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WARRANTY

All Tektronix instruments are warranted
against defective materials and workman-
ship for one year. Tektronix transformers,
manufactured in our own plant, are war-
ranted for the life of the instrument.

Any questions with respect to the war-
ranty mentioned above should be taken
up with your Tektronix Field Engineer.

Tektronix repair and replacement-part

service is geared directly to the field,
therefore all requests for repairs and re-
placement parts should be directed to
the Tektronix Field Office or representative
in your area. This procedure will assure
you the fastest possible service. Please
include the instrument Type and Serial or
Model Number with all requests for parts
or service.

Specifications and price change privi-
leges reserved.

Copyright © 1963, new material copyright
1966 and 1967 by Tektronix, Inc., Beaver-
ton, Oregon. Printed in the United States of
America. All rights reserved, Contents of
this publication may not be reproduced in
any form without permission of the copy-
right owner.
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Fig. 1-1. Type 502A Oscilloscope.




Type 502A

SECTION 1
CHARACTERISTICS

General

The Type 502A Oscilloscope—or its rackmount counter-
part, the Type RM502A'—provides linear dual-beam dis-
plays with a wide range of sweep rates combined with high
input sensitivity. In addition, it may be used to provide

'The information given in this Instruction Manual applies fo both
the Type 502A and the Type RM502A. Essentially, the two instru-
ments are identical except that the Type RM502A has been adapled
for rackmounting in a standard 19-inch cabinet rack. Rackmounting
instructions, @ mechanical parts list, and dimensional drawing
for the Type RM502A are provided in Section 10.

dual-beam X-Y displays at medium sensitivities, and single-
beam X-Y displays at high sensitivities.

The instrument has two identical, differential vertical
amplifiers, one for each beam. They may be operated with
single-ended inputs for conventional operation, or with dif-
ferential inputs for cancellation of commen-mode signals.

Single time-base generator and herizontal amplifier cir-
cuits are shared by both beams to provide simultaneous
horizontal deflection. When single-beam X-Y operation is
desired, the horizontal deflection plates are connected to
the upper beam vertical amplifier by means of an internal
switch,

ELECTRICAL CHARACTERISTICS

Upper and Lower Beam Vertical Amplifiers

Characteristic Performance Requirement Supplemental Notes
Sensitivity
[Deflection Factor)
Range [
Calibrated (Switched) JmV/CM to 20 V/CM 17 steps in a 1-2-5 sequence
VARIABLE >2.5:1 Extends minimum sensitivity to =50V /CM.
Accuracy
1 mV/CM *=3% o a
2mV/CM to 20 V/CM 2% S oEars
Bandwidth (—3 dB)
Upper Limits
5mV/CM to 20 V/CM | >1 MHz With 4 centimeter reference.
1 mV/CM 100 kHz With é centimeter reference.
<= Bandwidth increases gradually as SENSI-
TIVITY is changed from .1 mVY/CM to 5
mV/CM.
Lower Limits
DC-Coupled ~ DC (0Hz) ] . ;
A_-—O‘:oual_ea <2Hz For all settings of the SENSITIVITY swltch._
Transient Response < 2% overshoot, ringing, rounding, etc. 6 centimeter display. -
Noise gé ;.LV RMS
Common-Mode Rejection Ratio
DC-Coupled
ImV/CM to 2mV/CM ~>50,000:1 (DC to 50 kHz) + and — 5 volt signal
5mV/CM to 2 V/CM <1/2mm displayed signal (DC to 50 kHz) | (10 volts peak to peak if centered at 0V]
SVCM to 20 mV/CM Adjustable to:
> 5000:1 {DC to 1kHz) + and — 50 volt signal
) > 500:1 (1 kHz to 50 kHz) (100 volts peak to peak if centered at 0V)
AC-Coupled >2000:1 at 60 Hz
Common-Mode Dynamic Range
JdmV/CM to 2 V/CM 4+ and — 15V {30V peak to peak if centered at 0V)

SV/CM to 20 V/CM

+ and — 350V (700V peak to peak if centered at 0V)
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Characteristic

Performance Requirement

Supplemental Notes

Maximum Input Voltage
(DC + peak AC)

1 mV/CM to 2 V/CM

50V (DC to 1 MHz)

5V/CM to 20 V/CM

350V (DC to 1 MHz)

Input Resistance and Capacitance
DC Resistance

1 Megohm =+ 0.75%

Shunt Capacitance

Input capacitance adjusted to combine
with input resistance for =47 ps

Adjusted with 47 pF Input Capacitance Nor-
malizer for <1.5% tilt or rounding of 1
kHz calibrater signal.

Input Grid Current

< 0.4 nanoamperes

DC Drift
vs, Time

<400 1V /Hour

Averaged over 10 hours, ambient tempera-
ture and line voltage held constant.

vs. Temperature Change

<300 uV/°C

vs. Line Voltage Change

<300 puV (105V to 125V AC)

X-Y Phase Shift

<1° for DC to 100 kHz signals

Checked with identical SENSITIVITY switch
seftings; Upper Beam connected to Hori-
zontal deflection plates.

Vertical Signal Qut
Amplitude

=2 V/CM of displayed signal

DC-coupled

Transient Response

< 5% peak-to-peak aberrations

Horizontal Sweep

Time Base
NORMAL (>(1) Ranges 5 SEC/CM to 1 uSEC/CM 21 steps in a 1-2-5 sequence.
Accuracy +3%
MAGNIFIED Ranges X2, X5 X110, X20 For sweep rates which do not exceed the
Accuracy £5% maximum calibrated rate of 1 uSEC/CM.
VARIABLE (uncalibrated) Range | >>2.5:1
Normal /Magnified Registration Within 2 mm
Triggering
Internal Triggering
Sensitivity
DC 2 ignal; DC to upper bandwidth limit
AC o SI?’ml 50 Ho fpe cn‘—El i —I;mh See "Bandwidth" under Vertical Amplifier
ﬁn'::?"' Agnak; z to upper banawidth | poraeteristics for specific bandwidth limits.
~ Sources Upper Beam, Lower Beam, Line - o
External Triggering
Sensitivity
DC 05V to 10V; DC to 1 MHz
AC 0.5V to 10V; 50Hz to 1 MHz

Maximum Input Voltage

350V

Combined DC + peak AC

Input Resistance

1 megohm -+5%

Single Sweep Triggering

Requirements same as Normal Sweep

External Horizontal Amplifier

Sensitivity
Range 1 V/CM to 2V/CM 5 steps in 1-2-5 sequence
Accuracy +5% at 25°C = 5°C

Frequency Response (3 dB down)

DC to 100 kHz
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Characteristic

Performance Requirement

Supplemental Notes

Input Resistance and Capacitance

=1 megohm paralleled by =70 pF

70 microseconds

Maximum Input Voltage
(DC + peak AC)

20V

Z Axis Input

Sensitivity

25 volts peak to peak causes noticeable
intensity modulation

Frequency Range

Usable from =2 kHz to =1 MHz

AC-coupled to CRT cathode

Calibrator
Range Square-wave signal output at amplitudes of | In 6 steps
- - S5MV te 50V
Accuracy ==3%

Repetition Rate

1 kHz == 30%

Duty Cycle

Between 359, and 65%,

Output Resistance

2k

With calibrator at 5 volts.
<2kQ in all other settings of the CALI-
BRATOR switch.

MECHANICAL CHARACTERISTICS

Dimensions

Type 502A

Type RM502A

Construction

Ventilation

Connectors

153, inches high, 11, inches
wide, 22%, inches deep.

12Y/, inches high, 22%, inches
deep (4 inch additional depth
recommended for circulation of
cooling air). Designed for moun-
ting in a standard EIA 19 inch
rack on pull-out slides,

Anodized aluminum-alloy front-
panel and chassis, three-piece
blue vinyl painted aluminum-al-
loy cabinet.

Filtered forced air. A minimum
of 2 inch unobstructed clearance
around the instrument is recom-
mended for adequate ventila-

Line Voltage

Line Frequency Range

ADDITIONAL INFORMATION
Power Requirements

The primary circuit of the power
transformer can be connected to
provide proper operation at any
of the following line voltages:

Range

Nominal Line Operating

Voltage {RMS) Range
110 99V to 117V
1z 105V to 125V
124 112V to 132V
220 198V to 234V
234* 210V to 250V
248 222V to 264V

“Normal Factory Connections

50 Hz to 60 Hz

Power Consumption

tion. Exhausted air should not Maximum Watts 290  (Measured at 50 Hz Line
be allowed to recirculate. Ther- Maximum VA 315 Frequency)
mal cutout protects the instrument :
f heghi use Data
rom overheating.
110V to 125V
CERLR DR 4 18 Ty LCHEER 50 Hertz 32A, SloBlo Type 3AG

BEAM A & B, Vertical Sig. Out,

and CAL OUT are UHF connec- 60 Hertz 4.0 A, Fast-Blo Type 3AG
tors. EXTERNAL HORIZONTAL 220V to 250 V

INPUT, TRIGGER INPUT, and

External CRT Cathode are 5- 50 Hertz 1.6 A, Slo-Blo Type 3AG
way binding posts. 60 Hertz 2.0 A, Fast-Blo Type 3AG

1-3
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Tube Type

Phosphors
Accelerating Potential

Unblanking

Graticule

Type

ADDITIONAL INFORMATION (conf

Cathode Ray Tube and Display

Type 5021 dual-gun cathode ray
tube. Separate vertical deflec-
tion plates for each beam, hori-
zontal deflection plates shared.

P2 (Standard), P7, P11, P31.
(Other phosphors available on
special order.)

Approximately 3000 volts,

Intensity-modulated. Retrace un-
blanking DC-coupled from sweep
generator; X-Axis unblanking AC-
coupled from rear-panel CRT
Cathode connector.

External; variable edge lighting.

Display Area 10ecm by 10 em with 1 em® omit-
ted from each corner. Each beam
8cm hy 10cm, overlapping in

the center é cm vertical area.

CRT Controls (Front-

Panel)
FOCUS Separate adjustment for each
beam.
INTENSITY Common INTENSITY control, with

INTENSITY BALANCE control to
adjust relative brightness.

STANDARD ACCESSORIES

A list of Standard Accessories for the Type 502A will
be found immediately following the Mechanical Parts
List lllustrations.  Standard  Accessories for the Type
RM502A are listed immediately following Section 10 (Rack-
maounting).
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SECTION 2
OPERATING INSTRUCTIONS

Right Side View

Left Side View

Fig. 2-1. The position of the shipping blocks for each vertical amplifier.

Shipping Blocks

It is very important to remove the shipping blocks from
the vertical amplifiers prior to using the oscilloscope. The
shipping blocks are narrow inserts, which are used to hold
the vertical amplifiers firmly in place during shipment. A
slight tug with a pair of pliers towards the outside of the
instrument will remove the shipping block used on each
vertical amplifier. See Fig. 2-1 for the shipping block
positions.

The shipping blocks should be kept for future use.

Cooling

A fan maintains safe operating temperature in the Type
502A Oscilloscope by circulating air through a filter and
over the components. Therefore, 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 disconnect the power and keep
it disconnected until the temperature drops to a safe value.

©

For proper air circulation, the bottem and side panels must
be in place. Be sure the bottom panel is installed according
to directions.

Power Requirements

The regulated power supplies in the Type 502A will oper-
ate with line voltages from 105 to 125 velts, at 117 nominal
line volts, or from 210 to 250 volts at 234 nominal line volts.
Proportionate line voltage variations apply when other nomi-
nal line voltage primary connections are made. For maxi-
mum dependability and long life the voltage should be near
the center of this range. Fig. 2-2 shows the connections for
the various line voltages. If the transformer connections are
changed, be sure to change the wording on the Vaoltage
Tag (mounted above the power connector at the rear of the
instrument) to correspond.

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 indications such as these are present.

2-1
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Fig. 2-2, The power transformer has tweo extra windings permitting nominal primary veoltages of 110, 117, 124, 220, 234 or 248 volis,

50 or 60 hertz operation.

Fan Connections

The manner in which the fan is wired depends on the line
voltage. For 110-124 or 220-248 volt operation, the fan is
connected as shown in Fig. 2-3.

Fuse Requirements

Use a 4 A, 3AG, Fast-Blo fuse for 110, 117 or 124 volt
60 hertz operation; for 50 hertz use a 3.2 A, 3AG Slo-Blo
fuse. For 220, 234 or 248 volt, 40 hertz operation use a 2 A,
3AG, Fast-Blo fuse; for 50 hertz use a 1.6 A, 3AG, Slo-Blo

fuse.

Input Selection

On the Type 502A oscilloscope, you can connect 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 position. The choice
of input cennections will depend upon the display desired.
Waveforms applied te 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. (See
Fig. 2-5.) If you are not aware of this difference in the input
connectors, it is probable that you will improperly evaluate
the results obtained from an input to the B connector.

4 350V
13
ag. -

N\ S
v

Black Lead B
N

to Fan ‘?
WG !

Fig. 2-3. Fan connections for the

2-2

various line veoltage connections,



HORIZ PLATE SEL
SWITCH (on side of

TRIGGER SELECTOR—
Determines whether trig-
gering occurs on the ris-
ing portion (4 Slope)
or falling portien (—
Slope) of the triggering
waveform. Also selects
AC or DC mode.

Operating Instructions—Type 502A

TRIGGERING LEVEL—
Selects the voltage point
on the triggering wave-
form where the sweep is
triggered. Also selects
AUTOMATIC or RECUR-
RENT operation.

Type 502A)—Connects
Time-Buse signal or Up-
per-Base Amplifier sig-
nal to horizontal deflec-
tion plates.

MODE—Provides means
of obtaining single
sweep of display across
the face of the crt.

INTENSITY—Controls in-
tensity of upper and

lower beams. TIME/CM—Selects de-

sired sweep rate.

FINDER—Reduces verti-
cal amplifier gain by
100 times to enable the
trace to appear on the
crt.

FOCUS—Focuses upper
and lower beam display,

HORIZONTAL DISPLAY
—Selects 1, 2, 5, 10 or
20 times horizontal
magnification of the dis-
played waveform. Also
controls horizontal sen-
sitivity for external in-
puts applied at the ex-
ternal connector.

INTENSITY BALANCE—
Balances the intensity of
the two beams for equal
light eutput.

POWER and SCALE IL-
LUM.—Controls the illu-
mination of the graticule
and is the power switch
for the instrument,

POSITION—Positions
both upper and lower
beams horizontally.

AMPLITUDE CALIBRA-
TOR—Controls ampli-
tude of the calibrator
square waves at the
CAL OUT connector.

INPUT SELECTOR—Con-
nects inputs from selec-
ted input connector(s)

to vertical amplifier and SENSITIVITY—Selects

also selects either AC or the sensitivity of the POSITION—Positions DC BALANCE—Balance
DC coupling of the input vertical amplifier, trace vertically. vertical amplifier on
signal. high ranges of sensitivi-

ty control, The screw-
driver COARSE adjust-
ment is reached through
a hele in the knob.

Fig. 2-4. Functions of the Type 502A front panel controls.
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Fig. 2-5. Inputs to the vertical amplifiers, Waveforms applied to
input connector A are displayed in the upright position, while wave-
forms applied to input connector B are inverted.

= 1] |
L] Bl A‘J
ol L]
I e o A T
; Input to A - %
oV e
ENNESNENY S
T | |
[ !_ i | [
} i ._L_"q_ ', / EE |
i ."I rli-! Input to B | -
/ b DISPLAYED WAVEFORM
Ty
riT

Fig. 2-6, Rejection of a common mode signal by the differential
amplifier, The waveform applied to input connector B is inverted
and algebraically added to the waveform applied to input con-
nector A, The resultant waveform is displayed on the screen of
the CRT.

Differential inputs must be connected to both the A and B
input connectors of one amplifier. In the A and B positions
of the input selector switch, the corresponding waveforms
are displayed on the CRT. In the A-B (DIFF} position, the
B input is algebraically added to the A input and the differ-
ence is displayed [See Fig. 2-6.) This feature permits you to
eliminate common mode signals within specified limits.

Input Coupling

Input signals to the vertical amplifiers can be either AC or
DC coupled by placing the Input Selector switch in the corres-
ponding positions. DC coupling applies both the AC and DC
companents of the input signal to the vertical amplifier cir-
cuits. This permits you ta 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.
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 con-
necting your oscilloscope to the signal source:

2-4

1. Avoid errors in readings due to stray electric or mag-
nefic coupling between circuits, particularly in the leads
connected fo the input connector. In general, unshielded
leads of appreciable length are unsuited for this use. When
shielded leads are used, the shields should be grounded to
the input connector shield and to the chassis of the equipment
being tested. Coaxial cables are recommended for many
purposes. Special care must be taken in the high sensitivity
ranges of the oscilloscope due to the low signal level and
high amplifier gain.

2. As nearly as possible, simulate actual operating condi-
tions in the equipment being tested. The equipment should
have a load on it which is approximately equal to the load
encountered in normal operation,

3. Consider the effect of loading upon the signal source
due to the input circuit of the oscilloscope. The circuit at the
input connectors can be represented by a resistance of 1
megohm shunted by a capacitance of 47 pF. With a few
feet of shielded cable, the capacitance may well be 100 pF
or more. In many cases, the effects 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 measurements with an attenuator probe, be sure
to multiply the observed amplitude by the attenuation of the
probe.

A P6006 Probe is furnished as an accessory to the Type
502A Oscilloscope. Connected to the INPUT connector of the
Type 502A, the probe presents an input characteristic of 10
megohms shunted by approximately 9 picofarads and has
an attenuation ratio of 10:1. The maximum voltage which
may be applied to the probe is 600 volts. Exceeding this
rating, either in peak-to-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 ground lead of
the probe to the chassis of the equipment being tested.
Select a ground point which is near the probe connection.

Probe Adjustment

An adjustable capacitor, which is built into the probe
body, is used to compensate for slight variations in input
capacitance from one instrument to ancther. To insure the
accuracy of pulse and transient measurements, this adjustment
should be checked frequently.

To make this adjustment, set the AMPLITUDE CALIBRATOR
and SENSITIVITY controls on the Type 502A to display «
signal of suitable amplitude. Touch the probe tip to the
CAL OUT connector and adjust the TIME/CM control to
display several cycles of the waveform.

Loosen the locking sleeve several turns. (See Fig. 2-7).
Now while holding onto the knurled part near the cable, turn
the probe body until a flat top is obtained on the square-
wave waveform. See Fig. 2-8. The locking sleeve should now
be tightened. After the locking sleeve has been tightened,
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Knurled Part

Locking Sleeve

Probe Body

Fig. 2-7. Location of locking sleeve and knurled parts on the P6006 Probe.

the probe compensation should be checked once more to
insure that the compensation did not change when the
locking sleeve was tightened.

Triggered Operation

In order to cbtain a stable display of some recurrent
waveform, it will be necessary for you to trigger the hori-
zontal sweep at the correct instant of time. This will insure
that the sweep will start at the same point on the observed
waveform for each cycle of operation. The sweep should
be ftriggered either by some waveform bearing a fixed
time relationship to the observed waveform or by the
chserved 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 relationship to each other
it is possible fo trigger from either beam and obtain simul-
taneously a stable display of both waveforms.

The following instructions tell you how tfo select the proper
triggering signal for various applications of your oscilloscope.
These instructions also provide information about the advan-
fages and limitations of each triggering configuration. You

should attempt to become thoroughly familiar with all of
the various triggering configurations in order to obtain
moximum use from your instrument. A thorough knowledge
of the triggering configurations will allow you a greater
selection of friggering methods when you are confronted
with a definite triggering problem.

How to select the triggering signal source

1. To trigger the sweep from the waveform displayed on
the Upper Beam, set the TRIGGER SELECTOR switch af
UPPER AC or UPPER DC.

2. To trigger the sweep from the waveform displayed on
the Lower Beam, set the TRIGGER SELECTOR switch at
LOWER AC or LOWER DC.

3. To trigger the sweep at the power line frequency, set
the TRIGGER SELECTOR switch to LINE. This mode of trig-
gering will normally be used 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 wave-

— I ‘ "
e | Nl ku,,.'l, k- N pa— - e
| B LD 7 v 7 i e o
3 | -
— - — — — == — —_— — — S N— — \-— e N
|— I L
s =i [ e
t | :
| | b | | | = = = ==t
Incorrect Correct Incorrect

Fig. 2-8. The P6006 Probe is adjusted for a flat-topped square-wave display of the Calibrator waveform.
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form, 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
configurations of triggering in certain cases. With external
triggering, the triggering signal generally remains essentially
constant in amplitude and shape. It is thereby possible to
chserve the shaping and amplification af a signal by each
stage of a circuit without 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 presenied on the face of the CRT.

Automatic Mode

Automatic triggering is obtained by rotating the TRIGGER-
ING LEVEL control fully counterclockwise to the AUTOMATIC
position. This provides a preset triggering level which is set
fo allow triggering at the average voltage point of the
applied waveform. The sweep runs at approximately a 50
hertz rate when no triggering signals are applied. Auto-
matic triggering can be used with triggering signals obtained
from the LINE, UPPER, LOWER, or EXT positions of the
TRIGGER SELECTOR switch but for most waveforms, it is
useful only for triggering at frequencies above approximately
50 hertz. Automatic triggering saves considerable fime in
observing a series of waveforms since it is not necessary to
reset the friggering level for each observation.

DC Coupling

DC coupling is selected in the UPPER DC, LOWER DC,
and EXT DC positions of the TRIGGER SELECTOR switch.
This coupling of the triggering signal is particularly useful
in triggering from waveforms which are not adaptable to
AC coupling, such as random pulse frains or very low fre-
quency waveforms, Random pulse trains pose a special
problem in the AC coupling since the random occurrence
of the input waveforms causes the average voltage level
to shift. This in turn may cause the triggering level to shift
to an unstable point. This problem is not encountered with
DC coupling since the triggering point is determined only
by instantaneous voltage.

With DC coupling the triggering signal is abtained from
either the Lower or the Upper Beam amplifiers, hence varying
the respective vertical position controls will change the trig-
gering point. For this reason, you may find it necessary to
readjust the TRIGGERING LEVEL controls when you change
the verfical position of the trace. If you desire to eliminate
this effect, you can use AC coupling provided the triggering
signal is otherwise suitable for this type of coupling. With
DC coupling, the DC level of external triggering signals will
also affect the triggering point. Generally, when the trig-
gering signal is small compared to its DC |evel, AC coupling
should be used.

AC Coupling

AC coupling is selected in the LINE, LOWER AC, UPPER
AC, and EXT AC positions of the TRIGGER SELECTOR switch.

2-6

This coupling provides stable triggering on virtually all types
of waveforms. As a general rule, however, AC coupling is
unsatisfactory for triggering with low amplitude waveforms
at frequencies below approximately 15 hertz. This figure will
vary depending upen the amplitude and shape of the trig-
gering waveform and should not therefore be set as an
absolute standard. Triggering at frequencies below 15 hertz
can be accomplishd when higher amplitude triggering signals
are used.

With AC coupling, the triggering point depends on the
average voltage level of the triggering signals. If the trig-
gering signals occur at random, 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 impos-
sible to maintain a stable display. In such cases you should
use DC coupling.

Trigger Slope

It you wish to trigger the sweep on the rising (positive
slope) portion of the triggering waveform, place the TRIGGER
SELECTOR switch at <. If you wish to trigger on the falling
[negative slope) portion of the triggering waveform, place
the TRIGGER SELECTOR switch at —,

Using the TRIGGERING LEVEL Control

In all positions except AUTOMATIC and RECURRENT, the
TRIGGERING LEVEL control determines at which point on
the triggering signal the sweep is triggered. Using this
control, the sweep can be triggered at any point on the
waveform so long as the slope of the waveform is great
enough to provide stable triggering. With DC coupling, the
sweep cannot be triggered with any degree of stability at
the top of a square wave, for example, since the time that
the voltage remains constant is comparatively long. As a
result, the sweep friggers at random points along the top of
the square wave producing considerable trace jitter.

You can use the same method to set the TRIGGERING
LEVEL control for either type of coupling. After selecting
the triggering slope, rotate the TRIGGERING LEVEL control
fully counterclockwise to the AUTOMATIC pesition. Then
rotate the TRIGGERING LEVEL control clockwise until the
sweep no longer friggers. Continue to rotate the control in
the clockwise direction until the sweep again friggers 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 waveform. See Fig. 2-9.

Free-Running Operation

With the Type 502A, you can get a periodic, free-running
sweep, independent of any external triggering or synchroniz-
ing signal, by rotating the TRIGGERING LEVEL control fully
clockwise to the RECURRENT position. This permits you to
observe the upper and lower beam traces without an input
signal.

Magnifier

To expand a particular part of the display horizontally,
first use the Horizontal POSITION control to position the

o1
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Note: In this illustration of the TRIGGERING LEVEL control, the AUTOMATIC
and RECURRENT positions are not shown. The words '‘Higher Region' and
“Lower Region'' shown do not actually appear on the front panel, but refer
to the relative graticule position at which triggering occurs.

TRIGGER SELECTOR

\ 7
{Sweep Triggers

On 4 Slope)
TRIGGERING LEVEL

Lower Higher

Region Region

TRIGGER SELECTOR
e

{Sweep Triggers
On — Slope)

TRIGGER SELECTOR

[y

|Sweep Triggers
On 4 Slopel

7

TRIGGERING LEVEL

Lower Higher

Region Region

{Sweep Triggers
On — Slope)

When the TRIGGERING LEVEL control is set in the lower region, the sweep is
triggered on a lower portion of the waveform; when it is set in the higher region,
the sweep is triggered on a higher portion of the waveform. The TRIGGER
SELECTOR switch determines whether the sweep is triggered on the rising [ 4+ Slopel
portion, or the falling (— Slope) portion of the waveform.

Waveforms obtained with the TRIGGERING
LEVEL control set in the Lower Region

—
-u;:luu..'l'l‘v-v-—-.qh
P
.
—
T

Waveforms obtained with the TRIGGERING
LEVEL control set in the Higher Region

h N e W/
AVE

\

Fig. 2-9. Effects of TRIGGERING LEVEL and TRIGGER SELECTOR control settings.
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Fig. 2-10. Magnified sweep. The portion of the waveferm at the
vertical centerline remains stationary as the sweep is magnified.
The displayed waveform is expanded left and right from the center-
line, The lower waveform is a five times magnification of the
upper waveform,

desired part of the display to the center of the graticule.
Then turn the HORIZONTAL DISPLAY switch to the magnifi-
cation desired. The portion of the display 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 indi-
cator lamp will light, indicating that the display has been
expanded. Any portion of the eriginal unmagnified display
can then be shown by rotating the Horizontal POSITION
control,

2-8

In magnified sweep operation, the sweep rate is multiplied
by the magnification. This means that the time per centi-
meter indicated by the TIME/CM switch must actually be
divided by the magnification to obtain the correct time
required for the sweep to move one centimeter. For example,
if the TIME/CM switch is set to 5 mSEC, and the magnifier is
set at (5, the true time per centimeter is 5 milliseconds
divided by 5, or 1 millisecond per centimeter.

Magnified sweep rates are all calibrated within 5%
accuracy so long as their true time per centimeter is 1 micro-
second or more. Sweep rates faster than this are uncali-
brated and may be nonlinear. The SWEEP MAGNIFIER
UNCALIBRATED indicator lamp lights whenever the maximum
calibrated sweep rate is exceeded, to indicate that the sweep
is uncalibrated.

X-Y Operation

In the Type 502A, it is possible to horizontally deflect
either or both of the beams across the CRT by means of an
externally derived waveform, rather than by means of the
internal sweep circuits. This permits the oscilloscope to be
used for either dual- or single-beam X-Y curve tracing.

For many X-Y applications, the X-axis (horizontal) signal is
applied fo the Horizontal Amplifier by connecting the signal
fo the EXTERNAL HORIZONTAL Input connector. The hori-
zontal deflection sensitivity is controlled by the setting of
the HORIZONTAL DISPLAY switch, which has a maximum
sensitivity of .1 VOLTS/CM. The HORIZ. DEF. PLATE SELEC-
TOR switch must be in the TIME BASE AMP. position for all
dual-beam X-Y applications.

By setting the HORIZ. DEF. PLATE SELECTOR switch to the
UPPER BEAM AMP. position, the Upper Beam Amplifier out-
put is connected to the CRT's herizontal deflection plates
and the unused upper beam trace is automatically deflected
off screen. In this single-beam mode of operation, the Y-
axis signal is applied to the LOWER BEAM INPUT and the
X-axis signal is applied to the UPPER BEAM INPUT, thus
providing the X-axis with differential inputs, AC-DC coupling,
1 mVOLTS to 20 VOLTS/CM and VARIABLE sensitivities, and
the same phase-shift and bandwidth characteristics as those
seen by the Y-axis signal.

Voltage Measurements

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

During voltage measurements, you should always display
the waveform across as much of the CRT face as is possible
since, as a general rule, the accuracy of your measurements
will increase 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 an appreciable part of
the overall measurement and care should be used that the
trace width is not included in the vertical deflection readings
you obtain. You should consistently make all 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 succeeding readings.
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NOTE

Make sure the VARIABLE SENSITIVITY Control is
in the CALIBRATED position prior to any vertfical
measurements, unless you have calibrated the
instrument with the VARIABLE SENSITIVITY control.

How to measure the AC component of a wave-
form

For measuring the AC component of a waveform, AC
coupling is normally used since it is usually not advantageous
to display the DC component of the waveform being meas-
ured. AC component voltage measurements can usually be
made with DC coupling also, but there is normally no par-
ticular advantage in doing so. To obtain peak-to-peak volt-
age measurement, perform the following steps.

1. To use the 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 Control by the
distance measured to obtain the indicated voltage.

3. Multiply the indicated voltage by the attenuation factor
of the probe you are using to obtain the true peak-to-peak
voltage.

[\
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of 40 volts. The peak-to-peak 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 com-
ponent voltage measurements, A reference line must be
established on the CRT screen. The actual voltage measure-
ment is taken with respect to this reference line. If for
example the voltage measurement is to be made with respect
fo 4100 volts, the reference line will 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 measure
voltage with respect to any other potential, so long as that
potential is used to establish the reference line.

CAUTION

To prevent saturation of the vertical amplifiers,
the peak voltage to ground at any amplifier input
connector must not exceed 500 volts on the .5 to
20 VOLTS PER CM ranges and 7.5 volts on all other
ranges.

To obtain a voltage measurement with respect to ground,
perform the following steps.

1. To establish the reference line, DC couple the oscillo-
scope input, then 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 depend upon the polarity

Fig. 2-11. Voltage measurement of the AC component of a wave-
form. The vertical distance between peaks is multiplied by the
setting of the SENSITIVITY control and by the probe attenuation
factor to obtain the voltage measurement.

As an example of this method, assume that using a 10
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 cenfimeters times 1 volt per centimeter
gives you an indicated vollage of 4 volts peak to peak of
sine wave. The indicated voltage ftimes the probe attenuation
factor of 10 then gives you the true peak-to-peak amplitude

H

@
n
x
<

' REFERENCE LINE —

Fig. 2-12. Measuring the instantaneous voltage, The vertical dis-
tance from the point of measurement to o pre-established refer-
ence line is multiplied by the setting of the SENSITIVITY control and
by the attenuation factor of the probe to obtain the voltage meas-
urement,
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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 corresponding
to the position of the sweep is known as the ground reference
line. Do not adjust the VERTICAL POSITION control after
this reference point has been established))

3. Remove the probe tip from ground and connect the
probe fo 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 control by the
distance measured te obtain the indicated voltage.

6. Multiply the indicated voltage by the attenuation 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 10 probe and a sensitivity of 0.2 volts per centimeter and
that after setting the reference line at the bottom of the grati-
cule, you measure a distance of 8 centimeters to the point
you wish to measure. In this case then, 8 centimeters times
0.2 volts per centimeter gives you an indicated voltage of
1.6 velts. Since the voltage point is above the ground refer-
ence line, the polarity is indicated to be positive. The indi-
cated veltage fimes the probe attenuation factor of 10 then
gives you the true voltage of positive 16 volts.

You should remember in determining the polarity of volt-
ages measured in this fashion that inputs applied to the B
input connectors are inverted on the face of the CRT. Conse-
quently, 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.

Time Measurement

Accurate elapsed time or time interval measurements can
be made by utilizing the calibrated time base feature of the
Type 502A 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 required for the beam to
travel any portion of the distance can be determined. By
measuring the horizontal distance between points on the
displayed waveform, and by knowing the sweep rates, you
can determine the fime interval between the two points.
For accurate measurements be sure the same reference point
is used on both pulses and the VARIABLE TIME/CM control
is in the CALIBRATED position. The method for measuring a
time interval is os follows:

1. Using the graticule, measure the horizontal distance in
centimeters between two 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 correct time interval,
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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 pre-
ceding paragraph. The frequency of a waveform is the
reciprocal of its time interval.

H-

Fig. 2-13. Measuring the time interval [period] of one 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 contrel and is divided
by the sweep magnification to ebtain the time inverval, The fre-
quency of the waveform is the reciprocal of its time interval,

Using DC BAL and Trace FINDER Controls

It is best to disconnect the input signal, unless the approxi-
mate amplitude of it is known. If the amplitude of the input
signal is known, then set the SENSITIVITY control for a
CRT display of twe or three centimeters and follow the
instructions for no input signal.

With no input signal, turn the TRIGGERING LEVEL control
to RECURRENT, the single sweep MODE switch to NORMAL
and the INTENSITY control to a reasonable level. The above
control settings are to insure that a trace can be seen, when
it is found.

Set the VERTICAL POSITION control of the proper beam
to its midrange position, with the SENSITIVITY control in the
.2 VOLTS PER CM position. If no input signal is connected
to the Type 502A, change the SENSITIVITY control to the
1 mVOLTS PER CM position and depress the trace FINDER
button. The trace should now be seen on the CRT. Now turn
DC BAL control in either direction until @ "fast area' is seen.
A “fast area” is an area of the DC BAL control where the
trace will move a large distance for a very small movement
of the DC BAL control.



When the "fast area” of the DC BAL control is found, the
trace should be positioned in the center of this area with the
DC BAL control. The trace FINDER button may now be
released and the trace positioned to the proper place on the
graticule.

If the trace shifts slightly between the different ranges of
the SENSITIVITY conirol this may be cured by a very slight
readjustment of the DC BAL control. The following proce-
dure may be used to correct for this slight trace shift.

Set the free-running trace to a convenient horizonial grati-
cule line with the SENSITIVITY control in the .2 VOLTS PER
CM positiocn. Rotate the SENSITIVITY control to the .1 m-
VOLTS PER CM position and bring the trace back to the
original horizontal graticule line with the DC BAL control.

NOTE

The "“fast area' with the trace FINDER button
depressed can only be easily seen on the higher
sensitivity settings of the SENSITIVITY control.

Single Sweep

Single sweep is used to record waveforms which are not
repefitive or waveforms which jitter too much for normal
triggered-display photography.

To use the single sweep feature of the Type 502A, set the
MODE switch to NORMAL, If the waveform is repetitive
it should be connected to the input of the oscilloscope.
If the waveform is not repetitive then an AMPLITUDE CALI-
BRATOR signal of the same amplitude as that of the expected
signal should be used.

Adjust the trigger control to obtain a stable display of the
input signal. In the case of a waveform that jitters, adjust
the control to obtain the most stable display.

If a calibrater waveform was used to adjust the trigger
control, disconnect the calibrator waveform from the input
to the oscilloscope and connect the non-repetitive waveform
source to the oscilloscope. Push the MODE switch to the
RESET position. The READY light should now be lit. The Type
502A will now sweep once, on the first trigger received
after the MODE switch is released; further signals will not
cause the instrument to sweep.

If the waveform is repetitive leave the signal connected
to the input connector of the oscilloscope. When a sweep
is desired, push the MODE switch to RESET and let it return
to the SINGLE SWEEP position. Upon the return of the
MODE switch to the SINGLE SWEEP position, the sweep
will sweep once. If another sweep is desired the MODE
switch must again be pushed to the RESET position and
returned to the SINGLE SWEEP position.

It may be quite convenient to use the READY light of the
Single Sweep circuit as an indicator for photography. The
READY light will light when the circuit is awaiting a trigger
and will stay lit until the sweep has been completed. At the
end of the sweep the READY light will go out and stay
out until the circuit is reset for another sweep with the MODE
switch,

INTENSITY BALANCE Control

The INTENSITY BALAMNCE control is used to adjust the
intensity of both traces to the same level so that each will
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have the same relative writing rate, and will show the same
amount on a photograph.

It may be necessary to readjust the INTENSITY BALANCE
control each time the setting of the INTENSITY control is
changed. This is due fo the characteristics of a mono-
accelerator CRT in which the triode characteristics for each
CRT gun are slightly different.

AUXILIARY FUNCTIONS

Amplitude Calibrator

The Amplitude Calibrator is a source of accurately cali-
brated square waves at a frequency of approximately
1 kilohertz (-+ or — 30%). The output amplitude is accu-
rate within 3% of the AMPLITUDE CALIBRATOR switch set-
tings for no load conditions. The primary function of the
calibrator is to provide a convenient method for checking
the calibration of the vertical-deflection system and for
adjusting the probes. It can be used for other purposes,
however, if it is kept in mind that the output impedance of
the calibrator varies with the output-voltage settings.

Trace-brightness (intensity) modulation

To couple markers or other signals into the CRT cathodes
for trace-brightness modulation, disconnect the ground strap
at the rear of the instrument and apply the signal between
the CRT CATHODE 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 cul the beams off. Always replace the ground
strap when you are not intensity modulating the beams.

Graticule illumination

The graticule lighting control, labeled POWER AND
SCALE ILLUM, can be adjusted to suit the lighting conditions
of the room. A light filter is supplied with the instrument
which can be used for increased contrast. This filter should
be mounted next to the CRT face so it does not block the
light from the graticule lines,

The graticule of the Type 502A 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 cover and inverting the graticule. As a general
rule, white graticule lines are superior to red for phote-
graphic purposes,

Direct connection to CRT plates

In same applications, it may be desirable to connect a
signal direct to one or more sets of CRT deflection plates—
bypassing the internal oscilloscope amplifiers. This can be
done in the Type 502A if certain precautions are observed.
One of the precautions is to maintain the average DC volt-
age on the deflection plates at approximately +225 volts.
If the average voltage is not maintained at approximately
+225 volts, the CRT display may be defocused.
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For many applications, AC coupling of the signal to the
deflection plates is permissible, It has the advantage of
allowing the use of front panel controls to position the dis-
play and permits the use of signals not having the required
average voltage level. A diagram of this method of cou-
pling is shown in Fig. 2-14. Here, the leads from the oscil-
loscope amplifier are removed and a resistor is connected
between each lead and its respective CRT pin, A good
value for this resistor in most cases is 1 megohm. The
vertical deflection plate pins are located on the sides of

CLIPS TO DEFLECTION PLATE PINS

1M
== V=)
AMPLIFIER
OUTPUT LEADS 1 mM&
{ [ — 1
0.1 uF &=
NOTE:
TO AVOID GROUNDING 0.1 uf
LEADS USE INSULATED T
SLEEVING WHERE TO SIGNAL
NECESSARY. SOURCE

Fig. 2-14. Typical circuit for AC coupling to the CRT deflection
plates,
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the CRT neck and the horizontal deflection plate pins are
located on the top of the neck.

A convenient method for connecting the resistors to the
CRT pins is to use clips removed from standard miniature
tube sockets. Before connecting the resistors to the leads
from the amplifier, slip a piece of insulated sleeving (spa-
ghetti] over the wire. Then, after making the connections,
draw the sleeve back over the insulated resistor pigtail.
This will prevent leads from accidentally shorting to the
chassis. The CRT pins are easily bent and you must exer-
cise care when making these connections to avoid breaking
the glass seal.

CAUTION

Do not allow the leads from the oscilloscope
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 posi-
tioning voltages from the signal source. These voltages must
also satisfy the requirement 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 accidental shorting to the chassis. Con-
nect the external signal source to the pins of the CRT.

The vertical deflection factor of the CRT is approximately
13 volts per centimeter. The horizontal deflection factor is
approximately 17 volts per centimeter.



Type 502A

SECTION 3
CIRCUIT DESCRIPTION

Introduction

The Type 502A is a dual-beam, high gain low-frequency,
oscilloscope employing a dual-gun cathode ray tube. The
CRT has two sets of independent vertical deflection plates,
one of each of the two identical vertical amplifiers, and one
set of common horizontal deflection plates. Simultaneous
horizontal deflections of both beams is provided by a single
time-base generator and horizontal sweep amplifier circuit.
In addition, the upper-beam deflection amplifier can be
connected to the horizontal deflection plates, so that the
instrument may be employed as a single-beam X-Y oscillo-
scope; or, by means of the EXTERNAL HORIZONTAL INPUT
circuit, the instrument may be used as a dual-beam X-Y
oscilloscope, with both traces plotted on the same X axis.

Vertical Amplifiers

The Type 502A circuitry is arranged so that the instru-
ment can be used in any of the several configurations. |t
may be used as a conventional single-beam oscilloscope
by applying an input signal to either of the vertical deflec-
tion amplifiers or it may be used to examine two waveforms
simultaneously by applying input signals to both vertical
amplifier systems; either amplifier may be used in the differ-
ential mode to examine differences between two signals.

The Upper-Beam Vertical and the Lower-Beam Vertical
Deflection Amplifiers are identical, so the description that
follows applies to both.

Vertical Input Switching

The Input Selector switch SW401 determines the mode of
operation for the Vertical 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 signal is DC-coupled
to the input stages of the amplifier.

When switched to A or B, the unused input grid is
grounded to eliminate the effect of its Nuvistor's capacitance
on the amplifier's high-frequency response. Grounding the
grid also prevenis pickup of unwanted signals when single-
ended operation is desired. For single-ended operation, it is
usually best to connect the signal to INPUT A, since a signal
connected to INPUT B will always be inverted.

When the Input Selector switch is set to A-B (DIFF), the
Vertical Amplifier operates as a differential amplifier and
the difference between the A and B signals is displayed.

The basic deflection factor of either Vertical Amplifier
is 100 uV/em. However, by means of an input attenuator
and by varying the emitter load resistance and collector
degeneration in later stages, the vertical sensitivity can be
decreased to 20 volts per centimeter calibrated or 50 volts
per centimeter uncalibrated.

In the straight-through (.1 mVOLTS PER CM te .2 VOLTS
PER CM positions of the SENSITIVITY switch, the 1 megohm
grid resistors constitute the input resistance of the input ampli-
fiers. In the range from 0.5 VOLTS/CM to 20 VOLTS/CM,
a X100 attenuator is connected into each input circuit. The
bottom resistors in the dividers—R403D and E for Input A
and R405D for Input B—shunt the grid resistors to creafe an
equivalent resistance of 10 kilohms. This 10kQ equivalent
resistance is in series with the 990 k<2 resistor in the upper end
of the divider to produce a total input resistance of 1 meg-
ohm, the same input resistance we had in the >1 positions
of the switch.

The capacitance values in the attenuators are also selected,
to provide a constant input capacitance regardless of the
setting of the SENSITIVITY switch. In the X1 position of
the switch, the input capacitance is equal to the capacitance
of C404 [for Input A) or C406 (for Input B) plus the stray
capacitance of the wiring and other components in the cir-
cuit. C404 and C406 are adjusted with the SENSITIVITY
switch set to one of the X1 positions so that the total
capacitance for each input is 47 pF.

Setting the SENSITIVITY switch te an attenuator position
reduces this input capacitance to a very small value by add-
ing series capacitance (C403C and C405C). The capacitors
at the attenuator inpufs shunt this small capacitance and are
adjusted to bring the total capacitance at the input con-
nectors back to 47 pF again. Thus, an attenuator probe,
when connected to either input and properly adjusted, will
work intfo an RC time constant of 1 megohm fimes 47 pF
regardless of the position of the SENSITIVITY switch.

Vertical Input Amplifier

Q414-V414 and Q514-¥Y514 form a cascode differential
amplifier stage. In order that the Type 502A will operate
in a true differential manner over the wide dynamic range
of the instrument, static and dynamic balances are closely
controlled throughout the amplifier. In addition, constant
current and boofstrap circuits are used to provide better
common-mode rejection. See Fig. 3-1.

The cathodes of the input Nuvistor vacuum tubes are
coupled together by the cathode degeneration resistors R418
and R518. At the junction of these resistors, longtail cathode
current is supplied by Q438, a constant-current transistor.
Q434 provides a negative feedback from the output of the
input stage to Q438. This feedback signal stabilizes the DC
output level of the stage at approximately +100 volts as
measured at the collectors of Q414 and Q514.

By keeping the current constant at both cathodes, com-
mon-mode signals are largely prevented from appearing
at the collectors of Q414 and Q514. In addition, this long-
tailing helps to maintain fixed gain and linearity with large
input signals.

Common-mode signals at the grids will preduce essential-
ly no change in the division of the cathode current between
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Fig. 3-1. Simplified diagram of input vertical amplifier. (1) Light arrows show path of boot-strap signal. (2] Heavy arrows show path
of feedback signal to constant-current source.
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the two sides. The common-cathode voltage will, however,
follow the common-mode signal in the manner of a single
cathode follower. To provide bootstrapping, this signal
is coupled by C429 and R429 to the base of the boot-
strap emitter follower Q423. The output signal at the emitter
of Q423 will be nearly the same as the common-mode sig-
nal appearing at the input grids. This signal is applied to the
bases of Q414 and Q514 so that the plate-to-cathade volt-
ages on the input Nuvistors remain essentially constant. This
bootstrap action, along with the constani-current action of
Q438 and the feedback action of Q434, sets the operating
conditions of the input amplifiers so that a common-mode
signal will be canceled out.

C415 is adjusted to balance out the capacitive currents
appearing af the outputs to provide high-frequency common-
mode rejection; R419 is adjusted to balance out the resistive
currents appearing at the outputs for low-frequency common-
mode rejection,

C438 compensates for the common-mode capacitance
found at various points in the signal path by injecting oppos-
ing current from the output of the bootstrap emitter follower
Q423 into the emitter circuit of Q438. C438 is adjusted for
minimum high-frequency common-mode signal at the outputs.
It completes a positive feedback loop through C438, Q438,
C429 and Q423. L437 dampens the tendency of this loop
to oscillate.

Diodes D410 and D520 are connected between the grids
and cathodes of the input Nuvistors to limit grid current
during warmup.

When a large unbalanced signal is applied to the input
of the Vertical Amplifier, a slight DC shift will occur due
to the ~2.5 seconds time constant in the amplifier’. To
compensate for this time-constant, a network consisting of
C420 and R420 is connected between the plates of the
Nuvistors.

The SENSITIVITY switch sets the gain of the input ampli-
fier by connecting precision resistors R408A, R408B, etc. in
shunt with the Q414-Q514 collector load resistors. In the
1 mV/CM position, no resistor is switched in and the gain
is approximately 30 times, D408 and D409 are placed across
R408 to protect the following stages from damaging over-
loads if excessive voltages are applied to the input connec-
tions.

DC BAL controls R442 and R445 adjust the relative DC
levels at the collectors of Q414 and Q514 so that there will
be no current flow through R408. With this configuration,
a change in R408 will not affect the DC level at the out-
put of the stage and therefore will not affect the position
of the trace's baseline on the CRT.

Emitter followers Q453A & B provide o high impedance
load for the input paraphase amplifier so that gain-setting
by R408 will not be affected by the load of the second
amplifier stage. Transistor pairs using common heat shields
are used for the emitter-follower pair and the amplifier pair
to reduce unbalance caused by thermal differences. When a
change in the characteristics occurs in one transistor because
of a change in temperature, the other transistor of the pair
will be equally affected. Additional thermal stability is intro-
duced by R461-C48]1 and R561-C561.

Current for Q453A & B is supplied through R452 and R552
from Q434, which also couples the negative feedback signal

1This is sometimes referred to as “slump’'. See Jacob Millman and
Herbert Toub, '‘Pulse and Digital Circuits'’, McGraw-Hill, New York,
1962. Page 120.
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from Q453A & B to Q438 to set the input amplifier operat-
ing levels.

Output Vertical Amplifier

The push-pull signal from emitter-followers Q453A and B
is amplified in the second amplifier stage of Q464A and B.
Variable sensitivity is obtained by the use of degenerative
commeon-emitter coupling. In the CAL position of the VARI-
ABLE SENSITIVITY control R466, SW4é6 is closed to short
out R466 so the gain of the stage is maximum. As the con-
trol is rotated a few degrees counterclockwise, SW466 is
opened so the control can be used to vary the amount of
emitter degeneration and thus control the gain of the stage.

Vertical positioning of the trace is accomplished through
the action of the POSITION control R469. As the control is
rotated in either direction from its midrange position, the
control varies the relative DC biasing on Q474 and Q574
by increasing the current applied to the base of one tran-
sistor while decreasing the current applied to the other.

The gain of the output driver stage of Q474 and Q574
is set by R475, a common-emitter degeneration control.
In the Upper-Beam Amplifier circuit, when the amplifier is
connected to the horizontal deflection plates by SW489,
this resistor is paralleled by R478 to change the gain fo
compensate for the decreased sensitivity of the horizontal
deflection plates as compared to the vertical deflection
plates.

Q474 and Q574 drive the final stage of the amplifier, a
hybrid push-pull cascode amplifier with common-emitter
degeneration. R485 and C485 provide high-frequency equal-
ization to compensate for distributed and CRT capacitance.

V484A and B are used for the final amplifier stage to
provide the high output voltages needed to drive the CRT
deflection plates. The potential at the grids of both triodes
is held constant by zener diode D471.

When internal triggering of the Time-Base Generator is
desired (TRIGGER SELECTOR in either of the UPPER or LOW-
ER positions), a sample of the vertical-output signal is used
to develop the triggering pulse. This sample, obtained from
the plate circuit of Y484A, is coupled through a frequency-
compensated voltage divider to V493A, a cathode follower
which drives the Time Base Trigger and VERTICAL SIG OUT
circuitry. DC Trig control R491 is adjusted to set the cathode
voltage of V493A to zero when triggering with DC coupling
and with the beam positioned at its respective zero-center
graticule line.

The VERT SIG OUT cathode follower V493B is direct
coupled to the output of V493A fo provide a veriical sig-
nal output of approximately 2 volts per centimeter of deflec-
tion (dependent upon the actual CRT sensitivity).

Depressing the trace FINDER button SW496 decreases the
gain of the output stage to bring the track back onto the
CRT if a high amplitude input signal or a misadjusted DC
BAL control has moved it off the screen.

For single-beam applications where equal horizontal and
vertical-deflection factors are desirable, the UPPER BEAM
amplifier is connected to the CRT horizontal deflection
plates by placing the HORIZ DEF PLATE SELECTOR switch
SW4B9 in the UPPER BEAM AMP position (see Fig. 3-2). This
provides a sensitivity of 0.1 millivelts per centimeter to 20
volts per centimeter and differential input for both hori-
zontal and vertical deflection. Only the lower beam will
be displayed on the CRT; the upper beam will be deflected
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Fig. 3-2. CRT deflection plate switching.

off the screen by applying 4350 volts to the upper deflec-
tien plate and 100 volts to the other deflection plate.
Panel light B499 indicates when the Upper Beam amplifier
is connected to the horizontal deflection plates.

TIME-BASE TRIGGER

The Time-Base Trigger circuit consists of a triggering-
signal amplifier V24 and a multivibrator [Schmitt Trigger]
circuit V45. The function of the trigger circuitry is to pro-
duce a negative-going rectangular pulse at the plate of V45A
whaose repetition rate is the same as that of the trigger-
ing signal. This negative step is then differentiated to pro-
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duce @ negative spike [trigger] to frigger the Time-Base
Generator in the proper time sequence. A positive 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 position (AC or
DC), the signal is obtained from the Upper or Lower Beam
Vertical Amplifier, respectively. 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
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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 and then to SW20.

Although the output of the Trigger Multivibrator is always
a negative rectangular pulse, the start of the pulse may be
initiated by either the rising (positive-geing)] or falling
[negative-going) portion of the triggering signal. To see
how this is accomplished the operation of the Trigger Multi-
vibrator will be described first.

In the quiescent state, that is, ready to receive a signal,
V458 is conducting and its plate voltage is down. This holds
the grid of V45A bhelow cutoff, since the two circuits are
AC-coupled. With V45A in a state of cutoff its plate volt-
age is up, hence no output is being produced.

A negative-going signal is required at the grid of V45B
to force the Trigger Multivibrator into its other state in which
a trigger pulse can be produced. However, since the sig-
nal at the grid of V45B is an amplification of the trigger-
ing signal, it contains both negative- and pesitive-going
portions.

The negative-going portion of the signal will drive the
grid of V45B in the negative direction, and the cathodes of
both tubes will follow the grid down. At the same time the
plate voltage of V45B starts to rise, which causes the grid
voltage of V45A fo rise. With the grid of V45A going up
and its cathode going down, V45A starts to conduct. As
V45A starts conducting its cathode starts going up; hence
the cathode of V45B starts going up. With the grid of V45B
down and its cathode up, V45B cuts off. And since V45A
is conducting, its plate voltage drops, creating a negative
step in the oulput. This transition occurs very rapidly, regard-
less of how slowly the grid signal of V45B falls.

When the signal at the grid of V45B starts in the posi-
tive direction, just the opposite chain of events will occur.
V458 will start conducting again, which in turn will drive
the grid of V45A below cutoff. This will cause the voltage
at the plate of V45A to rise, which in turn will complete
the negative step-voltage output from the Trigger Multi-
vibrator circuit.

The Trigger Input Amplifier V24 amplifies the triggering
signal that in turn is used fo drive the Trigger Multivibrator.
The amplified signal is always taken from the plate of V248,
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 connected to the input cir-
cuit and the grid of V24B is connected fo 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 circuit operation is then as follows:
With the Slope switch in the — position, triggering of the
Time-Base Generator will occur on the falling (negative-
going) portion of the triggering signal. Since a negative-
going signal is required at the grid of V45B to drive the
Triggering Multivibrator into the other state of its bistable
operation, this signal must be of the same polarity as the
original signal at the input cireuit.

However, when it is desired to trigger the Time-Base Gen-
erator on the rising or positive-going portion of the trigger-
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ing signal the signal at the grid of V45B 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 connected to the input
circuit and the grid of V24A is connected to the bias source.
This eliminates V24A from the amplifier circuit and V248
becomes o 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 Multivibrator, The TRIGGER-
ING LEVEL control R17 is adjusted to vary the bios on the
tube to which it is connected. This in turn varies the quies-
cent voliage at the plate of V24B about the level estab-
lished by the TRIG LEVEL CENT 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
auvtomatic mode of triggering (TRIGGERING LEVEL control
turned counterclockwise), the AUTOMATIC switch SWI17
converts the Trigger Multivibrator from a bistable configura-
tion to a recurrent [free-running) configuration. This s
accomplished by coupling the grid circuit of V45A to the
arid circuit of V458 via R32. In addition, the DC coupling
between the Trigger Input Amplifier and the Triggering
Multivibrator is removed when the switch is in this position.
The automatic free-running mode is not to be confused with
action of the RECURRENT switch, SW17 shown on the Time-
Base Generdator diagram, which causes the Sweep-Gating
Multivibrator to free-run.

The addition of R32 fo the circuit causes the Triggering
Multivibrator to free-run in the absence of a triggering sig-
nal. For example, assume the grid of V45B is just being
driven into cutoff. The voltage at the plate of V45B starts
fo rise, carrying with it the voltage at the grid of V45A.
Since the two grids are coupled through R32, this causes the
voltage at the grid of V458B to start rising. The time-constant
of the R32-C31 network is such that it takes about 0.01 sec-
ond for the voltage at the grid of V45B to rise exponentially
from its starting point, below cutoff, to a point where plate
current can start.

As V45B starts to conduct its plate voltage drops, which
in turn lowers the voltage at the grid of V45A. The voltage
at the grid of V45B then starts dropping exponentially. When
this grid drops below cutoff again, the circuit has completed
one cycle of its approximately 50-hertz triangular waveform.

With the circuit configuration just described, the hori-
zontal sweep can be triggered with repetitive signals, over
a wide range of frequencies, without readjustment. When
not receiving triggers, the sweep continues at approximate-
ly a 50-hertz rate. Thus, in the absence of any triggering
signal, the sweep generates a reference base line.

TIME-BASE GENERATOR

The Time-Base Trigger produces a negative-going rec-
tangular waveform which is coupled to the Time-Base Gen-
erator circuit. This waveform is differentiated in the grid
circuit of V135A to produce sharp negative-geing triggering
pulses to frigger the Time-Base Generator in the proper

©1
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time sequence. Positive-going pulses are also produced in the
differentiation process, but these are not used in the opera-
tion of the circuit.

The Time-Base Generator consists of four main circuits:
a lockout circuit, a histable Sweep-Gating Multivibrator,
a Miller Runup circuit, and a Hold-Off circuit. The main
componenifs in the Lockout circuit are the transistor Q124
and MODE switch SW126. The Multivibrator circuit con-
sists of VI35A, VI45A, and the cathode-follower V135B.
The essential components in the Miller Runup circuit are the
Miller Runup Tube V161A, the Runup CF V141B, the Dis-
connect Diodes V152, the Timing Capacitor C160 and the
Timing Resistor R160. The Hold-Off circuit consists of the
Hold-Off CF's VI83A and V145B, the Hold-Off capacitors
C180 and C181 and the Hold-Off Resistors R181 and R180,
A or B [shown on the Timing Switch diagram).

With the MODE switch in NORMAL, the quiescent state
of VI35A 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 state of the Miller Runup Tube is deter-
mined by a DC network between plate and grid. This net-
work consists of the neon lamp B167, the grid-cathode
impedance of the Runup CF and the Disconnect Diades.
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 Runup Tube
rests at about —2 volts. There is about 25 valts bias on
the Runup CF, and about a é0-volt drop across the neon
lamp. This establishes a quiescent voltage of about 432
volts at the plate of the Miller Runup Tube.

A negative trigger pulse arriving at the grid of V135A
will then cause the Sweep-Gating Multivibrater to switch
rapidly to its other state. That is, V135A will be cut off and
V145A will start to conduct. As V145A conducts its plate
voltage, and the voltage at the plates of the Disconnect
Diodes, moves negative. This cuts off the diodes.

The current available through the Timing Resistor (R160)
is diverted into the Timing Capacitor (C160). This tends
to force the grid of the Miller Runup Tube negative. As
the grid of the Miller Runup starts negative the plate starts
positive. This raises the voltage at the grid and cathode
of the Runup CF. As the voltage at the cathode of the
Runup CF rises it causes the voltage at the upper end of
Cl60 to increase, which in turn prevents the grid of the
Miller Runup Tube from going negative.

The Miller Runup Tube has a gain of about 200, so that
a grid voltage change of only 0.75 volt produces a plate
voltage change of 150 volts. Due to the feedback, as ex-
plained, the small negative change in grid voltage will pro-
vide a nearly linear runup of voltage at the cathade of the
Runup CF.

Maintaining the voltage across the Timing Resistor (R160)
nearly constant provides a nearly constant current into the
Timing Capacitor (C160), which in turn causes a linear saw-
tooth output voltage to be generated.

The linear rise in voltage at the cathode of the Runup
CF V161B is used as the sweep time base. Timing Capaci-
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tor C160 and Timing Resistor 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 capaciter being
charged and the current charging the copacitor can be
selected fo cover a wide range of sweep rates. Thus, the
timing circuit defermines the rate 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 sefting of the
SWP LENGTH control R176. As the sweep voltage rises
linearly at the cathode 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 VI83A
and af the grid and cathode of V145B. As the voltage at
the cathode of V145B rises, the voltage at the grid of V1354
will rise. When the voltage at this point rises to a point
where V135A comes out of cutoff, the Sweep-Gating Multi-
vibrater will rapidly revert to its original state with V135A
conducting and V145A cut off. The voltage at the plate
of VI45A will then rise, carrying with it the voltage at the
plates of the Disconnect Diodes V152. The diodes then con-
duct and the lower half [V1528B] provides a discharge path
for the Timing Capacitor through R147 and R148, and
through the resistance in the cathode circuit of V141B. The
plate voltage of the Miller Tube now falls linearly, under
feedback conditions essentially the same as when it gen-
erated the sweep portion of the waveform, except for a
reversal of direction.

The resistance through which C140 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 Runup Tube will return rapidly to its quiescent volt-
age. This produces the retrace portion of the sweep saw-
tooth, 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 retrace interval. In addi-
tion, the Hold-Off allows a finite time for the Time-Base
circuits fo regain a state of equilibrium afier the comple-
tion of a sweep.

During the trace portion of the sweep sawtooth the Hold-
Off Capacitor C180 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 V1458, until V135A comes out of cutoff
and starts conducting. As mentioned previously, this is the
action that initiates the retrace. At the start of the retrace
interval C180 starts discharging through the Hold-Off Resis-
tor. The fime-constant of this circuit is long enough, how-
ever, so that during the retrace interval, and for a short
period of time after the completion of the retrace, C180
holds the grid of V135A high enough so that it cannot be
friggered. However, when CI180 discharges fo the point
where the cathode-follower V145B is cut off, it loses control
over the grid of V135A and the grid returns to the level
estabilshed by the STABILITY ADJUST R111. The amount of
hold-off time required is determined by the sweep rate,
i.e., by the size of the Timing Capaciter. For this reason the
TIME/CM switch changes the time-constant of the Hold-Off
Circuit simultaneously with that of the Timing Circuit.
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Fig. 3-5. Simplified Horizontal Amplifier.
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The STABILITY ADJUST R111 regulates the DC level at
the grid of V135A. This control should be adjusted so that
the voltage at the arid of VI135A is just high enough to pre-
vent the circuit from free-running. Adijusted in this manner,
a sweep can only be produced when o negative trigger
pulse, from the Time-Base Trigger circuit, can drive the grid
of VI35A below cutoff. However, 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
through R116. This permits the grid of V135A to fall to cut-
off immediately upon removal of the hold-off voltage, at
which point the next sweep is initiated.

When the MODE switch is in the NORMAL position, as
above, the emitter of @124 is open, making it inoperative.
Also the anode of D126 is grounded, preventing any effect
upon the sweep generator circuit.

When the MODE switch is thrown to the SINGLE SWEEP
position, the emitter of Q124 is connected to ground and
the anode of D126 is connected to o small positive voltage.
To consider the action of the circuit, assume that the MODE
switch is in the RESET position and then allowed to return
to SINGLE SWEEP.

In the RESET position, SW126 grounds the plate of V135A.
This places the same potential on both the cathode of D126
and the emitter of Q125, which reverse biases Q124. As
Q124 is reverse biased, the voltage at the collector goes
negative and the READY light B124 will light when the col-
lector voltage reaches about —60 volts. D124 is also
reversed biased as its anode voltage goes negative. The
reverse biasing of D124 prevents the collector voltage of
Q124 from affecting the grid voltage of VI35A until after
the sweep.

The grid voltage of V135A will rest during this time at
a level which will be determined by R111, R185 and R186.
This voltage will be at a value which will allow an incom-
ing frigger pulse to switch the Multivibrator and produce
a sweep.

The negative going trigger pulse when it arrives will cause
VI35A to go into cutoff and V145A to come into conduc-
tion. The action of the Sweep Generator circuit as explained
still applies.

As the sweep ends, the waveform through V1458 turns
VI35A on and turns V145A off. When V135A comes into
conduction, its plate will go slightly negative and forward
bias D126. The current flow through D124, R126 and R127
will drop the voltage at the base of Q124 far enough neg-
ative, in relation to ground, to turn the transistor on. The
voltage on the collector will now go positive towards ground
and the READY light will go out. As the collector voltage of
Q124 goes positive, D24 becomes forward biased and will
control the voltage level on the grid of V135A. This voltage
level will be held positive enough to prevent further trig-
gers from switching the Sweep Gating Multivibrator. The
circuit will remain in this condition until the MODE switch
is either thrown to the RESET position again or put in the
NORMAL position.

The positive rectangular pulse appearing at the cathode
of V135B is coupled to the grid circvits of the CRT. This
pulse, whose start and duration are coincident with the trace
portion of the sweep sawtooth, unblanks the CRT and per-
mits the trace to be observed.
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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 Multivibrator, and immobilizes this circuit for the
application just described. The same circuit is immobilized,
and in the same manner, when the HORIZONTAL DISPLAY
switch is set to any of the EXT ranges. With this arrange-
ment the horizontal deflection voltage is obtained through a
front-panel EXTERNAL connector rather than from the Time-
Base circuits.

HORIZONTAL AMPLIFIER

The Horizontal Amplifier consists of an Input Cathode-
Follower, a cathode-coupled Input Amplifier stage, and a
plate-loaded Output Amplifier to drive the horizontal deflec-
tion plates in the CRT,

The HORIZONTAL DISPLAY switch SW331 determines
whether the input waveform is received from the Time-Base
Generator or from an external source. When this switch
is in either the NORMAL or the SWEEP MAGNIFIED posi-
tion, the waveform is received from the Time-Base Generator.
With this configuration the sweep sawtooth is coupled fo
the Input CF via the frequency-compensated voltage divider
R311-R312. The Horizontal POSITION control R398 supplies
a manually adjustable DC voltage to the grid of the Input
CF V183B for horizontal positioning of the CRT beam. The
Input CF 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 feedback net-
works much the same as the Vertical Amplifiers. This is
illustrated in Fig. 3-5. A negative 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 between the plate
circuit on one side and the grid circuit on the other.

The Input Amplifier is a cathode-coupled paraphase
amplifier, which converts the positive-going sawtooth volt-
age, obtained from the Time-Base Generator to a push-pull
output sawtooth voltage. The gain of the Input Amplifier
is determined by the amount of resistance connected between
the two cathodes, which in turn determines the degree of
negative feed back applied to the stage. In the NORMAL
position of the HORIZONTAL DISPLAY switch, R331 is not
in the circuit and the cathode resistance is composed of
R334 in parallel with the series combination of R334, 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. 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 MAGNI-
FIED positions. This control DC-balances the amplifier so
that the horizontal pesitioning of the beam will not be
affected when the beam is positioned in the cenfer of the
CRT, as the value of R331 is changed. The X1 CAL con-
trol R357 adjusts the plate-to-plate gain of the stage slightly
to compensate for any circuit nonsymmetry. This control is
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Fig. 3-6. Simplified Low-Voltage Power Supply.
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most effective when the HORIZONTAL DISPLAY switch is
in the NORMAL position.

The Output Amplifier, by virtue of its positive feedback
netwark, is an extremely high-gain stage. The gain of the
stage can be varied over a limited range with the 20
CAL control R368 which varies the amount of cathode degen-
eration. This control is most effective when the HORIZONTAL
DISPLAY switch is in the (20 SWEEP MAGNIFIED position.

When the HORIZONTAL DISPLAY switch is in any of the
EXT VOLTS/CM positions, the horizontal signal is coupled
directly from the front-panel EXTERNAL connector to the
grid circuit of the Input Amplifier. This action changes the
configuration of the amplifier slightly, The Input CF is dis-
disconnected from the circuit, which changes the DC level at
the cathodes of the Input Amplifier slightly. To compensate
for this change an EXT HORIZ DC BAL control R341 is
adjusted to equalize the cathode voltages.

In the external positions of the HORIZONTAL DISPLAY
switch, the Horizontal POSITION 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 502A Oscil-
loscope is furnished by a single power transformer Té02.
The primary has two equal tapped windings; these may be
connected in parallel for 117 volt operation, or in series
for 234 volt operation. The primary of T602 also has two
more windings which may be used as voltage bucking or
aiding windings. These windings along with the two main
primary windings may be used to allow the instrument fo
run en line voltages of 110, 117, 124, 220, 234 and 248,
depending upon how all the windings are connected. The
three main full-wave power supplies furnish regulated volt-
ages of —150, 4100 and +350 volts. The 350 volt supply
also has an unregulated output of about 485 volts for
the high-voltage power supply for the CRT. It is unnec-
essary 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 regulated +5.8 volt output for the heat-
ers in the Input Amplifier tubes in the Upper and Lower
Beam Vertical Amplifiers.

Reference voltage for the —150 volt supply is furnished
by a guas diode voltage-reference tube Vé39. This tube,
which has a constant voltage drop, establishes a fixed poten-
tial of about —70 volts at the grid of V&36B, one-half of
a difference amplifier. The grid potential for the other half
of the difference amplifier, V636A, is obtained from a
divider consisting of R621, R622 and Té23. R622, the —150
conirol determines the percentage of total voltage that
appears at the grid of V&36A and thus determines the total
voltage across the divider. When this control is properly
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
amplified by V636B, whose plate is DC-coupled to the grid
of the series tube Y637. The error voltage appearing at the
grid of V637 will change the drop across the tube and hence

3-12

change the voltage at the plate of the tube. The change in
voltage at the plate of V637, which will be in a direction
to compensate for the change in output voltage, is coupled
by the impedance of the rectifier V602 back to the output
and thus pulls the oufput voltage back to its established
—150 volts. Cé23 improves the gain of the feedback loop
and thus increases the response of the circuit to sudden
change in the output voltage.

The —150 volt supply serves as a reference for the 4100
volt supply. The divider Ré71-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
required by the stage. If the loading should tend to change
the output voltage an error voltage will appear at the grid
of Vé66B. This error voltage 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 voltage
will be returned to its established value of 100 volts. Cé671
improves the response of the circuit to sudden changes in
the output voltage.

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 Vé77 which will
be opposite in polarity to the ripple appearing at the plate
of Vé77. This tends to cancel the ripple at the cathode of
the tube, and hence reduces the ripple on the 4100 volt
bus. This same circuit also improves the regulation of the
supply in the presence of line voltage variations.

The +350 volt supply functicns in the same manner as
the 4100 volt supply. Rectified voltage 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 +350 volt supply also fur-
nishes an unregulated output of about 485 volts for the
CRT high-veltage supply.

The —5.8 volt supply works in essentially the same manner
as the vacuum-tube supplies. The divider R648-Ré49 estab-
lishes a reference voltage at the base of Qé44. D644 pro-
vides first order temperature compensation for the emitter-
base junction of Qé44. If we now assume that the output
tends to go more negative, the emitter of Q644 will also
go more negative since it is strapped directly to the out-
put. The collector of Qé44 will then go more negative,
carrying with it the base of Qé34. The collector of Q634
will then go up, carrying with it the base of Q&é47. The
series-regulator  transistor Q647 is essentially an emitter-
follower, so the emitter will follow the base. Hence, the
emitter of Q647 also goes up. This increase in the voltage
at the emitter of Qé47 will be coupled through the rectifiers,
D642A and B, back to the output and will thus pull the out-
put back up to its specified value,

CRT CIRCUIT

A single 40-kHz Hartley oscillator circuit furnishes energy
for the three power supplies that provide 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 three half-wave rectifier circuits employ capacitor-
input filters. Separate supplies are required for the grid and
each of the cathode circuits of the CRT in order to provide
DC-coupled unblanking to the CRT grids.
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V822 and V832 supply about —2900 volts for the cathodes
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 sensifivity in
the CRT, and thereby maintain the calibration of the instru-
ment, it is necessary that the accelerating potentials in the
CRT remain constant. This is accomplished by regulating the
three supplies by comparing a sample of the cathode voltage
to the regulated 4150 volt supply. This sample voltage,
obtained from the arm of the HV Control R826, is applied
to the grid of V814A; the cathode of this tube is connected
to the —150 volt regulated supply. The error voltage is
amplified by VB814A and VB814B; the output of VB814B varies
the screen voltage of the Oscillator tube and thus controls
its output.

The HORIZ SENS BAL control R833 allows a more perfect
balance of the sensitivity of the two horizontal beams. Vary-
ing this control can change the CRT cathode potentials by
approximately 100 volts with respect to each other. This
allows for a corresponding change in horizental sensitivities
of approximately + or — 3%.

The HORIZ BEAM REGIS will allow the beams to be
brought into register; i.e., the sweep for each vertical ampli-
fier will start at the same place on the CRT screen.

Unblanking

As mentioned previously, DC-coupled unblanking is accom-
plished by employing separate high-voltage supplies for
the grids and cathodes. The cathodes supplies are tied
to the LV power 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 Generator 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 overcome this, an isolation network
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composed of R864, C868, CB4Y and RBE8 for one grid cir-
cuit, and RB864, CB866, C867 and RB66 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 CB66-CB67 and CB6B-C869. For short-duration
unblanking pulses (at the faster sweep rates) the power sup-
ply itself is not appreciably moved. For longer unblank-
ing pulses, at the slower sweep-rates, however, the stray
capacitance 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 ASTIGMA-
TISM controls. A single control R841 adjusts the geometry
of the display, and a single INTENSITY control R862 controls
the brilliance of both beams. An INTENSITY BALANCE con-
trol R860 balances one grid voltage against the other so that
the INTENSITY control will have an equal effect on both
beams.

AMPLITUDE CALIBRATOR

The AMPLITUDE CALIBRATOR is a square-wave generator
whose approximately 1-kHz output is available at a front-
panel connector labeled CAL OUT. It consists of a Multi-
vibrator V873A-V875 connected so as to switch the cathode-
follower V873B between two operating states, cutoff and
conduction.

During the negative portion of the multivibrator 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 fo slightly less than +50 volts. By
means of the CAL AMPL (R879) control, the grid voltage
can be adjusted so that the cathode voltage is exactly
50 volts when the AMPLITUDE CALIBRATOR knob is turned
to the OFF position.

The Cal Out CF has a precision voltage divider for its
cathode resistor. By means of the AMPLITUDE CALIBRATOR
switch six calibrated peak-to-peak voltages, from .5 millivolt
fo 50 volts, are available.
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