wafer on the actual switches. The number por
tion of the code refers to the wafer number on
the switch assembly, wafers being numbered
from the front of the switch to the rear, and the
letters F and R indicate whether the front or the
rear of the wafer is used to perform the partic
ular switching function. Photographic details of
these switches are also shown on the same foldout page as the corresponding schematic dia
gram. These photographs are provided as parts
location guides.
All wiring used in the Type 502 Oscilloscope
is color coded to facilitate circuit tracing. In ad
dition, primary power, filament, and regulated
power supply output leads are distinguished by
specific color codes. All regulated power supply
output leads follow the standard RETMA code.
The —150 volt bus wire is coded brown-greenbrown; the +100 volt bus is coded brown-blackbrown; and the +350 volt bus is coded orange
green-brown. The widest stripe identifies the first
color of the code.
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INITIAL PROCEDURES

As mentioned previously, the first checks that
should be made in the event of an apparent
trouble are for proper control settings and cor
rect calibration. The next check for any type of
trouble should be for proper operation of the
regulated power supplies. Correct operation of
every circuit in the oscilloscope depends on pro
per output voltages from the regulated power
supplies. Due to the circuit configuration em
ployed in the Type 502, it is possible for an in
correct power supply voltage to affect one circuit
more than the others. When all but one circuit
in the oscilloscope is functioning properly, there
is a tendency to overlook the power supply as a
source of the trouble and to concentrate on the
circuit where the trouble apparently exists. In
cases of this type, valuable time can be saved
by checking the power supplies first. If the out
put and ripple voltages of the regulated power

supplies are correct, use the trouble symptoms
and the following Circuit Isolation information to
locate the defective circuit.

WARNING
Be careful of power supply voltages.
Under certain conditions, they can
be dangerous to human life. Out
puts of the Low Voltage Power Sup
ply are particularly dangerous due
to their high current capabilities.

When working on the instrument with the
power on, you should work with only one hand
at a time, being careful that the other hand does
not touch the metal frame of the instrument. If
possible, stand on an insulated surface, and use
insulated tools and probes.

PART 1: CIRCUIT ISOLATION

This portion of the Troubleshooting Procedure
lists most of the troubles that can be caused by
a circuit failure in the Type 502 Oscilloscope. It
also describes checks that can be made to isolate
the faulty circuit or circuits. In some cases,
simple front panel checks can determine which
circuit is defective, but in other cases internal
checks and/or measurements are required.

The following troubleshooting information is
subdivided according to the various types of
troubles. Upon detecting an apparent trouble,
you can use the symptoms of this trouble to lo
cate the proper subdivision. After determining
which circuit is at fault, you can then refer to
Part II, where the procedure for troubleshooting
within the circuit is given.
Either the Upper or Lower Beam Not Visible
On CRT

The inability to display either the upper or
lower beam on the face of the crt may be due to
an unbalance in the corresponding vertical am
plifier or to a defect in the crt circuit.
To determine which circuit is at fault, short

Fig. 5-3. Checking for unbalance in the upper beam
vertical amplifier by shorting the vertical deflection
plates together.

the applicable vertical deflection plates together
at the neck of the crt. Be careful that the pins
are not shorted to the crt shield. If the beam re
turns to the crt face, the trouble is due to an un
balanced vertical amplifier. If the beam does
not reappear, the trouble is located in the crt
circuit.
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Neither Beam Visible On CRT

If neither beam is visable, either both electron
guns are cutoff, or both beams are deflected
off the face of the crt. These troubles probably
will be caused either by the Horizontal Amplifier
or the CRT Circuit. To determine which circuit is
at fault, short the horizontal deflection plates
together at the neck of the crt being careful that
the pins are not shorted to the crt shield. If the
beams return to the crt face, (you may have to
readjust the vertical POSITION controls) the
trouble is due to an unbalanced horizontal am
plifier. If the beams do not reappear, the trouble
is due to a defective crt circuit.
Insufficient Vertical Deflection, Waveform
Distortion, or Low Differential Input Rejection
Ratio

These troubles are all caused by a deflective
vertical amplifier. Refer to that section of Part II
of the troubleshooting procedure.
Insufficient or No Horizontal Deflection

Either of these conditions can be produced by
the Time-Base Generator or the Horizontal Am
plifier. If the sweep is shortened, but the timing
is not affected, the trouble is probably in the
Time-Base Generator. If both the sweep length
and the timing are affected, the trouble is prob
ably in the Horizontal Amplifier.
As an additional check to determine which
circuit is defective, place the HORIZONTAL DIS
PLAY switch at 1 EXT VOLTS/CM and the
SQUARE-WAVE CALIBRATOR switch at 10V.
Connect the calibrator output to the EXTERNAL
input connector. Both beams should now be de
flected horizontally a total of 10 centimeters. If
the deflection is correct, the trouble is probably
in the Time-Base Generator, however, the Hori
zontal Amplifier input cathode follower stage,
V183B, should also be checked. If the deflection
is not correct, the trouble is in the Horizontal
Amplifier.
Nonlinear Horizontal Sweep

The linearity of the horizontal-deflection cir
cuit can be checked by connecting a marker
generator or the calibrator output to a vertical
input of the oscilloscope. If the sweep is linear,
the markers or calibrator waveforms should be
spaced equidistant along the sweep. A nonlinear
sweep can be caused by either the Time-Base
Generator or the Horizontal Amplifier.
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To check the Time-Base Generator, connect a
jumper from an input of the oscilloscope to pin
3 of V161 being careful that the lead does not
touch the chassis at any time. Set the SENSI
TIVITY control at 20 volts per cm, and rotate the
TRIGGERING LEVEL control fully clockwise to
the RECURRENT position. Set the TIME/CM
switch at 1 MILLISEC. You should then obtain a
stable diagonal trace. This trace represents a
plot of the output from the Time-Base Generator
(applied to the Y axis) and the output of the
Horizontal Amplifier (applied to the X axis). If
the slope of this trace is constant, this indicates
that both voltages rise at the same rate and the
lack of linearity is due to a trouble occuring
in the Time-Base Generator. If the slope is not
constant, the horizontal amplifier is distorting the
constant slope sawtooth waveform from the TimeBase Generator.
Improper Sweep Timing

If the timing is off in some, but not all, posi
tions of the TIME/CM switch, one of the timing
resistors or timing capacitors has changed in
value. By comparing the switch positions in
which the timing is incorrect with the timing
switch diagram, you will be able to tell which
components are common to these positions.
If the timing is off in all positions of the
TIME/CM switch, the Horizontal Amplifier is
probably the circuit at fault although it is im
portant that both the low and high voltage
power supplies be checked. Check to see if
the timing circuits can be recalibrated in accord
ance with the instructions presented in the Re
calibration Procedure. If the circuits cannot be
adjusted for correct timing, then refer to the sec
tion on troubleshooting the Horizontal Amplifier
in Part II.
Improper Triggering

If improper triggering results from triggering
signals obtained from only one of the vertical
amplifiers, the trigger pickoff circuit of that am
plifier is probably at fault. If the sweep triggers
incorrectly with signals obtained from both verti
cal amplifiers as well as external triggering sig
nals the trouble can be caused by either the
Time-Base Trigger circuit or the Time-Base Gen
erator circuit. If the trace can be turned on and
off by switching the TRIGGERING LEVEL control
into and out of the RECURRENT position, the
Time-Base Trigger is probably causing the
trouble; if the trace cannot be turned off with
the TRIGGERING LEVEL control, the Time-Base
Generator is likely at fault.
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Change In Deflection Sensitivity

A change in the deflection sensitivity of the
instrument is indicated if the deflection, both
vertical and horizontal, is either greater or less
than the value indicated by the front panel set
tings. This can be caused by a change in the
gain of both vertical amplifiers and the Hori

zontal Amplifier, due to improper outputs of the
Low-Voltage Power Supply. Or, it can be caused
by a change in the crt sensitivity, due to im
proper output voltages of the high voltage
power supply. If either the low or high voltage
power supplies require adjustment, these adjust
ments should be made in accordance with the
recalibration procedures given in this manual.

PART II: CIRCUIT TROUBLESHOOTING
This portion of the Troubleshooting Procedure
contains information for locating a defective
stage within a given circuit. Once the stage at
fault is known, the component(s) causing the
trouble can be located by tube and component
substitution, voltage and resistance measure
ments, or by short and continuity checks.

Tube failure is the most prevalent cause of cir
cuit failure. For this reason, the first step in
troubleshooting any circuit is to check for defec
tive tubes, preferably by direct substitution. Do
not depend on tube testers to adequately indi
cate the suitability of a tube for use in the instru
ment. The criterion for usability of a tube is
whether or not it works satisfactorily in the in

strument. Be sure to return any tubes found to
be good to their original socket. If this pro
cedure is followed, less recalibration of the in
strument will be required upon completion of
the servicing.

If replacement of a defective tube does not
correct the trouble, then check that components
which are associated with the tube have not
been damaged. Shorted tubes will often over
load plateload and cathode resistors. These
components can often be located by a visual in
spection of the circuit. If no damaged compo
nents are apparent, however, it will be necessary
to make measurements or other checks within the
circuit to locate the trouble.

Troubleshooting The Low-Voltage Power Supply
Proper operation of every circuit in the Type
502 Oscilloscope depends on proper operation of
the Low-Voltage Power Supply. The regulated
voltages must remain within their specified toler
ances for the instrument to maintain its calibra
tion.
For no output voltage

If the graticule lamps and the fan do not
operate when the power switch is turned on,
check the power switch, the fuse, and the line
voltage. If your instrument is wired for 234-volt
operation, also check the thermal cutout switch.
(If your instrument is wired for 117-volt operation,
the fan will run even though the thermal cutout
switch may be open.) If the fuse is not blown
and the line voltage is correct, next check the
primary windings of the power transformer.
If both the graticule lamps and the fan operate
correctly, the primary circuit of the power trans

former is operating normally and the trouble lies
somewhere in the secondary circuits.

If only one of the outputs of the Low-Voltage
Power Supply is zero, the trouble is probably
due to a defective rectifier, series regulator, or
power transformer secondary winding, although
this trouble can also be caused by a short across
the output. To determine which circuit element is
defective, measure the secondary voltage of the
transformer and the voltage at the output of the
rectifier. The cause of the trouble can be de
termined by the voltage readings obtained.
For failure of the regulated power supplies
to regulate at the correct voltages.

If any or all of the supplies fail to regulate at
the proper voltages, first check the line voltage.
The supplies are designed to regulate between
105 and 125 volts (or 210 and 250 volts), with
the design center at 117 volts (or 234 volts), rms.
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Improper line voltage may cause one or all of
the supply voltages to be off.
All the low voltage power supplies are de
pendant upon the —150 volt supply for regula
tion, and consequently, a change in the regula
tion point of all the supplies is indicative of a
defective —150 volt supply. If the output voltage
of the —150 volt supply is off by only a small
amount, it may be possible to readjust the —150
ADJ control for the proper voltage. In any event
it will be necessary to recalibrate the instrument
according to the procedures given in the Recali
bration section of this manual.

In case of the failure of a single power supply
to regulate properly, check the following:

1.
2.
3.
4.
5.

Line voltage
Transformer voltage
Output voltage of the rectifier
Tubes or transistors
Loading

Important power supply voltages are marked
on the power supply schematic diagram. These
voltages may be used to perform checks on the
power supply operation. One cause of improper
regulation by a power supply is incorrect load
ing of the supply. To check power loading, shut
off the power and check the resistance of the
power supply output bus to ground. The —150volt bus should read approximately 5,000 ohms,
the +100-volt bus approximately 5,000 ohms,
and the +350-volt bus approximately 11,000
ohms.

If none of the preceding checks determine the
cause of the trouble, the cause of the improper
regulation is probably a change in value of one
or more of the resistors or capacitors composing
the voltage divider networks. The resistance
networks in the grid circuits of V746B, V666B,
and V636A and the base circuit of V644 are
particularly critical since they determine the
output voltage of their respective power supplies.
Use resistance checks to isolate the defective part
or parts. The following information may be used
as quick index to troubleshooting the Low-Volt
age Power Supply.
If the output voltage is high with excessive
ripple, check:
1. For high line voltage
2. The amplifier tubes and transistors (V746,
V666, V636, V644, and V634).
3. For insufficient loading
If the output voltage is high with normal rip
ple, check:
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Fig. 5-4. Low voltage power supply test points.

1. For proper resistance values in the dividers
(R751 and R753; R671 and R673; R621, R622,
and R623; and R648 and R649)
If the output voltage is low with excessive rip
ple, check:
1. For low line voltage
2. The series regulator tube (V747, V757, V677,
V637, or V647)
3. For excessive loading
4. Open or leaky filter capacitors
5. Rectifiers (V722, V652, V602, or SR642)

If the output voltage is low with normal ripple,
check:
1. The resistance values in the dividers
2. The capacitors across the dividers
If the output voltage is normal with excessive
ripple, check:
1. Filter capacitors at the output of the recti
fiers and at the regulated output
2. AC bypass capacitors in the grid circuits of
the regulator amplifiers
3. Regulator amplifiers screen grid circuits
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Troubleshooting The CRT Circuit

For troubles which affect both beams

The intensity, calibration, focus, and geometry
of the crt display depend on the proper opera
tion of the high-voltage power supply in the CRT
Circuit. In general, troubles occuring in the highvoltage power supply will produce similar effects
on both beams.

If no high voltage (or insufficient high voltage)
is available from either the grid or cathode sup
plies, a defective oscillator circuit or excessive
loading is probably the cause. The oscillator can
be quickly checked by placing a neon bulb in
the field of the high voltage transformer T801.
If the bulb glows, the oscillator is operating and
the trouble is likely to be in the secondary wind
ings of T801 if there is no high voltage, or in
the regulator circuit (V814) if the high voltage is
abnormally low. It is unlikely that both rectifier
tubes would simultaneously be defective.
If the neon bulb does not glow in the trans
former field, the oscillator is not operating. If
replacement of the oscillator tube V800 and the
regulator tube V814 does not clear up the
trouble, check the components of the oscillator
circuit including the primary and secondary
windings of transformer T801.
If the proper output voltage is obtained from
at least one of the high voltage supplies, the os
cillator circuit need not be checked. In this case,
you can check the rectifier and components
associated with the inoperative supply. If the
proper output voltages are obtained from both
power supplies and the circuit is still not operat
ing correctly, check the voltage dividers which
control the intensity and focus of the beams. If
these are also normal, the trouble will likely be
the crt itself or its cathode circuit. Badly mis
focused and distorted displays can be caused by

Fig. 5-5. Checking operation of the high voltage oscil
lator circuit by means of a neon bulb placed in the
field of the high voltage transformer.

an open GEOM ADJ control or a loose connec
tion at the neck of the crt.
If the high voltage appears to be abnormal,
as evidenced by decreased or increased hori
zontal and vertical deflection sensitivity, the re
gulator circuit (V814) should be checked. If this
tube or any component of this circuit is changed,
the setting of the HV ADJ control (R824) should
be checked and adjusted if necessary according
to the procedure given in the recalibration sec
tion of this manual.
For troubles which affect only one beam

Troubles which affect only one beam will gen
erally be caused by defects in the intensity and
focus voltage dividers, by the Astigmatism con
trols, or by the crt. These parts (except for the
crt) can be checked by voltage and resistance
measurements. If the circuit checks out satisfactorly, replace the crt.

Troubleshooting the Vertical Amplifiers

For no spot or trace

As mentioned earlier in the Troubleshooting
Procedure, if a trace (or spot) is visable when the
vertical deflection plates are externally shorted

together, but disappears when the short is re
moved the vertical amplifier is in a state of dc
unbalance. To determine the cause of this condi
tion, short the plates of the output stage (V474B
and V484B) together. If the trace does not ap
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pear, one side of the circuit, between the output
stage and the crt, is open. A continuity check
with an ohmmeter is perhaps the best way to de
termine which side is open. On the upper beam
vertical amplifier check particularly the connec
tions at the HORIZ DEF PLATE SELECTOR switch,
SW489.
If the trace does appear, however, when the
plates of the output stage are shorted together,
the circuit between this point and the crt pin
connections is normal. The trouble then lies
somewhere in the vertical amplifier ahead of the

plate circuit of the output stage. To locate the
defective stage, move the shorting strap back,
point by point, between corresponding points on
opposite sides of the circuit. As you short be
tween the points, in turn, the spot should return
on the screen as each connection is made. You
may have to readjust the POSITION control
when shorting between grids of the input stage.
When you reach a point where the spot does not
return to the screen, the stage immediately fol
lowing this point is at fault. The trouble may be
caused by a defective tube, resistor, or capacitor.

Fig. 5-6. Frequency distortion, (a) Low frequency distortion of a 20 cycle
square wave due to attenuation of the low frequency components of the
waveform, (b) High frequency distortion of a 1200 cycle square wave due
to excessive boost of the high frequency components of the waveform, (c)
High frequency distortion of a 1200 cycle square wave due to attenuation
of the high frequency components of the waveform.

For insufficient or no vertical deflection

Insufficient vertical deflection indicates a
change in the gain characteristics of the Vertical
Amplifier. If the change is small, the Vertical
Amplifier can usually be recalibrated for gain.
Refer to the Recalibration Procedure for this.

If the change in gain is more pronounced, or
if there is no vertical deflection at all, the tubes
should be first checked. Then check for com
ponents which will affect the gain of both sides
of the amplifier without unbalancing the ampli
fier. Such parts are common cathode resistors in
the difference amplifier stages, or plate dropping
resistors which are common to both sides of the
amplifier.
Insufficient vertical deflection will also be
caused if the upper or lower frequency limit of
the amplifier is exceeded.
For waveform distortion

Waveform distortion can be divided into two
categories... low frequency and high frequency.
If a square wave is applied to an input of the

5-10

oscilloscope, the type of distortion can be de
termined by the shape of the displayed wave
form. High frequency distortion will primarily
affect the leading edge and trailing edge of the
applied square wave while low frequency dis
tortion will primarily affect the mid-portion of
the waveform.
Waveforms showing low frequency distortion
and two types of high frequency distortion are
shown in figure 5-6. The shape of these wave
forms will vary widely however, with the cause
of the distortion and the frequency of the applied
wave. A nominal amount of low frequency dis
tortion is normal for very low input frequencies
when ac coupling is used, and a nominal amount
of high frequency distortion is normal at the
upper frequency limits of the instrument. It is
only when this distortion is excessive in the nor
mal frequency range of the instrument that it
constitutes a trouble.
Low frequency distortion is usually caused by
a change in the time constant of the input coupl
ing circuit. If tubes become gassy however, their
resultant grid current will establish a time con
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stant network which will affect the low frequency
response of the circuit.
High frequency response can be affected con
siderably by an improperly adjusted probe.
Consequently, in any case of high frequency dis
tortion you should first check the probe adjust
ment. Refer to the Operating Instructions for the
compensation procedure. Other factors which
can affect the high frequency response of the
vertical amplifier are mainly related to the high
frequency compensation networks.

An overshoot waveform shown accentuated in
Fig. 5-6 is the result of excessive high frequency

compensation. This can be caused by a tube
condition known as cathode interface. If this
type of distortion is detected, you should check
the tubes in the amplifier. If tube replacement
does not completely correct the trouble, you
should then check the adjustment and operation
of the high frequency compensation circuits.
For improper triggering

Improper triggering can be caused by a defec
tive trigger pickoff circuit. The trouble may be
caused either by a faulty cathode follower, V493
or by a defective component in the circuit.

Troubleshooting The Time-Base Trigger
If the trouble occurs in some but not all posi
tions of the TRIGGER SELECTOR switch, the
trouble is likely due to a defective TRIGGER
SELECTOR switch or input coupling circuit. If the
trouble occurs in all positions of the TRIGGER
SELECTOR switch, either the trigger amplifier or
the trigger multivibrator will be at fault. You
should check tubes V24 and V45.
NOTE
All voltages in this section are meas
ured with a 20,000 ohms-per-volt
voltmeter.
To determine which stage is defective, rotate
the TRIGGERING LEVEL control fully counter
clockwise to the AUTOMATIC position. With no
triggering signal, the sweep should appear on
the crt. If the sweep does not appear, the trigger
multivibrator is defective. If the sweep does
appear, either the trigger amplifier or the trigger
multivibrator may be at fault.

A check on the trigger amplifier circuit may
be made as follows. With the TRIGGERING
LEVEL control still in the AUTOMATIC position,
measure the voltage at the plate, pin 6, of V24B.
This voltage should be approximately +85 volts.
If the voltage is incorrect, the trigger amplifier
circuit is defective. The trouble will probably
exist in the resistors or switches of the circuit.
If the voltage measured is correct, rotate the
TRIGGERING LEVEL control completely through
its range while monitoring the voltage at pin 6
of V24B. The voltage should vary between ap
proximately 40 and 135 volts. An incorrect volt
age range indicates a defective trigger amplifier
or TRIGGERING LEVEL control. If the voltage
range is correct, the trouble will be in the trigger
multivibrator. A trouble in the multivibrator will
probably be due to defective resistors. The volt
age divider network between the plate of V45A
and the grid of V45B is particularly critical.

Troubleshooting The Time-Base Generator

For free-running operation

For no horizontal sweep

If the Time-Base Generator free runs when the
TRIGGERING LEVEL control is not in the RECUR
RENT or AUTOMATIC positions, this is due to
astable operation of the sweep gating multivi
brator. This trouble will probably be due to de
fective resistors in the grid circuit of V135A
(resistors R129, R130, or R111) or in the grid cir
cuit of V145A (resistors R141 or R143).

If the Time-Base Generator is not producing a
sawtooth waveform when the TRIGGERING
LEVEL control is in the RECURRENT position,
some defect in the circuit is causing the output
to remain at some fixed voltage. A clue to the
cause of this trouble can be obtained by measur
ing the plate voltage of the Miller tube, V161A.
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The voltage reading obtained will probably be
either approximately +300 volts, or approxi
mately +30 volts. A reading of +300 volts indi
cates that the Miller stage has runup and has not
been reset, while a reading of +30 volts indi
cates that the Miller stage is not being allowed
to runup. The condition that actually exists will
depend on the type of trouble occuring in the
circuit. The two conditions of plate voltage will
be handled separately in the following para
graphs.

1. High Voltage

If the voltage at the plate of the Miller tube,
V161 A, is high, the tube is cutoff. This can re
sult from any one of the following conditions:
(1) On-Off Diodes do not conduct, (2) SweepGating Multivibrator does not reset, (3) HoldOff Cathode Followers do not reset the SweepGating Multivibrator and (4) Runup Cathode
Follower does not drive the Hold-Off Cathode
Follower. The defective stage can be detected
by a series of systematic voltage measurements.
When an improper voltage reading is obtained,
this will indicate the defective stage.
Check the voltage at the grid of the Miller
tube. If the reading is only a few volts negative,
the On-Off Diodes are probably conducting nor
mally and can be eliminated as a possible cause
of the trouble. If the voltage is more negative
than —50 volts, however, the diodes are not con
ducting. Check V152 and resistors R147 and
R148.

Measure the voltage at the output of the TimeBase Generator (pin 3 of V161 B). If this voltage
is approximately +250 volts, the Runup Cathode
Follower stage may be assumed to be operating
correctly. If this voltage is low, however, the
stage is defective and its grid and cathode cir
cuits should be checked.

Next, measure the grid to cathode voltage of
the Hold-Off Cathode Followers, V183A and
V145B. Both of these readings should be ap
proximately —4 volts if the cathode followers
are operating correctly. If either or both of these
voltages are incorrect, check the hold-off capaci
tor and the resistors in the cathode circuits of
the two stages.
If the previous checks gave correct results, the
voltage at the grid of V135A should be sufficient
to reset the multivibrator (more positive than
—35 volts). If this is so, and the multivibrator
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still does not reset, the trouble must lie in that
stage. Check the voltages at the plates of
V135A, V135B, and V145A, and the resistors in
the cathode circuit of V135B.

2. Low voltage
Low voltage at the plate of the Miller tube
indicates that the tube is conducting quite
heavily and is not being allowed to perform its
normal runup operation. If this trouble exists on
only a few ranges of the TIME/CM switch the
trouble is likely to be an open timing resistor. If
the trouble exists on all ranges of the TIME/CM
switch, the trouble is probably due to a defective
Sweep-Gating Multivibrator stage.
To check the Sweep-Gating Multivibrator,
monitor the voltage at the junction of R114 and
R126 and adjust the STABILITY ADJUST control
for a reading of —70 volts on the voltmeter.
With this voltage, the Sweep-Gating Multivi
brator and the sweep should free run. If the
multivibrator does not switch, check the resist
ances which make up the stage.

If the voltage at the junction of resistors R114
and R126 remains relatively constant as the STA
BILITY ADJUST control is rotated, a defect in
cathode follower V145B may be causing the
stage to effectively regulate the voltage at this
point. If such is the case, the probable cause of
this condition is a shorted holdoff capacitor. If
the voltage does not adjust to the proper level,
check the resistors in the grid circuit of V135A.
For nonlinear sweep

A nonlinear sweep voltage will be generated
if the current charging the Timing Capacitor
does not remain constant. If the nonlinearity
exists at all sweep rates, a defective Miller tube
is the probable cause of the trouble. If the non
linearity occurs only at certain sweep rates, the
Miller tube or a leaky Timing Capactior is the
probable cause.
For insufficient horizontal deflection

If the horizontal trace starts at the left-hand
side of the screen, but does not extend to the
right-hand side, the Hold-Off circuit is resetting
the Sweep Gating Multivibrator before the
sweep is complete. If the sweep cannot be ad
justed to normal length with the SWP LENGTH
control R176, the resistance in the cathode circuit
of V161 B should be checked.
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Troubleshooting the Horizontal Amplifier

For no trace or spot

If both beams are visible when the horizontal
deflection plates are externally shorted together,
but disappear when the short is removed, the
horizontal amplifier is in a state of unbalance.
The procedure for troubleshooting the Horizontal
Amplifier is somewhat the same as that ex
plained previously for troubleshooting the Verti
cal Amplifiers for unbalance. Corresponding
points on opposite sides of the Horizontal Am
plifier circuit should be progressively shorted
together until a point is reached where the
beams do not return to the face of the crt. The
stage immediately following this point is the one
which is defective. Check for open resistors in
the cathode and plate circuits.

right sides of the crt screen. In addition, the
sweep timing will no longer be calibrated on
any range of the TIME/CM switch. If the change
in sweep timing and sweep length is slight, it
may be possible to correct this trouble by ad
justing the high voltage and the X1 CAL and
X20 CAL controls according to the instructions
contained in the Recalibration Procedure.
If the decrease in gain of the Horizontal Amlifier is more pronounced, or if there is no sweep
at all, check for components which will affect
the gain but not the balance of the amplifier.
The input cathode follower, V183B, should be
checked as one of the first steps. Also, the com
mon resistances in the cathodes of the difference
amplifier stages should be checked.

For insufficient or no horizontal deflection

If the gain of the Horizontal Amplifier de
creases, the trace will not extend to the left and
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RECALIBRATION PROCEDURE
INTRODUCTION
The following paragraphs outline the proce
dure used to recalibrate the Type 502 Oscillo
scope. The instrument should not require fre
quent recalibration, but occasional adjustments
will be necessary when tubes and other com
ponents are changed. Also, a periodic recalibra
tion is desirable from the standpoint of preventa
tive maintenance.
Apparent troubles occuring in the instrument
are often actually the result of improper calibra
tion of one or more circuits. Consequently this
section of the manual should be used in conjunc
tion with the Maintenance section during trouble
shooting work. If a trouble occurs in the instru
ment, you must first be sure that the trouble is
not due to improper calibration before proceed
ing with more detailed troubleshooting.

In the instructions that follow, the steps are
arranged in the proper sequence for a complete
recalibration of the instrument. Each numbered
step contains the information required to make
one adjustment or a series of related adjustments.
In each recalibration step only the required
information is given. Controls are assumed to
be set at the positions they were in during the
previous step unless specific instructions are
given to change their settings or unless different
settings are required to obtain a suitable display
on the face of the crt. All test equipment, except
for input signal sources, and all jumpers are dis
connected at the end of each step unless instruc
tions are given to the contrary. Input signal volt
ages should remain connected to the instrument

until specific instructions are given to disconnect
them or until another input signal is applied to
the same input connector.
The location of the adjustment controls is
given on the pull out sheets immediately follow
ing the Recalibration Procedure section.
If a single control requires adjustment, and
the particular control is known, it can often be
adjusted without necessitating a recalibration of
the entire instrument provided the control does
not interact with other adjustments. In such
cases the control is adjusted in the normal man
ner as described in the applicable step of the
Recalibration Procedure. It will be necessary,
however, for you to refer to the recalibration
steps immediately preceding the adjustment you
wish to make to determine the proper settings
for the controls not mentioned in that step. Due
to the interaction between adjustments in the
horizontal and vertical amplifiers, single adjust
ments in these circuits usually cannot be made.
When amplifier adjustments are required, the
entire amplifier should be recalibrated. In addi
tion, if either the —150-volt supply or the high
voltage power supply is adjusted, the entire in
strument must be recalibrated.
If you find that a circuit is out of calibration,
but you are not aware of which particular
adjustment will correct the difficulty, it is usually
best to recalibrate the entire circuit. For your
convenience, all the recalibration adjustments are
subdivided into their respective circuits so that
any one circuit can easily be recalibrated.

EQUIPMENT REQUIRED
The following equipment or its equivalent is
necessary for a complete recalibration of the
Type 502 Oscilloscope.
1. DC voltmeter (sensitivity of at least 5000 ohms
per volt) with corrected readings within 1% for
100, 150, and 350 volts and within 3% for 2900
volts. Be sure your meter is accurate; few port
able test meters have the required accuracy,
particularly after a period of use.

2. Accurate rms-reading ac voltmeter, 0-150 volts

(0-250 or 0-300 volts for 210- to 250-volt opera
tion).
3. Variable autotransformer (Powerstat, Variac,
etc.) having a rating of at least 500 watts.

4. Time-mark generator, Tektronix Types 180 or
181. If neither of these instruments is available,
it will be necessary to substitute a time-mark
generator having markers at 1 microsecond, 10
microsecond, 100 microsecond, and 1 millisecond
intervals.
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1 kilocycle, and 10 kilocycles, (2) risetime no
more than 20 millimicroseconds, and (3) output
amplitude variable between approximately 40
millivolts and approximately 100 volts.

6. Oscilloscope, Tektronix Type 316. If a Type
316 Oscilloscope is not available, it will be
necessary to substitute an oscilloscope with the
following specifications: (1) calibrated vertical
deflection factors from .01 to 10 volts per divi
sion and (2) bandpass of dc to 10 megacycles.
Fig. 6-1. Tools required for calibrating the Type 502
Oscilloscope.

5. Square-wave generator, Tektronix Type 105.
If a Type 105 Square-Wave Generator is not
available, it will be necessary to substitute a
square-wave generator with the following speci
fications: (1) output frequencies of 200 cycles,

7. Tektronix Type P52, 52-ohm Coaxial Cable.

8. Tektronix Type B52-R, 52-ohm Termination
Resistor.
9. Tektronix Type CS47, 47 µµf Input Capaci
tance Standardizer.
10. Tektronix Type B52-T10, 52-ohm T-Pad.

11. Alignment tools.

LOW-VOLTAGE POWER SUPPLY
Preliminary.

Rotate the INTENSITY control fully counter
clockwise and connect the power cord and the
ac voltmeter to the output of the autotrans
former. Rotate the SCALE ILLUM control clock
wise to the On position and adjust the autotrans
former for an output of 117 volts (or 234 volts).
Allow the instrument to warm up for several
minutes before proceeding with the recalibration
adjustments. During recalibration, periodically
check the input voltage to the instrument and
adjust the autotransformer as necessary to main
tain the voltage at 117 or 234 volts except when
the power supply regulation is being checked.

CAUTION
Do not reset the —150 ADJ control
unless the power supply voltages
are actually out of tolerance or you
are planning to perform a complete
recalibration of the instrument.

1. —150 ADJ. Connect the dce voltmeter to the
output of the —150-volt power supply. (Power
supply output test points are shown in Fig. 5-4.)
Set the —150 ADJ control for a reading of —150
volts. Check that the outputs of the +100- and
+350-volt supplies are within the specified
±3% tolerances. If either the +100- or +350volt supplies are out of tolerance, reset the —150
ADJ control slightly until all power supply volt
ages are within tolerances.

6-2

Fig. 6-2 Input power connections for the oscilloscope
being recalibrated.

Vary the output of the autotransformer be
tween 105 and 125 volts (or between 210 and
250 volts) to check the regulation of the lowvoltage power supplies. The power supplies
must regulate within ±3% of their correct volt
ages. Place the SQUARE-WAVE CALIBRATOR
switch in the OFF position and the HORIZONTAL
DISPLAY switch in the 2 EXT VOLTS/CM position.
Using the test oscilloscope, check the ripple volt
age at the output of each power supply when
the autotransformer is adjusted for 117 volts.
Ripple voltages at the output of all the low-voltage power supplies except the +350-volt supply
should be approximately 5 millivolts. Ripple
voltage at the output of the +350-volt supply
should be approximately 10 millivolts.
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CALIBRATOR

2. R879, Calibrator Adjust. Connect the de volt
meter to the junction of R885 and the cathode of
V873 at the point where resistor R885 is con
nected to the SQUARE-WAVE CALIBRATOR
switch. (Refer to Fig. 6-3.) Adjust the Calibrator
Adjust control, R879, for a reading of +100 volts
on the dc voltmeter.
Fig. 6-3. Location of the Calibrator test point.

CRT CIRCUIT
3. HV ADJ. Connect the dc voltmeter to the HV
TEST POINT marked on the shield at the left rear
of the instrument. Set the HV ADJ control for a
reading of —2900 volts on the dc voltmeter.
4. CRT Alignment. Adjust the oscilloscope con
trols to obtain a sweep and position one of the
traces under a horizontal division of the graticule
near the vertical center of the crt. Loosen the
clamp at the base of the crt, and using the
plastic handle provided at the base, rotate the
crt until the trace runs parallel to the horizontal
divisions of the graticule. Push the crt forward
against the graticule and tighten the crt clamp.

5. GEOM ADJ.
Place both Input Selector
switches in the A DC position and connect 1millisecond time markers to both A inputs. Ro
tate the TIME/CM control to the 1 MILLISEC posi
tion and the HORIZONTAL DISPLAY switch to
the NORMAL (X1) position. Adjust the two
SENSITIVITY controls so that the markers cover
the entire screen vertically. Position the two
traces so that only the vertical portions of the
markers are displayed on the face of the crt and
adjust the TRIGGERING LEVEL control to obtain
a stable display. Set the GEOM ADJ control for
minimum curvature of the vertical lines at the
sides of the crt. Disconnect the time markers.

A
Fig. 6-4. Adjustment of the GEOM ADJ control.
In waveform A the GEOM ADJ control is improperly set causing bowing of
the vertical lines. In waveform B the bowing of the vertical lines has been
reduced to a minimum by the proper adjustment of the GEOM ADJ control.
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6. Astigmatism. Place the HORIZONTAL DIS
PLAY switch in the 2-EXT VOLTS/CM position,
and rotate both the UPPER BEAM and LOWER
FOCUS controls fully clockwise. Position both
beams onto the screen, and adjust the ASTIG
UPPER and ASTIG LOWER controls so that both
defocused spots are as nearly circular as is possi
ble. Adjust the UPPER BEAM and LOWER BEAM
FOCUS controls so that both spots are in sharp
focus.
7. INT. BAL. AND HORIZ. SENS. BAL. When
ever the CRT has been replaced in your oscillo
scope, it will generally be necessary to recali
brate the HORIZONTAL SENSITIVITY BALANCE.
To do this, first preset the arm of the CRT
HORIZ. SENS. BAL. control R833 to +100v,
and preset INTENSITY BALANCE to mid-range.

Adjust H.V. ADJ. Check for horizontal sensitiv
ity balance using time markers from a Tektronix
Type 180 or any other convenient waveforms. If
horizontal sensitivities are not identical, adjust
the HORIZ. SENS. BAL. pot until they are. Make
fine adjustments in INTENSITY BALANCE by
rotating the INTENSITY control counterclockwise
until the traces are just visible, then adjusting the
INT. BAL. control until both traces have the same
intensity. Recheck horizontal sensitivities. Since
there is interacton between HORIZ. SENS. BAL.
and INT. BAL. controls, it may be necessary to
readjust both several times before arriving at
optimum settings. If horizontal sensitivities are
greatly unbalanced to begin with, it will prob
ably be easier and faster to simultaneously
adjust both controls.

HORIZONTAL AMPLIFIER
8. X20 CAL. Place the TIME/CM control at 1
MILLISEC and the HORIZONTAL DISPLAY switch
at X20. Apply 100µsec markers to the upper
beam vertical input. Adjust the X20 CAL control
for one 100 µsec marker per 2 cm.
9. X1 CAL. Set the HORIZONTAL DISPLAY
switch at NORMAL (X1) and apply 1 millisecond
markers to the upper beam vertical input. Adjust
the X1 CAL control for one 1 millisecond marker
per centimeter. Disconnect the markers.

Fig. 6-5. Adjustment of the X20 control.

The X20 CAL control is adjusted in step 8 of the re
calibration procedure for the correct magnified sweep
rate. The control should be set so that markers occur
at 2 centimeter intervals.

10. NORM/MAG REGIS. Place the HORIZON
TAL DISPLAY switch in the X20 position and posi
tion the start of the upper trace under the verti
cal centerline of the graticule. Rotate the HORI
ZONTAL DISPLAY switch to NORMAL (X1) and
adjust the NORM/MAG. REGIS, contrl so that
the start of the sweep again lies under the verti
cal centerline of the graticule. Repeat adjust
ments 8, 9, and 10 until all are set correctly.

Fig. 6-6. Adjustment of C311.

Waveforms A and C result from improper settings of C311. Capacitor C311
should be adjusted so that waveform B is obtained on the test oscilloscope.
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TIME-BASE GENERATOR

13. 10 µSecond Sweep Timing (C160C). Place
the TIME/CM switch in the 10 µSEC position and
the HORIZONTAL DISPLAY switch in the NOR
MAL (X1) position. Apply 10 µsecond time mark
ers to the vertical input and adjust C160C for 1
marker per centimeter.

14. 1 µSecond Sweep Timing (C160A). Place the
TIME/CM switch in the 1 µSEC position and ap
ply 1 µsecond markers to the vertical input. Ad
just C160A for 1 marker per centimeter. Discon
nect the markers.

VERTICAL AMPLIFIER

15. COARSE DC BAL. Rotate the TRIGGERING
LEVEL control to the RECURRENT position and
the DC BAL control to midrange. Ground the
vertical input terminal. Place the SENSITIVITY
control in the 5 VOLTS PER CM position, and
position the trace to the appropriate horizontal
centerline. Adjust the COARSE DC BAL control
so that the trace does not shift vertically as the
SENSITIVITY switch is rotated between the 5
VOLTS PER CM and 2 VOLTS PER CM positions.

16. DC BAL. Leave the vertical input terminal
grounded as in step 15. After adjusting the
COARSE DC BAL control, rotate the SENSITIVITY
switch to the 200 µVOLTS PER CM position and
adjust the DC BAL control so that the trace lies
behind the appropriate horizontal centerline.
17. .2V/CM DIFF BAL. Set the SQUARE-WAVE
CALIBRATOR switch at 1V and apply the calibra
tor output to both A and B input connectors of
the vertical amplifier. Place the SENSITIVITY
control in the .2 VOLTS PER CM position and the
Input Selector switch in the DC A-B (DIFF.) posi
tion. Set the TIME/CM switch at 1 MILLISEC.
Position the trace so that it lies behind the ap
propriate horizontal centerline. Adjust the .2V/
CM DIFF BAL control for minimum vertical de
flection.

A

B

NOTE
Adjustments 15 through 29 apply to
both the vertical amplifiers. Com
plete recalibration of one amplifier
before proceeding to the other.

Fig. 6-7. Adjustment of the .2MV/CM DIFF BAL control.
If lhe .2MV/CM DIFF BAL control is slightly misadjusted, a waveform
similar to waveform A will be obtained. Waveform B shows a typical dis
play obtained when the control is adjusted properly.
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18. .2MV/CM DIFF BAL. Place the SENSITIVITY
switch in the 200 µVOLTS PER CM position and
position the trace so that it lies behind the
appropriate horizontal centerline. Adjust the
.2MV/CM DIFF BAL control for minimum vertical
deflection. Repeat steps 17 and 18 until both
adjustments are correct.
19. .2V/CM GAIN ADJ. Apply 1-volt signals
from the calibrator to input A of the vertical
amplifier. Set the Input Selector switch in the
A DC position and the SENSITIVITY switch in the
.2 VOLTS PER CM position. Set the .2/CM GAIN
ADJ for 5 centimeters of vertical deflection.

20. .2MV/CM GAIN ADJ. Apply 1-millivolt sig
nals from the calibrator to input A of the vertical
amplifier. Place the SENSITIVITY switch in the
200 µVOLTS PER CM position. Set the .2MV/CM
GAIN ADJUST for 5 centimeters of vertical de
flection. Repeat steps 19 and 20 until both ad
justments are correct.

Fig. 6-8. Setting the .2V/CM GAIN ADJ control.

In step 19 of the recalibration procedure, the .2V/CM
GAIN ADJ control is adjusted for 5 centimeters of
vertical deflection.

Fig. 6-9. Adjustment of the high frequency compensating capacitors.
Waveforms A and B are typical waveforms resulting from misadjusted ca
pacitors. All capacitors in steps 21 through 28 of the recalibration proce
dure should be adjusted to obtain waveforms having a minimum of distor
tion. Waveform C shows the display obtained with properly adjusted
capacitors.

21. C410. Apply 1-kc square-waves from the
Type 105 Square-Wave Generator to input con
nector A of the vertical amplifier through the
CS47 Capacitance Standardizer.
Place the
SENSITIVITY switch in the .2 VOLTS PER CM
position. Adjust C410 for an undistorted square
wave.
22. C440. Apply 1-kc square-waves from the
Type 105 to input connector B of the vertical am
plifier through the CS47 Capacitance Standard
izer. Place the Input Selector switch in the B DC
position and adjust C440 for an undistorted
square-wave.

23. C406A and C406C. Apply 1-kc square
waves from the Type 105 to input connector A
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of the vertical amplifier through the CS47 Ca
pacitance Standardizer. Place the Input Selector
switch in the A DC position and the SENSITIVITY
switch in the 2 VOLTS PER CM position. Adjust
the output of the Type 105 for approximately
3 cm of vertical deflection. Adjust C406A and
C406C for an undistorted square-wave.
24. C406G and C406J. Place the SENSITIVITY
switch in the 5 VOLTS PER CM position and ad
just the Type 105 output for approximately 3 cm
of vertical deflection. Adjust C406G and C406J
for an undistorted square-wave.
25. C407A and C407C. Connect 1-kc square
waves from the Type 105 to input connector B of
the vertical amplifier through the CS47 Capaci
tance Standardizer. Place the Input Selector
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switch in the B DC position and the SENSITIVITY
switch in the 2 VOLTS PER CM position. Set the
Type 105 output amplitude for approximately 3
centimeters of vertical deflection. Adjust C407A
and C407C for an undistorted square-wave.
26. C407G and C407J. Place the SENSITIVITY
switch in the 5 VOLTS PER CM position and ad
just the Type 105 output for approximately 3 cm
of vertical deflection. Adjust C407G and C407J
for an undistorted square-wave.
27. C470 and C489. Place the SENSITIVITY
switch in the .2 VOLTS PER CM position and the
TIME/CM switch in the 50 µSEC position. Apply
10-kc square-waves from the Type 105 to input
A of the vertical amplifier through the Type
B52-R Terminating Resistor and place the input
Selector switch in the A DC position. Adjust
C470 and C489 for the best possible square
wave.

SENSITIVITY switch in the 200 µVOLTS PER CM
position and the TIME/CM switch in the 1 MILLI
SEC position. Ignore the noise on the displayed
square-waves and adjust the FEEDBACK BAL
control for the least distorted square-wave for
both the A, DC and B DC positions of the Input
Selector switch.
30. GAIN ADJ FOR HORIZ MODE. Place the
HORIZ DEF PLATE SELECTOR switch in the
UPPER BEAM AMP position and place the UPPER
BEAM SENSITIVITY switch in the 1 VOLTS PER
CM position. Place the Input Selector switch in
the A DC position and connect 10 volts of Cali
brator signal to the A input connector of the
upper beam amplifier. Adjust the GAIN ADJ
FOR HORIZ MODE control for 10 centimeters of
horizontal deflection.

28. C480. Apply 10-kc square-waves from the
Type 105 to input B of the vertical amplifier
through the B52-R Terminating Resistor and place
the Input Selector switch in the B DC position.
Adjust C480 for the best possible square-wave.
Adjustments 27 and 28 interact and the final set
tings for C470, C480, and C489 should be made
so that the displayed waveform appears the
same when the input square-waves are applied
to either the A or B input connector.

NOTE
For the FEEDBACK BAL adjustment it
will be advantageous if you shield
the vertical amplifiers by placing a
metal plate at the side of the ampli
fier. The amplifiers are normally
shielded by the side panels.

29. FEEDBACK BAL. Apply 200-cycle square
waves from the Type 105 to the A and B input
connectors through Type B52-T10 T-pads and
Type CS47 Capacitance Standardizers. (The ca
pacitance standardizers must be connected to
the oscilloscope input connectors.) Place the

Fig. 6-10. Adjustment of the FEEDBACK BAL control.
The waveform shown is typical of the waveforms ob
tained when the FEEDBACK BAL control is adjusted
properly. The vertical amplifier is shielded by a small
metal plate to reduce the noise level. Note that it is
not usually possible to completely eliminate distortion
of the square wave. The adjustment is made for mini
mum distortion.

TRIGGERING CIRCUIT
31. TRIG LEVEL CENT. Place the HORIZ DEF
PLATE SELECTOR switch in the TIME BASE AMP
position, the UPPER-BEAM SENSITIVITY switch in
the 1 VOLTS PER CM position, and the TRIGGER
ING LEVEL control at midrange. Connect 100
millivolts of Calibrator signal to input A of the
upper beam vertical amplifier and place the
TRIGGER SELECTOR switch in the UPPER AC
position. Ground the junction of R15 and Cl 3
(See Fig. 6-11.) by placing a jumper between that
point and the chassis. Adjust the TRIG. LEVEL

®1

CENT control so that the sweep will trigger cor
rectly with the TRIGGER SELECTOR Slope switch
in either the + or — positions.
32. STABILITY ADJUST. Disconnect the Calibra
tor signal, remove the jumper from the junction
of R15 and C13 to ground, and place the TRIG
GERING LEVEL control in the AUTOMATIC posi
tion. Connect a meter from the wiper arm of the
STABILITY ADJUST potentiometer to ground. Ro
tate the STABILITY ADJUST control clockwise
from the fully counterclockwise position. Note
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Fig. 6-11. Grounding the junction of R15 and Cl 3.
For adjustment of the TRIG LEVEL CENT and DC TRIG
ADJ controls, the junction of R15 and Cl 3 is grounded
as shown.

Fig. 6-12. Adjustment of the STABILITY ADJUST con
trol.

the voltage when the trace first appears on the
face of the crt. Continue to rotate the STABILITY
ADJUST control clockwise until the trace bright
ens and again note the voltage. Set the STA
BILITY ADJUST control so that the voltage read
ing is midway between the two voltages pre
viously noted.

34. Lower Beam DC TRIG ADJ. Leave the
jumper connected as in step 33. Place the Lower
Beam Input Selector switch in the A DC position
and the LOWER BEAM SENSITIVITY switch in
the .5 VOLTS PER CM position. Connect 100 MV
of Calibrator signal to input A of the lower
beam vertical amplifier. Place the TRIGGER
SELECTOR switch in the LOWER AC position and
position the lower trace under the lower hori
zontal centerline. Place the TRIGGER SELECTOR
switch in the LOWER DC position and set the
DC TRIG ADJ so that the sweep triggers proper
ly on both the + and — settings of the TRIGGER
SELECTOR Slope switch. Disconnect the jumper
and the Calibrator signal.

33. Upper Beam DC TRIG ADJ. Position the
TRIGGERING LEVEL control to midrange and
place a jumper from the junction of R15 and Cl 3
to ground. Place the UPPER BEAM SENSITIVITY
switch in the .5 VOLTS PER CM position and ap
ply 100 mv of Calibrator signal to input A of the
upper beam vertical amplifier. Position the upper
beam trace under the upper horizontal centerline. Place the TRIGGER SELECTOR switch in
the UPPER DC position and set the DC TRIG ADJ
control so that the sweep will trigger on either
the + or — positions of the TRIGGER SELECTOR
Slope switch.

6-8

The
ing
the
the

STABILITY ADJUST control is set for a meter read
that is midway between the reading obtained when
trace first appears and the reading obtained when
trace brightens.

35. SWP LENGTH. Place the TIME/CM switch
in the 1 MILLISEC position and the TRIGGERING
LEVEL control in the RECURRENT position. Ad
just the SWP LENGTH control for a total sweep
length of 10.5 centimeters.

RECALIBRATION PROCEDURE — TYPE 502
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TYPE 502
MODIFICATION NOTICE
The following parts list changes were made at serial number 2710.
C822

.005 µf

Cer.

Fixed

4000 v

283-034

C828

.005 µf

Cer.

Fixed

4000 v

283-034

C830

.005 µf

Cer.

Fixed

4000 v

283-034

C836

.005 µf

Cer.

Fixed

4000 v

283-034

C839

.005 µf

Cer.

Fixed

4000 v

283-034

C850

.005 µf

Cer.

Fixed

4000 v

283-034

*
C851

.005 µf

Cer.

Fixed

4000 v

283-034

C866

.005 µf

Cer.

Fixed

4000 v

283-034

**
C867

.005 µf

Cer.

Fixed

4000 v

283-034

C868

.005 µf

Cer.

Fixed

4000 v

283-034

***
C869

.005 µf

Cer.

Fixed

4000 v

283-034

* Added in parallel with C850.
♦♦ Added in parallel with C866.
*** Added in parallel with C868.

PARTS LIST
For an explanation of the abbreviations used in this parts list,
see the indexed sheet marked ABBREVIATIONS & WARRANTY.
It is recommended that those components marked with an
asterisk in front of the Part Number be purchased from the
factory or from a Tektronix Field Engineering Office.

Tektronix
Part Number

LAMPS
B167
B331N
B331M
B490
B601
B602

150-002
150-002
150-002
150-002
150-001
150-001

Neon, Type NE-2
Neon, Type NE-2
Neon, Type NE-2
Neon, Type NE-2
Incandescent, Type 47
Incandescent, Type 47

Tektronix
Part Number

CAPACITORS
.01 µf
.001µF
.005 µf
.001 µf
.01µf

Cer.
Cer.
Cer.
Cer.
PTM

Fixed
Fixed
Fixed
Fixed
Fixed

500 v
500 v
500 v
500 v
400 v

283-002
283-000
283-001
283-000
285-510

C44
C131
C141
C160A
C160B

22 µµf
22 µµf
6.8 µµf
3-12 µµif
82 µµf

Cer.
Cer.
Cer.
Cer.
Mica

Fixed
Fixed
Fixed
Var.
Fixed

500 v
500 v
500 v
500 v
500 v

281-510
281-510
281-541
*281-007
283-534

C160C
C160D
**
C160E
C160E
C160F
1 OUI
C160G
C167

4.5-25 µµf
.001 µf
.01 µf
.1 µf
1 µf
.001 µf

Cer.

Var.

500 v

C180A
C180B
C180C
C180D
C181

82 µµf
.001 µf
.01 µf
.1 µf
82 µµf

C311
C312
C350
C400*
C401*

4.5-25 µµf
56 µµf
.005 µµf
.1 µf
.1 µf

C10
C11
C13
C24
C31

')
>
J

10%
5%

*281-010

Special Timing Series Manufactured by Tektronix.
Order replacements from the factory or through
your Tektronix Field Engineer.
Cer.

Fixed

500 v

Cer.
PTM
PTM
PTM
Cer.

Fixed
Fixed
Fixed
Fixed
Fixed

500 v
600 v
400 v
400 v
500 v

Cer.
Cer.
Cer.
Manufactured
Manufactured

Fixed
500 v
500 v
Fixed
500 v
Fixed
by Tektronix
by Tektronix

291-007
283-000

10%

10%

281-528
285-501
285-510
285-526
281-528

281-010
281-521
283-001
295-054
295-054

**This timing capacitor can be ordered separately. When ordering, note the color band painted on
the end of the capacitor. If the capacitor has a white color band, order 291-008A. If the capacitor
has a black color band, order 291-008B.
* There are two parts of this description in your instrument; one in each of the Vertical Amplifiers.

PARTS LIST —TYPE 502

7-1

Capacitors (continued)

10%

*281-012
*281-005
*281-012
*281-005
281-546

10%

*281-012
*281-005
*281-012
*281-005
281-546

C406A
C406C
C406G
C406J
C406L

7-45 µµf
1.5-7 µµf
7-45 µµf
1.5-7 µµf
330 µµf

Cer.
Cer.
Cer.
Cer.
Cer.

Var.
Var.
Var.
Var.
Fixed

C407A
C407C
C407G
C407J
C407L

7-45 µµf
1.5-7 µµf
7-45 µµf
1.5-7 µf
330 µf

Cer.
Cer.
Cer.
Cer.
Cer.

Var.
Var.
Var.
Var.
Fixed

C408A
C408J
C408L
C410*
C440*

.01 µf
27 µµf
12 µµf
4.5-25 µµf
4.5-25 µµf

Cer.
Cer.
Cer.
Cer.
Cer.

Fixed
Fixed
Fixed
Var.
Var.

C470*
C480*
C489*
C491*
C602A
C602B

1.5-7 µµf
1.5-7 µµf
4.5-25 µµf
3.3 µµf
80 µf
10 µf

Cer.
Cer.
Cer.
Cer.

Var.
Var.
Var.
Fixed

EMC

Fixed

450 v

290-092

C623
C633
C635
C642
C644

.01 µf
.01 µf
.1 µf
4000 µf
6.25 µf

PTM
PTM
PTM
EMC
EMT

Fixed
Fixed
Fixed
Fixed
Fixed

400 v
400 v
100v
15v
300 v

285-510
285-510
285-555
290-091
290-025

C645
C652
C671
C685
C686

6.25 µf
2x40 µf
.01 µf
6.25 µf
6.25 µf

EMT
EMC
PTM
EMT
EMT

Fixed
Fixed
Fixed
Fixed
Fixed

300 v
450 v
400 v
300 v
300 v

C722
C751
C757A,B
C765A,B
C800

2x40 µf
.01 µf
2x20 µf
2x20 µf
.001 µf

EMC
PTM
EMC
EMC
PTM

Fixed
Fixed
Fixed
Fixed
Fixed

450 v
600 v
450 v
450 v
600 v

C805
C807
C808
C820
C822

.01 µf
.0030 µf
.02 µf
.047 µf
.0068 µf

PTM
Mica
Cer.
PTM
PTM

Fixed
Fixed
Fixed
Fixed
Fixed

400 v
500 v
600 v
400 v
5000 v

C824
C828
C830
C833
C838

.1 µf
.0068 µf
.0068 µf
.02 µf
.1 µf

PTM
PTM
PTM
Cer.
PTM

Fixed
Fixed
Fixed
Fixed
Fixed

C836
C839
C850
C866
C868

.0068 µf
.0068 µf
.0068 µf
.0068 µf
.0068 µf

PTM
PTM
PTM
PTM
PTM

Fixed
Fixed
Fixed
Fixed
Fixed

5000 v
5000 v
5000 v
5000 v
5000 v

C871
C876

330 µf
330 µf

Mica
Mica

Fixed
Fixed

500 v
500 v

500 v
500 v
500 v
500 v

500 v
500 v
500 v

283-002
281-512
281-506
*281-010
*281-010

±2.7 µµf
±1.2 µµf

*281-005
*281-005
*281-010
281-534

-20 +50%

290-025
290-043
285-510
290-025
290-025

-20 +50%
-20 +50%

290-042
285-511
290-037
290-037
285-501

285-510
283-538
283-006
285-519
285-509

10%

285-526
285-509
285-509
283-006
285-526

400 v
5000 v
5000 v
600 v
400 v

285-509
285-509
285-509
285-509
285-509
283-518
283-518

10%
10%

* There are two parts of this description in your instrument; one in each of the Vertical Amplifiers.
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Tektronix
Part Number

FUSES
4 Amp., Fast-Bio (for 117-v,
3.2 Amp., Slo-Blo (for 117-v,
2 Amp., Fast-Bio (for 234-v,
1.6 Amp., Slo-Blo (for 234-v,

F601

60-cycle operation)
50-cycle operation)
60-cycle operation)
50-cycle operation)

159-017
159-026
159-021
159-003

Tektronix
Part Number

RESISTORS
R10
R11
R13
R15
R17
R18

1 meg
470 k
220 k
1 meg
500 k
120 k

½w
½w
½w
½w
2w
½w

Fixed
Fixed
Fixed
Fixed
Var.
Fixed

Comp.
Comp.
Comp.
Comp.
Comp.
Comp.

10%
10%
10%
10%
20%
10%

302-105
302-474
302-224
302-105
*311-034
302-124

R21
R23
R24
R26
R27

100 Ω
47 k
500 Ω
33 k
100 Ω

½w
1 w
2w
½w
½w

Fixed
Fixed
Fixed
Fixed
Fixed

Comp.
Comp.
Comp.
Comp.
Comp.

10%
10%

10%
10%

302-101
304-473
311-005
302-333
302-101

R29
R32
R33
R36
R39

200 k
2.7 meg
10 Ω
22 k
400 k

½w
½w
½w
2w
½w

Fixed
Fixed
Fixed
Fixed
Fixed

Comp.
Comp.
Comp.
Comp.
Film

5%
10%
10%
10%
1%

301-204
302-275
302-101
306-223
*309-126

R42
R44
R47
R48
R51

100 Ω
390 k
3k
680 Ω
3.9 k

½w
½w
½w
½w
½w

Fixed
Fixed
Fixed
Fixed
Fixed

Comp.
Film
Comp.
Comp.
Comp.

10%
1%
5%
10%
10%

302-101
*309-056
301-302
302-681
302-392

R111
R114
R126
R129
R130

250
100
100
27
47

k
k
k
k
k

2w
½w
½w
½w
½w

Var.
Fixed
Fixed
Fixed
Fixed

Comp.
Comp.
Comp.
Comp.
Comp.

10%
10%
5%
5%

*311-032
302-104
302-104
301-273
301-473

R131
R134
R136
R137
R141

4.7 k
39 k
120 k
100 Ω
68 k

½w
½w
2w
½w
1 w

Fixed
Fixed
Fixed
Fixed
Fixed

Comp.
Comp.
Comp.
Comp.
Film

10%
5%
10%
10%
1%

302-472
301-393
306-124
302-101
*310-054

R143
R144
R146
R147
R148

43.4 k
18k
100 Ω
2.2 k
180 k

½w
2w
½w
½w
½w

Fixed
Fixed
Fixed
Fixed
Fixed

Film
Comp.
Comp.
Comp.
Comp.

1%
10%
10%
10%
10%

*309-176
306-183
302-101
302-222
302-184

1 meg
2 meg
5 meg
10 meg
10 meg

½w
½w
½w
½w
½w

Fixed
Fixed
Fixed
Fixed
Fixed

Film
Film
Film
Film
Film

1%
1%
1%
1%
1%

*309-014
*309-023
*309-087
*309-095
*309-095

R160A
R160B
R160C
R160D
R160E
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Resistors (continued)
R160F
R160G
R161
R166
R167
R168
R169
R174
R176
R178

R180A
R180B
R181
R183
R311

15 meg
15 meg
100 Ω
150 k
1.5 meg

1 w
1 w
½w
2w
½w

Fixed
Fixed
Fixed
Fixed
Fixed

Film
Film
Comp.
Comp.
Comp.

2%
2%
10%
10%
10%

*310-061
*310-061
302-101
306-154
302-155

47 k
100 Ω
27 k
10k
15k

½w
½w
2w
2w
1 w

Fixed
Fixed
Fixed
Var.
Fixed

Comp.
Comp.
Comp.
Comp.
Comp.

10%
10%
10%
20%
10%

302-473
302-101
306-273
*311-016
304-153

470 k
4.7 meg
8.2 meg
100 Ω
1 meg

½w
½w
½w
½w
½w

Fixed
Fixed
Fixed
Fixed
Fixed

Comp.
Comp.
Comp.
Comp.
Film

10%
10%
5%
10%
1%

302-474
302-475
301-825
302-101
*309-014

R312
R314
R315
R317
R320

900 k
200 k
100 Ω
100 k
1 meg

½
½
½
½
½

w
w
w
w
w

Fixed
Fixed
Fixed
Fixed
Fixed

Film
Film
Comp.
Comp.
Film

1%
1%
10%
10%
1%

*309-111
*309-051
302-101
302-104
*309-014

R321
R324
R331A
R331C
R331E

100 Ω
560 k
50 k
12.5 k
5.55 k

½w
½w
½w
½w
½w

Fixed
Fixed
Fixed
Fixed
Fixed

Comp.
Comp.
Film
Film
Film

10%
5%
1%
1%
1%

302-101
301-564
*309-090
*309-228
*309-229

R331G
R331J
R331M
R331N
R334

2.63 k
16.69 k
100 k
100 k
154 k

½w
½w
½w
½w
½w

Fixed
Fixed
Fixed
Fixed
Fixed

Film
Film
Comp.
Comp.
Film

1%
1%
10%
10%
1%

*309-230
*309-231
302-104
302-104
*309-234

R336
R337
R338
R341
R343

56.5 k
15k
50 k
250 k
470 k

1 w
2w
1 w
2w
½w

Fixed
Var.
Fixed
Fixed
Fixed

Film
Comp.
Film
Comp.
Comp.

1%
20%
1%
20%
10%

*310-065
*311-045
*310-086
311-032
302-474

R344
R351
R354
R356
R357

3.9 k
100 Ω
560 k
34 k
20 k

½w
½w
½w
½w
2w

Fixed
Fixed
Fixed
Fixed
Var.

Comp.
Comp.
Comp.
Film
Comp.

10%
10%
5%
1%

302-392
302-101
301-564
*309-129
*311-018

R358
R360
R361
R364
R365

34 k
300 k
100 Ω
30 k
82 k

½w
½w
½w
8w
2w

Fixed
Fixed
Fixed
Fixed
Fixed

Film
Comp.
Comp.
WW
Comp.

1%
5%
10%
5%
5%

*309-129
301-304
302-101
308-105
305-823

R368
R370
R371
R374
R376

5k
300 k
100 Ω
30 k
82 k

2w
½w
½w
8w
2w

Var.
Fixed
Fixed
Fixed
Fixed

Comp.
Comp.
Comp.
WW
Comp.

20%
5%
10%
5%
5%

*311-011
301-304
302-101
308-105
305-823

©
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Resistors (continued)

k
k
k
k
k

½w
½w
½w
½w
½w

Fixed
Fixed
Fixed
Fixed
Fixed

Film
Comp.
Comp.
Comp.
Film

1%
5%
10%
10%
1%

*309-052
301-204
302-223
302-223
*309-052

R393
R395
R396
R398
R406C

200 k
22 k
22 k
2x50 k
900 k

½w
½w
½w
2w
½w

Fixed
Fixed
Fixed
Var.
Fixed

Comp.
Comp.
Comp.
Comp.
Film

5%
10%
10%
20%
1%

301-204
302-223
302-223
*311-111
*309-111

R406E
R406J
R406L
R407C
R407E

111 k
990 k
10.1 k
900 k
111 k

½w
½w
½w
½w
½w

Fixed
Fixed
Fixed
Fixed
Fixed

Film
Film
Film
Film
Film

1%
1%
1%
1%
1%

*309-046
*309-013
*309-034
*309-111
*309-046

R407J
R407L
R408A
R408B
R408C

990 k
10.1 k
50 Ω
125 Ω
250 Ω

½w
½w
½w
½w
½w

Fixed
Fixed
Fixed
Fixed
Fixed

Film
Film
Film
Film
Film

1%
1%
1%
1%
1%

*309-013
*309-034
*309-128
*309-240
*309-178

R408D
R408E
R408F
R408G
R408H

505.4 Ω
1.28 k
2.63 k
5.55 k
16.69 k

½w
½w
½w
½w
½w

Fixed
Fixed
Fixed
Fixed
Fixed

Film
Film
Film
Film
Film

y4%
1%
1%
1%
1%

*309-203
*309-241
*309-230
*309-229
*309-231

R408J
R408K
R410
R411
R413

50 k
193 k
1 meg
1 k
560 k

½w
½w
½w
½w
½w

Fixed
Fixed
Fixed
Fixed
Fixed

Film
Film
Film
Comp.
Comp.

1%
1%
1%
10%
10%

*309-090
*309-243
*309-014
302-102
301-564

R414
R420
R421t
R422
R423t

150 k
1.2 meg
2x250 k
1.2 meg
100 k

½w
½w
½w
½w

Fixed
Fixed
Var.
Fixed
Fixed

Film
Comp.
Comp.
Comp.
Comp.

1%
10%
±20%
10%
10%

*309-049
302-125
*311-114
302-125
302-104

R424t
R425t
R427
R428
R430t

100
100
90
90
3.9

0.2 w
½w
½w
½w
½w

Var.
Fixed
Fixed
Fixed
Fixed

Comp.
Comp.
Film
Film
Comp.

±20%
10%
1%
1%
10%

*311-088
302-104
*309-195
*309-195
302-392

Var.
Fixed
Var.
Fixed
Var.

WW
Comp.
Comp.
Comp.
Comp.

10%
20%
10%

311-015
302-223
*311-117
302-223
*311-125

R381
R383
R385
R386
R391

R431t
R432t
R433T
R434+
R435t

220
200
22
22
220

k
k
k
k
k

10k
22 k
5k
22 k
50 k

½w

½w
0.2 w

tThere are two parts of this description in your instrument; one in each of the Vertical Amplifiers.
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Resistors (continued)

R440*
R441*
R443*
R444*
R450*

1 meg
1 k
560 k
150 k
47 k

½w
½w
½w
½w
2w

Fixed
Fixed
Fixed
Fixed
Fixed

Film
Comp.
Comp.
Film
Comp.

1%
10%
5%
1%
10%

*309-014
302-102
301-564
*309-049
306-473

R451*
R452*
R453*
R454*
R455*

1 k
5 meg
15k
30 k
5k

½w
½w
2w
½w
0.2 w

Fixed
Fixed
Fixed
Fixed
Var.

Comp.
Film
Comp.
Comp.
Comp.

10%
1%
10%
5%
±20%

302-102
*309-087
306-153
301-303
*311-067

R456*
R457*
R458*
R461*
R462*

1 k
22 k
22 k
1 k
5 meg

0.2 w
½w
½w
½w
½w

Var.
Fixed
Fixed
Fixed
Fixed

Comp.
Comp.
Comp.
Comp.
Film

±20%
5%
5%
10%
1%

*311-084
301-223
301-223
302-102
*309-087

R464*
R470*
R471*
R472*
R473*

30 k
90 k
1 k
22 k
1 k

½w
½w
½w
1 w
½w

Fixed
Fixed
Fixed
Fixed
Fixed

Comp.
Film
Comp.
Comp.
Comp.

5%
1%
10%
10%
10%

301-303
*309-195
302-102
304-223
302-102

R474*
R476*
R477*
R480*
R481*

27k
18k
20 k
90 k
1 k

2w
½w
8w
½w
½w

Fixed
Fixed
Fixed
Fixed
Fixed

Comp.
Comp.
WW
Film
Comp.

5%
5%
5%
1%
10%

305-273
301-183
308-011
*309-195
302-102

R482*
R483*
R484*
R486*
R488*

22 k
1 k
27 k
18k
2.5 k

1 w
½w
2w
½w
0.2 w

Fixed
Fixed
Fixed
Fixed
Var.

Comp.
Comp.
Comp.
Comp.
Comp.

10%
10%
5%
5%
±20%

304-223
302-102
305-273
301-183
*311-120

R489
R490
R491*
R492*
R494*

5k
68 k
3.5 meg
1.84 meg
220 k

0.2 w
½w
½w
½w
½w

Var.
Fixed
Fixed
Fixed
Fixed

Comp.
Comp.
Film
Film
Comp.

±20%
10%
1%
1%
10%

*311-067
302-683
309-086
*309-021
302-224

R495*
R499*
R601
R618
R619

50 k
47 k
50 Ω
1 k
1 meg

0.2 w
½w

Var.
Fixed
Var.
Fixed
Fixed

Comp.
Comp.
WW
Comp.
Comp.

±20%
10%
±20%
10%
10%

*311-125
304-473
*311-057
302-102
302-105

R621
R622
R623
R630
R631

68 k
10k
50 k
33 k
1 meg

1 w

Fixed
Var.
Fixed
Fixed
Fixed

Film
WW
Film
Comp.
Comp.

1%
±20%
1%
10%
10%

*310-054
*311-015
*310-086
302-333
302-105

½w
½w

1 w
½w
½w

tThere are two parts of this description in your instrument; one in each of the Vertical Amplifiers.
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Resistors (continued)
R632
R633
R635
R636
R637

1 k
1 meg
18k
1 meg
1.5 k

½w
½w
½w
½w
25 w

Fixed
Fixed
Fixed
Fixed
Var.

Comp.
Comp.
Comp.
Comp.
WW

10%
10%
10%
10%
5%

302-102
302-105
302-183
302-105
*308-040

R639
R642
R643
R644
R645

33 k
100 k
100 k
100 Ω
100 Ω

½w
½w
½w
½w
½w

Fixed
Fixed
Fixed
Fixed
Fixed

Comp.
Comp.
Comp.
Comp.
Comp.

10%
10%
10%
10%
10%

302-333
302-104
302-104
302-101
302-101

R646
R647
R648
R649
R650

15 Ω
15 Ω
1.8 k
42.226 k
47 Ω

2w
2w
½w
1 w
½w

Fixed
Fixed
Fixed
Fixed
Fixed

Comp.
Comp.
Film
Film
Comp.

10%
10%
1%
10%
10%

306-150
306-150
*309-030
*310-068
302-470

R651
R659
R660
R661
R662

47 Ω
1 k
47 k
47 k
1.8 meg

½w
½w
½w
½w
½w

Fixed
Fixed
Fixed
Fixed
Fixed

Comp.
Comp.
Comp.
Comp.
Comp.

10%
10%
10%
10%
10%

302-470
302-102
302-473
302-473
302-185

R665
R666
R668
R669
R671

27 k
1 meg
1 k
1 meg
143k

2w
½w
½w
½w
1 W

Fixed
Fixed
Fixed
Fixed
Fixed

Comp.
Comp.
Comp.
Comp.
Film

10%
10%
10%
10%
1%

306-273
302-105
302-102
302-105
*310-088

R673
R685
R686
R722
R739

220 k
100 Ω
100 Ω
100 k
1 k

1 w
½w
½w
½w
½w

Fixed
Fixed
Fixed
Fixed
Fixed

Film
Comp.
Comp.
Comp.
Comp.

1%
10%
10%
10%
10%

*310-055
302-101
302-101
302-104
302-102

R740
R741
R742
R745
R746

27 k
470 k
270 k
56 k
2.2 meg

½w
½w
1 w
1 w
½w

Fixed
Fixed
Fixed
Fixed
Fixed

Comp.
Comp.
Comp.
Comp.
Comp.

10%
10%
10%
10%
10%

302-273
302-474
302-274
304-563
302-225

R747
R748
R749
R751
R753

1 k
1 k
2.2 meg
400 k
174 k

½w
½w
½w
1 w
½w

Fixed
Fixed
Fixed
Fixed
Fixed

Comp.
Comp.
Comp.
Film
Film

10%
10%
10%
1%
1%

302-102
302-102
302-225
*310-094
*309-151

R756
R757
R765
R766
R800

1 k
2.25 k
100 Ω
100 Ω
56 k

½w
20 w
½w
½w
1 w

Fixed
Fixed
Fixed
Fixed
Fixed

Comp.
WW
Comp.
Comp.
Comp.

10%
5%
10%
10%
10%

302-102
308-064
302-101
302-101
304-563

R805
R806
R808
R809
R820

33
3.9
1.2
470
1

k
k
k
k
k

½w
½w
2w
½w
½w

Fixed
Fixed
Fixed
Fixed
Fixed

Comp.
Comp.
Comp.
Comp.
Comp.

10%
10%
10%
10%
10%

302-333
302-392
306-122
302-474
302-102

PARTS LIST —TYPE 502
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Resistors (continued)
R825
R826
R827
R828
R829

2.2 meg
1 meg
2.7 meg
3.3 meg
3.3 meg

R830
R831
R832
R833
R836

3.9 meg
5 meg
5 meg
100 k
3.9 meg

R837
R838
R839
R840
R841

10k
10k
1 meg
100 k
100 k

R842
R843
R844
R845
R852

50 k
27 k
100 k
27 k
8.2 meg

R853
R854
R858
R859
R860

8.2
8.2
15
15
3.5

Fixed
Var.
Fixed
Fixed
Fixed

Comp.
Comp.
Comp.
Comp.
Comp.

Fixed
Var.
Var.
Var.
Fixed

Comp.
Comp.
Comp.
Comp.
Comp.

Fixed
Fixed
Fixed
Var.
Var.

Comp.
Comp.
Comp.
Comp.
Comp.

1 w
1 w

Var.
Fixed
Var.
Fixed
Fixed

Comp.
Comp.
Comp.
Comp.
Comp.

meg
meg
meg
meg
meg

1 w
1 w
2w
2w
½w

Fixed
Fixed
Fixed
Fixed
Var.

R862
R864
R866
R868
R870

2 meg
56 k
1 meg
1 meg
150 k

2w
½w
½w
½w
½w

R871
R872
R874
R875
R876

3.3 meg
1 k
68 k
2.2 meg
1 k

R878
R879
R880
R883
R884

33 k
10k
68 k
100 Ω
204 Ω

R885
R886
R887
R888
R889

R890
R899

2w
2w
2w
2w
2w

2w
½w
½w
½w

7-8

10%
10%
10%
10%

10%
10%
10%
10%

306-225
*311-039
306-275
306-335
306-335
306-395
*311-121
*311-121
311-026
306-395
302-103
302-103
302-105
*311-026
*311-026

10%
10%

311 -023
304-273
*311-026
304-273
304-825

Comp.
Comp.
Comp.
Comp.
Comp.

10%
10%
10%
10%
±20%

304-825
304-825
306-156
306-156
*311-174

Var.
Fixed
Fixed
Fixed
Fixed

Comp.
Comp.
Comp.
Comp.
Comp.

10%
10%
10%
10%

*311-043
302-563
302-105
302-105
302-154

½w
½w
½w
½w
½w

Fixed
Fixed
Fixed
Fixed
Fixed

Comp.
Comp.
Comp.
Comp.
Comp.

10%
10%
10%
10%
10%

302-335
302-102
302-683
302-225
302-102

1 w

Comp.
Comp.
Comp.
Comp.
Film

10%

½w
½w
½w

Fixed
Var.
Fixed
Fixed
Fixed

10%
10%
1%

304-333
*311-016
302-683
302-101
309-237

18k
1.8 k
9k
900 Ω
90 Ω

1 w
½w
½w
½w
½w

Fixed
Fixed
Fixed
Fixed
Fixed

Film
Film
Film
Film
Film

1%
1%
1%
1%
1%

310-066
309-030
309-235
309-236
309-238

10 Ω
0.25 Ω

Fixed
Film
½w
Manufactured by Tektronix

1%

309-096
308-090

1 w

RECTIFIERS

SR642

10%

1 -500 ma plate/ leg

PARTS LIST —TYPE 502

10%

Tektronix
Part Number
*106-001

SWITCHES
Tektronix
Part Number
Wired Unwired
SW10
SW17
SW20
SW160
SW331

Trigger Selector
Triggering Level
Trigger Selector Slope
Time/Cm
Horizontal Display

*262-177 *260-233
*262-178 *260-235
*260-212
*262-171 *260-240
*262-172 *260-236

SW403A
SW403B
SW407*
SW489
SW601

Input Selector
Input Selector
Sensitivity
Horiz Defl. Plate Selector
Power Off
*
*

*262-179 *260-238
*262-190 260-238
*262-175 *260-239
*262-180 *260-237
*311-057

SW870
TK601

Calibrator
Thermal Cutout, 123°F, ±5°

*262-176 *260-234
*260-246

*Part of Scale Illumination Potentiometer

TRANSFORMERS
L.V. Power Transformer
H.V. Transformer

T602
T801

VACUUM TUBES

Tektronix
Part Number
*120-117
*120-150

Tektronix
Part Number

V24A,B
V45A,B
V135A,B
V145A,B
V152

6DJ8
6DJ8
6AN8
6AN8
6AL5

154-187
154-187
154-078
154-078
154-016

V161 A,B
V183A,B
V324
V354
V364A,B

6AN8
6DJ8
6AU6
6AU6
6DJ8

154-078
154-187
154-022
154-022
154-187

V414*
V444*
V454*
V464*
V474A,B*

6AU6
6AU6
6AU6
6AU6
12AT7

Selected
Selected

V484A,B*
V493*
V602
V634
V636A,B

12AT7
6AU6
5AR4
2N214
6AN8

Telefunken tubes are recommended.

Telefunken tubes are recommended.

(Transistor)

157-056
157-056
154-022
154-022
154-039
154-039
154-022
154-168
151-004
154-078

* There are two parts of this description in your instrument; one in each of the Vertical Amplifiers.

®1
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Vacuum tubes (continued)
V637
V639
V644
V647
V652

12B4
5651
2N214
2N301
6BW4

V66A,B
V677
V722
V746A,B
V747

6AN8
12B4
5AR4
6AN8
12B4

154-078
154-044
154-168
154-168
154-044

V757
V800
V814A,B
V822
V859

12B4
6CZ5
12AU7
5642
T5021P2

154-044
154-167
154-041
154-051
154-246

V862
V873A,B
V875
V832

5642
6AN8
6AU6
5642

7-10

154-044
154-052
151-004
151-001
154-119

(Transistor)
(Transistor)

(CRT)

154-051
154-078
154-022
154-051

PARTS LIST —TYPE 502

(30) GAIN ADJ FOR HORIZ MODE

(19U) .2 V/CM GAIN ADJ
(20U) .2 MV/CM GAIN ADJ
(29U) FEEDBACK BAL
/
(17U) .2 V/CM D1FF BAL

/
/

/

(20U) .2 MV/CM GAIN ADJ

(32) STABILITY ADJUST

(23U) C406A

(15) UPPER
COARSE D.C. BAL

Sr

(15) LOWER
COARSE D.C. BAL

(23U) C406C

(28U) C480

(21 U! C410

(24U) C406G

(24U) C406J
ular step in the Recalibration Procedure when the control is set.
The letters L and U following the step number indicate whether
the adjustment is for the Upper-Beam Amplifier or for the LowerBeam Amplifier.

(26u) C407(

Fig 6-14 Type 502 Oscilloscope, right and left views show
ing the location of Recalibration controls.

(14) C160A

J
(25U) C407A

(25U) C407C

(13) C160C

(23U) C406A

(15) UPPER
COARSE D.C. BAL

) DC BAL
(15) LOWER
COARSE D.C. BAL

DC BAL

(23U) C406C

(24U) C406G

(24U) C406J

(26U) C407J

(27L) C489
(2) CAL ADJ

Fig 6-14 Type 502 Oscilloscope, right and left views show
ing the location of Recalibration controls.

(7) HORIZ SENS BAL ADJ

H
H

BLOCK DIAGRAM

H
E
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SWITCH DETAIL

6 F&R

R408M

R408C
R408B

K

Q

located under

R408G
R408F
C408L
C408J

”*k

5 F&R

oo

r“f

C407J
R407J

1

C407G

C407A

sw 407

-------- R407C
-----------------

LL>

3 F&R

located under
a: mounting plate

5

2 F&R

C406C

C406J

R406J

C406A

C406G

R406C

1 F&R

NOTE
Unless otherwise specified, ill of the voltage read
ings were taken with a de v icuum-tube voltmeter
having an input resistance of 1 megohms. The waveforms shown were reproduced from actual photographs. There will be considei ible variation between
instruments because of norms I manufacturing toler
ances and vacuum-tube char .cteristics. Therefore,
the significance of any discrep mcies observed should
be determined by referring to the circuit diagram.

SENSITIVITY SWITCH

All readings are in volts uni ss otherwise specified.
Where two voltage readings a e given, they represent
the voltage as read by a voltr eter under two sets of
conditions, and, as such, do n> t indicate the peak-topeak excursion of voltage at tl e point.
TYPE

SECOND
AMPLIFIER

AMPLIFIER

OUTPUT
AMPLIFIER

DRIVER
CF'S

+
TO LEFT HAND
. DEFLECTION PLATE
THRU SW489-2R
IHORIZ. AMP. DIAG.

V474A
Vil2AT7

UPPER
DEFLECTION

V474B
<hl2AT7

ATTENUATOR DETAILS

6AU6

2V/CM

oo—
oo—<
o—<
o—<
o—*
o—
o-<
o—

-o
—o
—o
—o
-o
—o

SEE SWITCH
DETAILS BELOW

.2V/CM
GAIN ADJ.

■2MV/CM
GAIN ADJ.

UPPER BEAM
VERT. AMP.
IS CONNECTED
TO HORIZ. DEFL.
PLATES

o
L-o

LIGHT INDICATES
UPPER-BEAM AMPLIFIER
IS CONNECTED TO THE
HORIZ. DEFL. PLATES

HORIZ. DEF.
PLATE SELECTOR

GAIN ADJ.
FOR HORIZ.I

POSITION

COARSE
DC BAL.

-4--------1 SENSITIVITY

SEE ALSO TIME-BASE
GEN.&HORIZ.
AMP.DIAGS.

.2MV/CM
DIFF. BAL

VERT. AMP.
ONLY

5AU6

V484B
V,12AT7

6AU6
YOLTS/CM

2

I

V484A +90 v
'/112AT7

,
I

TO RIGHT HAND
DEFLECTION PLATE
THRU SW489-2R
(HORIZ. AMP. DIAG.l

TO LOWER
DEFLECTION
PLATE

/x VOLT5/CM

ill of the voltage readicuum-tube voltmeter
megohms. The waved from actual photoible variation between
1 manufacturing tolercteristics. Therefore,
incies observed should
the circuit diagram.
ss otherwise specified,
e given, they represent
eter under two sets of
t indicate the peak-to
e point.

VOLTS/CM

u VOLTS/CM

:i

VOLTAGE READINGS

o

—
-C408J -L

R 408H
16.69 K

ATTENUATOR DETAILS

27

R408K
SOK

R 408J
18 K

VERTICAL AMPLIFIERS
ARE IDENTICAL
EXCEPT AS NOTED

—1—i—

o
ADDITIONAL DETAILS OF 5W 407

TYPE 502 OSCILLOSCOPE

>

O

UPPER BEAM & LOWER BEAM

VERTICAL AMPLIFIERS

were obtained

WITH CONTROLS SET AS FOLLOWS:
INPUT SIGNAL
SENSITIVITY .................................
VERTICAL POSITION:
FOR LOWER VOLTAGE READINGS
FOR UPPER VOLTAGE READINGS

NONE
20 V/CM
. FULL RIGHT
FULL LEFT

NOTE

Unless otherwise specified, all of the voltage read
ings were taken with a de vacuum-tube voltmeter
having an input resistance of 11 megohms. The wave
forms shown were reproduced from actual photo
graphs. There will be considerable variation between
instruments because of normal manufacturing toler
ances and vacuum-tube characteristics. Therefore,
the significance of any discrepancies observed should
be determined by referring to the circuit diagram.

All readings are in volts unless otherwise specified.
Where two voltage readings are given, they represent
the voltage as read by a voltmeter under two sets of
conditions, and, as such, do not indicate the peak-topeak excursion of voltage at the point.

TRIGGER INPUT AMPLIFIER

oscilloscope

c

I-

TRIGGER MULTIVIBRATOR

TIME-BASE TRIGGER

TIME BASE TRI

TYPE 502

-H

GO
GO
m

C160C
C160B

3 F&R

C160A
C160D

------ C180C
------ C180D

R160A

1

F&R

2 F&R

SW331,

5R

Black, Green on Brown
— 150

-------- R180A

Brown on whitel

Red on white

I

To SW331, 5F

Orange on White
Yellow on White

—R160B
R160C
R160D
R160E
R160F
R160G

C180B

Orange on white

Cl 60E—Yellow on white
Cl 60F-Violet on White

Cl 60

Cl 60G—Green on White

SW160

TIME/CM SWITCH
Right-side View

■TIMING RESISTORS------- >-|

TYPE 502 OSCILLOSCOPE

TIMING SWITCH

SWITCH DETAIL

* -------------- TIMING CAPACITORS--------------- [■«------------------------------------------------------------------------------------HCXD-OPF CAPACITORS & RESISTORS
p

A

TIMING SWITCH

12 8 58

R331N
R331M

5 F&R

I

R396

4 F&R
R386
R393

R331E

R331J

R331C

R334

3 F&R

R383

I SW331 |

R385

'"T
— 2 F&R

R395

1 F&R

NOTE
Unless otherwise specified, al of the voltage readings were taken with a de vacuum-tube voltmeter
having an input resistance of 11 i|iegohms. The wave
forms shown were reproduced from actual photo
graphs. There will be considerat le variation between
instruments because of normal manufacturing toler
ances and vacuum-tube charac eristics. Therefore,
the significance of any discrepancies observed should
be determined by referring to tl e< circuit diagram.

All readings are in volts unless otherwise specified.
Where two voltage readings are riven, they represent
the voltage as read by a voltmeter under two sets of
conditions, and, as such, do not ndicate the peak-topeak excursion of voltage at the joint.

HORIZONTAL DISPLAY SWITCH
Right-side View

SWITCH DETAIL
OUTPUT
AMPLIFIER

I of the voltage readuum-tube voltmeter
pegohms. The wavefrom actual photo
ale variation between
manufacturing tolereristics. Therefore,
cies observed should
e circuit diagram.

otherwise specified,
riven, they represent
er under two sets of
ndicate the peak-to>oint.

ADDITIONAL DETAILS
OF SW331 &SW 160

TYPE 502 OSCILLOSCOPE

HORIZONTAL AMPLIFIER

NOTE
Unless otherwise specified, all of the voltage read
ings were taken with a de vacuum-tube voltmeter
having an input resistance of 11 megohms. The wave
forms shown were reproduced from actual photo
graphs. There will be considerable variation between
instruments because of normal manufacturing toler
ances and vacuum-tube characteristics. Therefore,
the significance of any discrepancies observed should
be determined by referring to the circuit diagram.

All readings are in volts unless otherwise specified.
Where two voltage readings are given, they represent
the voltage as read by a voltmeter under two sets of
conditions, and, as such, do not indicate the peak-topeak excursion of voltage at the point.

HEATER WIRING DIAGRAM

POWER SUPPLY

POWER SUPPLY

TYPE 502 OSCILLOSCOPE

NOTE
Unless otherwise specified, all of the voltage read
ings were taken with a de vacuum-tube voltmeter
having an input resistance of 11 megohms. The wave
forms shown were reproduced from actual photo
graphs. There will be considerable variation between
instruments because of normal manufacturing toler
ances and vacuum-tube characteristics. Therefore,
the significance of any discrepancies observed should
be determined by referring to the circuit diagram.

All readings are in volts unless otherwise specified.
Where two voltage readings are given, they represent
the voltage as read by a voltmeter under two sets of
conditions, and, as such, do not indicate the peak-topeak excursion of voltage at the point.

SWITCH DET
R884

R886
R885

To CAL. OUT
connector
(ground side)

NOTE
Unless otherwise specified, all of the voltage read
ings were taken with a de vacuum-tube voltmeter
having an input resistainee of 11 megohms. The waveforms shown were reproduced from actual photo
graphs. There will be considerable variation between
instruments because of normal manufacturing toler
ances and vacuum-tube characteristics. Therefore,
the significance of any discrepancies observed should
be determined by referring to the circuit diagram.

CALIBRATOR SWITCH
Bottom View

All readings are in volts unless otherwise specified.
Where two voltage rea>dings are given, they represent
the voltage as read bj a voltmeter under two sets of
conditions, and, as sue h, do not indicate the peak-topeak excursion of voltage at the point.

SCREWDRIVER ADJUST

INPUT 10 MEG.
SHUNTED BY 12/zyxF
WHEN CABLE IS
TERMINATED WITH
40/^aF

Cp 3-IZjUjaF GER. VAR. 500V
Rp 9 MEG. |W FIXED PREC. \°7O

I - 13>~55

TEKTR.ONIX TYPE

P5I0A

PROBE

f
[
r
!
E
C
D
I
I
I
E
E
E
I
0
L
E

ABBREVIATIONS USED IN OUR PARTS LISTS
Cer.

ceramic

Comp.

composition

m
Ω

milli

ohm

EMC

electrolytic, metal cased

Poly.

polystyrene

EMT

electrolytic, metal tubular

Prec.

precision

f

farad

PT

paper tubular

h

henry

Tub.

tubular
working volts de

k

thousands of ohms

V

meg

megohms

Var.

µ
µµ

micro

w

variable
watt

WW

wire wound

micromicro

GMV

guaranteed minimum value

ABBREVIATIONS USED IN OUR CIRCUIT DIAGRAMS
Resistance values are in ohms. The symbol k stands for thousands. A resistor
marked 2.7 k has a resistance of 2,700 ohms. The symbol M stands for million.
For example, a resistor marked 5.6 M has a resistance of 5.6 megohms.
Unless otherwise specified on the circuit diagram, capacitance values mark

ed with the number 1 and numbers greater than 1 are in µf. For example, a

capacitor marked 3.3 would have a capacitance of 3.3 micromicrofarads.
Capacitance values marked with a number less than 1 are in µf. For example,
a capacitor marked .47 would have a capacitance of .47 microfarads.

Inductance values marked in mh are in millihenrys. Inductance values mark
ed in µh are in microhenrys.

Your instrument WARRANTY appears on the reverse side of this sheet.

SERIAL NO.

77<?

IMPORTANT
Include the INSTRUMENT TYPE and the above
SERIAL NUMBER in any correspondence regarding
this instrument. The above serial number must match
the instrument serial number if parts are to be ordered
from the manual. Your help in this will enable us to
answer your questions or fill your order with the least
delay possible.

WARRANTY
All Tektronix instruments are fully guaranteed
against defective materials and workmanship for one
year. Should replacement parts be required, whether
at no charge under warranty or at established net
prices, notify us promptly, including sufficient details
to identify the required parts. We will ship them pre
paid (via air if requested) as soon as possible, usually
within 24 hours.

Tektronix transformers, manufactured in our own
plant, carry an indefinite warranty.

All price revision and design modification privileges reserved.

Accessories
5 INCH INSTRUMENTS
l

SCOPE-MOBILES...
The Tektronix Type 500/53A
Scope-Mobile is a sturdy, mobile
support for Tektronix 5" Oscillo
scopes. Convenient observation
of the crt face is achieved by a
20-degree backward tilt of the
top surface. The front-panel has
two supporting cradles to accom
modate Plug-In Units. A drawer,
felt-lined and operating on roller
bearings, provides handy storage
for probes, cables, manuals, etc.
An open shelf, topped with tough
linoleum, is located at the bot
tom. Power input and three con
venience outlets are mounted at
the rear.

The Type 500/53A Scope-Mobile weighs 35 pounds. The out
side dimensions are W1//' wide, 39" high and 30" deep.
Type 500/53A ...................................................................... $110.00

Type 53A Scope-Mobile Panel. For Type 500A
Scope-Mobiles. Converts the Type 500A to a
Type 500/53A by replacing the standard blank
panel. Part No. 014-005 ......................... $10.50

Type 53 Scope-Mobile Panel. For Type 500
Scope-Mobiles only. Converts the earlier Type
500 model to a Type 500/53 by replacing the
standard blank panel.
Part No. 014-004 ...................................... $10.50

Scope-Mobile Fan Kit. For forced-air ventila
tion of the equipment compartment of the Type
500A Scope-Mobile. Contains motor, 5"-blade,
filter, and mounting hardware.
Part No. 040-161 ...................................... $15.00
Scope-Mobile three-wire

power

receptacle.

Installation of this kit allows a three-wire recep
tacle assembly to be added to the 500 or 500/53
scope-mobile. Part No. 040-186 ............. $8.50

The Tektronix Type
500A Scope-Mobile is
identical to the Type
500/53A, except for
the front panel. Auxiiliary equipment can
be mounted behind
the blank front panel,
but it will usually be
necessary to provide
forced-air ventilation for the equipment compart
ment. A fan kit, 040-161, is recommended for
this purpose. Type 500A......................... $100.00

FIVE-INCH OSCILLOSCOPE ACCESSORIES SECTION

A-l

CABLE TERMINATORS...

TYPE A

Type B52-R 52-ohm terminating resistor, 1.5 w,
Type A case. Part No. 011-001 ............... $8.50
Type B52-L5 52-ohm ‘L’ pad, 5 to 1 voltage
ratio, 1.5 w, Type A case.
Part No. 011-002 ........................................ $8.50
Type B52-L10 52-ohm 'L' pad, 10 to 1 voltage
ratio, 1.5 w, Type A case.
Part No. 011-003 ........................................ $8.50
Type B52-75L Minimum-loss pad, 52 ohms to
75 ohms, Type A case.
Part No. 011-004 ...................................... $11.50
Type B52-170L Minimum-loss pad, 52 ohms to
170 ohms, Type B case.
Part No. 011-005 .................................... $11.50
Type B52-T10 52-ohm T pad, 10 to 1 voltage
ratio, 1.5 w, Type B case.
Part No. 011-006 ...................................... $11.50
Type B75-R 75-ohm terminating resistor, 1.5 w,
Type A case. Part No. 011-007 ............... $8.50

Type B75-L5 75-ohm 'L' pad, 50 to 1 voltage
ratio, 1.5 w, Type A case.
Part No. 011-008 ........................................ $8.50
Type B75-L10 75-ohm 'L' pad, 10 to 1 voltage
ratio, 1.5 w, Type A case.
Part No. 011-009 ...................................... $8.50

A-2

Type B75-T10 75-ohm T pad, 10 to 1 voltage
ratio, 1.5 w, Type B case.
Part No. 011-010...................................... $11.50
Type B93-R 93-ohm terminating resistor, 1.5 w,
Type A case. Part No. 011-011 ............... $8.50

Type B93-L5 93-ohm 'L' pad, 5 to 1 voltage
ratio, 1.5 w, Type A case.
Part No. 011-012........................................ $8.50
Type B93-L10 93-ohm L’ pad, 10 to 1 voltage
ratio, 1.5 w, Type A case.
Part No. 011-013 ...................................... $8.50

Type B93-52L Minimum-loss pad, 93 ohms to
52 ohms, 1.5 w, Type A case.
Part No. 011-014...................................... $11.50
Type B93-T10 93-ohm T pad, 10 to 1 voltage
ratio, 1.5 w, Type B case.
Part No. 011-015...................................... $11.50
Type B170-R 170-ohm terminating resistor,
1.5 w, Type C case. Part No. 011 -016 .... $8.50

Type B170-A 170-ohm pi-attenuator, using 2%
precision resistors, 1 to 64 db in 1-db steps,
0.25 w, not shown in photograph.
Part No. 011-017...................................... $45.00
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COAXIAL ADAPTERS...
013-004

Cable-Connector Adapters

Type Al00 Clip Lead Adapter. Provides clip lead
connections for a coaxial cable.
Part No. 013-003 ........................................ $2.00
Type A510 Binding Post Adapter. Provides per
manent connection for a single wire to the center
conductor of a coaxial connector.
Part No. 013-004 ........................................ $2.00

Similar to Type A510
binding post adapter, but includes ground ter
minal. 3/4" spacing between connector centers.
Part No. 013-009 .......................................... $3.00
Binding Post Adapter.

Type F30 Production Test Fixture

This fixture was designed for use with the Type
130 L, C Meter in production line sorting and
testing. It may be used to terminate the output
of any standard coaxial connector.
Part No. 013-001 .......................................... $3.00

INTERCONNECTING CABLES...
Type W130B Black, 30" flexible output lead
with banana-type connector at one end and al
ligator clip at other. Part No. 012-014 .... $1.00

Type W-531 B Black, 6" flexible cord terminated
in male banana-type connectors.
Part No. 012-028 .......................................... $1.00

Type W130R Same as Type W130B except
colored red. Part No. 012-015................... $1.00

Type W531R Similiar to Type W-531B except
colored red. Part No. 012-029 ................... $1.00

Type PC-6B Black, 6" flexible cord terminated
in combination male and female banana-type
connectors. The combination type connectors
permit “stacking.” Part No. 012-023 .......... $1.25

Suppressor cord for Type 570. Similiar to
Type W-531 cords but includes 100 Q resistor.
Part No. 012-025 ........................................ $1.50

Type PC-6R Similiar to Type PC-6B except col
ored red. Part No. 012-024 ..................... $1.25

Suppressor cord for Type 570. Similar to Type
W-531 cords except includes 300 Q resistor.
Part No. 012-026 ........................................ $1.50

Type PC-18R Similar to Type PC-6B except 18"
long and colored red.
Part No. 012-031 ........................................ $1.50

Suppressor cord for Type 570. Similar to Type
W-531 cords except includes 1 k resistor.
Part No. 012-027 ........................................ $1.50

r’
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POWER CORDS
3-conductor, 8' rubber-covered power cord
with Type A connector. No. 16 wire.
Part No. 161-005 ...................................... $2.00
3-conductor, 10' rubber-covered power cord
with no female connector. (For permanent con
nection to instrument). No. 16 wire.
Part No. 161-006 ...................................... $3.00
2- conductor, 8' rubber covered power cord
with Type D connector. No. 18 wire.
Part No. 161-007 ......................................... $1.25
3- conductor, 8' rubber-covered power cord
with Type B connector. No. 18 wire.
Part No. 161-008 ...................................... $1.50

2-conductor, 8' rubber-covered power cord
with Type C connector. No. 18 wire.
Part No. 161-001 ........................................ $1.25

3-conductor, 8' rubber covered power cord
with Type B connector. No. 18 wire.
Part No. 161-010 ...................................... $1.75

2-conductor, 8' rubber-covered power cord
with no female connector. (For permanent con
nection to instrument).
Part No. 161-002 ...................................... $1.10

3-conductor, 1' rubber covered power cord
with Type B connector. No. 18 wire.
Part No. 161-011 ........................................ $1.25

2-conductor, 1' rubber-covered power cord
with Type C connector. No. 18 wire.
Part No. 161-003 ...................................... $ .85

3-conductor, 8' rubber-covered power cord
with no female connection. (For permanent con
nection to instrument). No. 18 wire.
Part No. 161-012 ...................................... $1.25

2-conductor, 8' rubber-covered power cord
with Type C connector. No. 16 wire.
Part No. 161-004 ...................................... $1.75

Power-cord adapter for connecting a 3-wire
power cord to a 2-wire receptacle.
Part No. 103-013........................................ $ .65

COAXIAL CABLES...
Type P52 Coaxial cable, 52 ohms nominal im
pedance, 42" long. Part No. 012-001 .... $4.00
Type P75 Coaxial cable, 75 ohms nominal im
pedance, 42" long. Part No. 012-002 .... $4.00
Type P93 Coaxial cable, 93 ohms nominal im
pedance, 42" long. Part No. 012-003 .... $4.00

Type P93A Coaxial output cable, 93 ohms, ter
minated with variable attenuator, 42" long. (See
photo). Part No. 012-004 ....................... $13.50
Type P93B Coaxial output cable, 93 ohms, ter
minated with '/2-watt 93-ohm resistor, 42" long.
(See photo). Part No. 012-005 ................. $5.00
Type Pl 70 Coaxial cable, 170 ohms nominal
impedance, 42" long. Part No. 012-006 .. $9.50
Coaxial cable, 170 ohms nominal impedance,
5' long. Part No. 012-034 ....................... $4.00
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P400-SERIES PROBES
General physical characteristics of the P400Series probes are identical to the P510A probe.
Color-coding of the plastic nose indicates atten
uation ratio.
Two interchangeable Tektips—a
straight tip and a hooked tip—each adding less
than 0.5 /x/xf to the input capacitance, and an
alligator clip assembly are supplied with each
probe.

PROBE

P400-Series Low-Capacitance Probes.
This
series of low-capacitance probes preserves the
transient response of Tektronix fast-rise instru
ments. The P400-Series probes are free of over
shoot and ringing and have relatively uniform
high-frequency response. Input capacitance and
insertion loss are affected by cable length. With
cables up to 12' in length, insertion loss is less
than 3 db at 20 me, and overshoot is less than
1%. With exception of the P450-L, these probes
can be used on those instruments having input
capacitances from 20 to 50

CABLE
LENGTH

PART NO.

PRICE

42"
8'
42"
8'
42"
8'
42"
8'

010-006
010-013
010-007
010-014
010-008
010-015
010-009
010-016

$10.50
12.50
10.50
12.50
10.50
12.50
12.50
14.50

42"
8'

010-010
010-017

12.50
14.50

42"
8'

010-002
010-018

12.50
14.50

P405
(green nose)
P410
(brown nose)
P420
(red nose)
P450
(clear nose,
green inside)
P450-L
(clear nose,
green inside)
P4100
(clear nose)

P400-SERIES PROBE SPECIFICATIONS

PROBE
TYPE

ATTEN.
RATIO

INPUT CHARACTERISTICS
Resist.
Capacitance
(MegQ)
*
Minimum
Maximumt

P405

5:1

5

P410

10:1

10

P420

20:1

10

P450

50:1

10

P450-L

50:1

10

P4100

100:1

10

1 2 /Zjicf
21
8 /x/xf
12/x/xf
**
5.5 /x/xf
8 /x/xf
**
3.5 /x/xf
4 /x/xf
**
2.5 /x/xf
3 /x/xf
**
2.5 /x/xf
3 /x/xf
**

DB
Loss
at
30 MC

1 9 /x/xf
30 /x/xf
**
1 1 /x/xf
15 /x/xf
**
7 /x/xf
9 /x/xf
**
3.5 /x/xf
4 /x/xf
**

2.5 /x/xf
3 /x/xf
**

Maximum
Voltage
Rating

1-2

600

1

600

1

600

1

1000

1

1000

1

1000

*When connected to instruments with 2O-/z/zf input capacitance.

fWhen connected to instruments with input capacitances up to 50

**With 8-foot cable.
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P510A PROBES...
includes the resonant frequency of the probe.
This difficulty has been eliminated in the P400Series Probes.

P510A with 6' cable, Part No. 010-004 . . $9.00
P510A with 8' cable, Part No. 010-005 .. $9.50
Prices for P510A Probes with other cable lengths
available on request.
PROBE TIPS

P510A Attenuator Probe provides an atten
uation of ten times when used with Tektronix
oscilloscopes and amplifiers. The P510A is small
and streamlined, and presents an input imped
ance of 10 megohms paralleled by 14/x/xf. The
probe is completely insulated—made of highimpact-strength fiberglass-reinforced alkyd—and
has an internal brass shield. Two interchange
able Tektips—a straight tip and a hooked tip—
and an alligator clip assembly are furnished.
Probe has a 42" cable with coaxial connector,
and is rated at 600 v maximum.
Part No. 010-001 ........................................ $8.50

Tek tip, Hook Shank, Part No. 206-008 ... $ .25
Tek tip, Straight Shank, Part No. 206-009 . $ .25
Pin Jack Probe Tip, Bent Shank (fits 0.082" pin
jacks). Part No. 206-011 .......................... $ .25

Alligator Clip Assembly. Part No. 344-005 $ .40

P510A PROBES WITH LONG CABLES

P510A probe cables ring at a period that de
pends on the cable length and, to a lesser
degree, on the input capacitance of the oscillo
scope used. Each particular cable length will be
satisfactory only when zero transmission of the
oscilloscope does not extend to a frequency that

CF PROBES...
TYPE P170CF

The P170CF Cathode Follower Probe was
developed for use with the Type 517 Oscillo
scope. The cathode-follower is a 5718 triode
with the 170-ohm termination of the preamplifier
grid line in the Type 517 as a cathode load.
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Plate and heater voltages for this tube are pro
vided at a four-terminal socket on the panel of
the oscilloscope. The signal is attenuated by 2
times when using the P170CF. The input imped
ance of the probe will depend on the attenuator
head being used, and because of the transit time
in the cathode-follower, it will decrease appreci
ably at the higher frequencies. When the probe
is used without an attenuator head, the input
characteristic is 12 megohms shunted by 5 /x/xf.
The probe cable is 42" long. Probe comes com
plete with 3 attenuator heads.
Part No. 010-101 ........................................ $86.00

PAX-1 Attenuator Head. Attenuation can be
varied between 4 times and 40 times.
Part No. 010-301 .................................... $11.00
PAX-II Attenuator Head. Attenuation can be
varied between 20 times and 200 times.
Part No. 010-302 ...................................... $11.00
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PAX-III Attenuator Head. Attenuation can be
varied between 200 times and 2000 times.
Part No. 010-303 ...................................... $11.00

TYPE P500CF
Type P500CF Cathode-Follower Probe. For
use with Type 524AD Oscilloscope. Presents low
capacitance with minimum attenuation. Input
characteristic is 40 megohms paralleled by 4/i/z.f.
The gain is 0.8 to 0.85. Input to probe is accoupled, limiting its low-frequency response to
5 cycles. Amplitude distortion is less than 3% on
. unidirectional signals exceeding a few volts to
minimize amplitude distortion. With the attenu
ator head attached, the probe input character
istic is approximately 10 megohms paralleled by
2Probe output level is 11-v positive, mak
ing it necessary to use the AC-coupled position
of the oscilloscope AC-DC switch. Probe cable
is 42" long. Part No. 010-105............... $64.00

A modification kit is available to equip the
Type 524AD Oscilloscope with a front-panel
probe-power connector.
Modification Kit 040-059 ........................... $5.00

PROBE POWER SUPPLY

Type 128 Probe Power Supply. The Type 128
supplies the necessary plate and filament volt
ages for one or two probes, making it possible
to use the Type P500CF and Type P170CF cath
ode-follower probes with oscilloscopes not equip
ped with a probe-power outlet.
DC Output Voltages:
+ 120 v regulated, at 25 ma
+6.3 v unregulated, at 150 ma
+6.3 v unregulated, at 150 ma

When a P170CF probe is to be used with an
instrument other than the Tektronix Type 517, a
170-ohm terminating resistor is required. The
Type B170-R Terminating Resistor is recom
mended for this purpose.

Probe Power-Cable Extension—a 24" 3-conductor power-cable extension for Tektronix cath
ode-follower probes. Permits wider separation
of the probe power source from the instrument
signal input. Part No. 012-030 ................... $5.00
Universal Probe Repair Kit. This repair kit in
cludes all of the necessary electrical and mech
anical parts to repair badly damaged Type P410
and P510 Probes. Includes repair and assembly
instructions. Part No. 040-180 ..................... $8.50

Ripple—Ripple on the 120 v supply is not more
than 5 mv peak-to-peak, and not more than
75 mv peak-to-peak on the 6.3 v supplies.
Power Requirements—105 to 125 v or 210 to
250 v, 50 to 60 cycles, 25 watts using two P500CF
probes.

Dimensions—4 3/4" wide, 7 3/4" high, 9" over
all depth.

Weight—6 lbs.
Part No. 015-006 ...................................... $95.00
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CATHODE-RAY-TUBES..
The catalog description of each oscilloscope
gives the kind of phosphor that is normally pro
vided in the crt. In general, your oscilloscope
can be provided, on order, with any commer
cially available phosphor.

Phosphors, other than those of short persist
ence may display an initial fluorescence of one
color, followed by a phosphorescence of the
same or another color. The following table de
scribes some of the phosphors we can provide
in your crt. Othed phosphors are available.
We welcome your inquiries.

PHOSPHOR CHARACTERISTICS

PHOSPHOR
Pl
P2
*
P7
Pll
P16
P24

FLUORESCENCE

PHOSPHORESCENCE

PERSISTENCE

Green
Green
Yellow

Medium
Long
Long
Short
Extremely short

Green
Blue-green
Blue-white
Blue
Violet and near
ultra-violet
Blue

Extremely short

♦Double-layer type.

PRICE LIST
Types 531,535, RM31 and RM35.

Types 515A and RM15.
154-125
5CBP1 /T55P1
154-120
5CBP2/T55P2
154-126
5CBP7/T55P7
154-127
5CBP11 /T55P11
154-161
5CBP16/T55P16
154-177
5CBP24/T55P24

$60.00
60.00
60.00
60.00
60.00
60.00

Type 536.
T536P1 /T56P1
T536P2/T56P2
T536P7/T56P7
T536P11 /T56P11
T536P16/T56P16

154-140
154-133
154-135
154-136
154-169

$60.00
60.00
60.00
60.00
60.00

Type 551.
T551P1/T57P1
T551P2/T57P2
T551P7/T57P7
T551 Pl 1 /T57P11

154-186
154-160
154-189
154-143

$150.00
150.00
150.00
150.00

Type 502.
T502P1/T60P1
T502P2/T60P2
T502P7/T60P7
T502P11 /T60P11

154-172
154-144
154-170
154-173

$150.00
150.00
150.00
150.00

Type 524AD.
5ABP1
5ABP7
5ABP11

154-068
154-069
154-070

$31.00
35.00
35.25

5BGP1/T51P1A
5BGP2/T51P2A
5BGP7/T51P7A
5BGP11/T51P11A
5BGP16/T51P16A
5BGP24/T51P24A

154-080
154-081
154-082
154-083
154-092
154-124

$75.00
75.00
75.00
75.00
75.00
75.00

Types 525, 532, RM32, 570 and 575.

5CAP1 /T52P1
5CAP2/T52P2
5CAP7/T52P7
5CAP11 /T52P11
5CAP16/T52P16

154-093
154-097
154-102
154-103
154-162

$50.00
50.00
50.00
50.00
50.00

154-107
154-109
154-108
154-105
154-128

$110.00
110.00
110.00
110.00
110.00

Type 517A.
T517P1H/T54P1H
T517P2H/T54P2H
T517P7H/T54P7H
T517P11H/T54P11H
T517P16H/T54P16H

Types 541,545, RM41 and RM45.

5BHP1/T54P1
5BHP2/T54P2
5BHP7/T54P7
5BHP11 /T54P11
5BHP16/T54P16
5BHP24/T54P24

154-106
154-098
154-104
154-099
154-118
154-152

$100.00
100.00
100.00
100.00
100.00
100.00

'I'll
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LIGHT FILTERS

GRATICULES

Types 515A, RM15 and 533 graticule. 6 cm
vertically, 10 cm horizontally.
Part No. 331-037 ........................................ $1.50

Type 51 7A adjustable reference graticule. 4 cm
vertically, 8 horizontally.
Part No. 331-033 ...................................... $1.50
Type 524AD graticule. TV RMA style ruling for
percentage measurements.
Part No. 331-009 ........................................ $1.50

Type 524AD graticule. Centimeter ruling, 5 cm
vertically, 10 horizontally.
Part No. 331-006 .......................................... $1.50
These filters are useful for applications where
it is desirable to select certain light frequencies
from different color fluorescent and phosphor
escent characteristics. Use the same color filter
as the color or light frequency component you
wish to view. For example, a color filter can be
used to accentuate one of the two light outputs
from a double-layer phosphor.

Under high ambient light conditions a filter of
the same color as the trace is useful to increase
the contrast between the trace and the face of
the crt.
Types 524AD, 531 and 535. Amber, F510-3
Part No. 378-501 ........................................ $ .90

Types 524AD, 531 and 535. Yellow.
Part No. 378-502 ........................................ $ .90
Types 507, 524AD, 525, 531,532, 533, 535,
536, 545, 570, 575, RM31, RM32, RM35,
RM41, and RM45. Green, F510-5.
Part No. 378-503 ........................................ $ .90
Types 524AD, 531 and 535. Blue, F510-6.
Part No. 378-504 ........................................ $ .90
Types 502, 515A, 517A, RM15, 533, 541,
543, 545, RM41, RM45 and 551. Green.
Part No. 378-514 ........................................ $ .90
Types 515A, RM15, 517A, 502, 533, 541,
545, RM41, RM45, 543 and 551. Blue.
Part No. 378-515 ........................................ $ .90
Types 502, 515A, 517A, 533, 541, 545,
RM41, RM45, 551, RM15 and 543. Amber.
Part No. 378-516 ........................................ $ .90

Types 532 and RM32 graticule. Centimeter
ruling, 8 cm vertically, 10 horizontally.
Part No. 331-026 .......................................... $1.50

Type 525 graticule. Ruling in percentages, —40
to +100. Part No. 331-035 ..................... $1.50

Types 531, 535, RM31, RM35 and 507 grati
cule. Centimeter ruling, 6 cm vertically, 10 hori
zontally. Part No. 331-016....................... $1.50
Types 541, 543, 545, RM41 and RM45 grati
cule. Centimeter ruling, 4 cm vertically, 10 hori
zontally. Part No. 331-034 ....................... $1.50
Types 536, 570 and 575 graticule. Division
ruling, 10 divisions vertically, 10 horizontally.
Part No. 331-028 ........................................ $1.50

Type 551 graticule. Centimeter ruling, 6 cm
vertically, 10 horizontally.
Part No. 331-045 ...................................... $1.50
Type 502 graticule. Centimeter ruling, 10 cm
vertically, 10 horizontally.
Part No. 331-047 .......................................... $1.50

Types 524AD and 525 graticule. Special color
burst TV. Part No. 331-040 ....................... $4.50
540-Series graticule. 12 KV Special 3.4 x 8.5 cm.
Part No. 331-031 ........................................ $1.50

Types 515A, 517A, 541 and 545 graticule.
Unruled adjustable reference.
Part No. 386-451 .......................................... $1.00
Types 524AD, 531 and 535 graticule. Un
ruled, plain. Part No. 386-326 ................. $1.00
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AUXILIARY DEVICES...
Type 517. 11-% x 11-% x2 aluminum filter.
Part No. 378-001 ........................................ $4.00

Types 507 and 551 (Power Supply Units). 7 x
7x1 aluminum filter. Part No. 378-015 .. $2.25
DEFLECTION PLATE CONNECTOR

TYPE EP53 PLUG-IN EXTENSION
Permits the operation of the plug-in unit partially
extended out of its housing in a 530-, 540-, or
550-Series oscilloscope.
Part No. 013-002 ........................................ $5.00

TYPE EP53A GAIN ADJ. ADAPTER

Permits the introduction of an external calibrat
ing signal directly to the oscilloscope vertical
amplifier input, by-passing the plug-in preampli
fier. Useful for adjusting oscilloscope vertical
amplifier gain in 530-, 540-, and 550-Series oscil
loscopes. Part No. 013-005 ..................... $5.00

Type DP-52 Deflection-Plate Connector. This de
vice provides a convenient means for making
direct connections to the CRT vertical deflection
plates in the 530- and 540-Series Oscilloscopes.
With this device, front-panel control of the CRT
beam position is retained. The connector is de
signed for use with a 52-ohm cable.
For 530- and 540-Series instruments with serial
numbers below 5001 order Part No. 013-006.
For 530-and 540-Series instruments with serial
numbers 5001 and above order Part No. 013-007.
Price ........................................................... $5.00

AIR FILTERS

H510 VIEWING HOOD

Types 502, 524AD and 525. 8x8x 1 aluminum
filter. Part No. 378-003 ............................... $2.00

Type H510 Viewing Hood for Tektronix 5" Oscil
loscopes. Includes molded rubber eye-piece and
aluminum light shield. Part No. 016-001 .. $4.50
Molded rubber eye-piece.
Part No. 337-002 ........................................ $3.35

Type 515A. 8x8x1 aluminum filter.
Part No. 378-010 .......................................... $2.25
Type RM15. 7x7x1 aluminum filter.
Part No. 378-016 .......................................... $2.25

Aluminum light shield.
Part No. 354-004 ........................................ $1.15

Types 507 (Indicator Unit), 531, 532, 533, 535,
536, 541, 543, 545, 551 (Indicator Unit), 570 and
575. Part No. 378-011A............................... $2.25
Type 530- and 540-Series instruments. Dispos
able 10xl0x3/4 spun-glass filter with back-up
screens. Part No. 378-009 ........................... $1.75

Type 530- and 540-Series instruments. Dispos
able 10 x 10 x 3/4 spun-glass filter.
Part No. 378-012 ........................................ $1.00
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INSTRUCTION MANUALS

502 ............................................................. $4.00
507 ............................................................... 4.00
515A ............................................................. 4.00

Risetime of the step function generated by the
Type P is less than 4 millimicroseconds. Polarity
can be either positive or negative, and ampli
tude is continuously adjustable from 0 to 3
major graticule divisions. Repetition rate is
240/sec.

RM15 ........................................................... 4.50
517A ............................................................. 4.50

524AD ......................................................... 5.00
525 ............................................................... 4.50

531 or RM31 ............................................... 4.50
532 or RM32 ............................................... 4.50
533 ............................................................... 4.50

MECHANICAL SPECIFICATIONS

Construction—Aluminum-alloy chassis.
Finish—Photo-etched panel.

Weight—3y2 pounds.
Price ...................................

$60.00

535 or RM35 ............................................... 5.00
536 ............................................................... 4.50

541 or RM41 ............................................... 4.50
543 ............................................................... 4.50
545 or RM45 ............................................... 5.00

551 ............................................................... 4.50
Type A ......................................................... 1.50

Type B ......................................................... 1.50
Type CA....................................................... 1.50
Type D ......................................................... 1.50

Type E .......................................................

1.50

Type G ......................................................... 1.50
Type H ......................................................... 1.50
Type K ......................................................... 1.50
Type L ......................................................... 1.50
Type P ......................................................... 1.50
Type T ......................................................... 1.50

PLUG-IN STORAGE CABINET

570 ............................................................... 4.50
575 ............................................................... 5.00

TYPE P PLUG-IN
The Type P is a special-purpose fest unit for
Tektronix convertible oscilloscopes. You can use
the step function generated by the Type P Unit to
adjust an oscilloscope vertical amplifier and delay-line. By this procedure you can standardize
the transient response of a number of like oscil
loscopes. A plug-in preamplifier will exhibit
identical transient-response characteristics in like
oscilloscopes that have been standardized with
the Type P.

Plug-In Storage Cabinet. Mounts in standard
rack, holds three Plug-In Units. Dimensions: 19"
wide, 8 3/4" high, 9 3/8" deep. Price without
Plug-In Units. Part No. 437-031 ................ $25.00

ill]
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PLUG-IN POWER SUPPLY

for probe readjustment. The Type CS47 case is
similar to the Type A attenuator case on Page
A-2. Part No. 011-021 ............................ $11.50

Type CS20 Input Capacitance Standardizer.
Similar to the Type CS47 above but for stan
dardizing 20 /j./A input capacitances.
Part No. 011-022 ...................................... $11.50

ADAPTER PLATES

The Tektronix Type 127 Preamplifier Power
Supply supplies proper operating power to one
or two Tektronix plug-in preamplifiers. Any
plug-in units, powered by the Type 127, can be
used to further increase the signal-handling ver
satility of Tektronix oscilloscopes employing
plug-in preamplifiers. Double-differential dual
trace display may be obtained by employing 2
Type D, E, or G Differential Plug-In Preamplifier
Units in the Type 127 in conjunction with an
oscilloscope using a Type CA Dual-Trace Plug-In
Unit. The Type 127 also facilitates the use of
plug-in units in other applications.
The outputs of plug-in units powered by the
Type 127 are fed through dc-coupled differential
amplifier stages and cathode followers to pro
vide a push-pull signal at the output terminals.
Risetime of the unit is 0.018 /zsec, permitting max
imum utilization of the response of Tektronix
530-Series Oscilloscopes. Output swing is linear
±3% over a range of ±0.3 volt. Output de
operating levels are adjustable to ground poten
tial.

Three quick-change adapter plates are available
for the Type 570. These plates come complete
with the tube socket mounted in the center of the
plate and banana pin jacks connected to each
pin connection in the socket. A fourth quickchange adapter plate is also available for assemblying your own special adapter plate. The
fourth quick-change adapter plate with mounting
holes only is available so that you may assem
ble your own test fixture. Patch cords to connect
the adapter plates to Type 570 are listed under
Interconnecting Cables. See Part Numbers 012023 and 012-024.
7 pin miniature socket adapter plate.
Part No. 016-004 .......................................... $4.00

8 pin octal socket adapter plate.
Part No. 016-005 .......................................... $4.00

9 pin miniature socket.
Part No. 016-006 .......................................... $4.00
Plain adapter plate with mounting holes.
Part No. 016-007 ........................................ $2.50

TYPE BE510 BEZEL

The Type 127 has a gain of one, push-pull.
With single-ended output, gain is one half.
Each channel has four output terminals, two on
the front and two at the rear. Terminated 170ohm output cables are furnished.
Price ....................................................... $525.00

CAPACITANCE STANDARDIZERS

Type CS47 Input Capacitance Standardizer.
This device is used for standardizing the input
capacitance of those plug-in units having a 47
input capacitance. Standardization of plug
in input capacity permits interchanging probes
from one plug-in to the other without the need
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Type BE510 Bezel for mounting camera on Tek
tronix 5" oscilloscopes. Dimensions: 5 %"
square; ring 7/8" deep, diameter 5 %" outside,
5 y8" inside. Die-cast construction, wrinkle
finish, felt lined.
Part No. 014-001 ........................................ $4.50
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MODIFICATION KITS...
Frequently customers ask us to provide them
with information and sometimes parts to modify
their instruments for a special application. If
there seems to be enough interest in a particular
type of modification, we assemble a kit of ma
terials and instructions and make it available as
a regular catalog item. The list below is a
partial list of some of the most common types of
modifications. Your Tektronix Field Engineer has
a more complete list. All such kits come com
plete with all of the necessary hardware and
parts to effect the modification in your instru
ment and a detailed set of installation instruc
tions are included also.

SWEEP LOCKOUT MODIFICATION

The sweep lockout feature on an oscilloscope
facilitates single-sweep operation for photo
graphic purposes. With this feature an oscillo
scope is adjusted to accept a single triggering
impulse and at the completion of a single sweep
of the crt beam the sweep circuits are rendered
inoperative. This mode of operation is parti
cularly useful for photographing transients
which occur at random intervals.
Type K531 modification kit. Modifies standard
Type 531 and Type 541 Oscilloscopes.
Part No. 040-118 ........................................ $25.00

Type K532 modificationkit. Modifies conven
tional Type 532 Oscilloscope.
Part No. 040-147 ...................................... $25.00

Type 531 and Type 535 fan motor kit. Permits
operation on power line frequencies from 400- to
1500-cycles (for serial numbers 5001 and up).
Part No. 040-129 ...................................... $89.00
Type 532 fan motor kit. Permits operation on
power line frequencies from 50- to 400-cycles
(for serial numbers 5001 and up).
Part No. 040-134 ...................................... $45.00
Type 541 and Type 545 fan motor kit. Permits
operation on power line frequencies from 50- to
500-cycles (for serial numbers 5001 and up).
Part No. 040-130 ...................................... $47.50
Type 541 and Type 545 fan motor kit. Permits
operation on power line frequencies from 400- to
1500-cycles (for serial numbers 5001 and up).
Part No. 040-131 ........................................ $89.00
Type 316 fan motor kit. Permits operation on
power line frequencies from 50- to 800-cycles.
Part No. 040-141 ...................................... $40.00

RACK-MOUNTING CRADLE ASSEMBLIES

To permit mounting conventional cabinet type
oscilloscopes in relay racks, we provide in these
kits all of the necessary hardware for most
standard racks.
For Types 524, 531, 532, 535, 541, 545 and 570
above serial number 5000. Also for Types 533,
536, 543, and 575. Part No. 040-182 .... $45.00
For Types 507 and 551. Part No. 040-183 $85.00

DC FAN MOTOR MODIFICATIONS

The power supplies of most Tektronix Oscil
loscopes will operate over the range of power
line frequencies from 50- to 800-cycles. However,
the standard fan motor assembly will not oper
ate over this range efficiently. Installation of a
DC fan motor will permit the operation of the
instrument over the wide range of power line
frequencies without danger of the instrument
overheating.
Type 515A fan motor kit. Includes mounting
brackets, hardware, rectifier assembly and fan
motor. Part No. 040-140 ......................... $40.00
Type 531 and Type 535 fan motor kit. Permits
operation on power line frequencies from 50- to
400-cycles. Part No. 040-128 ................. $47.50

For Type RM15. This kit contains supporting
cradles for supporting the rear of the slide as
sembly in a relay rack.
Part No. 426-063A .................................... $7.50

CRT MAXIMUM INTENSITY MODIFICATION
This modification replaces the conventional
front-panel intensity control with two controls—
one located inside the instrument, the other on
the front panel. The internal adjustment can be
set to prevent burning of the cathode-ray tube
phosphor by inexperienced operators. This
would be helpful, for example, where the instru
ment is used on a production line. Modifies
Types 531, 535, 541 and 545.
Part No. 040-159 .................................... $5.00
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RECALIBRATION TOOLS...

The tools shown above are handy—and in some cases, necessary—
tools for the recalibration of Tektronix Instruments. All of the
tools except the assembly at the right (003-007) are available
through most radio parts suppliers.

003-000 Jaco No. 125 insulated screw driver.
This tool is similar to 003-001 but has a 1 1/2,/
shank........................................................... $ .75
003-001 Jaco No. 125 insulated screw driver
with 7" shank and metal bit. This tool is useful
for adjusting hard-to-reach adjustments on oscil
loscopes ..................................................... $1.25

003-007 Tektronix recalibration tool assembly.
This 4-unit tool assembly provides most of the
necessary tools for adjusting variable inductors
in Tektronix Instruments. The price for the entire
assembly is ............................................... $2.50
Individual unit prices are as follows:

003-307 Handle ........................................ $ .75
003-003 Walsco No. 2519 insulated alignment
tool. This double-ended tool is useful for ad
justing variable inductors in Tektronix Instru
ments ......................................................... $1.25
003-004 Walsco No. 2503 ’/4" insulated hex
agonal wrench. This tool is useful for tightening
variable inductor lock nuts on older Tektronix
Instruments. Current production instruments do
not have lock nuts on coil assemblies .... $ .60

A-14

003-308 Red nylon insert with wire pin ...

.50

003-309 White cymac insert with wire pin

.50

003-310 Hexagonal core insert................. $ .75

003-301 Walsco No. 2543 double-ended 0.1"
hexagonal wrench. This tool is useful for adjust
ing variable inductors with hexagonal cores.
.................................................................... $1.00
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TEKTRONIX FIELD SERVICES
Tektronix Customers are urged to take advantage of the
many field services available to them through Tektronix FieldEngineering Offices, Engineering Representatives, and Over
seas Engineering Organizations. Some of these services are
described below.

Ordering—There are many
types of oscilloscopes, each de
signed for a specific application
area. Your Field Engineer can
help you select the one best
suited to your present and fu
ture needs, and he will be hap
py to arrange a demonstration
of the instrument........ in your
application if you so desire.
If you are a Purchasing Agent
or Buyer, your Field Engineer
or his secretary can help you with information on prices, terms,
shipping estimates, and best method of transportation on in
struments, accessories, and replacement parts.

Operation—Your Tektronix
Oscilloscope can be most use
ful to you when you are familiar
with all control functions. Your
Field Engineer will be glad to
demonstrate the use of your in
strument in various applications
to help you become more fa
miliar with its operation. If your
instrument is to be used by sev
eral engineers, your Field Engi
neer will be happy to conduct
informal classes on its operation
in your laboratory.

If you are responsible for the maintenance of a large quanti
ty of Tektronix Instruments, ask your Field Engineer about the
free factory training course in maintenance and calibration.

Applications—Perhaps the
answers you need in a specific
application can be obtained
- faster and easier through use
C of your Tektronix Oscilloscope.
Your Field Engineer can help
you find out, and if use of your
oscilloscope is indicated, help
you with procedures. He may
^1 also be able to suggest many
time-saving uses for your oscil
loscope in routine checks and
measurements.

Instrument Reconditioning

Maintenance— Tektronix
willingly assumes much of the
responsibility for continued ef
ficient operation of the instru
ments it manufactures. If you
should experience a stubborn
maintenance problem, your
Field Engineer will gladly help
you isolate the cause. Often a
telephone discussion with him
will help you get your instru
ment back into operation with
minimum delay. If yours is a
large laboratory, your Field Engineer can be of service to your
maintenance engineers by conducting informal classes on test
and calibration procedures, trouble-shooting techniques, and
general maintenance.

—An older Tektronix Oscillo
scope, properly reconditioned,
can give you many additional
years of service. Your Field En
gineer will gladly explain the
advantages and limitations of
factory reconditioning, and
make the necessary arrange
ments if you decide in favor of it.
Many major repair and re
calibration jobs can be per
formed at a nearby Field Re
pair Station. Ask your Field En
gineer about this at-cost service
to Tektronix customers.

Tektronix, Inc.

Communications — Your
Field Engineer is a valuable
communication link between
you and the factory. He knows
the exact person to contact in
each circumstance, and he can
reach that person fast and easi
ly. Let him help speed your
communications with the fac
tory on any problem related to
your Tektronix Instruments.

Tektronix, Inc., P. O. Box 831, Portland 7, Oregon
Telephone: CYpress 2-2611

TWX—PD311

Cable: TEKTRONIX

AN OREGON CORPORATION

Field Engineering Offices
Tektronix, Inc., 127C Jefferson St. N. E., Albuquerque, New Mexico .... TWX — AQ

*
ALBUQUERQUE

AMherst

96...........

8-3373

. .

Tektronix, Inc., 724 York Road, Towson 4, Maryland. . . .TWX—TOWSON MD 535........................ ..

.. CEdar 3-4484
. YAIley 5-9000

BOSTON ...........
*
BUFFALO ...........
*
CHICAGO
. . . .
CLEVELAND . . .

Tektronix, Inc., 18 Austin St., Newtonville 60, Massachusetts.... TWX — NEWTON MASS 940

. . . Lasell 7-2212

*
DALLAS

Tektronix, Inc., 6211 Denton Drive, P. O. Box 35104, Dallas 35, Texas. . . .TWX—DL 264................ FLeetwood
Tektronix, Inc., 3601 South Dixie Drive, Dayton 39, Ohio. . . . TWX—DY 363............................................ AXminster
Hytronic Measurements, Inc., 1295 South Bannock Street, Denver 23, Colorado.... TWX — DN 863....PEarl
27310 Southfield Road, Lathrup Village, Michigan. .. .TWX—SOUTHFIELD MICHIGAN 938
Tektronix,
ELgin
................ Pioneer
Tektronix,
3214 Watson Blvd., Endwell, New York ....TWX—ENDICOTT NY 290

*
ATLANTA

Tektronix, Inc., 3272 Peachtree Road, N. E., Atlanta 5, Georgia. . . .TWX—AT 358...........................

. . . .

*
BALTIMORE

. . . SPring 7861
Tektronix, Inc., 961 Maryvale Drive, Buffalo 25, New York. . . .TWX—WMSV 2..............................
Tektronix, Inc., 7514 W. North Ave., Elmwood Park 35, lllii >i$ ... .TWX—RIVER GROVE ILL 1395. .GLadstone 6-7930

Tektronix, Inc., 3353 Edgecliff Terrace, Cleveland 11, Ohio ....TWX—CV 352................................... Clearwater 2-2121
Pittsburgh Area: ZEnith 0212

DAYTON
DENVER .

*
DETROIT

*ENDICOTT
.
HOUSTON . . .

Tektronix,
Tektronix,

KANSAS CITY

2- 4087
3- 4175
3-3701

7- 0040
8- 8291
MOhawk 7-8301, 7-8302
2605 Westgrove Lane, Houston 27, Texas....TWX—HO 743................
RAndolph
2-6522/3
...................
5920 Nall, Mission, Kansas... .TWX—MISSION KAN 1112...................
St. Louis Area: ENterprise 6510

LOS ANGELES AREA

East Beverly Blvd., East Los Angeles 22, California.... TWX—MTB
7762 . . . RAymond 3-9408
Tektronix, Inc., 11681 Saiin Vicente Blvd., West Los Angeles 49, California...................................................... BRadshaw 2- 1563
TWX—WEST LOS ANGELES CAL
6698 ........................... GRanite 3- 1105
Tektronix, Inc., 5441

East L. A..................
♦West L. A...............

.............. Tektronix, Inc., 31 00 W. Lake Street, Minneapolis 1 6, Minnesota . . . .TWX — MP 983...................................
NEW YORK CITY AREA
♦New York City and Long Island served by:
Tektronix, Inc., 840 Willis Avenue, Albertson, L. I., New York. . . .TWX—G CY NY 1416..............
MINNEAPOLIS

Westchester County, Western Connecticut, Hudson River Valley served by:
Tektronix, Inc., 49 Pondfield Road, Bronxville 8, New York. . . .TWX—BRONXVILLE NY

WAInut 7-9559

Pioneer 7-4830
DEerfield 7-3771

1207

♦Northern New Jersey served by:

Tektronix, Inc., 412 Chestnut Street, Union, New Jersey .... TWX—UNVL
82.............................
......................Tektronix, Inc., 205 East Colonial Drive, Orlando, Florida ..TWX—OR 7008...................................
Inc., 701 Welch Road, Palo Alto, California. . . .TWX—PALO ALTO CAL 112 ...........
................ Tektronix,
*
PHILADELPHIA
........... Tektronix, Inc., 7709 Ogontz Ave., Philadelphia 50, Pennsylvania.... TWX—PH 930...................

*
ORLANDO

PALO ALTO
*

MUrdock

8-2222

. . GArden 5- 3483
DAvenport 6- 8500

WAverly 4-5678
. . WHitney 6-1601
7000 E. Camelback Road, Scottsdale Arizona .... TWX—SCOTTSDALE ARIZ 52
PHOENIX ........................ Tektronix Inc.,
. BEImont 4-9375
PORTLAND ...................... Hawthorne Electronics, 700 S. E. Hawthorne Blvd., Portland 14, Oregoi
SALT LAKE CITY.............. Hytronic Measurements, Inc., 2022 South Main St., Salt Lake City 15, Utah .... TWX—SU 563. . . . INgersoll 6-4924
. . .TWX—SD 6341 ACademy 2-0384
SAN DIEGO ................... Tektronix, Inc., 1900 Rosecrans Street, P. O. Box 6157, San Diego 6, California
101 Administration Bldg., Boeing Field, Seattle, Washington . .TWX—SE 798. . PArkway 5-1460
SEATTLE ........................... Hawthorne Electronics,
................................... ORange1-6139
ST. PETERSBURG........... Tektronix Inc., 2330 Ninth Street South, St. Petersburg 5, Florida .... TWX—ST PBG 8034
...................................Gibson6-5630
*
SYRACUSE
................... Tektronix, Inc., 313 Nottingham Road, Syracuse 10, New York . . . .TWX—SS 423...................
Toronto,.. BAIdwin 5-1138
*
TORONTO
...................... Tektronix, Inc., 3 Finch Aye., East, Willowdale, Ontario, Canada..........................................................
WASHINGTON D. C.
.
*

.Tektronix, Inc., 9619 Columbia Pike, Annandale, Virginia

.. TWX—FALLS CHURCH VA 760 . ..CLearbrook

6-7411

♦ALSO REPAIR CENTERS

Overseas Representatives
ARGENTINA

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

Ricma Argentina S. A., Sarmiento 309-Tercer Piso, Casilla Correao 2824, Buenos Aires, Argentina

.Gerencia: 31-3990

AUSTRALIA ...................... Electronic Industries Imports Pty. Ltd., 139-143 Bouverie St., Carlton, N. 3, Melbourne, Australia .......................... FJ-4161/8
Electronic Industries Imports Pty. Ltd., 90 Grote St., Adelaide, S.A., Australia..................................................................... LA-5295

Electronic Industries Imports Pty. Ltd., 52 Bowen St., Brisbane, Qld., Australia....................................................................... B-6462
Electronic Industries Imports Pty. Ltd., 68 Railway Pde., West Perth, W.A., Perth, Australia................................. BA-8587/9686
Electronic Industries Imports Pty. Ltd., 713 Parramatta Rd., Leichhardt, NSW, Sydney, Australia .................................. LM-6327
AUSTRIA ........................... Inglomark Markowitsch & Company, Mariahilfer Strasse 133, Wien 15, Austria................................................ 54-75-85-SERIE
BELGIUM........................... Regulation-Mesure, S.P.R.L. 22, rue Saint-Hubert, Bruxelles, Belgium................................................................................... 70. 79. 89
BRAZIL .............................. Consulting & Suppliers Company for South America Inc., 61 Broadway, New York 6, New York . .BOwling Green 9-0610
Importacao Industria E Comercio Ambriex S. A., Av. Graca Aranha 57-510 Rio De Janeiro, Brazil. .42-7990, 42-7291
Palmar Ltda., Rua 7 de Abril 252, Sao Paulo, Brazil ................................................................................................................. 34-4497
CUBA ................................. Laborotorios Meditron, Calle B No. 56 Vedado, Habana, Cuba ................................................................................................. F-5970
DENMARK........................ Tage Olsen A/S, Centrumgaarden, Room 133, 6D, Vesterbrogade, Kobenhavn V, Denmark.................Palae 1369, Palae 1343

ENGLAND ........................ Livingston Laboratories Ltd., Retcar Street, London N.I 9, England................................................................................. Archway 6251
FINLAND........................... Into O/Y, 11 Meritullinkatu, Helsinki, Finland................................................................................................................. 62 14 25, 35 1 25
FRANCE.............................. Maurice I. Parisier & Co., 741-745 Washington St., New York 14, N. Y............................................................ ALgonquin 5-8900
Relations Techniques Intercontinentales, 134 Avenue de Malakoff, Paris 16, France................. Passy 08-36, Kleber 54-82
INDIA................................. Electronic Enterprises, 46, Karani Building, Opp. Cama Baug., New Charni Road, Bombay 4, India................................... 75376
ISRAEL

ITALY

.............................. Landseas Products Corp., 48 West 48th Street, New York 36, New York........................................................... COlumbus 5-8323
Landseas Eastern Co., P. O. Box 2554, Tel Aviv, Israel ..............................................................................................................
66890
................................. Silverstar, Ltd., 21 Via Visconti Di Modrone, Milan, Italy........................................................................................ 792.791/709.536

Silverstar, Ltd., Via Paisiello 12, Roma, Italy ...................................................................................................................................
8-74623
.............................. Midoriya Electric Co., Ltd., 3,2-Chome, Kyobashi, Chuo-ku, Tokyo, Japan... Kyobashi (56) 1786, 7415, 7416, 7439
C.
N.
Rood,
n.
v.,
11-13
Cort
van
der
Lindenstraat,
Rijswijk,
Z.H.,
Netherlands
...................................
The
Hague
98.51.53
NETHERLANDS................
NORWAY ........................ Morgenstierne & Company, Colletts Gate 10, Oslo, Norway.................................................. ................................................ 60 17 90
870140
SWEDEN........................... Erik Ferner AB, Bjornsonsgatan 1 97, Bromma, Stockholm, Sweden.............................................

JAPAN

SWITZERLAND

.............. Omni Ray AG, Dufourstrasse 56, Zurich 8, Switzerland...................................................................................................

(051) 34-44-30

UNION OF
SOUTH AFRICA
URUGUAY

33-4762/3
........... Protea Holdings, Ltd., 42, Faraday Street, Wemmer, Johannesburg, Union of South Africa...........................................
...................... Compania Uruguaya De Rayos X y Electromedicina S. A. Mercedes 1300, Yaguaron 1449, Montevideo, Uruguay
8 58 29

WEST GERMANY

Rohde & Schwarz Vertriebs, GmbH, Berlin W30, Augsburgerstrasse 33, West Germany...................................................... 91 27 62
Rohde & Schwarz Vertriebs, GmbH, Hannover, Schillerstrasse 23, West Germany................................................................... 1 33 80
Rohde & Schwarz Vertriebs, GmbH, Karlsruhe, Kriegstrasse 39, West Germany.........................................................................
25202
Rohde & Schwarz Vertriebs, GmbH, Koln, Habsburger-Ring 2-1 2, West Germany................................................................... 21 5341

Rohde & Schwarz Vertriebs, GmbH, Munchen 9, Auerfeldstrasse 22, West Germany.............................................................. 4 46 38
Rohde & Schwarz Vertriebs, GmbH, Munchen 9, Briennerstrasse 23, West Germany...................................................... 59 52 65
Other OVERSEAS areas please write or cable directly to the Export Department, Portland, Oregon, U.S.A.
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