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NOTE

This instruction manual has been prepared to
cover TEKTRONIX Type 531/541 Oscilloscopes of
all serial number ranges. Text, diagrams, and
parts lists have been expanded to incorporate all
circuit modifications adopted during the course of
manufacture. The serial ranges of instruments to
which various modifications were applied before
shipping from the factory have been noted wher-
ever necessary.

However K because many instruments have been
modified in the field and out of serial sequence,
component values and circuitry of a given instru-
ment may differ considerably from those indicated
in this manual for its serial number. Theuser is
urged, therefore, to enter whatever changes may
be necessary to bring this manual intoagreement
with the present circuitry of his oscilloscope.

When ordering parts, always include the fol-
lowing information:

Instrument Type (531/541).

Instrument Serial Number (as, S/N9999).
Part Circuit Number (as, R999).

Part Description (value, type, rating,
tolerance, etc.).

5. The 6-digit TEKTRONIX part number (as,
999-999).

..-l;oot\)i—-

SAFETY NOTICE

This oscilloscope employs dangerously high voltages. Since
some maintenance must of necessity be performed with the
case removed, great care should be taken. Use only insulated
tools, stand on a dry floor and if possible keep one hand in
your pocket. Care should also be used in making any con-
nections to the deflection plates of the cathode-ray tube through
the access panel. It is advised that the access panel never be
removed until the power has first been turned off. The instru-
ment should not be operated with this protective cover removed.
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SECTION 1

GENERAL DESCRIPTION

NOTE

The Types 531 and 541 arehigh-speed laboratory oscilloscopes,
designed for general laboratory use. Their extremely fastrise-
time, wide sweep-speed range and 10-kilovolt accelerating volt-
age permit accurate analysis of many types of waveforms. Addi-
tional adaptability is provided by plug-in preamplifiers which
extend the use of these oscilloscopes to practically all laboratory-
oscilloscope applications. Accurately calibrated sweep speeds
and vertical-deflection sensitivity permit gquantitative time and
amplitude measurements to be made.

CHARACTERISTICS

Cathode-Ray Tube

A Tektronix S-inch post-deflection accelera-
tion cathode-ray tube is furnished with the in-
strument. With 10-kv acceleraticn potential the
trace is bright enough that a single sweep can be
photographed with a P11 screen even at the fast-
est sweep speeds. A P2 phosphor is furnished
unless other phosphors are specially requested.

Vertical -Deflection System

A dc-coupled vertical amplifier in the main
unit is adjusted for optimum transient response
and wide passband. A plug-inchannel-switching
unit provides a dual-trace presentation for re-
petitive signals. Input to the vertical-deflection
system must be made through one of the avail-
able types of plug-in units.

Horizontal-Deflection System
Sweep Circuit

The linear sweep generator is a Miller runup
generator with excellent linearity, and the ex-
tremely wide speed range of .02 microseconds
per centimeter to 12 seconds per centimeter.
Twenty-four calibrated sweep speeds areavail-
able accurate within three per cent. The main

sweep control has eight positions, .1, 1, 10, and
100 microseconds per centimeter, 1, 10, 100

milliseconds per centimeter, and 1 second per
centimeter. Three multiplier-switch positions
1, 2, and 5 times, provide a total of twenty-
four speeds. Remaining positions of the multi-
plier switch provide continuously adjustable

f
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multipliers of 1 to 2.5 times, 2 to 5 times, and
5 to 12 times so that the above range is also
covered continuously. The five-times sweep
magnifier increases the maximum sweep speed
to .02 microseconds per centimeter.

Magnifier

Sweep magnification is produced by increasing
the sweep output amplifier gain five times. The
center two centimeters of the trace is expanded
to 10 centimeters. Any one-fifth of the sweep
so magnified can be positioned to show on the
screen by means of the HORIZONTAL POSI-
TION control.

DC-Coupled Unblanking

The unblanking square wave is dc-coupled to
the grid of the cathode-ray tube to assure uni-
form unblanking bias for all sweep times and
repetition rates.

Triggering System

The sweep can be triggered by a wide range
of triggering voltages either derived internally
from the signal to be displayed, or through a
front-panel connector from an external source.
The circuit permits the sweep to be triggered
from any selected point along the triggering
waveform. A recurrent triggering arrangement
which runs at a fifty-cycle repetition rate will
synchronize with repetitive trigger signals from
sixty cycles to two megacycles.
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Horizontal-Deflection Amplifier

A dc-coupled horizontal-deflection amplifier
provides horizontal sensitivity of 2 volts per
centimeter to approximately 15 to 20 volts per
centimeter, continuously adjustable by means
of a ten-to-one continuously adjustable control
and a 10X and 1X switched attenuator.

Because this amplifier was designed for op-
timum performance with a sweep sawtooth, its
performance with sine waves is limited. This
sine-wave limitation can best be defined by an
amplitude-frequency product, which can be ex-
ceeded only at the expense of considerable dis-
tortion. The amplitude-frequency product is
2.4 centimeter-megacycles. Thus a full 10-
centimeters of deflection can be used at 240 kc,
and a 2.4-mc sine wave can be viewed if the
amplitude is one centimeter peak-to-peak or
less. The amplifier frequency responsetoa sine
wave is down less than 30% at 400 kc when the
amplitude is within this limitation.

Output Waveforms Available

Front-panel connectors provide a positive-
going sawtooth, a positive gate synchronized
with the sweep, and a signal derived from the
displayed vertical signal, The calibrator pro-
vides an adjustable amplitude symmetrical
square wave with a repetition rate of about one
kilocycle, The amplitude is adjustable intwenty
steps between .2 millivolts and 100 volts.

Power Supply

All dc voltages are regulated to accommodate
line-voltage variations between 105 and 125 volts
or 210 volts to 250 volts, S0 to 60 cycles, ac,
and for the differences in dc loads imposed by
the different plug-in units.

Power Consumption

At 117 or 234 volts, 475 watts with plug-
in unit in place.

Cooling

Safe operating temperature is maintained with
filtered, forced-air ventilation. A thermal dis-
connect device turns off the ac power in the
event the fan fails or the air intake becomes
blocked.

[1luminated Graticule

The graticule is accurately scribed in centi-
meters and fifths of centimeters. The scribed
lines can be edge-lighted either by white or by
red light, A green filter is supplied to increase
contrast in the presence of room brightness,
At extra cost, a light shield is available con-

structed so that it will slip onover the graticule
bezel.

Mechanical Characteristics
Construction

The cabinet and chassis are made of electric-
ally-welded aluminum alloy.

Finish

Photo-etched anodized aluminum -alloy panel,
wrinkle-enameled cabinet.

Dimensions

24 inches long, 13 inches wide, 16-3/4 inches
high.

Weight

61-1/2 pounds.

FUNCTIONS OF FRONT-PANEL CONTROLS
AND CONNECTORS

TRIGGERING MODE (red knob)--Five-position
switch arranges trigger circuits for five
kinds of triggering: DC, AC SLOW, AC
FAST, AUTOMATIC and HF SYNC. In Type
531 instruments, S/N101-6010 and in Type
541, S/N101-5414 AUTOMATIC is labeled
AC AUTO. In Type 531, S/N101-592, there
is no HF SYNC position.
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TRIGGER SLOPE--Six-position switch selects
source of trigger signal and converts to
negative-going output either negative-going
or positive-going input,

TRIGGER INPUT--UHF coax connector to trig-
gering circuits through EXT positions of

TRIGGER SLOPE switch.
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STABILITY (red knob)--Control for adjusting
the stability of the sweep circuits for a
stable display. The control has a PRESET
position suitable for most triggering ap-
plications. Type 531, S/N101-6710, and
Type 541, S/N101-5942, have no PRESET
position on the STABILITY control.

TRIGGERING LEVEL--Potentiometer deter-
mines part of triggering waveform where
sweep triggers.

TIME /CM- -Eight-position switch selects timing
capacitors to determine sweep speeds, and
determine duration of trigger holdoff period.

MULTIPLIER--Six-position switch. Three po-
sitions placeprecision charging resistors in
gseries with timing capacitors to determine
sweep speeds in conjunction with selected
timing capacitor. Three positions, marked
in red, place adjustable charging voltages
in series with timing capacitors for contin-
uous control of sweep speeds.

5X MAGNIFIER--Two-position switch removes
or inserts feedback in sweep amplifier to
change sweep speeds by a factor of five.

HORIZONTAL DISPLAY--Three-positionswitch
connects sweep amplifier to internal sweep
generator in one position, or to front panel
connector directly or through 10-1 fixed
attenuator in second and third positions.

EXTERNAL SWEEP ATTENUATOR, 10-1---
Continuously adjustable gain controlon hor-
izontal amplifier. Switchedout of ¢ircuit for
internal sweeps.

EXTERNAL SWEEP IN--Front-panel connector
1o horizontal amplifier through HORIZON-
TAL DISPLAY switch. Magnifier must be
switched to ON for undistorted 10-cm
deflection.

VERT. SIG. OUT--Front-panel connector sup-

plies signal from vertical amplifier via
trigger cathode follower.

HORIZONTAL POSITION--Positions trace along
horizontal axis.

i
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VERNIER (red knob)--Fine adjustments of hori-
zontal positioning, with five times the reso-
lution of the coarse adjustment.

SQUARE-WAVE CALIBRATOR (red knob)--- -
Three-position switch turns on calibrator
plate voltage and switches in or out 1000-
to-1 voltage divider to give either volts or
millivolts output.

SQUARE-WAVE CALIBRATOR (black knob)---
Nine-position switch selects nine taps on
precision voltage divider in calibrator cir-
cuit. Provides accurate voltages of .2, .5,
1, 2, 5,10, 20, 50, and 100 volts in VOLTS
position, or millivolts in the MILLIVOLTS
position of the red concentric control knob.

CAL OQUT---UHF coax front-panel connector
from the calibrator.

+GATE OUT---Front-panel binding post sup-
plies positive 20-volt square pulse,dc-cou-
pled through cathode follower  synchronized
with the internal sweep.

SAWTOOTH OUT---Front-panel binding post
supplies 150-volt positive-going sawtooth
dc-coupled through cathode follower, syn-
chronized with the internal sweep.

POWER---On-off switch in primary of power
transformer and ventilating-fan lead.

FOCUS- - Adjustable voltage for the cathode-ray
tube focusing grid.

INTENSITY--Bias adjustment to cathode-ray
control grid.

ASTIGMATISM- Adjustable voltage for the astig-
matism grid of the cathode-ray tube.

SCALE ILLUMS- -Adjustableseries resistor con-
trols voltage across graticule lights. Beam-
position indicators, unlabeled, marked with
arrows. The arrow nearest the illuminated
indicator shows which way the beam is
off the screen if it cannot be seen.

Rear of Cabinet

CRT CATHODE--Binding post connects to crt
cathode through high-voltage capacitor. In-
put impedance 8 k to 15 k. Discharge
time constant about 15 milliseconds.
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SECTION 2

OPERATING INSTRUCTIONS

PRELIMINARY INSTRUCTIONS

Cooling

The Oscilloscope is cooled by filtered, forced-
air ventilation. The instrument must therefore
be placed so the air intake is not blocked, and
the filter must be clean enough to permit ade-
quate air circulation. If the interior tempera-
ture does 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.

Time-Delay DC Power Relay

A time-delay relay delays application of the
rectified dc to the circuits long enough for all
heaters to reach operating temperature. The
time delay is approximately 25 seconds. If you
switch the ac power off even briefly, the time-
delay relay will delay reapplication of the dc.

Cathode-Ray Tube Controls

The Tektronix cathode-ray tubeinthis instru-
ment has a total accelerating voltage of 10,000
volts. The spot intensity with this amount of
acceleration can be bright enough to damage the
screen in a short time if the spot is left in one
place. Be careful not to leave a fixed bright
spot or slow sweep on the screen. Turn the
INTENSITY control counterclockwise so that

the spot is dim whenever you leave the instru-
ment unattended.

The separate FOCUS, ASTIGMATISM and IN-
TENSITY controls are somewhat interdependent,
and may require readjustment for different IN-
TENSITY control settings.

Il1luminated Graticule

The adjustable graticule lighting control la-
beled SCALE ILLUM., can be adjusted to suit
the lighting conditions of the room. The colored
filter supplied is colored to provide the maximum
trace contrast for the P2 phosphor in the pres-
ence of room light.

The graticule is accurately scribed in centi-
meters and fifths of centimeters. These scale
markings and the calibrated fixed vertical-de-
flection sensitivities and sweep times, can be
used to convert deflections in centimeters into
volts and seconds. Vertical sensitivities are
calibrated in volts per centimeter, and hori-
zontal sweep-times are calibrated inseconds per
centimeter which if multiplied by centimeters
of deflection, give volts and seconds.

The graticule can be mounted in either of two
positions rotated 180 degrees from each other.
In one position, the graticule illumination is
colored red, and in the other position in white.
The white will reproduce well photographically.

FIRST-TIME OPERATION

First get atraceonthe screenby the simplest
method, and then proceed with the presentation
you want after you get an idea of the functions
of the controls To get a simple trace on the
screen, insert a preamplifier, and proceed as
follows:

Turn the POWER switch to OFF. Connect the
power cord to a sourceof 117 -volt, 60-cycle pow-
er. Then set the front-panel controls as follows:

INTENSITY
Counterclockwise (CCW)

FOCUS

2

Center

531/541—OPERATING INSTRUCTIONS

ASTIGMATISM
Center

POWER
ON

TRIGGERING LEVEL
CCW

STABILITY (red knob)
PRESET or CCW

TRIGGER SLOPE
+INT
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TRIGGERING MODE (red)

Connect a lead between the CAL. OUT ter-

AUTOMATIC or AC AUTO minal and the INPUT terminal of the unit. Set

TIME/CM
100 MICRO SEC

MULTIPLIER
2

HORIZONTAL DISPLAY
INTERNAL SWEEP

HORIZONTAL POSITION

Center

SQUARE-WAVE CALIBRATOR
5

VOLTS, MILLIVOLTS, OFF
VOLTS

the controls of the plug-in as follows:

AC--DC AC
VOLTS/CM 2
VARIABLE Clockwise

VERTICAL POSITION Center

When the POWER switch has been turned
on for about one minute, turn the INTENSITY
control clockwise until you can see a trace on
the screen. With the calibrator waveform dis-
played  you can set the FOCUS, INTENSITY , and
ASTIGMATISM controls for a sharp line, and
position the trace near the screen center with
the HORIZONTAL POSITION and VERTICAL
POSITION controls.

TRIGGERING MODES

Auromatic

You are now displaying the calibrator wave-
form, whose repetition rate is about one kilo-
cycle, and whose amplitude is five volts, peak-
to-peak, with the AUTOMATIC mode of trigger-
ing. This is about the simplest modeof trigger-
ing. It is useful for general purpose viewing,
and will operate satisfactorily for a wide variety
of trigger signals whose repetition rates are be-
tween sixty cycles and about two megacycles.

AC Slow

When you have a good, well-focused trace of
the calibrating waveform by the AUTOMATIC
mode of triggering, try the other four TRIG-
GERING MODE switch positions. Turn the
switch to the AC SLOW position. Advance the
TRIGGERING LEVEL control clockwise until
you geta stable trace again. There may be a con-
siderable range of the LEVEL control over
which you can get a stabletrace,and the start of
the trace will move up and down the edge of the
square wave within this range. Notice that the
trace starts on the upgoing partof the calibrator
square wave.

Now turn the TRIGGER SLOPE switch to
the -INT position, and readjust the TRIGGER-
ING LEVEL to obtain a stable trace again. No-
tice now that the trace starts on the down-going
portion of the tracc and that the position of the
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start can again be changed somewhat with the
LEVEL control.

DC Triggering

Now turn the TRIGGERING MODE switch to
DC. Adjust the LEVEL control for stable trig-
gering, and then position the trace with the
VERTICAL positioning control. You will notice
that triggering occurs at a vertical level on the
screen selected by the LEVEL control and
that the triggering point changes relative to the
waveform as the waveform is positioned verti-
cally. This effect will be more noticeable if
you look at a low-frequency sine wave.

This triggering position is most useful for
low-frequency signals. It is not suitable for
applications where the dc level is changing such
as when a Dual-Trace Unit is being used.

AC  Fast

In the AC FAST position of the TRIGGERING
MODE switch, the circuit is quite similar to
that in the AC SLOW position, and you will
notice no difference when displaying the cali-
brator waveform. The only difference is thatan
rc filter is inserted in the circuit, making it
insensitive to low frequencies, and allowing it
to recover quickly from dc level changes. This
is the position to use whenthereis hum present.
This is also the best position to use with the

L
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alternate sweep feature of the 53/54C unit if you
use INTernal triggering with signals having fre-
quency components above 10 kc.

HF Sync

The HF SYNC position of the TRIGGERING

TRIGGERING

Triggering Level

The TRIGGERING LEVEL control selects the
point on the triggering waveform at which trig-
gering will occur. To trigger on small signals
this control must be set near O, or near the dc
level with dc triggering. The levels are indi-
cated on the panel as positive to the right and
negative to the left. Negative positions of the
LEVEL control cause triggering to occur dur-
ing negative levels of the triggering waveform
and positive positions cause triggering during
positive levels. This control is not used in the
AUTOMATIC and HF SYNC positions of the
TRIGGERING MODE switch.

Trigger Slope

The + positions of the TRIGGERSLOPE switch
(black knob) cause triggering to occur during
the rising portion of the triggering waveform.
The level may be either negative or positive.
The - positions cause triggering tooccur during
the falling portion of the waveform. Thus
for slow rising waveforms such as sine waves,
the triggering point can be caused to occur at
almost any point in the waveform.

An additional function of the TRIGGER SLOPE
switch selects the sourceoftrigger signals. For
each of the available signal sources, the switch
provides a choice of positive or negative slope.

Triggering Mode

The TRIGGERING MODE switch arranges the
circuits to provide the kind of triggering you
need. This is the red knob and the positions it
selects are labeled in red on the panel.

Slowly changing waveforms work best on the
AC SLOW and DC positions. In the AC SLOW
position a capacitor removes the dc component
of the triggering waveform and makes triggering
on the vertical signal independent of trace posi-

o7
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MODE switch is primarily for signals having a
repetition rate in excess of ten megacycles. In
this position the sweep will trigger poorly, if
at all, on the calibrator waveform. To trigger
on a high-frequency signal, simply advance the
STABILITY control until a stable trace is ob-
tained. The LEVEL control is not used in this
position.

INSTRUCTIONS

tion. This position is suitable for signals from
twenty cycles up to about five or ten megacycles.
The DC position is the same except that it re-
sponds to dc as well. In the AC FAST position,
the circuit includes an rc filter, useful for pre-
venting 60-cycle, or other low-frequency com-
ponents, from triggering the sweep when both
high- and low-frequency components are present
in the triggering waveform. The low-frequency
limit is about two kilocycles. In these three
positions, if the STABILITY control is properly
set, the sweep will not run unless triggered by
a signal.

The AUTOMATIC and HF SYNC switch posi-
tions both arrange synchronizing circuits rather
than strictly triggering circuits. The AUTO-
MATIC circuit provides a free-running multi-
vibrator with a normal repetition rate of about
50 cycles, which locks in and runs synchro-
nously with recurrent triggering waveforms
from 60 cycles to about 2 megacycles. The
synchronized multivibrator then triggers the
sweep-gating multivibrator,

The HF SYNC switch setting arranges a cir-
cuit which connects the triggering source di-
rectly to the sweep-gating multivibrator so that
it can synchronize with the triggering wave-
form. The sweep-gating multivibrator must be
free-running for this type of operation. It free-
runs at advanced settings of the STABILITY
control. It will synchronize with signals whose
frequencies are as high as 30 megacycles, at a
sweep-repetiton . rate up to 200 kilocycles.

Stability

The STABILITY control adjusts bias level on
the sweep-gating multivibrator near the levelat
which it will free-run. Three prinlipal settings
of the STABILITY control are used; the first
setting is with the control advanced to the right,
just past the point where the sweep-gating mul-
tivibrator free-runs; second, retarded to the left
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about 5 or 10 degrees from the point where
free-running ceases; and third, retarded all the
way left, to make the multivibrator inoperative.

For synchronized operation of the sweep-gat-
ing multivibrator, as used in the HF SYNC posi-
tion, set the STABILITY control to the advanced
position so that the sweep just free-runs, and
keep it to the right of this point while adjusting

its position te synchronize the sweep.

For all trighered modes of operation, except
AUTOMATIC, the STABILITY control should be
retarded S to 10 degrees to the left of the free-
run point. In the AUTOMATIC mode and when
the STABILITY control is turned to the PRE-
SET position, the STABILITY control is replaced
by an internal control which has been preset to
give reliable triggering for most applications.

SWEEP OPERATION

Time/Cm and Multiplier

These controls determine the speed of the
horizontal trace. The time per centimeter of
horizontal deflection is equal to the product of
the MULTIPLIER setting and the TIME/CM
setting. Times per centimeter from .1 micro-
second to 1 second in steps of 10 can be selected
with the TIME/CM switch, and accurate, fixed
multipliers of 1, 2 and S times can be selected
with the MULTIPLIER switch, The sweeptimes
so selected can be depended on within three
per cent of their indicated value., The variable
sweep time positions can be checked at the
limits of the 2.5-to-1 times, and 5-to-2 times
positions against the accurate fixed multipliers
to improve their accuracy.

Magnifier

This control inserts or removes a feedback
network in the sweep amplifier that changes the
gain five times. The linearity of the amplifier is
somewhat better when the feedback circuit is
included. The center one fifth of thetraceis ex-
tended to fill the graticule when the magnifieris
switched on. When you use the sweep magnifier
to realize the fastest sweep time,.02microsec-
onds per centimeter, the linearity is reduced
from three per cent to about five per cent. With
a constant repetition rate of triggering you will
need to increase the INTENSITY control settings
as you decrease the TIME/CM control settings
because of the reduced duty cycle,

External Sweep

In the X10 and Xl positions of the HORI-

AUXILIARY

Square-Wave Calibrator

Accuracy of the open-circuit voltage of the
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ZONTAL DISPLAY switch, the EXTERNAL
SWEEP IN binding post is connected to the
horizontal amplifier. In both of these posi-
tions you must switch the 5X MAGNIFIER
switch to ON to keep the input amplifier within
its linear range. It will be necessary to ad-
vance the INTENSITY control because the un-
blanking pulse is not present if the sweep is not
running.

The variable EXTERNAL SWEEP ATTENUA -
TOR, 10-1 can be used in conjunction with the
X10 and X1 positions of the HORIZONTAL DIS-
PLAY switch to obtain continuous coverage of
the 100-1 attenuation range. Because the ampli-
fier is dc-coupled, a large dc component in
the signal being viewed may position the trace
off the screen and make it impossible to center
the display with the HORIZONTAL POSITION
control.

Because this amplifier was designed for op-
timum performance with a sweep sawtooth, its
performance with sine waves is limited. This
sine-wave limitation can best be defined by an
amplitude-frequency product, which can be ex-
ceeded only at the expense of considerable dis-
tortion. The amplitude-frequency product is
2.4 centimeter-megacycles, Thus a full 10 centi-
meters of deflection can be usedat 240kc, and a
2.4-mc sine wave can be viewed if the amplitude
is one centimeter peak-to-peak or less. The
amplifier frequency response to a sine wave is
down less than 30%, at 400 kc whenthe amplitude
is within this limitation.

FUNCTIONS

calibrator is within 3 per cent of the indicated
voltage. However, since the output impedance
at the CAL. OUT terminal varics with the setting
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of the voltage-selector switch, you must be
careful that the load impedance you connect it
to does not change the output voltage. The out-
put impedance varies between about 100 ohms
over the millivolt range to about 500 ohms at
the 50-volt tap. Except at the 100-volt tap, the
output voltage depends on the division ratio of
a voltage divider. Any appreciable change in
impedance of the shunt leg of the divider will
therefore reduce the output approximately in
proportion to the reduction of impedance. The
1-megohm input impedance of the oscilloscope
will cause no appreciable change in voltage at
any setting of the selector switch. At the 100-
volt tap, the out impedance is that of the cath-
ode follower, about 250 ohms.

The rising portion of the calibrator waveform
follows an rc curve with a time constant such
that it requires about 1 microsecond to reach
90 per cent of peak. Millivolt settings provide
a slightly better risetime of about 0.7 micro-
seconds, and the worst case is the 50-volt set-
ting with about 1.5 microseconds to the 90 per
cent point. Reactive loads will affect these times.

The frequency of the calibrator multivibrator
is nominally 1000 cycles, but may vary 30 per
cent either way. Do not use it for more than a
rough check of sweep-timing accuracy.

Trace-Brightness Modulation

To couple time markers into the cathode cir-
cuit for brightness modulation, disconnect the
ground strap at the rear of the instrument and
connect the source of modulating voltage to the
CRT CATHODE post. A peak-to-peak voltage
of about 50 volts is required to turn the beam
on and off. Input impedance is 8 k to 15k,
depending on the INTENSITY control setting.
The circuit is ac-coupled through a high-voltage
capacitor, discharge time constant about 15
milliseconds.

Direct Connection to Deflection Plates

A plastic plate and mounting bracket are

available from the factory for making direct
connections to the crtvertical-deflection plates.
The mounting bracket is designed to clamp
around the neck of the crt shield adjacentto the
deflection-plate connections. When mounted
correctly, the plate will beaccessible through the
crt deflection-plate access hole in the leftside-
panel. The bracket and plate may be ordered
with or without the necessary parts for verti-
cal-positioning voltages. Specify part number
013-008 for the unwired unit, or part number
013-007 for the wired unit. Holes can bedrilled
in the plastic plate for mounting coaxial or
other connectors. The two pins on the left-hand
side of the crt neck are the vertical-deflection
plates.

To avoid distortion, the average dc potential
on the vertical-deflection plates should be 300
volts. If you use a different voltage,K the dis-
tortion can be minimized by adjusting the GEOM.
ADJ. control at the rear of the sweep chassis.

Unless dc coupling is required, connect coup-
ling capacitors in series with the leads to the de-
flection plates and connect one-megohm resis-
tors from the deflection plates to the leads from
the vertical amplifier. With this connection the
plates are maintained at the proper operating
potential, and positioning control is retained for
the front-panel VERTICAL POSITION control.

Vertical Signal Out

The signal applied to the vertical amplifier
is available at the front-panel VERT. SIG. OUT
binding post. A signal which will cause one centi-
meter of deflection will produce a signal of about
two volts, peak-to-peak, at the binding post.
The signal is applied to the binding post at a
relatively low impedance from a cathode fol-
lower. The passband is dependent on the exter-
nal load. With a one megohm resistor shunted
by a 50 puf capacitor as a load, it extends from
about 20 cycles to 4.5 megacycles at the 3 db
points. Without the capacitive load the high-
frequency 3-db point is extended to about 6
megacycles.

SIMPLIFIED SWEEP DIAGRAMS

The trigger signal is normally coupled to the
multivibrator by way of the trigger amplifier.
The trigger signal trips the multivibrator which
sends a negative gate through the disconnect
diodes to two points on the sweep generator.

w1
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The sweep generator makes a positive-going
sawtooth that is amplified and used to sweep the
beam across the cathode-ray tube.

The speed of the sawtooth depends on the
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capacitance of the timing capacitor and the re-
sistance of the charging resistor. The height of
the sawtooth depends on the setting of the sweep
length adjustment. A portion of the sawtooth
voltage is coupled back to the multivibrator con-
trol grid via the sweep-length and holdoff tubes,
where it reverts the multivibrator and turnsthe
sawtooth generator off.

Quiescent bias on the multivibrator is deter-
mined by the dc level of the stability cathode
follower, which depends on the STABILITY
control setting. The purpose of this control is
to set the multivibrator bias near enough to
triggering that the input trigger will trigger it.
If the bias is lowered still further, the multivi-
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brator will trigger itself again as soon as it is
reverted, and will run recurrently.

Although the STABILITY control is mounted
concentrically with the TRIGGERING LEVEL
control, it works only on the sweep generator,
and is not involved in the triggering circuits.
The purpose of the STABILITY control is to
place the grid of the normally-conducting left-
hand multivibrator near enough to cutoff that
the negative trigger signal from the regenerative
trigger shaper can drive the tube to cutoff. The
control therefore requires only one adjustment to
make the multivibrator responsive to that size
of trigger. The multivibrator turns the sweep
generator on when it is triggered.
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SECTION 3

CIRCUIT DESCRIPTION
BLOCK DIAGRAM

The Block Diagram shows interconnections of the functional
parts of the oscilloscope, except the power supplies. Functions
of the switches are shown instead of their actual connections.

Plug-In Preamplifiers

In the upper left of the Block Diagram is
shown the vertical-deflection system. Theblock
labeled " Plug-Ins" representsoneof the plug-in
preamplifiers available. Connections for power
in and signal-out are made through a multiple-
contact mating plug and socket. QOutput from
these units is push-pull at low impedance.

Main-Unit Amplifier

The main-unit amplifier amplifies the signal
and drives the delay line which terminates in
the vertical deflection plates. The trigger pick-
off circuits obtain a sampleof the vertical signal
for triggering the sweep.

Delay Line

In the Type 531, the balanced 24-section
lumped-section delay line adds 1/4 microsecond
of delay to the signal so that the sweep circuits
will have time to get the cathode-ray spot un-
blanked and sweeping before the signal reaches
the vertical-deflection plates.

In the Type 541, a balanced 50-section delay
line adds .2 microseconds of delay for sweep
unblanking purposes.

Trigger Cathode Followers

The trigger signal from the main-unit ampli-
fier passes through two cathode followers. The
first applies the signal at low impedance to the
trigger amplifier and the second connects to the
front-panel VERT. SIG, OUT binding post.

Trigger Amplifier

The trigger amplifier provides either in-phase

for

531/541—CIRCUIT DESCRIPTION

or inverted output in order to provide negative-
going output for either negative-going or posi-
tive-going input trigger signals.

Trigger Shaper

The trigger-shaper amplifier makes a sharp
pulse from the trigger signal at a time during
the sloping part of the trigger signal determined
by the setting of the triggering-level control. A
sharpened negative-going pulse triggers the
multivibrator.

Multivibrator

The multivibrator turns on the sweep genera-
tor and generates the crt-tube unblanking pulse
when it is switched from its quiescent state. The
sharp negative-going trigger signal from the
trigger-shaper circuit trips the multivibrator,
which thereafter stays in the second state until
the sweep generator reverts it to its quiescent
state.

Sweep Generator

The sweep generator is a Miller integrator
that produces a positive-going sawtooth about
150 volts peak-to-peak. The sweep generator
turns itself off when it reaches a prescribed
level determined by the sweep-length control, by
transmitting a signal through the trigger-hold-
off circuits to the multivibrator.

Trigger Holdoff

The trigger-holdoff circuit transmits the
sweep turn-off signal to the multivibrator but
briefly holds off subsequent trigger signals from
starting the sweep again until all parts of the
circuit have reached their quiescent states.
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Sweep Amplifier

The sweep amplifier converts the sawtooth
output of the sweep generator into push-pull
output at low impedance at the level required
to sweep the beam across the crt-tube screen.
The amplifier gain can be increased by a factor
of five for sweep magnification. The horizontal-
positioning control operates on this stage.

Unblanking

The multivibrator generates the positive-
going unblanking pulse at the same time itturns
on the sweep generator. The positive pulse is
transmitted by means of two cathode followers
through a floating high-negative-voltage supply
to the control grid of the crt tube.

POWER

Plate and Heater Power

The 60-cycle 117/234-volt transformer has
five separate high-voltage windings. AC output
from each winding is rectified through separate
bridge-connected full-wave selenium rectifiers.
Rectified dc output is filtered with capacitors
and regulated by means of series-regulator
tubes. Four positive-voltage supplies giving 100
volts, 225 wvolts, 350 volts and 500 volts, are
all referred to the negative 150-volt supply for
regulation. The negative 150-volt supply is re-
ferred to a gas regulator tube.

Seven heater windings on the same trans-
former furnish heater voltage to all tubes using
ac in the main unit and the plug-in units. Two
of these windings are also used to supply a sel-
enium bridge rectifier which suppliesdc voltage
for the delay-line driver tubes.

External Sweep Amplifier

The external sweep amplifier provides a
means of using external sweep voltage. It
includes a fixed attenuator and an adjustableat-
tenuation control. Choice of internal or external
sweep canbe made by means of the HORIZONTAL
DISPLAY switch. The sweep magnifier must
be used with external sweeps.

Calibrator

The calibrator has no internal connection to
the vertical amplifier system. It consists of a
symmetrical multivibrator with a cathode-fol-
lower output tube whose cathode resistor is a
calibrated voltage divider.

SUPPLY

Cathode-Ray Tube High-Voltage

A 60-kc vacuum-tube oscillator has the pri-
mary of a step-up transformer for its oscillator
inductance. A sample of the rectified secondary
voltage is compared to a stable dc source, and
the difference is kept constant by an electronic
circuit that adjusts the oscillator amplitude of
oscillation in the direction to reduce any change.

A voltage tripler vacuum-tube rectifier pro-
vides positive 8650 volts for the post-deflection
acceleration electrode of the crttube. Twonega-
tive supplies, insulated from each other, supply
the crt-tube cathode at -1350 volts and control
grid at -1450 volts. The control-grid supply is
free to assume a voltage 1550 volts more
negative than its positive terminal. The positive
terminal is raised more positive by the positive
unblanking pulse and the negative terminal and
crt-tube control grid therefore also follow the
same positive pulse 1550 volts below.

VERTICAL-DEFLECTION SYSTEM

GENERAL

In the Type 531, the dc-coupled, push-pull
main Vertical Amplifier provides the necessary
gain to drive the Delay Line and the vertical
deflection plates of the crt. The main units of
the Vertical Amplifier in Serial Numbers 101
through 7600 are the Input Amplifier and Delay
Line Driver stage, V508 and V509; the Delay
Line OQutput Cathode Followers, V558A and
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V558B, the Output Amplifiers, V570 and V580
and the Output Cathode Followers, V606A and
B. The other circuits are the Internal Trigger
Amplifier, V527, the Internal-Trigger Cathode
Follower  VS535A and the Vertical-Signal-Out
Cathode Follower V535B.

In Serial Numbers 7601 and up, the Vertical
Amplifier Main Units are the Input Ampli-
fier stage V504 and V524, the Driver Cathode
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Follower stage, V533B and V543B, and the Out-
put Amplifier stage V554 and V564. Other cir-
cuits in this serial number range are the
Trigger Pickoff Amplifier V584, the Trigger
Cathode Follower, V593A, the Vert. Sig. Out
Cathode Follower, V593B, and the Indicator
Amplifier and Lamps V533A and B536A, and
V543A and B546, respectively.

Vertical Amplifier Circuit Details
Type 531, S/N101-7600

In Type 531, S/N 101 through 7600, signal in-
put from the plug-in units is connected through
terminals 1 and 3 to the grids of input ampli-
fiers V508 and V509. The cathodes of these two
tubes are connected through a degenerative rc
network, R502, R503, R504 and C503. This net-
work lowers the amplifier gain about two per
cent except during the first 1/4 microsecond for
a step signal, to compensatc tor a response
characteristic of cathode followets used else-
where in the vertical amplifier system.

Delar Line

The 24-section,l/4-microsecond delay line
introduces an additional 1/4 microsecond of
delay to permit the sweep generator and unblank-
ing circuits to get going before the triggering
signal gets to the deflection plates, so that the
leading edge of the signal can be observed. The
triggering signal is taken push-pull from the
mid-point of the first delay-line section so
that the capacitance of the grids of trigger
amplifiers V527A and V527B can be part of the
delay-line shunt capacitance. The lineistermi-
nated by R938 and R940, with C938 and C940
to correct the phase angle of the terminating
impedance. OQutput is taken from the mid-point
of the last delay-line section so that the input
capacitance of cathode followers V558A and
V558B can be part of the line shuntcapacitance.

Delay-Line Qutput Cathode Followers

Cathode output from V558A and VS358B is
connected through peaking coils [.557 and L.558
to the grids of V570 and V580, Gainof this stage
can be adjusted over a small range by an internal
screwdriver adjustment, R574, labeled AMPL
GAIN, which adjusts the amount of degeneration
in the common-cathode circuit. L1570 and L580
are adjustable peaking coils.
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DC-Shift Compensation

A long-time-constant change in gain which
is characteristic in high-conductance stages is
compensated for by an rc network, R595, R596,
R597, CS95A and C595B. A screwdriver adjust-
ment on R596, labeled DC SHIFT COMP per-
mits the amount of compensation to be adjusted
to accommodate tube differences.

Output Cathode Followers

Plate output from V570 and V580 is applied
to the vertical-deflection plates of the cathode-
ray tube through cathode followers V606A and
V6068, and through peaking coils L643 and L635
and damping resistors R634 and R635.

Off-Screen Trace Indicator

Neon glow lamps B628 and B629 are con-
nected between cathodes and +225 volts. The
cathodes are somewhat higher than + 225 volts
when the spot is centered. If the cathode of
either tube rises much above this voltage so that
the spot is not visible on the screen, the neon
glow lamp at that cathode will glow and show
which direction off the screen it is positioned.

Internal-Trigger Pickoff

Internally derived triggering voltage is taken
from the vertical-deflection signal through
V527 A and V5278, which are comnected inorder
to produce single-ended output from push-pull
input. Cathode follower V335A supplies thesig-
nal to the INT. positions of the TRIGGERSLOPE

switch. SWL.

Vertical-Signal Output

The vertical-deflection signal present at the
internal-trigger amplifier is capacitively cou-
pled to the VERT. SIG. OUT binding post via
cathode followers V535A and V535B.

Vertical Amplifier Circuit Details
Type 531, S/N7601 and up

In Type 531, Serial Numbers 7601 and up, the
signal input from the plug-in unit is coupled
through terminals 1 and 3 of the interconnecting
plug to the grids of the Input Amplifier stage.
The plate circuit of this stage is compensated
for both high-frequency attenuation and dc shift.
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High-frequency compensation is provided by
the series-shunt peaking coils 1506 and 1.523.
These coils extend the bandwidth of the am-
plifier by reducing the high-frequency attenua-
tion caused by the stray capacitance in the
circuit,

Dc shift in the amplifier tubes--a condition
whereby the dc (and extremely low-frequency)
transconductance is less than at mid-frequen-
cies--is compensated for by a dc "boost" net-
work. RS07 and CS07A, in the plate circuit of
V504, and R524 and C507B, in the plate circuit
of V524, shunt the plate-load resistors in each
circuit. The extremely long time constant of
the circuit is such that the plate-load resistance
remains 1.8 kilochms in the range from dc to a
fraction of a cycle, but reduces in value to a
minimurn of 1.77 kilohms for frequencies above
this range. The slightly higher plate-load resis-
tance, in the range from dc to a fraction of a
cycle, compensates for the slightly reduced
transconductance of the tubes in this range, so
that the gain remains substantially constant
from dc to the upper limit of the amplifier.

The Input Amplifier is coupled to the Output
stage by the Driver C.F. stage V533B and
V543B. This cathode-follower stage provides
the necessary low impedance to drive the Out-
put Amplifier. The Output Amplifier is the
driving source for the Delay Line and the verti-
cal deflection plates in the crt. The gain of
this stage is adjusted by means of RS70, the
GAIN ADJ., which varies the degeneration in
the cathode circuit. This control is adjusted so
that the vertical deflection on the crt agrees
with the plug-in unit's VOLTS/CM calibration
when the VARIABLE control is set to the
CALIBRATED position. R553 and R563 are the
terminating resistors for the Delay Line; they
are also the plate-load resistors for the Output
Amplifier.

Beam-Position Indicators

The beam-position indicators B536 and B546,
located on the front panel above the crt, indi-
cate the relative vertical position of the trace
with respect to the center of thegraticule. When
the beam is centered vertically, the potential
across either neon is insufficient to light it.
As the beam is positioned up or downthe screen,
however, the grid voltage for the Indicator Am-
plifiers, obtained from a tap on the Delay Line
terminating resistors, will change. The current

PAGE 3—4

through one amplifier will increase, and the
current through the other will decrease. Hence,
the voltage across the neon will increase,
causing it to light, and the voltage across the
other will decrease, causing it to remain ex-
tinguished. The neon that lights will indicate
the direction in which the beam has been moved.

Trigger Pickoff

When internal triggering of the Time Base
Generator is employed (black TRIGGER SLOPE
knob in either the + or -INT. position), a
" sample" of the vertical signal is used to
develop the triggering pulse. This "sample",
obtained from the Driver C.F. stage, is ampli-
fied by the Trigger Pickoff Amplifier and
coupled through the Trigger C.F. to the Time
Base Trigger circuit.

The "sample" of the vertical signal is also
ac coupled, through VS593B and C599, to a
front-panel jack labeled VERT. SIG, OUT.

Delay Line

The output signal from the Vertical Amplifier
is coupled through the Balanced Delay Line to
the vertical deflection plates of the crt. The
function of the line is to delay the arrival of
the waveform at the deflection plates until the
crt has been unblanked and the horizontal sweep
started, This delay insures thatthe very " front"
of fast vertical signals can be observed. The
line is adjusted, by means of the variable capaci-
tors connected across the line, for optimum
transient response.

Type 541 Vertical Deflection System
General

The dc-coupled, push-pull main Vertical Am-
plifier provides the necessary gain to drive the
Delay Line and the vertical deflection plates of
the crt. In Type 541 Serial Numbers 101 through
6474, the main unitsof the Vertical Amplifier are
the Input Amplifier Stage V1025B and V1040B,
the cathode follower stages V1050 and V1052, and
the 6-section Distributed Amplifier Output stage.
Other circuits of importance are the Balance
Amplifier, V1060, the Internal Trigger Ampli-
fier, V1066, Internal Trigger C.F. V1052B, Ver-
tical Signal Out C.F., VI050B, and the Indicator
Amplifiers and Lamps, V1025A and B1010 and

V1040A and B1014, respectively.
b
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In Type 541, Serial Numbers 6475 and up, the
main units are Input Amplifier Stage V1014 and
V1024, cathode follower stages V1033 and V1043,
plus the 6-section Distributed Amplifier output
stage. Other important circuits are the Trigger
Pickoff Amplifier,K V1064 and V1054, the Trigger
Pickoff C.F, V1223A, and Indicator Amplifiers
and Lamps, V1084A and B1083, and V1084B
and B1087, respectively.

In all Type 541 instruments, the vertical
amplifier has separate preamplifier units that
can be plugged into the main unit. These units
provide a variety of passbands and sensitivities
and allow for future developments in preamp-
lifiers. The plug-in units developbalanced push-
pull output which is maintained push pull through-
out the remainder of the amplifier. The units
contain sensitivity adjustments and positioning
controls.

VERTICAL AMPLIFIER CIRCUIT DETAILS
Type 541, S/N 101 through 6474

In Type 541, Serial Numbers 101 through 6474,
signal input from the preamp is connected
through terminals 1 and 3 to the grids of input
amplifiers V1025B and V1040B. The cathodes of
these two tubes are connected together through
the degenerative network, R1026, R1027 and
R1028. R1027 labeled GAIN ADJ. is variable
to allow the amplifier gain to be varied over a
small range. 1.1022 and [.1041 provide series
peaking for the stage. Triodes VI1050A and
V1052A provide the low impedance necessary for
driving the distributed-amplifier grid line.

Beam-Position Indicators

Triodes V1025A and V1040A have as their
plate loads neon glow lamps B1010 and B1014
across l-megohm resistors. When the trace is
centered, the plate current is insufficient to
ignite these lamps, but as the trace is positioned
off the screen vertically the current throughone
triode will increase causing the corresponding
lamp to glow showing which way the trace is off
the screen.

Trigger Pickoff

The trigger pickoff tubes, V1060 and V1066,
convert the push-pull vertical signal on thedis-
tributed-amplifier grid lines to single-ended
output without disrupting the balanced configura-
tion of the grid lines. The trigger cathode fol-
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lower supplies the amplified vertical signal at
low impedance to the oscilloscope trigger cir-
cuits and to the vertical-signal-out cathode fol-
lower. This cathode follower applies a sample of
the vertical signal, somewhat limited in pass-
band, to the front-panel binding post labeled
VERT. SIG. OUT.

DC-Shift Compensation

DC-shift compensation is accomplished in
two ways and corrects for two different time con-
stants. The series combination of R1080 and
C1045B on plate line [.1080, and R1084 and
C1050B on plate line 1.1083 lowers the termina-
tion resistance of these lines to all but the
very low frequencies. They provide a time con-
stant which corrects for the initial dc shift
in the amplifier. The second time constant is
corrected by R1045 and C1045A and R1050 and
C1050A. These rc networks have a negligible
loading effect on the distributed-amplifier plate
lines, but provide low-frequency positive feed-
back to the input-amplifier plates. This feed-
back corrects for the longer-time-constant dc
shift. R1059, labeted DC SHIFT COMP. permits
the amount of compensation to be adjusted to
accommodate tube differences.

Distributed Amplifier

The output amplifier is a six-section, bal-
anced, distributed amplifier. The grid linesare
driven by V1050A and V1052A through rc fre-
quency-compensating networks. The platelines,
1.1080 and L1083, drive the delay line directly.
Each section of the plate lines is tuned for op-
timum response to a square wave by trimmers
connected line-to-line.

Termination Network

Unless the plate lines are terminated at the
reverse end with a resistance equal to their
characteristic impedance, signals traveling the
reverse direction down the line willbe reflected
and appear in the output. Sinceresistorsarenot
available, in a suitable power rating, which ap-
pear resistive over the wide passband of the
Type 541, an adjustable terminating network is
used. The coils, L1070 and L1071, are wound
with resistance wire and have a total resistance
of 595 ohms. Each section has a characteristic
impedance which is approximately equal to the
impedance of the plate lines less the series de
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resistance between it and the plate lines.

VERTICAL AMPLIFIER CIRCUIT DETAILS
Type 541, S/N 6475 and up

In Type 541 instruments, Serial Numbers
6475 and up, the signal input from the plug-in
unit is coupled through terminals 1 and 3 of the
interconnecting plug to the grids of the Input
Amplifier stage. R1027 varies the cathode
degeneration and thus sets the gain of thestage
to agree with the Preamplifiers front-panel
calibration when the VARIABLE knob is in the
CALIBRATED position.

The Input Amplifier is coupled to the Distri-
buted Amplifier by the cathode followers V1033
and V1043. The cathode followers isolate the
Distributed Amplifier from the Input Amplifier
and provide the necessary low-impedance drive
for the Distributed Amplifier's grid lines.

High-frequency compensation for the Input
Amplifier is provided by the variable peaking
coils L1014 and .1024. Variable inductors L1036
and L1046 provide additional peaking at the
very high frequencies.

Output Stage

The output stage is a 6-section Distributed
Amplifier. The tapped inductors in the trans-
mission line, between each grid and between
each plate, isolate each section from the capaci-
tance of the adjacent sections,

The input signal for eachtubeis obtained from
the grid line,k which is driven by the cathode
followers V1033 and V1043. The amplified signal
at each plate, fed to the plate line, becomes
an integral part of the wave traveling down the
line toward the deflection plates.

The vertical signal is delayed 0.2 microsecond
between the input to the grid line and the verti-
cal deflection plates. This delay insures that
the very "front" of fast vertical signals can be
observed. About 0.015 microsecond of the total
delay time occurs in the Distributed Amplifier;
the remaining 0.185 microsecond occurs in the
Delay Line.

The tapped inductors between each section of
the Distributed Amplifier provide about 0.003
microsecond of delay. By making the delay time
in the grid and plate lines equal, the signal
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arriving at each plate, through the electron
stream of the tube, will be synchronous withthe
signal 'moving down the plate line from the
preceding sections.

DC Shift Compensation

DC shift in the amplifier - -a condition whereby
the dc and very low-frequency transconductance
is lessthan at mid-frequencies- - is compensated
for in two ways. R1090 and Ci1093B, in plate
line 1.1104, and R1095 and C1093D in plate line
L1114, form a low-frequency boost network; the
time constant of this network is such that the
termination resistance of the line is increased
in the range from very low frequencies to dc.
A longer time constant, for extremely low-fre-
quency and dc compensation, is provided by
R1092, R1094 and C1093A, in one plate line and
by R1097, R1099 and C1093C in the other, which
provide a small amount of positive feedback from
the plate lines to the plate circuits of the Input
Amplifier. A variable resistor R1091, the DC
SHIF'T COMP. control, is connected betweenthe
two networks to adjust for the proper amount of
compensation.

Beam-Position Indicators

The beam-position indicators, B1083 and
B1087, located on the front panel above the crt,
indicate the relative vertical position of the
trace with respect to the center of the graticule.
When the beam is centered vertically, the po-
tential across either neon is insufficient to
light it. As the beam is positioned up or down
the screen, however, the current through the
Indicator Amplifiers, and hence the voltage
across the neons, will change. The voltage
across one ncon will increase, causing it to
light, and the voltage across the other will de-
creasc, causing it to remain extinguished. The
neon that lights will indicate the direction in
which the beam has been moved.

Trigger Pickoff

When internal triggering of the Time Base
Generator is desired (black TRIGGER SLOPE
knob in either the +or-INT. position), a " sam-
ple” of the vertical signal is usedtodevelop the
triggering pulse. This "sample" is obtained
from the trigger pickoff circuit consistingofthe
Trigger Pickoff Amplifier V1054 and V1064,
and Trigger Pickoff C.F. V1223B

b g
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This "sampie" of the vertical signal is also
ac-coupled, through V1223A and C1228, to a
front-panel jack labeled VERT, SIG, OUT.

Delay Line

The output signal from the Vertical Amplifier
is coupled through the balanced Delay Line to
the vertical deflection plates of the crt. The
function of the Delay Line is to retard the
arrival of the waveform at the deflection plates
until the crt has been unblanked and the hori-
zontal sweep started. This delay, as mentioned
previously, insures that the very " front" of fast
vertical signals can be observed. The line is
adjusted, by means of the variable capacitors
connected across the line, for optimum transient
response.

The entire Delay Line, which includes the
plate'line in the Distributed Amplifier, is re-
verse-terminated in its characteristic impe-
dance. The Termination Network, shown on the
Vertical Amplifier diagram, is designed to dis-
sipate both the dc and signal energy in the line
by presenting a constant resistance over thefre-
quency range of the amplifier. The terminating
resistors R1071 and R1073 are specially made,
wirewound, noninductive, distributed resistors.
The 600 ohms total resistance in each is
"tapered" , or distributed, in steps. The largest
segment of the terminating resistance appears
nearest the line; the smallest segment appears
at the opposite end. Each step of the resistance

is then tuned, by means of the variable capaci-
tors, so that the network will present an opti-
mum load to the line.

CALIBRATOR

The calibrator is a symmetrical multivibrator
with V670A and V670B connected so it will turn
cathode follower V246A on and off as it oscil-
lates. During the negative pulse at multivibrator
V670A, the grid of the cathode follower is driven
well below cutoff, so the cathode is at ground
voltage. During the positive pulse at the multi-
vibrator the plate is cutoff and rests slightly be-
low +100 volts, The voitage of the plate during
cutoff is determined by the setting of R679%,part
of a divider between +100 volts and ground.
R679 is a screwdriver adjustment labeled CAL
ADJ. Cathodes of themultivibrator are returned
to -150 volts. The multivibrator frequency is
about one kilocycle.

Cathode follower V246A has a tapped cali-
brated voltage divider for its cathode resistor.
When the CAL ADJ, comtrol is properly set, the
cathode follower cathode is at + 100 volts when
V670A is cut off. Taps on the divider divide the
100 volts down to 50,20 10,5 2 1, .5 and .2
volts. A second divider with a division ratio of
1000 to 1, can be switched inifdesired ro divide
these voltages into millivolts. C682 from the
cathode-to-ground corrects a slight overshoot.
No internal connection from the calibrator to
the vertical-deflection circuits is provided.

HORIZONTAL-DEFLECTION SYSTEM
SWEEP CIRCUITS

Trigger Amplifier

The TRIGGER SLOPE switch selects the
source of triggering voltage and arranges the
trigger-amplifier input circuit to produce nega-
tive-going output for either negative-going or
positive-going portions of the input signal.

The trigger amplifier, V8, is agrounded-grid
cathode-coupled linear amplifier. A capacitor,
C3, can be switched into the grid circuit to
remove the dc component of the trigger signal.
Output is always taken from the A-section plate,
but the TRIGGER SLOPE selector connects
either the A-section grid or the B-section grid
to the input signal source. For positive-going
signals connection is made tothe A-section grid,
and for negative-going signals conncction is

3
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made to the B-section grid, and in each case
the opposite grid is connected to an adjustable
dc bias source, adjustable by means of the
TRIGGERING LEVEL control. Rl4 adjusts the
bias on one half or the other of V8 to adjust the
dc level of the A-section plate output. The dc
level of the plate output is important to the
circuit operation in three of the five positions
of the TRIGGERING MODE switch because in
these three switch positions the input grid to
the trigger shaper stage, V20A  is dc-coupled
to the plates of V8. The effect of the dc level
is shown in a later paragraph.

Triggering Mode Switch

The TRIGGERING MODE switch, SW5 hasfive
positions marked in red in the upper right-hand
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corner of the instrument panel: DC, AC SLOW,
AC FAST, AUTOMATIC, and HF SYNC, This
switch arranges the circuits of the trigger-
amplifier and trigger-shaping stages to accom-
modate the five types of triggering.

DC, AC Slow and AC Fast

When the TRIGGERING MODE switch is
in the DC position, the triggering signal is
direct-coupled through the trigger amplifier so
that the dc component of the signal is applied
to the trigger shaper. In the AC SLLOW position,
C3 removes the dc component of the signal, and
in the AC FAST position, C4 and R6 form an rc
filter to remove the low-frequency component of
the triggering signal and allow fast recovery of
the trigger circuits in the presence of dc level
changes.

In these three positions, the trigger shaper,
V20, is connected as a bistable multivibrator.
In the quiescent state between triggers, the
pentode section is conducting and its plate is
therefore down. The grid of the triode section
is dc-coupled to the pentode-section plate
through divider R34, R35, R36, which holds
the triode-section grid below plate-current cut-
off. The negative-going trigger signal at the
pentode grid raises the pentode plate which
carries the triode grid positive into plate-cur-
rent conduction. This also raises the triode cath-
ode which is coupled to the pentode cathode
through C28, R28, so that current is further
reduced in the pentode, and the pentode cuts off.
The transition is made very rapidly, regardless
of how slowly the pentode grid signalfalls. R28,
connected between the two cathodes, is adjust-
able so that the trigger sensitivity can be ad-
justed. This is a screwdriver control marked
SENSITIVITY on the chassis. No cathode cur-
rent flows from the cathode not conducting
through R28 when the trigger shaper isineither
stable condition, so its effect is to lower the
cathode voltage of the tube not conducting. For
example, when the triode section is not conduct-
ing and its grid is below its cathode by the
amount determined by plate current through
R24, its cathode is below the cathode of the
pentode section. R28  R27 forma voltage divider
that places the triode cathode about two volts
lower than the pentode cathode. This places
the triode grid and cathode two volts closer
together. The larger R28 becomes, the closer
to conduction the triode will be. Increasing R28
therefore increases triggor sensitivity.
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The steep negative-going step at the plate of
the triode section is differentiated in an rc cir-
cuit, including C58 shown in the sweep diagram,
with a time constant of about a tenth micro-
second, and the sharpened pulse trips the mul-
tivibrator. The circuit will respond to trigger
signals with a frequency up to 2 mc.

The TRIGGERING LEVEL control, R14, adds
a bias to the plate-output signal of the inverter
stage, V8. This changes the level of the cath-
ode of the shaper stage, V20, and therefore
changes the level on the triggering signal that
must be reachedto return the shaper-stage cath-
ode to the transition point. For example, to ad-
just the triggering level so that triggering will
occur at a point four volts positive on the posi-
tive-going portion of 2 10-volt peak-to-peaktrig-
ger-input signal, the triggering-level bias would
therefore rise about 20 volts. Positive-goingin-
put would become negative-going output, which
starting 20 volts higher than the zero level, would
need to drop twenty volts to return tothe trans-
ition point and trigger the shaper stage.

Automatic

In the AUTOMATIC position of the TRIG-
GERING MODE switch, the plate of the pentode
section of the trigger-shaper,K V20 drives the
grid of the triode section justas itdoes in the AC
SLOW position. But in addition, it also drives
its own grid through R20, a high resistance of
several megohms.

When the transition takes place and the plate
of the pentode rises, for example, the triode
grid also rises carrying with it the right-hand
end of R30. The left-hand end of R30 is connected
to the pentode grid through R21. The time con-
stant of the rc circuit between the triode grid
and ac ground through C20, R30, and R21, is of
such length that it takes about .0l seconds for
the pentode grid to rise exponentially from its
starting point below cutoff to a point where plate
current can flow, During the .0l-second period,
the pentode grid rises, but the triode grid re-
mains at a constant voltage until the next tran-
sition, when pentode plate current begins to
flow.

When pentode plate current flows, the pentode
drops, forcing the triode grid down, and thus
the right-hand end of R30 is forced down. The
left-hand end of R30 and the pentode grid im-
mediately begin to drop exponentially toward

o
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pentode cutoff. When the pentode grid reaches
cutoff again it has completed one cycle of the
approximately 50-cycle sawtooth. The range of
pentode grid voltage between pentode cutoff and
triode cutoff is about six volts for the AUTO-
MATIC circuit. This is increased from about
1/4 volt for the DC and AC SLLOW circuit con-
nections by addition of R23 to the plate load of
the pentode.

Since the pentode grid is never more than six
volts from cutoff, a trigger signal with a peak-
to-peak voltage of six volts or more can drive
the grid to cutoff at any time during the nega-
tive-going excursion and produce a trigger out-
put. Smaller trigger signals canalsotriggerthe
shaper but only if they occur at a time when the
grid is within their peak voltage of cutoff. The
duty cycle of operation of the sweep is some-
what reduced therefore with smaller trigger sig-
nals.

This circuit configuration is useful because
with it the sweep can be synchronized with re-
petitive signals over a range of frequencies
without readjustment. When not triggered ex-
ternally, the sweep continues at a fifty-cycle
rate, and in the absence of any vertical signal,
generates a base line that shows that the oscillo-
scope is adjusted in order to display any signal
that might be connected to the vertical-deflection
system.

HTFF SYNC

When the TRIGGERING MODE switch is
in the HF SYNC position, the trigger-amplifier
and trigger-shaper stages are bypassed and the
trigger signal is applied directly to the sweep
multivibrator. In this position the STABILITY
control is set so the sweep is superimposed on
the negative-going trigger-holdoff waveform at
the grid of V58A and will cause the multivi-
brator to synchronize at a submultiple of the
triggering-signal frequency. This circuit is
suitable for signals in excess of five megacycles.

Multivibrator

The dc-coupled multivibrator, shown in the
sweep-generator diagram, turns on the swecp
generator upon receipt of a negative trigger
from the trigger shaper, and holds off subse-
quent trigger signals until after the sweep is
completed. The multivibrator consists of V58
and V70 with both eommon-cathode and plate-

531/541—-CIRCUIT DESCRIPTION

¢

to-grid coupling. Plate-to-grid coupling is by
means of a cathode follower, V58A is the
positive-going half of the multivibrator whichin
the quiescent state is conducting. V70 is the
negative-going half of the multivibrator which
in the quiescent state is cut off.

In the quiescent state V58A is conducting and
its plate is down. Cathode-follower V58B holds
the grid of V70 below cutoff through voltage
divider R65, R66. The plate load of V38A in-
cludes L6l to speed the rise of plate voltage,
and R62 which raises the plate voltage a few
volts above + 100 when the plate is cut off. The
use of cathode-follower V58B, between V58A
plate and V70 grid, isolates the positive-going
plate from the capacitances of the various loads
that require a positive-going pulse, and thereby
permits a steeper positive step. The voltage
divider in the cathode of the cathode follower is
compensated by C65 for the shunt capacitance-
to-ground of the grid of V70.

While V70 is cut off its plate rests at
-3.2 volts, because of diode current in V80A and
V80B, which flows through R69., When the nega-
tive trigger pulse from thetrigger-shaper stage
reaches the grid of V38A an amplified positive
pulse results at V58A plate. The amplified posi-
tive pulse at V38A plate is coupled through cath-
ode follower V58B to the grid of V70. This
raises the common-cathode voltage which fur-
ther raises the plate voltage of VS8A. Thebiases
and plate loads areadjusted sothat when V58A is
conducting, the grid of V70 is held below cutoff,
and when V70 is conducting, the cathode of
V58A is held above cutoff.

There are thus two stable states | in either of
which the multivibrator will remain until a sig-
nal of the proper polarity and amplitude at the
grid of VS8A switches it to the other state. To
return the multivibrator back to the quiescent
state with V58A conducting, a positive voltage
is required at the grid of V58A which is high
enough to cause plate current to flow, The posi-
tive voltage for returningthe multivibratortoits
quicscent state is supplied from the sweep gen-
erator when it has completed its sweep.

Stability Cathode [Follower
The STABILITY control, R43, and PRESIT
STABILITY control, R49, adjust the grid voltage

of cathode follower V40A  which in turn deter-
mines the quiescent grid voltage of positive
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multivibrator V38A at about -64 volts | justabove
the threshold of triggering. Holdoff cathode fol-
lower V40B is normally cut off and does not
contribute to the quiescent level of V38A grid.

Sweep Generator

The sweep generator is a Miller integrator
circuit. The circuit includes disconnect diodes
V80A and V80B, cathode-follower coupler V85,
timing capacitor €99, and the Miller tube,
V90, In the quiescent state between sweeps, the
plates of diodes V80A and VBOB restat 3.2 volts.
Very little current flows through V80A to the
grid circuit of V90, and V90 gridtherefore rests
at about -3.3 volts. More current flows through
V80B so that its cathode is therefore at about
-5 volts. The timing capacitor, C99, which is
connected between these two points, therefore
has only about 1.7 volts of charge.

The grid of cathode-follower V85 is connected
to the plate of Miller tube V90 through neon
glow tube B9S. The grid of V90 therefore fol-
lows the plate changes of V90 but remains 55
volts below the plate. C95, R95 is a network
around B95 to improve the risetime.

The -3.3-volt bias on the grid of V90 places
the tube in the class-A region of its operating
characteristic, where the plate-to-cathode volt-
age is inversely proportional to the grid -to-cath-
ode voltage. The negative step from the multi-
vibrator to the plates of diodes V80A and V80B
lowers the plates below their cathodes, andthey
no longer conduct. The Miller-tube grid, and
plate-coupling cathode follower, are thus re-
leased to seek their own voltage levels. The
grid of Miller tube V90, which is returned to
-150 volts through R99, starts negative. When
the grid starts negative the plate starts positive
carrying cathode-follower V85 grid and cathode
capacitor C99 positive which thus tends to pre-
vent the Miller tube grid from going negative.

The gain of the Miller tube as a class-A ampli-
fier is so high that the plate signal coupled back
through charging capacitor C99 keeps the grid
voltage constant within a fraction of a volt.
Meanwhile, C99 is charging with current flowing
through R99 from the -150-volt bus. Since the
grid of V90 remains constant within a small frac-
tion of a volt, the current through R99 remains
constant, and C99 thus charges at a constant
rate. As C99 charges, the voltage of the upper
end therefore rises linearly. Anydeparturefrom

PAGE 3—10

a linear rise of the cathode of cathode-follower
coupler V85 will result in a change ingrid volt-
age in the direction that will produce a change
in plate voltage the right amount to correct the
departure difference. A bootstrap capacitor,
C96, increases the plate current in V90 at the
higher sweep speeds to help maintain a linear
voltage rise.

The linear rise of the cathode of V85 is used
as the sweep sawtooth. Charging capacitor C99
is selected by means of a step switch, SW55,
labeled TIME/CM on the front panel. Charging
resistor R99 is also selected by a step switch so
that both the size of the capacitor being charged
and the current charging the capacitor can be
selected to cover a wide range of sawtooth slopes.

The cathode of V85 continues to rise linearly
until a positive step from multivibrator V70 re-
turns the disconnect-diode plates back to their
quiescent state which raises the Miller tube grid.
When the Miller tube grid rises, its plate drops
carrying cathode-follower V85 with it until its
cathode clamps again through V80B at the quies-
cent level of -3.3 volts.

Sweep Length

The positive step from multivibrator V70 oc-
curs when a positive step is deliveredto the grid
of multivibrator V38A. The sawtooth to the
multivibrator is delivered through cathode fol-
lowers V40B and V55B from a tap on the cath-
ode-load resistor of coupling cathode follower
V85. This tap is adjustable by means of potenti-
ometer R88, labeled SWEEP LENGTH on the
chassis, a screwdriver adjustment. When the
voltage of this tap is properly set the sawtooth
will terminate when the spot has passed the
right-hand limit of the cathode-ray screen. C54
on the grid of V40B retards the return of V38A
grid to the quiescent level after the passage of
the positive pulse, This holds off any trigger
signals from retriggering the multivibrator until
all other capacitances inthe circuit have hadtime
to reach their quiescent voltage level. Proper
sizes of capacitor C54 are switched with the
TIME/CM switch so that more recovery timeis
permitted for the slower sweeps and the least
necessary recovery time is allowed for the
faster sweeps.

Sync Amplifier

Synchronizing pulses for the Dual-Trace plug-

%
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in unit are supplied by V78. When the negative
multivibrator, V70, generates its positive plate
step, it also generates a sharp differentiated
positive trigger voltage at its screen, because
of L72 and damping resistor R72 which connect
the screen to +100 volts. The positive screen
trigger pulse is coupled to the grid of V78
through C78. Grid bias of about -5 volts is set
by divider R78, R79, between ground and -1350
volts. Plate voltage and cathode return circuits
are completed in the plug-in unit. The negative
plate pulse is used for synchronizing the dual-
trace unit.

Sweep Amplifier
Amplifier

Input to the sweep amplifier is selected by one
of the sections of the HORIZONTAL DISPLAY
switch, SW110. This switch connects the ampli-
fier input to the sweep generator output in the
position marked INTERNAL SWEEP  and through
an amplifier and attenuator to a front panel
connector marked EXTERNAL SWEEP IN, in
the positions marked EXT SWEEP ATTEN, X10,
and XI1.

A cathode follower, V240B | feeds the selected
signal to a second cathode follower, V240A, which
in turn feeds a common-cathode, grounded-grid
phase inverter, V265A and V272A. Gain of the
phase-inverter stage canbe adjusted by adjusting
R266 and R270, labeled SWP CAL and MAG GAIN
on the chassis, which determine the degree of
coupling between the two cathodes. Output
from the phase-inverter stage is applied to
the horizontal-deflection plates of the cathode-
ray tube through cathode followers, V26513 and
V272B. Bootstrap capacitors, C278 and C286,
increase the plate current in the phase inverter
stage at the higher sweep speeds to maintain a
linear rise in the sweep waveform.,

Magnifier

A negative voltage feedback network, made up
of R259 and the parallel resistance of R260 and
R254, accurately determines the gain of the
sweep amplifier, This negative feedback can be
disconnected by means of SW254A  labeled 5X
MAGNIFIER, ON and OFF in red on the front
panel. When the feedback is removed, the gain
of the amplifier is increased by a factor of five
for the magnified sweep, R266 and R270 between
cathodes of the phase-inverter stage V265A and
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V272B are also switched by the SX MAGNIFIER
switch, to permit the gains to be individually
adjusted in order to keep the ratio of gains
exactly five times for the two positions while
permitting the spot speeds to be accommodated
to the graticule. Aninternal screwdriver adjust-
ment, R262, labeled SWEEP MAG REGIS, adjusts
the bias of the degeneration cathode follower so
that it is the same for both switch positions.
This permits the magnified and normal sweep
traces to be keptinaccurate register  so that the
center portion of the normal sweep will be cen-
tered when magnified.

Gated CF Current Booster

Cathode current for cathode follower, V265,
which drives the negative-going, left-hand plate
of the crt, is determined by the plate current of
pentode V282. The pentode is used because its
plate current remains nearly constant over a
large range of plate voltage, so that the cath-
ode-follower current is kept nearly constant
even though its cathode voltage drops through a
range of about 150 volts. [For the fastest sweeps,
the maximum permissible continuous current
through these tubes is too small to discharge
the capacitance of the crt deflection plate and
its associated wiring at the required rate. To
increase the current through these tubes to the
required value,k a positive, flat-topped pulse is
applied to the grid of the pentode during the
period of the sweep. The positive pulse is derived
by differentiating the positive-going sawtooth,
through an rc network. Its amplitude is thus
proportional to sweep speed. For the fastest
sweep, the tube current is severaltimes normal,
but at the reduced duty cycle of the sweep, is
well within the average dissipation limit of the
tubes.

Beam-Position Indicators

Two neon glow lamps, B292 and B293, con-
nected across the deflection plates and biased
slightly below the average dc voltage of the
plates, indicate which direction the spot is off
the screen if it cannot be seen. If either plate
assumes a voltage much higher thanthe average
voltage, the glow lamp connected to that plate
will glow.

Positioning

Horizontal positioning of the trace is adjust-
abhle through cathode follower V246B which sets
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the dc grid voltage of input cathode follower
V240B. The grid voltage of the positioning
cathode follower is determined by potentiometer
R250, labeled HORIZONTAL POSITION on the
front panel, and by R248, labeled VERNIER in
red on the front panel, which will move the
spot about one-fifth as far as R250.

External Sweep Amplifier

When the HORIZONTAL DISPLAY switch,
SWI100, is in either of the EXTERNAL. posi-
tions, the EXTERNAL SWEEP IN binding post
connects to an auxiliary sweep amplifier not
otherwise used. The external sweep signal input
can be attenuated ten times if desired with one
position of the switch. R10l, R102 is the 10X
attenuator network. The network can be fre-
quency compensated by adjusting C101.

The sweep signal is applied to the grid of
V105A, a cathode follower whose cathode out-
put feeds the grid of V115B. This tube, with
V115A, forms a cathode-coupled grounded-grid

amplifier. The gain of this stage canbe adjusted
over a ten-to-one range by varying R117 which
forms the major part of the coupling between
the two cathodes.

V115A grid is grounded as far as the sweep
signal is concerned, by the low cathode im-
pedance of V105B. The cathode resistor of
V105A and V105B includes potentiometer R111,
labeled EXT. AMP. DC BAL. on the chassis,
the movable arm of which is returned to -150
volts. When the arm is adjusted inonedirection,
resistance is added to one cathode and subtracted
from the other. When properly adjusted, R111
sets the dc levels of V115A and V115B equal, so
that no dc current flows through the 10-1 gain
adjustment, R117. When no dc current flows
through this resistor, it can be varied without
changing the dec level of the plate output of
V115A,

Note that the external-sweep signal must not
have a dc component of its own or the dc balance
will be upset, and adjustment of the 10-1
gain control will position the trace horizontally.

POWER SUPPLY

Transformer

Plate and heater power for the main unit and
the plug-ins is provided by a single power trans-
former, T700. The primary is wound with two
equal 117-volt windings that can be connected
either in parallel for 117-volt operation, or in
series for 234-volt operation. The power supply
will operate satisfactorily over the voltage
ranges 105 to 125 volts and 210 to 250 volts,
50 to 60 cycles. The secondary contains five
separate high-voltage windings and seven sepa-
rate heater windings.

Rectifiers

The ac voltage from the high-voltage windings
is rectified by bridge-connected full-wave dry-
disk selenium rectifiers.

Regulation, -150-Volt Supply

All dc voltages furnished by the power supply
are regulated either in the power supply or in
the circuit it supplies. Reference voltage for the
regulators is established by means of a gas-diode
voltage stabilizer that determines the grid poten-
tial of a comparator amplifier V712, in the
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-150-volt supply. The grid potential of V712A
established by the gas diode is compared against
the grid voltage of V712B. The grid voltage of
V712B is obtained from a divider, R715, R716,
R718, which divides down the voltage of the
-150-volt bus being regulated. R716, labeled
-150 ADJ. on the chassis, is a screwdriver
adjustment which determines the percentage of
voltage division that appears at V712B, and
thereby determines the total voltage across the
divider.

The voltage difference between the two grids
of V712 appears as an amplified error signal at
V712B plate. The amplified error signal is
further amplified in V700, which is dc connected
to V712B plate and to the grids of series tubes,
V725, V726, and V727.

The series tubes change their plate-to-cathode
resistance according to their grid-to-cathode
voltage. The dc-coupled amplified error signal
at their grids controls their plate resistance in
order to introduce a change of drop through the
tubes in the right direction to correct any dif-
ference in voltage between the two grids of the
comparator tube. C707 and C717 bypassing the
dc-coupled dividers, increase the ac gain of the

feedback loop and thereby reduce ripple.
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C115 connected between the -150-volt bus and
ground keeps the output impedance down at
frequencies above cutoff for the regulator feed-
back amplifiers. Thescreenof V700 has a small
amount of the ripple that exists ahead of the
regulators connected to it through R278. The
phase of the amplified ripple voltage that appears
at the plate of V700 is suchasto out-phase most
of the ripple at the -130-volt bus. R724 bypass-
ing the series tubes reduces the amount of load
current through them.

+ 100-Volt Supply

The comparator tube in the +100-volt supply,
V742, compares its grounded cathode to thetap-
ped-down voltage of divider, R750, R751, con-
nected between the -150-volt bus as a reference
voltage and the +100-volt bus to be regulated.
The tapped-down point is a volt or so below
ground. The screen of V742 receives a sample of
the ripple signal through R744 to provide anout-
phasing signal that reduces the output ripple at
the +100-volt bus. High-frequency gain of the
feedback loop is increased by C750, and C715A
reduces the high-frequency output impedance.

+ 225-Volt Supply

Rectified ac from terminals 7 and 14 is added
to the regulated dc of the +100-volt supply to
provide about 320 volts to the plate of scries
tube V748A. The comparator tube is V765and an
additional gain stage with V757 increases the
feedback-loop gain. C770 and 763 increase the
ac gain, and C751B provides low output impe-
dance at high frequencies. Unregulated voltage
taken from a point ahead of the series tube
supplies the regulator for the cathode-ray tube
supply. R762 reduces the load current through
the series tube.

+350- Volt Supply

Rectified ac from terminals 5 and 10 of trans -
former T700 is added to the unregulated input to
the +225-volt series tube, and applied to the
plates of series tube V784, The comparator tube
is V782. Screen injection of ripple voltage is
used. 787 increases ac gain and C751C lowers
high-frequency output impedance. R785 reduces
load current through the series tube.

+500-Volt Supply

Rectified ac from rerminals 20 and 21 of trans -
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former T700 is added to the regulated side of
the +350 supply, and applied to the plate of
series tube V794, The comparator tube is V791
with screen injection of ripple. C797 increases
ac loop gain, and C790B in series with C751C
to ground, reduces output impedance at high fre-
quencies. (0795 reduces load current through the
series tube,

Time-Delay Relay

A thermal-delay relay, K700, delays applica-
tion of high voltage to the external circuits for
about 25 seconds so that the heaters have time to
get up to temperature, The de current to the
heaters of the plug-in units bypasses the regula-
tor tube, V748B, through R749 during this
period. If the ac circuit is momentarily broken
the thermal-delay relayoperates and again waits
for 25 seconds after reapplication of the ac be-
fore completing the de high-voltage circuitrcon-
nection.

High-Voltage Supply

Accelerating voltages for the cathode-ray tube
are obtained by rectifying a 60- ke high ac volt-
age produced by a vacuum-tubeoscillator. V803
is the oscillator tube connected as a Hartley
oscillator with the primary of transformer T801
as the tapped inductor and C806 as the capacitor.

A voltage-tripler rectifier, consistingof V821,
V822 V823 (821,C822,and C823 supplics about
8650 volts positive for the post-deflection ac-
celerating anode of the cathode-ray tube.

High-Voltage Regulator

A sample of the cathode voltage is tapped off
by means of R814 R812 andadjustable R8LL, and
applicd to the grid of comparator tube VEI0A.
The cathode of V8IOA is comnected to -150
volts | and the grid is comparced to that voltage.
The difference voltage is amplified in the com-
parator tube and amplified again in shunt-regu-
lator tube V81013 whose plate voltage determines
the screen voltage of oscillator V803,

If, for example, the high voltage should be-
come too high, it would make the grid of the
comparator tube more negative with respect to
its cathode. When thegrid drops, theplate rises,
thereby raising the grid of V81013, When its grid
rises its plate drops, thereby dropping the screen
voltage of the oscillator tube, and reducing
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the amplitude of oscillation. The reduction of
primary voltage of T801 reduces the high voltage,

thereby correcting the original departure. C814
at V810A grid, reduces noise and hum.

CRT SUPPLY

Unblanking

The control-grid voltage is produced by a
winding and rectifier, V824, similar to the cath-
ode supply, but insulated from it. The positive
end of the control-grid supply is connected to
the cathode of unblanking cathode-follower V54A
and the negative end at -1450 volts is connected
to the control grid through potentiometer R831,
labeled INTENSITY on the front panel. Whenthe
unblanking pulse is produced at the cathode of
the unblanking cathode follower it drives the
whole grid-voltage supply with it winding, filter,
potentiometer, so that the same pulse appears
at the cathode-ray tube grid 1550 volts below.
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Since this is a dc connection, the unblanking
pulse may have any duration with no change in
grid voltage. C834 transmits the leading edge of
the unblanking pulse to reduce unblanking time
for fast sweeps, and R834, R835, and R830
provide the right time constant to prevent over-
shoot.

CRT Geometry Adjust

The second-anode voltage required for best
linearity at the extremes of deflection may vary
somewhat between tubes. R861, a screwdriver
control, labeled GEOM. ADJ. on the chassis,
permits this voltage to be adjusted.
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GENERAL INFORMATION

Replacement of Components

Tektronix will supply replacement components
at current net prices. However, since most of
the components are standard electronic and radio
parts we suggest you get them from your local
dealer if you can. Be sure to consult your in-
struction manual first to see what tolerances
are required.

We specially select some of the components,
whose values must fall within prescribed limits,
by sorting through our regular stocks. The com-
ponents so selected will have standard RETMA
color-code marks showing the values andtoler-
ances of the stock they were selected from, but
they will not in general be replaceable from
dealers stocks.

Such selected parts, as well as the parts we
manufacture at Tektronix, are identified in the
parts lists either by notes or by our own stock
numbers. Order these parts from the Tektronix
factory in Portland, Oregon.

Parts-Ordering Information

You will find a serial number on the frontis-
piece of this manual. This is the serial number
of the instrument the manual was prepared for,
Be sure the manual number matches the number
of the instrument when you order parts.

A Tektronix instruction manual usually con-
tains hand-made changes to diagrams and parts
lists, and sometimes text. These changesarein
general only appropriate to the instrument the
manual was prepared for, the instrument whose
serial number appears on the manual frontis-
piece. The hand-made changes show changes
to the instrument that have been made after the
printing of the manual.

We make some of the instrument changes
during the factory test procedure. Our tech-
nicians hand-tailor the circuits | if it seems ap-
propriate, to provide the widest possible latitude
of operation. Other changes arc madetoinclude
the latest circuit improvements as they are de-
veloped in our engineering department, or when

.
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SECTION 4
MAINTENANCE

improved components become available. In any
event, the changes are to your benefit. We have
tried to give you the best instrument we can.

Soldering Precaution

The solder used on the ceramic terminals in
this instrument must contain a small percentage
of silver. If for any reason you resolder be sure
the solder you use contains silver. Silver-bear-
ing solder is used in printed-circuittechniques,
and is therefore available fromall solder manu-
facturers. Repeated use of ordinary tin-lead
solder will dissolve the fused bond of silver that
makes the solder adhere to the porcelain,
especially if the soldering iron is quite hot.

Color Coding

We use color-coded wires in this instrument
to help you identify the various circuits. Theac
power leads are yellow and coded 1-1-0(brown-
brown-brown) following the RETMA resistor
color code, The +350-voltbus is whiteand coded
3-5-0 (orange-green-brown  beginning with the
widest stripe). The -150-volt bus is black and
coded 1-5-0. The heater leads are coded 6-1,
6-2, etc., not to indicate that the voltages are
different but to differentiate between the leads.
All signal leads have a singlestripe. Afew wire
colors are indicated by small, lower-case letters
on the diagrams.

Air Filter

The Oscilloscope is cooled by filtered, forced
air. If the filter gets too dirty it will restrict
the flow of cooling air and may causethe instru-
ment to overheat. The filter should be inspected
every three or four months and cleaned or re-
placed if necessary.

Two types of air filters can be used with your
Tektronix equipment. A washable air filter con-
structed of aluminum wool coated with an ad-
hesive is usually supplied with your instrument.
A disposable glass-wool filter is available
through your local Tektronix field office or direct
from the factory. If you are replacing an alum-
inum-type filter with the disposable glass-wool
type, it is best to order No. 387-009, which in-
cludes two back-up screens that help to prevent
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damage to the filter, For future replacements of
the glass-wool only, order No. 378-012.

To clean the aluminum filter, run hot water
through it from the side that was inside, or
slosh it around in hot soapy water and rinse it
in clean water. Then dry it thoroughly and
coat it with new adhesive. When new, the filter
is coated with "Filter Coat", a product of the
Research Products Corporation. Pint cans are

available under the name " Handi-Koter" from
some air-conditioner suppliers. Other adhesive
materials are no doubt satisfactory.

Fan Motor

The fan motor bearings will require oiling
every few months or every thousand hours of
operation. Use a good grade of light machine
oil, and apply only a drop or two,

TROUBLE SHOOTING

If the instrument fails to operate at all, in-
cluding the fan and the pilot light, check the
source of power and determine that the power-
cord plug is firmly inplace. Then checkthe fuse
at the back of the instrument near the power
receptacle. If the instrument has beenoperating
but has just stopped, it may have overheated and
tripped the thermal cutout. The thermal cutout
will reset itself when the instrument cools down
enough. Possible causes of overheating are fan
stoppage, restriction of air circulation or high
room temperature. Be sure the air filter is
clean.

If the fan and pilot light operate but there is
no spot visible, there is a possibility that the
spot is positioned off the screen for some reason.
Check whether the beam-position-indicator
lights are operating and if the positioning con-
trols produce any effect. Advance the INTENSI-
TY control and see if there is some unfocused
glow on the screen to indicate the presence of
beam current. If there is an indication that
there is a beam positioned off the screen  look
for a dc component in one of the input signals,

This is a complex electronic instrument.
There is no simple way of locating troubles. An
understanding of the functions of the circuits is
the best help. With an understanding of the cir-
cuits, you will be able to make a good guess at
the general source of troubles from their symp-
toms. Be doubly sure that the difficulty you are
having is not caused by some misadjustment
of the front-panel controls. If not, you willneed
to take the panels off for further checks.

Each side panel and the bottom panel arc indi-
vidually removable when service becomes ne-
cessary. To remove a side panel, release the
fasteners near the front and back and swing
the top of the panel out until the bottom hinge
releases. To remove the bottom panel release
the four fasteners and lift the panel off.
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To replace the panels, reverse the process
above. Each fastener is designed so thatthefirst
one-quarter turn engages an ear on the fastener
with the oscilloscope frame. Further turning of
the screw locks the ear in place,

Warning: When you have the panels off the
instrument, be careful of high voltages. The
lower-voltage buses are potentially more dan-
gerous than the crt accelerating voltage because
of the higher current capabilities and rather
large filter capacitors in these supplies. When
you reach into the instrument while it is turned
on, do not hold the metal frame with the other
hand. If possible stand on an insulating floor
and use insulated tools.

Troubles are usually caused by tube failure,
and you can frequently correct them by finding
the bad tube and replacing it with a good one.
However, sometimes a tube burns up resis-
tors or overstresses capacitors when it fails,
and in these cases you will also have to find
the bad components. Sometimes you can find
them by visual inspection. One way to find bad
tubes is to try replacing suspected tubes with
good ones. If possible, replace all suspected
tubes at one time, and if the trouble is helped,
return the old ones, one at a time, until the of-
fending one is discovered,

Tube failure will often show up in the voltage
readings of the power supply. So another early
step to take when you look for troubles is to
check voltages and currents from the regulated
power supplies. The voltages can be checked
from the top or right side of the instrument on
a ceramic terminal strip near the rear of the
instrument. The voltages are marked on the
chassis. The -150-volt terminal should read
within one per cent of 150 volts. The remain-
der of the voltages should be within about five per
cent of their indicated voltages. Keep in mind
that these are quite close tolerances,especially

b
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the 150-volt tolerance. Very few portable volt-
meters have comparable accuracy, so be sure
that any small discrepancy you may find is not
due to voltmeter error.

All four positive voltage supplies refer to
-150 volts for their control. If this voltage is
off, all other voltages will also be off. Be
especially sure of your -150-volt measurement
before you draw any conclusions from either
voltage measurements. The -150-volt supplycan
be adjusted by means of a screwdriver control
marked -150 ADJ. on the right near the bottom
of the instrument. The remaining supplies can-
not be adjusted, and any large discrepancy you
find in them will probably be caused by tube
deterioration, or by unusual loads in the rest of

the instrument.

Total current from each supply can be meas-
ured roughly by measuring the voltage drop
across the protective resistors, R732, R740,
R756, R780 and R790. Current indication is 200
ma per volt on R732 and R780; 100 ma per
volt on all the others. The resistors are conven-
iently mounted on the under side of the instru-
ment. R790 in the 500-volt supply is nearest
the front panel, and the others follow in order of
their voltage. These resistors are located on
the unregulated side of the supplies, and their
voltage-to-ground will depend on line voltage.
Toward the back of the instrument from each
resistor is a bare bus across the terminal strip.
These have the regulated voltages on them.

RECALIBRATION PROCEDURE

Vertical Amplifier Type 531

Before changing any adjustments in the verti-
cal amplifier check whether the tubes have de-
teriorated. You can make a satisfactory check
by determining the approximate gain of each
stage and how nearly balanced the two halves
of each push-pull stage are. First check the
balance of each stage. This can be doneby con-
necting together the plates of the two halves of
each stage, or the cathodes for cathode follow-
ers, and finding how far the trace is deflected
from its position with the deflection plates
shorted together.

Check Balance

First, short the vertical-deflection plates
together, and note where the trace lies. Then
position the trace with the VERTICAL POSI-
TION control to the same spot with the short
removed, and short together pins 2 and 7 of
V606, the output cathode followers in S/N101
through 7600, or pins 2 of V334 and V564, the
output amplifiers in S/N7601 and up. The spot
should not move more than .75 cm.

Repeat the procedure with V570 and V580 in
S/N 10! through 7600, shorting pins 2 together.
In S/N7601 and up,shorttogether pins 2of V533A
and V543A. In either case, replace or inter-
change the tubes if there is morethantwo centi-
meters unbalance. In S/N101 through 7600, re-
peat with V508 and V509, connecting together
pins 2. In S/N7601 and up, short together pins
2 of V504 and V524., Replace tubes if unbalance
is more than 3 c¢m.

o
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CHECK GAIN

First check the high voltage at the left end
of the ceramic terminal near the crt socket.
Adjust, to -1350 volts if necessary with the
H.V. ADJ control at the right side of the instru-
ment near the rear.

Connect a EP53A Gain Set Adapter between
the output of the plug-in and the plug-in con-
nector. Connect .2 millivolts from the square-
wave calibrator to the gain set adapter and ad-
just the GAIN ADJ. control in the center of the
vertical amplifier chassis for 2 cm deflection.
Remove the Gain Set Adapter after adjusting
the vertical amplifier gain.

DC Shift Compensation

In Type 531, S/N10L through 7600, set the
sweep speed at a slow speed, say 1 millisecond
per centimeter and set the vertical sensitivity
to .5 VOLTS/CM DC. Connect the negative ter-
minal of a 1-1/2 volt or 2-volt battery to the
oscilloscope ground and touch a lead from the
positive terminal to the vertical input. Look
for an overshoot or rounding at the start of
the step of voltage with a time constant in
the neighborhood of 1or 2seconds. If necessary,
adjust R596, labeled DC SHIFT COMP, acces-
sible from the left of the instrument near the
center of the left side so the spot comes imme-
diately to the final level without overshooting.

The DC SHIFT COMP adjustment is not found

in instruments above S/N7600, since compensa-
tion is accomplished by fixed circuit components.
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In instruments S/N 101 through 7600, high-
frequency compensation is adjustable by means
of inductors 1.570 and 1.580 in the plate loads
of V570 and V580. In instruments S/N7601
and up, high-frequency compensation adjustment
is by means of inductors L3506 and 1.523 in the
plate loads of V304 and V324, and by means of
inductors [.553 and L563 in the plate loads of
V554 and V564. Other peaking inductors in the
circuit have fixed values that produce a response
characteristic that can be accurately compen-
sated by the four variable inductors totakecare
of variations in vacuum tubes,

The adjustment of thesc inductors can best
be made with square waves whose risetime is
faster than the response time of the Type 531
which is about 035 microseconds with the Type
53/54A Preamp in place. The Type 104 or Type
105 is wused in facrory alignment. The wave-
form of the huilt-in calibrator of the oscil-
loscope has fast enough rise for some adjust-
ments but not for high-frequency compensation.

Insert a wide-band plug-in preamplifier, for
example the Type 53/54A. Comnect the Tek-
tronix Type 105 Square-Wave Gencrator to
either one of the 53/54A inputs and set the
frequency to 400 kc. Ser the 53/54A tw .05
VOLTS/CM and the TIME/CM switch of the
oscilloscope to 1 MICROSEC/CM. Obtain a
stable, triggered trace of the square wave,

Examine the square wave display on the crt.
[f one portion seems to be worse than the re-
mainder examinc the coils in the vertical am-
plifier visually. If one coil is ser to a physical
position quite different than the other coil try
changing its position while watching the square
‘wave display.

The delay-line affects only the first half mi-
croscecond of the square wave, If the first part
of the square wave shows slight wrinkles try
touching the metal blade of the alignment tool
to various rrimmers until the trimmer whichaf-
fects the wrinkle is seen, Only a slight adjust-
ment of the trimmer should be necessary tore-
move the wrinkle. If morethanoncbumpis seen
in the first part of the square wave adjusrt the
trimmers in turn, taking care to make only a
slight readjustment each time until the wrinkles
are reduced. The trimmers arcallmoreor less
interacting so that the technique of adjustment
requires considerable practice.

When the slight wrinkles have been removed
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from the delay-line you may find that the leading
edge of the square wave has a slightly rounded
appearance, Adjustment of the compensating
coils in the vertical amplifier should prove
helpful in correcting this. When the front
corner of the waveform is correct you may find
that the two compensating coils in the plate
circuit of the output amplifiers are setto physi-
cally different positions.

The coils at the termination of thedelay-line,
next to the crt, affect the termination of the
line. The action of these coils will appear half-
way across the top of the square wave. Nor-
mally, a slight termination bump will be evident
at this point. The two coils atthe termination of
the line should be adjusted to bring this bump
to a minimum,

In general | if you seriously suspectdelay-line
trouble we recommend that you get in touch
with your nearest representative, or the factory
at Portland, Oregon for more detailed instruc-
tion, or help.

Vertical- Amplifier Adjustments
Type 541

1. Gain Adjustment

The main unit sensitivity is standardized at
0.1 volt per centimeter so that the calibrated
gain controls of all plug-in units will be correct.
Since this sensitivity is affected by the crt ac-
celerating voltage, first check the voltage atthe
left end of the ceramic terminal stripnear the ¢rt
socket. Adjust to -1350 volts if necessary with
the H.V. ADJ. control at the right side of the
instrument near the rear.

Now connect a voltmeter between pins 1 and
3 on the interconnecting plug. Positionthetrace
two centimeters above and below center with
the VERTICAL POSITION control and adjust
the main amplificr GAIN ADI. control, R1027,
until there is a total voltage change of .4 volts.

As an alternate method a plug-in unit can be
used that is known to have the correct gain. Ap-
ply a signal from the oscilloscope square-wave
calibrator and adjust the main amplifier GAIN
ADJ. control to obtain the correct sensitivity.

2. DC Shift Compensation

The DC SHIFT COMP. control compensates
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for a relatively slow drift in the vertical ampli -
fier when a dc voltage is applied. To make
this adjustment, free run the sweep at about
2 seconds per centimeter. Intermittently apply
the probe to the +100 bus, or other regulated
dc supply, and set the vertical sensitivity toob-
tain about 3 cm ‘deflection. Look for an over-
shoot or rounding at the start of the step with
a time constant of one or two scconds. If neces-
sary, adjust the DC SHIFT COMP. control until
the spot comes immediately to the final level
without overshooting.

3. Distributed Amplifier and Dclay Line

The adjustments of the trimmers in the dis-
tributed amplifier and delay line should be quite
stable. Minor adjustments may be required as
tubes are changed, however.

These adjustments are best made with a pulser
which has a risetime of 5 millimicroseconds or
better and is free of overshoot. The Tektronix
Type 105 Square-Wave Generator can be used
but care must be exercisedto avoidovercompen-
sation because of its slower risetime.

Connect the pulser to the INPUT connector of
the 53/54K unit and observe the pulse with about
three centimeters deflection. Useasweepspeed
of about .1 microsecond per centimeter to ob-
serve wrinkles, and about 1 microsecond per
centimeter to observethe level or slope of the
pulse. If there is considerable rounding of the
leading edge or many wrinkles  be sure that the
tubes are not at fault before making any adjust-
ments.

The waveform, starting at the leading edge and
extending for about .4 microscconds along the
pulse, is affected by the trimmers beginning
at the crt deflection plates and extending back
through the termination network. The location of
any trimmer causing a wrinkle can be determined
by touching the tuning tool to the trimmers until
the resulting wrinkle coincides with the wrinkle
in question. It can then be removed by a slight
adjustment of the trimmer. If severaltrimmers
need adjustment, switch the sweep speed to 1
microsecond per centimeter periodically to
check the level of thesection beingadjusted. The
coils, L1254 and L1255 in S/N 101 through647+4,
and L1354 and 1.1355 in §/N 6475 and up, affect
only the leading edge of the pulse.
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i rt-Tube Geometry Adjust

The second-anode voltage required for best
linearity at the extremes of deflection may vary
somewhat between tubes, Apply a 60-cycle sine
wave to the vertical amplifier and free-run the
sweep so there is a solid raster 10 cm wide
and 6 cm high in Type 531, 4 cm high in Type
541, on the face of the CRT. Adjust R861 a
screwdriver control labeled GEOM ADJ, sothat
the top, bottom and sides of the rectangular
raster are as straight as possible.

Trigger-Circuit Adjustments

The screwdriver adjustable controls referred
to in the following discussion are located at the
top and to the front of the instrument and are
accessible when the right side panel is removed.

1. Triggering Level Centering

This controlsets the levelof the trigger shaper
stage so that no readjustment of the TRIGGER-
ING LEVEL control is requiredas the TRIGGER
SLOPE switch is changed from + to - slope.

a. Set the TRIGGERING MODE switch to AC
SLOW and the TRIGGER SLOPE switch to
+INT.

b. Display the calibrator waveform with 2 to 4
mm amplitude.

¢. Turn the TRIGGER SLOPE switch back and
forth from +INT to -INT. Simultaneously
adjust the TRIGGERING LEVEL CENTER-
ING control and the TRIGGERING LEVEL
control until no change of cither control is
required as the SLLOPE switch is changed
from + INT to -INT.

2. Internal Trigger DC Level

This control scts the triggering level in the
D( position of the TRIGGERING MODE switch.
It is set so the sweep will trigger near O on
the TRIGGERING I.EVEL control whenthetrace

is centered vertically.

a. Display the calibrator waveform with 1 cm
amplitude and the trace centered,

b. Turn the TRIGGERING MODE to DC.

¢. Turn the TRIGGERING LEVEL. control to0.
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d. Adjust the INT. TRIG. DCLEVEL ADJ. con-
trol so the sweep will trigger on either +
or -INT without readjustment of the TRIG-
GERING LEVEL control.

3. Trigger Sensitivity

This control adjusts the sensitivity of the
trigger shaper stage. If the sweep triggers er-
ratically or on the wrong slope it may indicate
that this adjustment is incorrect.

a. Remove the vertical signal.
b. Turn the TRIGGER SL.OPE switchto+LINE,

c. Set the sweep controls to 100 usec/cm and
trigger from the line.

d. Turn the TRIG.SENS. control clockwise until
the trace brightens abruptly. This indicates
that the trigger circuit is oscillating. Now
back the control off about 4 or 5 degrees,

4. Preset Stability

This control sets the trigger shapercircuitto
the optimum point for triggering in the AUTO-
MATIC mode and when the STABILITY contrelis
turned to the PRESET position.

a. Use no vertical INPUT signal.

b. Set the TIME/CM switch to 100 MICRO-
SEC and the TRIGGERING MODE switch

to AUTOMATIC.

¢. Turn the PRESET STABILITY control R49
full right. Then back it off until the trace
dims. Continue turning left until trace dis-
appears.

d. Adjust the PRESET STABILITY control to
the center of the range between the points
where the trace dims and where the trace

disappears.
Sweep-Circuit Adjustments

The sweep circuits are quite stableand should
not require frequent readjustments. The need for
readjustment can be determined quickly by
checking the time-base calibration with an ac-
curate time-mark generator. Oftenonlyasingle
adjustment nced be made.
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We check our sweep timing with a Tektronix
Type 180 or 181 Time-Mark Generator. How-
ever, you can use any other frequency generator
accurate to one per cent or better. Because the
small amount of non-linearity present in the
sweep is concentrated in the first and last
centimeters, we adjustthetimingover the center
8 centimeters of the display. In this way the
errors are minimized and the accuracy over the
center portion can approach a value limited
principally by the spot size.

The following procedure is based on that used
in our test department. This sequence should be
followed.

1. C240 Adjustment

This adjustment provides high-frequency
compensation for a voltage divider in the sweep
amplifier.

a, Connect the calibrator signal to both the
EXT. SWEEP INPUT and the TRIGGER
INPUT,

Trigger Controls---AC SLOW, +EXT
VOLTS/CM--10

TIME/CM--500 MICROSEC/CM
HORIZONTAL DISPLAY--EXT. SWEEP
MAGNIFIER--ON

c. Connect the SAWTOOTH OUT to the vert-
ical input.

d. Obtain a stable vertical sweep with the
STABILITY and TRIGGERING LEVEL con-

trols.
e. Adjust C240, located on the top of the sweep

chassis to the right of V240, for a square-
topped signal with no overshoot.

2. Swp. Cal. Adjustment
The SWP, CAL. control adjL;'sts the gain of
the sweep amplifier to calibrate the low- and

medium-speed sweeps.

a. Set the TIME/CM controls at 1 MILLISEC/
CM.

b. Display l-millisecond markers from a time-
mark generator.

c. Adjust the SWP CAL. control, located inthe

5
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top row of controls, so the markers cor-
respond with the graticule.

3. Sweep Length Adjustment

The SWP. LENGTH control sets the sweep
length so it fills the graticule without hitting
the sides of the crt with attendant electron scat-
tering.

a. Free run the sweep.

b. Set the SWP LENGTH control, locatedin the
row of controls, sothe sweepis about 10-1/2
centimeters long.

4. Mag. Gain Adjustment

The MAG. GAIN control adjusts the gain of
the sweep amplifier when the MAGNIFIER is
turned on.

a. Set the TIME/CM controls at 1 MILLISEC/
CM.

b. Display 100-microsecond markers.
c. Turn the MAGNIFIER switch to ON,

d. Adjust the MAG. GAIN control, located in
the row of controls, soeverysecond marker
corresponds with a graticule line.

S. Swp./Mag. Regis.

The SWP./MAG. REGIS. control adjusts the
voltage on the feedback attenuator so the mag-
nifier expands the trace both ways from the
screen center.

a. Back the STABILITY control off to stop
the sweep.

b. Turn up the INTENSITY control so the spot
is visible.

c. Turn the MAGNIFIER on and center the
spot behind the center graticule line with
the HORIZONTAL POSITION control.

d. Turn the MAGNIFIER off and adjust the
SWP./MAG. REGIS. control, located in the
row of controls, so that the spot is still
centered.

1
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6. 10 Microsec/cm Adjustment

A trimmer across the timing capacitor adjusts
the sweep speed in this range.

a. Display 10-microsecond markers with the
sweep set at 10-MICROSEC/CM.

b. Adjust C99F, the trimmer nearest the panel

on the right of the TIME/CM switch so the
markers correspond with the graticule.

7. 1 Microsec/cm Adjustment

A trimmer across the timing capacitor adjusts
the sweep speed in this range.

a. Display l-microsecond markers with the
sweep set at 1 MICROSEC/CM.

b. Adjust C99H, the trimmer toward the rear of
the TIME/CM switch, so the markers cor-
respond with the graticule.

8. .1 Microsec/cm Adjustment

A trimmer serves as an adjustable timing
capacitor in this range.

a. Display l-microsecond markers with the
sweep speed set at .5 MICROSEC/CM.

b. Adjust C99J so themarkers correspond with
every other graticule line.
9. .1 Microsec/cm Linearity Adjustment

Two capacitors are adjusted for best linearity
at this speed.

a. Display 10-mc sine wave with the sweep
set at .1 MICROSEC/CM.

b. Adjust C254; located at the top rear of the
sweep chassis, for correct timing of the
last half of the sweep.

c. Adjust C267, located between the last two
controls atthe left of the chassis for linearity
and correct timing of the start of the trace.

d. Repeat steps b. and c. until interaction is
overcome.
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10. .02 Microsec/cm Adjustment

This adjustment provides high-speed compen-
sation for the sweep s0 that the sweep speed is
correct when the trace is centered. For best
results this adjustment requires the use of a
Tektronix Type 180 Time-Mark Generator as
described in the following procedure. However,
an alternate procedure is also given requiring
only an accurate frequency generator.

a. Connect the 50-mc output of the Type 180
to the vertical input.

b. Trigger the sweep externally withthe 100 kc
trigger from the Type 180.

¢. Set the sweep speed to .1 MICROSEC/CM.

d. Obtain a stable display with the trace cen-
tered and turn the MAGNIFIER to ON.

e. Preset C278 and C286 to minimum capaci-
tance (lettering toward mounting holes).

f. Without changing the horizontal positioning
more than one centimeter, turn C278 and
C286 in equal increments to increase the
sweep speed until the waveform is aligned
with the graticule.

g. Recheck the .1 Microsec/cm Linearity Ad-
justment (Paragraph 9). There is some
interaction between these two adjustments.

Alternate Procedure

a, If you don't have a Type 180, connect a
10-mc sine wave from an accurate (at
least 1%) frequency generator to the verti-
cal input.

b. Obtain a stable trace with full-screen verti-
cal deflection.

c. Set the sweep speed to .1 MICROSEC/CM
and turn the MAGNIFIER to ON. Do not
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change the horizontal position morethan two
centimeters.

d. Starting with both capacitors,C278 and C286,
at minimum capacitance, (lettering toward
mounting holes) turn them in equal incre-
ments to increase the sweep speed until one
cycle fills five centimeters. For bestaccu-
racy observe the waveform at the center line
where the slope is the greatest. Recheck the
.1 Microsec/cm Linearity Adjustment
(Paragraph 9).

External Sweep DC Balance

Turn the HORIZONTAL DISPLAY switch to
EXT. SWEEP ATTEN., X10 and turn the 5X
MAGNIFIER to ON. Position the spot on the
screen and turn the EXTERNAL SWEEP AT-
TENUATOR back and forth. If the spot moves
horizontally as the EXTERNAL SWEEP AT-
TENUATOR control is turned, adjust the EXT.
SWP, AMPL. DC BAL. control until the spot
remains stationary. The EXT. SWP, AMPL,
DC BAL. control is located at the top front of
the instrument accessible from the top.

Calibrator Adjustment

When the CALIBRATOR switch is turned to
OFF the calibrator cathode follower, V246A,
remains conducting at the current required to
develop 100 volts across the voltagedivider, To
check the calibrator, turn the instrument on its
side, and measure the cathode voltage at V246
cathode. This voltage appears at the pin jack
labeled CAL. TEST POINT on the side of the
chassis to the rear of the CALIBRATOR switch.
If necessary, adjust R679 ascrewdriver control
labeled CAL. ADJ., accessible at the underside
of the bottom chassis near the CALIBRATOR
switch, so the cathode voltage measures 100
volts. Be sure of the accuracy of your test
meters, Test meters are likely to be less ac-
curate than the calibrator, which should be
within about one per cent at this point.
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SECTION 5
PARTS LIST

BULBS

Ckt.
No. Instr. S/N Range S/N Range Description Part No.
NE9S 531 101-5000 SERY 1/25 w *150-009
541 101-6841 55 v 1/25 w *120-009
B95 531 5001 - up 50-75 v 1/25 w 150-002
541 6842 - up 50-75 v 1725 w 150-002
NE% 331 101-5000 65 v 1/25 w *150-011
541 101-6841 65 v 1/25 w *150-011
B96 531 5001 - up 50-7% v 1/25 w 150-002
541 6842 - up 50-75 v 1/25 w 150-002
NE287 531 101-6710 55-70 v /25w Use 150-002
541 101-6841 55-70 v 1/25 w Use 150-002
B 287 531 6711 - up 50-75 v 1/25 w 150-002
‘ 541 6842 - up 50-75 v 1/25 w 150-002
NE292 531" 101-8543 75 v 1/25 w *150-014
541 101-6474 75 v 1/25 w *150-014
B292 531 8544 - upl 50-75 v 1/25 w 150-002
541 6475 - up 50-75 v 1/25 w 150-002
NE293 531  101-8543 75 v 1725 w *150-014
541 101-6474 75 v 1725 w *150-014
B293 531 8544 - up 50-75 v 1/25 w 150-002
541 6475 - up 50-75 v 1/25 w 150-002
B700  S3lonly #47 Incandescent 150-001
B701 531 only #47 Incandescent 150-001
B702 531 only #47 Incandescent 150-001
B734 541 only #47 Incandescent 150-001
B735 541 only #47 Incandescent 150-001
B736 541 only #47 Incandescent ) 150-001

CAPACITORS

Cl 4.7 uuf Cer. Fixed 500 v +or-lupf 281-501
C3 001 uf PT Fixed 600 v 209, 285-501
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C4
Cc7
C9
Cl17

C20

C22

C28
C34
C41
C34A
C54B
C54C
C54D
C56
C58
C65

C71

C72

C73

C76

C78
C81
C95

C96

PAGE §5-2

531 X8544 - up
RM31 X310 - up
541 6502 - up
531 X5115 - up
541 X5063 - up
531 X1020 - up
541 i0l - up
531 X220 - up
541 101 - up

100 ppuf
.001 pf
47 puf
.001 pf
.01 uf
.01 uf
.01 uf
.01 uf
005 uf
22 puf
.001 pf
22 puf
022 uf
0022uf
220 ppuf
39 puf
27 puf
12 putf
82 uuf
.005 uf
.005 uf
12 put
.005 pf
.005 pf
.005 uf
001 pf
.001 pf

82 uuf
82 uput

TYPE 531/541—PARTS

Cer.

Cer.

Cer.

Cer.

PT

Cer.

Cer.

Cer.

Cer,

Cer.

Cer.

PT

PT

PT

Mica

Cer.

Cer.

Cer.

Cer.

Cer.

Cer.

Cer.

Cer.

Cer,

Cer.

Cer.

Cer.

Cer.
Cer.

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed
Fixed

350 v
500 v
500 v
500 v
400 v
500 v
500 v
500 v
500 v
500 v
500 v
400 v
400 v
400 v
500 v
500 v
500 v
500 v
500 v
500 v
500 v
500 v
500 v
500 v
500 v
500 v
500 v

500 v
500 v

LIST

209,
GMV

20%,

GMV

20%,

GMV
GMV
GMV
GMV
20%
GMV
209,
209,
209,
10%,
109,
109,
109,
109,

GMV
GMV

10%
GMV

GMV
GMV
GMvV
GMV

10%,
10%

281-523
283-000
281-518
283-000
285-510
283-002
283-002
283-002
283-001
281-510
283-000
285-533
285-515
285-543
283-536
281-516
281-513
281-506
281-528
283-001
283-001
281-506
283-001
283-001
283-001
283-000
283-000

281-528
281-528

e



C99A
C99B
C99C

C99D

C99E
C99F
C99G
C99H
C99J
C101
C102

C240

C241

C245

C249

C254

C258

C266

C267

C273

1.0 uf )
duf )
.01 puf )

.001 uf

Specia! Timing Series
Manufactured by Tektronix.
Order replacements from factory

*291-007

C99D, a timing capacitor can be ordered separately. When ordering, note the color
band painted on the end of the capacitor. If the capacitor has a white color band, order
290-008A. If the capacitor has a black color band, order 291-008B.

531

RM31
541

RM41

531
RM31
541
RM41

531
541

531

541

531
541

101-8906
8907 - up
X352 - up
101-7636
7637 - up
101-177
178 - up

X8544 - up
X310 - up
X7484 - up
X168 - up

101-8543X
101-7483X

101-141
142-306
307 - up
101 - up

X307 - up
X101 - up

531 only 101-306X

531

541

101-306
307 - up
101 - up

82 uut
4.5-25puf
82 uuf
4,5-25uuf
3-12 puf
8-50 ppf
220 puf

3-12 upt
4.5-23upuf
4.5-25upf
3-12puuf
4.5-25upuf
3-12ppuf
4.5-25uuf

4.7 puf

.68 puf
.68 uuf
68 uuf
68 uuf

.01 uf
.01 pf

1.5-7uuf
S-Suuf
3-12upuf
3-12uuf

Mica
Cer.
Mica
Cer.
Cer.
Cer,
Mica

Cer.
Cer.
Cer.
Cer.
Cer.
Cer.
Cer.

Cer.

Cer.
Cer.
Cer.
Cer.

PTM
PTM

Cer.
Tub.
Cer.
Cer.

Cer.
Cer.

Cer.
Mica
Mica

Mica

EMC

Fixed

Var.

Fixed

Var.

Var.

Var.

Fixed

Var.
Var.
Var.
Var.
Var.
Var.
Var.

Fixed

Fixed
Fixed
Fixed
Fixed

Fixed
Fixed

Var.
Var.
Var.
Var.

Fixed
Fixed

Fixed
Var.
Var.

Var.

Fixed

500 v 59

500 v 209

500 v 5%

S00v 209

500 v 209

500 v

300 v 5%

500 v

500 v

500 v

500 v

500 v

500 v

500 v

500 v +or-lupuf
500 v +or-20%
500 v +or-20%
500 v +or-20%
500 v +or-20%
400 v 209
400v 209

500 v

500 v

500 v +or-1/2upuf
500 v +or-1/2upuf
500 v +or-1/2 puf
500 v +or-1/2 unf
500 v 20%

500 v

500 v

500 v

300 v -20+50%

TYPE 531/541—-PARTS LIST

Use

283-534
281-010
283-534
281-010
281-007
281-022
283-513
281-007
281-010
281-010
281-007
281-010
281-010
281-010
281-501
281-537
281-537
281-537
281-537

285-510
285-510

281-005
281-002
281-007
281-007

281-526
281-526

281-518
281-022
281-023
281-023

290-000
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C278

C282
C284

C286

C292

C603
C605A
C605B
C605C
C630
Cé672
C673
C682
C695
C700
C707
C711
C715

C717

C720

C732
C740
c741
C750
C751A,B,C
C756

C763

PAGE 5—4

531
341

531
541

531
541

X307 - up
101 - up

X307 - up
101 - up

X8544 - up
X7484 - up

RM41 X168 - up

S53lonly X7601 - up

531 only X7601 - up )

531 only X593-7600X

531
541

X5377 - up
X5213 - up

3-12 puf
3-12 puf

.047 uf
4.7 put

3-12 ppuf
3-12 puft

.005 puf
005 uf
.005 pf
2x40ut
40 pf
20 pf
10 pf
2x1000uf
330 ppuf
330 upf
27 puuf
.001 puf
.02 pf
.01 puf
.01 uf
2x40 puf

.01 pf

.0l uf
01 pf

125 puf
150 pf
150 pf
Ol uf
3x10puf
125 pf

.01 pf

Cer.
Cer.

PT

Cer.

Cer.
Cer.

Cer.
Cer.

Cer.

EMC

EMC

EMC

Mica

Mica

Cer.

Cer.

Cer.

PT

PT

EMC

PT

Cer.
Cer.

EMC

EMC

EMC

PT

EMC

EMC

PT

Var.
Var.

Fixed

Irixed

Var.
Var.

Fixed
Fixed
IFixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed
Fixed

Fixed

Fixed

Fixed

IMixed

Fixed

[Fixed

[Fixed

500 v
500 v

400 v

500 v

500 v
500 v

500 v
500 v
500 v

250 v

475 v

150 v

S00 v

300 v

500 v

500 v

150 v

400 v

400 v

250 v

400 v

500 v
500 v

350 v

250 v

250 v

400 v

450 v

4350 v

400 v

TYPE 531/541-PARTS LIST

209

+or-1puuf

- 20+ 50,
109,
10,

209,

GMV

GMV

209,
209,

- 20+ 509,

209,

GMV
GMV

-20+50%

-20+ 50%

-é0+50%
209,

- 20+ 50%,

- 20+ 509

20%

281-009
281-009

285-519
281-501

281-009
281-009

283-001
283-001
283-001

*290-040
*290-063

*200-051
283-518
283-518
281-513
283-000
283-004
285-510
285-510

*290-040
285-510

283-002
283-002

*200-04+4
*290-048
*200-048
255 510
*200-033
*290-045

285-510



C770
C780

c787

C790A,B

c797
C800
C803
C805
C806
C807
C814
C815
C820
C821
C822
C823
C830
€832
C834

C841

C855

C857

F701

L6l

LR72

531
541

X1020 - up
101 - up

01 uf PT Fixed 400v 209
125 uf EMC Fixed 350 v -20+509%
01 uf PT Fixed 400 v 209

2x40uf  EMC Fixed 450 v -20+50%

Oluf  PT Fixed 400v 209
047y4f  PT Fixed 400v  20%
001 uf  PT Fixed 600v  20%
oLyt  PT Fixed 400v 209,
.001 uf PT Fixed 600 v 209

2x20uf EMC Fixed 450 v -20+50%

.0068 uf PT Fixed 3000 v 20%

01 pf Cer. Fixed 500 v GMV

.0068 uf PT Fixed 3000 v 20%

.0068 uf PT Fixed 35000 v 20%

.00047uf PT Fixed 10000 v 20%

.00047uf PT Fixed 10000 v 20%

.0068uf PT Fixed 3000 v 20%

.015uf PT Fixed 3000 v 20%

015 uf PT Fixed 3000 v 20%

005 uf Cer. Fixed 500 v GMV

.005 pf Cer. Fixed 500 v. = GMV

.015 uf PT Fixed 3000 v 20%

.015 pf PT Fixed 3000 v 20%

FUSES

6 amp 3AG Fast-Blo, 60 cycle, 117 v

3 amp 3AG Fast-Blo, 60 cycle, 234 v

3 amp 3AG Slo-Blo, 50 cycle, 234 v

6.25 amp 3AG Slo-Blo, 50 cycle, 117 v
INDUCTORS

88 uh Fixed

1 Mh, #40 wire, on 3.3 k, 1 w resistor

TYPE 531/541—-PARTS LIST

285-510
*290-044
285-510
*290-042
285-510
285-519
285-501
285-510
285-501
*290-037
285-308
283-002
285-508
285-509
285-500
285-500
285-508
285-513
285-513

283-001
283-001

285-513

285-513

159-013
159-015
159-005
159-011

*108-022

*108-058
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RECTIFIERS

SR650 531 only X593-7600X  4-500 ma plates per leg *106-016
SR732 5-250 ma plates per leg *106-012
SR740 5-500 ma plates per leg *106-013
SR756 531 101-7600 4-250 ma plates per leg *106-014
7601 - up 4-500 ma plates per leg *106-019

541 101 - up 4-500 ma plates per leg *106-019

SR780 4-250 ma plates per leg Use *106-014
SR790 5-125 ma plates per leg *106-015

RELAYS

K700 45 sec., thermal time-delay 148-002
K701 531 101-1280 4P2T 6 volt (order Mod Kit, K531-1104) *040-085
1281 - up 4P2T 6 volt 148-004

541 101 - up 4P2T 6 volt 148-004

RESISTORS

R1 1 meg 1/2 w Fixed Comp. 5% 301-105
R2 390 k 1/2w Fixed Comp. 5% 301-394
R3 50 k 2w var. Comp. 20% 311-023
R4 100 k 1/2 w Fixed Comp. 10% 302-104
RS 1 meg 1/2w Fixed Comp. 10% 302-105
Ré6 100 k 1/2 w Fixed Comp. 10% 302-104
R7 470 k 172w Fixed Comp. 10% 302-474
R8 47 Q 172w Fixed Comp. 10% 302-470
R9 4.7 k lw Fixed Comp. 10% 304-472
R10 4,7 k 1w Fixed Comp. 10% 304-472
R11 47 Q 1/2 w Fixed Comp. 10% 302-470
R12 33 k 2w Fixed Comp. 10% 306-333
R13 39 k 2w Fixed Comp. 10% 306-393
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R14

R15
R16
R17
R19
R20
R21
R22

R23

R24

R2Z7
R28
R29
R30
R32
R33
R34
R35
R36

R38

531

541

531

RM31

o541

331

RM31

541

531

541

101-6710
6711 - up
101-5942
5943 - up

100 k
100 k
100 k
100 k

*Concentric with R43.
**[urnished as a unit with R43 and SW43.

101-8543
8544 - up
101-167
168 - up
101-7483
7484 - up

101-8543
8544 - up
101-167

168 - up
101-7483
7484 - up

101-238
239 - up
101 - up

22 k
470 k
470 k
56 k
47 k
47 k
47 Q
1k
680 ©
1k
680 ©

1k
680

2
1
2.
1
2
1

[ ENBT ECRIEN
FR i

22k
500
22 k
2.7 meg
L5k
47 9
100 k
100 k
100 k
470 k

470 k
470 k

TYPE 531/541-PARTS

1/2w
1/2w
1/2 w
1/2 w

1/2 w
1/2 w
1/2 w
1/2w
172w
1/2w
1/2 w
1/2w
1/2 w
1/2w
1/2w
1/2 w
1/2 w
1/2 w
1/2 w
1/2 w
172w
1/2w
1/2 w
2w
2w
2w
1/2 w
1/2w
1/2 w
1/2 w
1/2 w
2w
1/2 w

1/2w
1/2w

Var.
Var.
Var.
Var.

Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Var.

Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Var.

Fixed

Fixed
Fixed

Comp.
Comp.
Comp.
Comp.

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

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

Comp.
Comp.

LIST

209,
20%
20%
20%

10%
10%
10%
10%
10%
109,
10%
109
10%
10%
10%
109,
10%,
109,
10%,
109,
10%
109,
10%,
109,
209,
10%
10%
10%
10%
10%,
10%
20%

5%
5%

Use

311-030*
311-096**
311-030*
311-096**

302-223
302-474
302-474
302-563
302-473
302-473
302-470
302-102
302-681
302-102
302-681
302-102
302-681
302-272
302-152
302-272
302-152
302-272
302-152
306-223
311-005
306-223
302-275
302-152
302-470
302-104
302-104
311-026
301-474

301-474
301-474
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R40
R41

R42

R43

R46

R49

R54
R55A
RSSB
R57
R58
R59
R60

Ré61

R62
R63
R6S

R66

R67

R68

R69

R70

R71

PAGE 5-8

531

541

531
541

100 k
200 k

22k

101-6710 t 100 k
6711 -up Tt 100 k
101-5942 t 100 k
5043 - uptt 100 k
tConcentric with R14.

ttConcentric with R14 and SW43. Furnished as a unit.

100 ©

X6020 - up 100 k
X5415 - up 100 k

100 Q@
4.7 meg
470 k
4.7 meg
1k

47 Q
2.7 k

3.3k

1/2 w

2w
2w

1/2 w
172w
1/2 w
1/2 w
172 w
1/2 w
1w

1w

IFixed
Fixed
IFixed
Var.
Var.

Var,
Var.

Fixed

Var.
Var.

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

IFixed

Fixed

Comp.
Comp.
Comp.
Comp.
Comp.

Comp.
Comp.

Comp.

Comp.
Comp.

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

Comp.

5%
5%
10%,
20%,
20%

207,
209,

109

209,
209,

10%

10%

10%,

10%

10%

109

Selected )
)

Selected )

R60 and R61 are selected to total 6 k, +or-2 1/2%. Furnished as a unit.

56 k

47 Q

39 k

33 k

1w
1/2w
1w

1w

Fixed

Fixed

Fixed

Fixed

R6S and R66 selected with ratio 39/33  +or-2 1/2%.

100 @
8 k
1k
47 k

270 Q

1/2 w
5w

1/2w
172w

1/2 w

Fixed

Fixed

Fixed

Fixed

Fixed

Comp.
Comp.
Comp.

Comp.

Furnished as a unit.

Comp.

WW
Comp.
Comp.

Comp.

TYPE 531/541—-PARTS LIST

5%

10,

Selected )

)

Selected )

301-104
301-204
306-223
311-030
311-096

311-030
311-096

302-101

311-026
311-026

302-101
302-475
302-474
302-475
302-102

302-470
*312-569
303-563
302-470
312-570
302-101
308-053
302-102

302-473

302-271

/
:



R72

R73
R74
R75

R76

R77

R78

R79
R8O .
R81
R82
R83
R84
R85
R86
R87
R88
R89%
RS0
R91
R92
R93
R95

R96

531 101-5114
5115 - up
541 X5063 - up

531 X1020 - up
541 101 - up

531 101-7747

7748 - up
RM31 101-121

122 - up
541 101-6591

6592 - up

3.3k
47 Q
47 @
47 k
100 k
100 @

47 Q
47 @

4.7 k
47 k
36k
47 k
36 k
47 k
36 k

1 meg
10 k
100 k
1 meg
1.8 meg
100 k
47 Q
470 Q
8 k
2k
4k
47
22k
22k
22 k
47 k

1.5 meg

TYPE 531/541-PARTS LIST

Fixed
Fixed
Fixed
Fixed
Fixed
Fixed

Fixed
Fixed

Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Var.

Fixed
Fixed
Fixed
Fixed
Fixed

Fixed

IFixed

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

Comp.
Comp.

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

Comp.

Ww

Comp.

Ww

Comp.
Comp.
Comp.

Comp.

~

Comp.

Comp.

109,
109,
109
109,
109,
109

109
109,

10%

5%
5%

5%

10%
10%
10%
10%,
109
109
10%
109,
5%

20%,
5%

109,
109
109
109
109

10%

Use

Use

Use

304-332
302-470
302-470
302-473
302-104
302-101

302-470
302-470

304-472
301-363
301-363
301-363
301-363
301-363
301-363
302-105
302-103
302-104
302-105
302-185
304-104
302-470
302-471
308-053
311-008
308-051
302-470
306-223
306-223
306-223

302-473

302-155

PAGE 5-9



RG7 531 101-2977X 100 @ 172w Fixed Comp. 10% 302-101

541 101-649X 100 1/2 w Fixed Comp. 10% 302-101
R99A 30 meg 2w Fixed Prec. 1% 310-505
R99B 10 meg 1w Fixed Prec. 1% 310-107
R99C 10 meg 1w Fixed Prec. 1% 310-107
R99D 3 meg 1/2w Fixed Prec. 1% 309-026
R99E 1 meg 1/2w Fixed Prec. 1% 309-014
R99F 1 meg 1/2w Fixed Prec. 19 309-014
R99G 300 k 1/2 w Fixed Prec. 1% 309-125
R99H 100 k 1/2 w Fixed Prec. 1% 309-045
R99J 100 k 1/2 w Fixed Prec. 1% 309-045
R99K 531 101-3574 10 k 1/2 w Fixed Comp.” 10% - 302-103
3575 - up 6.8k 1w Fixed Comp. 10% 304-682
541 101-865 10 k 172 w Fixed Comp. 10% 302-103
866 - up 6.8k lw Fixed Comp. 10% 304-682
R99L 531 101-3574 20k 2w Var. Comp. 20% 311-018
3575 - up 15 k 2w Var. Comp. 20% 311-045
541 101-865 20k 2w Var. Comp. 20% 311-018
866 - up 1S5k 2w Var. Comp. 20% 311-045
R99M 531 101-6710X Selected for individual instrument.
541 101 - up Selected for individual instrument.
R100 531 X7900 - up 7 Q 172 w Fixed Comp. 10% 302-470
RM31 X160 - up 47 Q 1/2w Fixed Comp. 10% 302-470
541 X6729 - up 47 9 1/2 w Fixed Comp. 10% 302-470
RM41l X134 - up- 47 Q 1/2w Fixed Comp. 10% 302-470
R101 90 k 172w Fixed Prec. 1% 309-111
R102 111 k 1/2 w Fixed Prec. 1% 309-046
R105 1 meg 1/2 w Fixed Comp. 10% 302-105
R110 47 k 1w Fixed Comp. 10% 304-473
R111 50 k 2w var. Comp. 20% 311-023
R112 531 101-7012 47 k 1w Fixed Comp. 109 304-473
7013 - up 33k 1w Fixed Comp. 109 304-333
541 101-6196 47 k 1w Fixed Comp. 10% 304-473
6197 - up 33k lw Fixed Comp. 10% 304-333
R115 100 © 1/2 w Fixed Comp. 10% 302-101

i
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R116

R117

R118
R119

R120

R240

R241

R242
R243

R244

R245

R246

R247

R248

531

RM31
541

RM41

531

541

931

541

531
541

531
541

531

541

101-8788
8789 - up
X335 - up
101-7576
7577 - up
101-167

168 - up

101-8543
8544 - up
101-7483
7484 - up

101-8543
8544 - up
101-7483
7484 - up

X1020 - up

101 - up

X8544 - up
X7484 - up

101-8543
8544 - up
101-7483
7484 - up

47 k

I5 k
I5k
15 k
15k
15 k
15 k
15k

47 k
100 ©

33 k

1 meg
1.75 meg
1 meg
1.75 meg

1.23 meg
3.1 meg
1.23 meg
3.1 meg

100
100 k
2.2k
2.2k
22 meg

22 meg

470 k
100 k
470 k
100 k

1/2 w
1/2 w
1/2 w
1/2 w

1/2w
1/2 w
1/2w
1/2w

1/2 w
1w

1/2 w
1/2w

1/2 w
1/2w

1/2 w
1/2 w
1/2 w
1/2 w

Fixed

Var.
Var.
Var.
Var.
Var.
Var.
Var.

Fixed

Fixed

Fixed

Fixed
Fixed
Fixed
Fixed

Fixed
Fixed
Fixed
Fixed

Fixed

Fixed

Fixed
Fixed

Fixed
Fixed

Fixed
Var.
Fixed
Var.

Comp.

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

Comp.
Comp.
Comp.
Prec.
Prec.
Prec.
Prec.
Prec.
Prec.
Prec.
Prec.
Comp.
Comp.

Comp.
Comp.

Comp.
Comp.

Comp.

Comp.
Comp.
Comp.

10%
20%
20%
20%
20%
10%
10%
10%
1%
1%
1%
1%
1%
1%
1%
1%
10%
10%

10%
10%

109
10%

109
10%
109,
10%

Use

Use

Use

304-473

311-112
311-112
311-112
311-112
311-112
311-112
311-112

304-473
302-101

306-333

309-014
309-019
309-014
309-019

309-016
309-027
309-016
309-027

302-101
304-104

302-222
302-222

302-226
302-226

302-474
311-030
302-474
311-030

From S/N8544 - up (531) and S/N7484 - up (54l), R246 and R248 are concentric and
furnished as a unit. From S/N101-8543 (531) and 101-7483 (541), R248 and R250 are

concentric and furnished as a unit.

531

541

531

541

101-8543
8544 - up
101-7483
7484 -

101-8543
8544 - up
101-7483
7484 - up

up

4.7 meg
9 meg
4.7 meg
9 meg

500 k
100 k
500 k
100 k

TYPE 531/541-PARTS LIST

1/2w
1/2w
1/2 w
1/2 w

172 w
1/2w
172 w
1/2w

Fixed
Fixed
Fixed
Fixed

Var.
var.
Var.
Var.

Comp.
Prec.
Comp.
Prec.

Comp.
Comp.
Comp.
Comp.

10%,
2%
109,
2%

209,
209,
209,
207,

302-475
309-232
302-475
309-232

311-048
311-030
311-048
311-030
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R 249

R250

R253

R254
R255
R256
R259
R260

R261

R262

R265

R266

R267
R 268
R269

R270

R272
R273

R278

R279
R282

R283

531

541

531

541

531
541

531

541

531

541

531

541

PAGE 512

101-8543
8544 - up
101-7483
7484 - up

101-8543
8544 - up
101-7483
7484 - up

101-8543X
101-7483X

101-306
307 - up
101 - up

101-306
307 - up
101 - up

101-306
307 - up
101 - up

560 k
33 k
560 k
33 k

500 k
47 k
500 k
47 k

100 @
100 ©

111 k

100 Q

100 k

400 k

400 k
22 k
20 k
47 Q
Sk

10 k
10 k
2.2k

6 k

[SCIN NI
~ x X

47 Q
100
25k
6-25k
6-25 k
47 Q
390 Q

47 Q

1/2 w
1/2 w
5w
5w
Sw
172 w
1/2 w

1/2w

Fixed
Fixed
Fixed
Fixed
Var.

Fixed
Var.

Fixed

Fixed
Fixed

Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Var.
Fixed
Var.
Var.
Var.
Fixed
Fixed
Fixed
Var.
Var.
Var.
Fixed
Fixed
Prec.
Prec.

Prec.

Fixed

" Fixed

Fixed

Comp. 10%
Comp. 109
Comp. 10%
Comp. 10%
Comp. 20%
Comp. 10%
Comp. 20%
Comp. 10%
Comp. 10%
Comp. 10%
Prec. 1%

Comp. 109
Comp. 10%
Prec. 19

Prec. 19

Comp. 10%
Comp. 20%
Comp. 10%
Comp. 209
Comp. 209
Comp. 209
Cer. 109,
WW 5%,

Comp. 109
Comp. 209
Comp. 209
Comp. 20%
Comp. 109
Comp. 10%
Mica Plate

Mica Plate

Mica Plate

Comp. 109
Comp. 10%
Comp. 10%

TYPE 531/541-PARTS LIST

302-564
302-333
302-564
302-333
311-048
302-473
311-048
302-473

302-101
302-101

309-046
302-101
304-104
310-094
310-094
302-223
311-018
302-470
311-011
311-016
311-016
304-222
308-052
304-222
311-006
311-008
311-008
302-470
302-101
*310-503
*310-506
*310-506
302-470
302-391

302-470



R284

R286

R287
R288
R289
R292

R293

R294

R295

R670
R671

R672

R673
R674
R675
R676
R679

R680

R681
R682

R683

531

541

531

541

531

541

531

541

531

541

101-306
307 - up
101 - up

101-7600
7601 - up
101-6513
6514 - up

101-7600
7601 - up
101-6513
6514 - up

101-8543
8544 - up
101-7483
7484 - up

101-8543
8544 - up
101-7483
7484 - up

2.2k
30k
6-30 k
6-30 k
100 @
39k
39k
470 k

470 k

470 k

820k

470 k
820 k

470 k
820 k
470 k
820 k
150 k
1k

3.3 meg
3.9 meg
3.3 meg
3.9 meg
2,7 meg
1k

68 k
33k

10 k
100 k
68 k
100 k
68 k

1.5 meg
100 @

9.5k

Fixed
Prec.
Prec.
Prec.
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
IFixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fix§d
Fixed
Fixed
Fixed

Fixed

TYPE 531/541—-PARTS

Comp. 10%
Mica Plate

Mica Plate

Mica Plate

Comp. 109
Comp. 10%
Comp. 109
Comp. 10%
Comp. 10%
Comp. 10%
Comp. 10%
Comp. 10%
Comp. 109
Comp. 10%
Comp. 10%
Comp. 10%
Comp. 10%
Comp. 10%
Comp. 10%
Comp. 10%
Comp. 10%
Comp. 10%
Comp. 10%
Comp. 10%
Comp. 10%
Comp. 10%
Comp. 10%
Var. 209,
Comp. 10%
Comp. 10%
Comp. 109
Comp. 109
‘Comp. 10%
Comp. 10%
Prec. 1%

LIST

302-222
*310-504
*310-507
*310-507

302-101

306-393

306-393

302-474

302-474

302-474
302-824
302-474
302-824
302-474
302-824
302-474
302-824
302-154
302-102
302-335
302-395
302-335
302-395
302-275
302-102
302-683
304-333
311-016
302-104
302-683
302-104
302-683
302-155
302-101

306-121
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R684 6.375 k 1/2w Fixed Prec. 19 309-119

R685 , 2.1k 1/2 w Fixed Prec. 1% 309-117
R686 1.025 k 1/2 w Fixed Prec. 1% 309-116
R687 610 1/2w Fixed Prec. 19 309-113
R688 200 172 w Fixed Prec. 19 309-073
R689 100 @ 1/2 w Fixed Prec. 19 309-112
R690 60 Q 1/2 w Fixed Prec. 19, 309-067
R691 00 1/2 w Fixed Prec. 1% 309-066
R694 100 k 1/2 w Fixed Prec. 19 309-045
R695 . 100 & 1/2 w Fixed Prec. 19 309-112
R698 531 X5001 - up .25 Q 1/2 w Fixed WW 109, *308-090
541 X5001 - up .25 Q 1/2 w Fixed WW 10% *308-090

R699 100 @ 1/2 w Fixed Comp. 10% 302-101
R700 15 k 1w Fixed Comp. 10% 304-153
R701 15k 1w Fixed Comp. 10% 304-153
R703 68 k 1/2w Fixed Comp. 10% 302-683
R704 27 k 1/2 w Fixed Comp. 10% 302-273
R706 2.7 meg 1/2 w Fixed Comp. 109 302-275
R707 2.7 meg 1/2 w Fixed Comp. 109 302-275
R708 531 X766 - up 12 @ 1w Fixed Comp. 10% 304-120
541 101 - up 12 1w Fixed Comp. 10% 304-120

R710 33k 172 w Fixed Comp. 10% 302-333
R711 100 k 1/2 w Fixed Comp. 10% 302-104
R712 100 k 172w Fixed Comp. 10% 302-104
R713 531 X1543 - up 1k 1/2 w Fixed Comp. 109 302-102
541 X286 - up 1k 1/2w Fixed Comp. 10% 302-102

R715 531 101-2819 50 k 172w Fixed Prec. Use 310-086
2820 - up 50 k 1w Fixed Prec. 1% 310-086

541 101-568 50 k 1/2w Fixed Prec. Use 310-086

569 - up 50 k lw Fixed Prec. 1% 310-086

R716 10 k 2w Var. WW 20%, 311-015

i
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R717

R718

R719

R720

R724

R726

R727

R728

R729

R732

R733

R735

R736

R740

R742.

R743
R744
R747

R748

R749

531

541

531
541

531

541

531

541

531
541

531

541

531

541

531
541

101-2819
2820 - up
101-568
569 - up

X5377 - up
X5213 - up

101-203
204 - up
101 - up

101-364
365 - up
101 - up

X5001 - up
X5001 - up

101-5000
5001 - up
101-5000
5001 - up

101-364
365 - up
101 - up

101 - up
101 - up

100 k

68 k
68 k
68 k
68 k

470 k

10 2
10 ©

o
NN
= = ~

1k
150 k
1 meg
10 @
10Q/2
10 @/2

10 Q
10 Q

100 k
50 Q
50 @
50 @
50 Q
10 @
10
10 ©
47 k
39 k
680 k
1.5 mcg

3k
30 k

750 @

/2w
1/2 w
1w
1/2 w
1w

1/2w

b/2w
1/2w

25w
10 w
10 w
1/2 w
1/2 w
1/2 w

172w

2w
2w
2w
2w
1/2 w
1w
1w
1/2w
1/2 w
1/2w
1/2w

10 w
10 w

10 w

IMixed
I ixed
lMixed
["ixed
IFixed

I-ixed

[Tixed
[rixed

fixed
I"ixed
IHixed
Iixed
Fixed
[Fixed
irixed
FFixed
FFixed
Fixed

[Fixed
["ixed

IFixed
Var.
Var.
Var.
Var.
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed

Iixed

Iixed
IFixed

Fixed

Comp.

Preoc.
Preoc.
Pree.
Prec.

Comp

Comp.
Comp.

Ww
ww
WW

Comp

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

Comp.
Comp.

Comp.

Ww
WWw
WWw
WWw

Comp.
Comp,
Comp.
Comp
Comp.

Comp.

Comp.

WWw
WW

WWw

TYPE 531’541 -PARTS LIST

107

1%
109
104

1075

[
Sw
0
2
-
1047
&)
109,

107,
10%
109,
109,
109

109,
109,
1 0%
209
209,
2004
204,

109,
109,
109,
109,
109,
109,

5%
5%

5%

Usce

Use

(2)
(2)

lise

302 104
310-05+4
310-054
310-054
310-054
302-474

302-100
302-100

308-055
308-055
308-055
302-102
3N02-102
302-154
302-105
306-100
304-100
304-100

304-100
304-100

302-104
311-002
311-0585
311-002
311-085
304-100
304-100
304-100
302-473
302-393
302-684
302-155

308-020
308-027

308-016
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R750 531 101-3394 333 k L/2w Fixed Prec. Use 310-056

3395 - up 333k Lw Fixed Prec. 1% 310-056

541 101-743 333 k 1/2 w Fixed Prec. Use 310-056

744 - up 333k 1w Fixed Prec. 1% 310-056

R751 531 101-3394 490 k 1/2w Fixed Prec. Use 310-057
3395 - up 490 k 1w Fixed Prec. 1% 310-057

541 101-743 490 k 1/2 w Fixed Prec. Use 310-057

744 - up 490 k 1w Fixed Prec. 19 310-057

R752 167 5w Fixed WW 5% 308-045
R756 10Q 2w Fixed Comp. 109 306-100
R757 270 k 1/2w Fixed Comp. 10% 302-274
R758 56 k 1/2w Fixed Comp. 10% 302-563
R760 . 1.5 meg 1/2 w Fixed Comp. 10% 302-155
R762 531 101-524 2k 10 w Fixed WW Use 308-020
525-1412 2,25 k 10w Fixed WW Use 308-020

1413-2819 2.25k 20 w Fixed WW Use 308-020

2820-6637 2.4k 20 w Fixed WW Use 308-020

6638 - up 3k 10 w Fixed WW 59, 308-020

541 101-568 2.25k 20 w Fixed WW Use 308-020

569-5873 2.4k 20w Fixed WW Use 308-020

5874 - up 3k 10 w Fixed WW 5% 308-020

R763 1.5 meg 1/2 w Fixed Comp. 10% 302-155
R764 2.2 meg 1/2 w Fixed Comp. 109 302-225
R763 180 k 172 w Fixed Comp. 109 302-184
R766 82 k 1w Fixed Comp. 10% 304-823
R767 531 X1543 - up 1k 1/2 w Fixed Comp, 109 302-102
541 X286 - up 1k 1/2 w Fixed Comp. 109 302-102

R770 2.2 meg 1/2w Fixed Comp. 10% 302-225
R771 531 101-3394 220 k 1/2w Fixed Prec. Use 310-055
3395 - up 220 k 1w Fixed Prec. 19 310-055

541 101-743 220 k 1/2w Fixed Prec. Use 310-055

744 - up 220 k 1w Fixed Prec. 19 310-055

R772 531 101-3394 333 k 1/2w Fixed Prec. Use 310-056
3395 - up 333 k 1w Fixed Prec. 19 310-056

541 101-743 333k 1/2 w Fixed Prec. Use 310-056

744 - up 333 k lw Fixed Prec. 19 310-056

R777 531 X5001 - up 10 @ 1w Fixed Comp. 10% 304-100
541 101 - up 100 1w Fixed Comp. 10% 304-100

R778 82k 2w Fixed Comp. 10% 306-823

foe;
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R779 2.2 meg 1/2 w Fixed Comp. 10% 302-225

R780 531 101-5000 109/2 1w Fixed Comp. 10% 304-100
5001 - up 10 @ 1w Fixed Comp. 10% 304-100
541 101-5000 10Q/2 I'w Fixed Comp. 10% 304-100
5001 - up 109 1w Fixed Comp. 10% 304-100
R781 531 101-7279 1.5 meg 1/2w FFixed Comp. 10% 302-155
7280 - up 1.0 meg 1/2w Fixed Comp. 109 302-105
541 101-6474 1.5 meg 1/2 w Fixed Comp. 10% 302-155
6475 - up 1.0 meg 172w FFixed Comp. 109 302-105
R782 531 101-7279 390 k 1/2 w Fixed Comp. 109 302-394
7280 - up 560 k 172w Fixed Comp. 109 302-564
541 101-6474 390 k 172w Fixed Comp. 109 302-394
6475 - up 560 k 172 w Fixed Comp. 10% 302-564
R783 47 k 172w Fixed Comp. 10% 302-473
R784 1.5 meg 172w Fixed Comp. 109 302-155
R785 531 101-7279 2k 20 w Fixed WW 3%, 308-031
7280 - up 2.4k 20 w Ilixed WW 5% 308-068
541 101-6474 225k 20 w Fixed WW 5% 308-064
6475 - up 2k 20 w Fixed WW 5% 308-031
R786 531 X7280 - up 2.4k 20 w Fixed WW 5%, 308-068
541 X5001 - up 2.25 k 20w Fixed WW 5% 308-064
R787 531 101-3394 1.84 meg 1/2w [Fixed Prec. Use  308-083
3395 - up 236 k 1w Fixed WW 19, 308-083
541 101-743 1.84meg 1/2w Fixed Prec. Use 308-083
744 - up 236 k 1w Fixed WW 17 308-083
R788 531 101-3394 780 k 1/2 w I'ixed Prec. Usce 308-084
3395 - up 100 k 1/2w Fixed WW 19, 308-084
541 101-743 780 k 1/2w ['ixed Prec. Use  308-084
744 - up 100 k 172 w Fixed Prec. 1Y 308-084

Replace R787 and R788 at the same time with a new Tek. number.
R789 il k 172w Fixed Comp. 109 302-102
R790 10 §2 172w Fixed Comp. 10% 302-100
R791 150 k 1/2w Fixed Comp. 10% 302-154
R792 120 k 1/2 w I'ixed Comp. 109 302-124
R793 27 k 172w [Fixed Comp. 10% 302-273
R794 1 meg 1/2w FFixed Comp. 10% 302-105
R795 531 101-7600 2k 10 w IFixed WW 5% 308-017
7601 - up 4.5 k 5w Fixed WW 5% 308-066
541 101 - up 3k 10 w Fixed WW 5% 308-020
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R797 531 101-3394 220 k 1/2 w Fixed Prec. Use 310-055

3395 - up 220 k 1w Fixed Prec. 19 310-055

S41 101-743 220 k 1/2 w Fixed Prec. Use 310-055

744 - up 220 k 1w Fixed Prec. 1% 310-055

R798 531 101-3394 720 k 1/2 w Fixed Prec, Use 310-0359
3395 - up - 720k 1w Fixed Prec. 19 310-059

541 101-743 720 k 1/2 w Fixed Prec. Use 310-059

744 - up 720 k 1w Fixed Prec. 1% 310-059

RBOG 1k 1/2 w Fixed Comp. 10% 302-102
R803 56 k 2w Fixed Comp. 10% 306-563
RE0+ 100 k 1/2 w Fixed Comp. 109 302-104
R805 1k 1/2 w Fixed Comp. 10% 302-102
R807 390 @ 2w Fixed Comp. 10% 306-391
R810 470 k 1/2w Fixed Comp. 10% 302-474
R811 2 meg 2w Var. Comp. 20% 311-042
R812 2.2 meg 1/2 w Fixed Comp. 10% 302-225
R813 4.7 meg 172 w Fixed Comp. 10% 302-475
R&14 4.7 meg 1/2 w Fixed Comp. 10% 302-475
R815 4.7 meg 172 w Fixed Comp. 109 302-475
R830 47 k 172 w Fixed Comp. 109 302-473
R831 1 meg Var. Comp. 20% 311-041
R832 4.7 meg 2w Fixed Comp. 109 306-475
R833 4.7 meg 2w Fixed Comp. 109 306-475
R834 100 k /2w Fixed Comp. 10% 302-104
R835 1 meg 172 w Fixed Comp. 10% 302-105
R838 100 @ 172w Fixed Comp. 109 302-101
R840 68 k 2w Fixed Comp. 10% © 306-683
R841 531 X1020 - up 17 9 172 w Fixed Comp. 10% 302-470
541 101 - up 47 Q 172 w Fixed Comp. 10% 302-470

R850 22meg 2w Fixed Comp. 10% 306-225
R851 2.2 meg 2w Fixed Comp. 10 306-225
R852 2 meg Var. Comp. 20% 311-043

i
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RR8S3
R&55
R856
R857
R860
R861
R863

R864

S4lonly 101 - up

54lonly 101 - up

SWland5 531 101-8543

Sw43

SW55
SWo0
SWI110

SW254

SW670
SW680
SW670
SW680
SW670
Sw680
SWe70
SW680

Sw701

8544 - up
541 101-7483
7484 - up
RM41 101-166
167 - up

SWI1 and SW5 shafts are concentric.

100 k
100 k

150 k

Trig.
Trig.
Trig.
Trig.
Trig.
Trig.

2w Fixed Comp. 109

1/2 w Ilixed Comp. 10%

1/2w Fixed Comp. 10%

172w Fixed Comp. 109

2w Var. Comp. 209%

2w Var, Comp. 209%

1/2 w FFixed Comp. 109

1/2 w Fixed Comp. 109

SWITCHES

Unwired
Slope and Mode Usc  260-099
Slope and Modc 260-099
Slope and Mode 260-099
Slope and Mode 260-099
Slope and Mode 260-099
Slope and Mode 260-099

[Ffurnished as a unit.

531 X6711 - up) Furnished with R14 and R43

541 X5493 - up )

531 101-7000

101-7000
541 101-6186
101-6186
531 7001 - up
7001 - up
541 6187 - up
6187 - up

4 wafer 8 position, rotary, TIME/CM 260-010

4+ wafer 6 position rotary MULTIPI.IER 260-011

306-105
302-103
302-273
302-105
311-023
311-026
302-104

302-154

Wired

262-080
202-183
262-080
262-183
262-080
262-183

311-096

262-063

262-064

3 wafer 3 position, rotary, HORIZ. DISPLAY 260-012 262-066

1 wafer 2 position, rotary, 5X MAG. 260-010
SWSS and SW254 shafts are concentric. Furnished as a unit,

Volts, Millivolts Off } Use
Sq. Wave Calibrator
Volts, Millivolts, Off ) Usc

)

Sq. Wave Calibrator )
Volts, Millivolts, Off ) Use 260-177
Sq. Wave Calibrator )
Volts, Millivolts, Oft ) Use 260-177
Sq. Wave Calibrator )

Note: SW670 and SW680 shafts are concentric, Furnished as a unit.

Toggle, 1 pole, 1 throw, POWER ON 260-134

THERMAL CUT-OUT

Type SE1L, 128 degrees I'ahrenheit 260-070
TYPE 531 541-PARTS LIST

262-063

262-132
262-132
262-132

262-132
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T700

T80L

V8

V20

V40

V55

V70

V73

V78
V80

V85

Va0

V103

PAGE 5-20

531

541

541

531

541

531

541

531

541

531

541

531

541

101-6418
6419 - up
101-5822
5823 - up

101-8543
854+ - up
101-7483
7484 - up

101-8543
8544 - up
101-7483
7484 - up

101-8543
8544 - up
101-7483
7484 - up

101-8543
8544 - up
101-7483
7484 - up

101-8543
8544 - up
101-7483
7484 - up

101-8543
8544 - up
101-7483
7484 - up

101-8543
8844 - up
101-7483
7484 - up

TRANSFORMERS

50-60 cycle, 117 v and 234 v Power

50-60 cycle, 110 v, 117 v 124 v 220 v, 234 v, 248 |
Plate and Heater Supply Power

Plate and Heatcr Supply, Power, EXPORT

CRT Supply

VACUUM TUBES

6BQ7 A
6DJ8
6BQ7 A
6DJ8

. 6U8

6DJ8
6U8
6DJ8

6BQ7 A
6DJR
6BQ7 A
6DJ8

6BQ7 A
6DJ8
6BQ7 A
6DJ8

6BQ7 A
6D.J8
6BQ7 A
6DJ8

12BY7
61307 A
6DJ8
6RQ7 A
6DJ8
6AU6
6ALS

6137 A
AR
6307 A
6DJ8

6CL6

12AU7

Trigger Amplifier
Trigger Amplifier
Trigger Amplifier
Trigger Amplifier

Trigger Shaper
Trigger Shaper
Trigger Shaper
Trigger Shaper

Stability C.I°. and Swp.-Holdoff C.F.
Stability C.F. and Swp.-Holdoff C.F,
Stability C.F. and Swp. -Holdoff C.F.
Stability C.I*, and Swp.-Holdoff C.F,

Unblanking C.F. and Swp.-Holdoff C.F.
Unblanking C.I7, and Swp.-HoldoffC.I",
Unblanking C,17, and Swp.-HoldoffC.}.
Unblanking C.T7. and Swp.-Holdoff C.I7.

+Multivibrator and Multi. C.F.
+ Multivibrator and Multi. C,I°

+ Multivibrator and Multi. C.T
+ Mulrivibrator and Multi. C.F.

-Multivibrator

Sawtooth Qut C.1°. and +Gate Out C.F.
Sawtooth Out C.F. and +Gate Out C.F.
Sawtooth Out C.I7, and +Gate Out C.F,
Sawtooth Out C.F. and +Gate Out C.F.

Sync. Amplifier for Multi-Trace Units

Disconnect Diodes

Sweep Generator CF,
Sweep Generator L1,
Sweep Generator CL 1,
Sweep Generator CUF.

Sweep Generator

Ext. Swp. Amp, C.FF, and DC Level C.F.

TYPE 531/541- PARTS LIST

*120-037
*120-086
*120-037
*120-086

*1200-036

154-028
154-187
154-028
154-187

154-033
154-187
154-033
154-187

154-028
154-187
154-028
154-187

154-028
154-187
154-028
154-187

154-028
154-187
154-028
154-187
154-047
154-028
154-187
154-028
154-187
154-022
154-016
154-028
154-187
184-028
154-187
154-031

154-041
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V115

V240

V246

V265

V272

V282

V670

V670

V700
V710
V712
V725
V726
V727
V742
V748
V757

V765

331

541

531

541

531

541

531

541

531

341

531
541

531
541

531
541

101-8543
8544 - up
101-7483
7484 - up

101-8543
8544 - up
101-7483
7484 - up

101-8543
8544 - up
101-7483
7484 - up

101-592

593-8543
8544 - up
101-7483
7484 - up

101-592

593-8543
8544 - up
101-7483
7484 - up

101-685
686 - up
101 - up

101-8543X
101-7483X

X8544 - up
X7484 - up

6BQ7 A
6DJ8
6BQ7 A
6DJ8

6BQ7 A
6DJ8
6BQ8A
6DJ8

6BQ7 A
12AU7
6B A
12AU7
6BQ7 A
6BQ7
6DJ8

" 6BQ7A
6DJ8
6BQ7 A
6BQ7
6DJ8
6BQ7 A
6DJ8
12BY7
6CL6
6CL6

6U8
6U8

6AUb
6AUb

6AU6
5651
12AX7
12B4
12B4
12B4
6AUb
6080
6AUb

12AX7

External Sweep Amplifier
External Sweep Amplifier
External Sweep Amplifier
External Sweep Amplifier

Driver C.F. and Input C.F.
Driver C.F. and Input C.F.
Driver C.F. and Input C.F,
Driver C.F. and Input C.F.

Cal. C.F. and Horiz. Pos

. C.F.
Cal. C.F. and Horiz. Pos. C.F.
. CLE.
. C

Cal. C.F. and Horiz. Pos
Cal. C.F. and Horiz. Pos

I

Sweep Amplifier and Sweep C.F. Use
Sweep Amplifier and Sweep C.I'.

Sweep Amplifier and Sweep C.F.

Sweep Amplifier and Sweep C.F.

Sweep Amplifier and Sweep C.IF.
+Sweep Amplifier and +Sweep C.F, Use
+Sweep Amplifier and + Sweep C.F.
+Sweep Amplifier and +Swecep C.F,
+Sweep Amplifier and +Sweep C.F,
+Sweep Amplifier and +Sweep C.F.
Sawtooth Corrector

Gated C.F. Current Booster

Gated C.F. Current Booster

Calibrator Multivibrator
Calibrator Multivibrator

Calibrator Multivibrator
Calibrator Multivibrator

-150 v DC Amplifier

Voltage Reference

-150 v Comparator

-150 v Series Regulator

-150 v Series Regulator

-150 v Series Regulator

+100 v Comparator

+225 v and + 100 v Series Regulator
+ 225 v DC Amplifier

+ 225 v Comparator

TYPE 531/541-PARTS LIST

154-028
154-187
154-028
154-187

154-028
154-187
154-028
154-187
154-028
154-041
154-028
154-041
*157-022
*157-022
154-187
154-028
154-187
*157-022
*157-022
154-187
154-028
154-187
154-047
154-0131
154-031

154-033
154-033

154-022
154-022

154-022
154-052
154-043
154-044
154-044
154-044
154-022
154-056
154-022

154-043
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All changes made to Type 531 at S/N7601 were incorporated in RM31 at S/N 101

6AU6 +350 v Comparator
6080 +350 v Series Regulator
6AU6 + 500 v Comparator
12B4 +500 v Series Regulator
6AUS Oscillator

12AU07 DC Comparator and Shunt Comparator
5642 -1350 v Rectifier

5642 +8650 v Voltage Tripler
5642 + 8650 v Voltage Tripler
5642 + 8650 v Voltage Tripler
5642 -1450 v Rectifier
T51P2A/5BGP2 CRT
T64P16/T533P16 CRT
T54P2/5BHP2 CRT

531 VERTICAL AMPLIFIER

Changes made to Type 531 at S/N8544 were made to RM31 at S/N310.
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V782

V784

V791

V794

V803

V810

V820

V821

V822

V823

V824

V8359 531 101-8543

8544 - up

541 101 - up

B536 X7601 - up

B546 X7601 - up

NE628 101-5000

B628 S001 -7600X

NE629 101-5000

B629 5001-7600X

C500 101-592X

C501 101-592X

C503 101-7600X

C504 X7601 - up

C505 X7601 - up

BULBS
Type NE-2 50-75 v
Type NE-2 50-75 v
75v,1/25 w
75 v, 1/25 w

65-75 v, 1/25 w
65-75 v, 1/25 w

2.2 put
2.2 puf
047 uf
005 puf

005 uf

CAPACITORS
Cer. Fixed 500 v
Cer. Fixed 500 v
PT Fixed 400 v
Cer. Fixed 500 v
Cer. Fixed 500 v

TYPE 531/541—PARTS LIST

Use
Use

+or-.5 puf
+or-.5 uuf
209,

GMV

GMV

154-022
154-056
154-022
154-044
154-021
154-041
154-051
154-051
154-051
154-051
154-051
*154-081

*154-194
*154-098

150-002
150-002

*150-014
*150-014

*150-014
*150-014

281-500
281-500
285-519
283-001

283-001

o



C507A,B X7601 - up

C510

C513
C515
C516
C517A
CS517B
C517

C520

C532
C537
C538

C540

C560
C566
C571
C579
CS82
€586
C595A
C595B
C596

€399

o

X2341-7600
7601 - up

X593-7600X

101-7600X

101-7600X
101-7600X
101-7600X
X7601 - up

101-290
291-7600X

X505-7600X

X7601 - up

X5508-7600X

X608-2675
2676-7600X

X7601 - up

X7601

up
X7601 - up

X7601 - up

X5969-7600X

X7601 - up
101-7600X
101-7600X

X7601 - up
X7601 - up
101-7600X
101-7600X
X7601 - up

X7601 - up

2x10 pf

0l uf
005 uf

.001 uf
150 uf

150 pf

.001 uf
01 pf
.001 pf
.005 uf
005 uf

005 pf

1.5 puf

2x40 uf

.005 uf

022 uf

EMC

Cer.
Cer.

Cer.

EMC

EMC

EMC

Cer.

PT
Cer.

Cer.

Cer.

Cer.

PT

PT

Cer.

Cer.

Cer.

Cer.

Cer.

Cer.

Cer.

Cer.

Cer.

Cer.

EMC

Cer.

PTM

Fixed

Fixed
Fixed

Fixed
Fixed

Fixed

Fixed

Fixed

Fixed
Fixed

Fixed
Fixed
Fixed

Fixed
Fixed

Fixed
Fixed
Fixed
Fixed
FFixed
Fixed
Fixed
Fixed
Fixed

Fixed

Fixed

Fixed

Fixed

250 v

500 v
500 v

500 v

250 v

250 v

450 v

500 v

400 v
500 v

500 v
500 v
500 v

400 v
600 v

500 v
500 v
500 v
500 v
500 v
500 v
500 v
500 v
500 v

500 v

150 v

500 v

600 v

TYPE 531/541-PARTS LIST

GMV

GMV
GMV

GMV
- 20+ 509,

- 20+ 509,
-20+ 509,

GMV

Use
GMV

GMV
GMV
GMV

Use
20%

GMV
GMV
GMV
GMV
GMV
GMV
GMV
GMV
GMV

+or-0.5upuf
-20+ 50,

GMV

209,

*290-076

283-002
283-001

283-000
*290-047

*290-048

*290-043

283-000

283-002
283-002

283-001
283-001
283-001

285-517
285-517

283-001
283-001
283-001
283-000
283-002
283-000
283-001
283-001
283-001

281-526

*290-039

283-001

285-517
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L.506
L.523
1L.527
L3536
L551
L.553

RM31

L.557
L560
L561
L.563

RM31

L570
L.580
L582

L634

L635

R500

R501

RS02

R503
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X7601 - up
X7601 - up
101-7600X
X652-7600X
X7601 - up
X7601-7915
7916 - up
101-170
171 - up
101-7600X
101-7600X
X7€01 - up
X7601-7915
7916 - up
101-160
161 - up
101-7600X
101-7600X
X7601 - up
101-299
300-364
365-7600X
101-299

300-364
365-7600X

For initial replacement, replace L634 and L6335 at the same time.

101-7600X

101-592
593-7600X

101-7600
7601 - up

101-260
291-7600X

21-40 ph
21-40 ph
29 uh
1.1 ph
.75 ph
26-45 uh
17-48 uh
26-45 ph
17-48 ph
1.2 ph
1.2 uh
.75 ph
26-45 ph
17-48 ph
26-45 ph
17-48 ph
17-30 ph

17-30 ph

INDUCTORS

Var.
Var.
Fixed
Fixed
Fixed
var.
Var.
Var.
Var.
Fixed
Fixed
Fixed
Var.
Var.
Var.
Var.

Var.

Var.

18 ph, wound on I w, 2.2 meg res.

8.8 puh
9.3 nh
8.8 uh

8.8 uh

9.3 ©h
8.8 1h

4k

20k
15k
10 @
279

5.6 2
3.9 8

TYPE 531/541—PARTS LIST

Fixed
Fixed
Fixed

Fixed
Fixed
IFixed

RESISTORS

5w Fixed
8w Fixed
10 w Fixed
1/2w Fixed
1/2w Fixed
1w Fixed
1w Fixed

WW

Ww
Ww

Comp.
Comp.

Comp.
Comp.

Use

Use

5%
5%
5%
10%
10%

10%
5%

*114-082
*114-082
*108-016
*108-078
*108-072
*114-081
*114-103
*114-081
*114-103
*108-056
*108-056
*108-072
*114-081
*114-103
*114-081
*114-103
*114-004
*114-004
*108-129
*108-057
*108-057
*108-057
*108-057

*108-057
*108-057

308-051
308-011
308-024
302-100
302-270

307-002
307 -004



R504

R505

R506

R507

R508
R509

R510

R511
R512

R513

R514

R515

RS516

RS517

R518

R520

R521
R523
R524
R526
R527

R528

101-7600
7601 - up

X7601 - up
X7601 - up
101-592X
X7601 - up
101-592X
101-592X

101-592X
X7601 - up

X593-7600X
X593-7600X

X593-7600
7601 - up

X7601 - up

101-141
142-7600X

101-141
142-7601X

101-7600
7601 - up

101-141
142-7601X

101-7600
7601 - up

101-7600X
X7601 - up
X7601 - up
X7601 - up
101-7600X
101-290

291-599
600-7600X

10 @
150 k

620 Q
1.8k
10 ©
100 k
10 @
10Q

10 @
6.8k

10k

39k

1 meg

15k

100 @
100 @

100 ©
100 &

100
470 k

100 @
100 @

120 k
27 Q

150 k
1.8k
100 k
47 Q
4.7 k
1k

47 &
150 @

Fixed
Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed
Fixed

Fixed

Fixed

Fixed
Fixed

Fixed

Fixed
Fixed

Fixed
Fixed

Fixed
Fixed

Fixed
Fixed

Fixed
Fixed

Fixed
Fixed
Fixed
Fixed
Fixed
Fixed

Fixed
Fixed

Comp.
Comp.

Comp.
Mica Plate
Comp.
Comp.
Comp.
Comp.

Comp.
Comp.

Comp.
Comp.

Comp,
WW

WW

Comp.
Comp.

Comp.
Comp.

Comp.
Comp.

Comp.
Comp.

Comp!
Comp.

Comp.
Mica Plate
Comp..
Comp.
Comp.
Comp.

Comp.
Comp.

TYPE 531/541—-PARTS LIST

109
109,

5%

109,
10%

109,
10%,

109
109,

10%
109,

10%

(¢}

%

10%

10%

10%
109

10%

10%
10%

109,

10,
109,
109,
109,

10%
10%

Use

Use

Use

302-100
302-154

305-621
*310-533
302-100
302-104
302-100
302-100

302-100
304-682

304-103
302-393

302-105
308-051

308-108

304-101
304-101

304-101
304-101

304-101
302-474

304-101
304-101

302-124
302-270

302-154
*310-533
302-104
302-470
304-472
302-102

302-470
302-151
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R529

R530

R531

R532

R533

R334

R535

R536

R337
R538

R539

RS540
R3541
R546
R547
R530
R351
R553

R556

R557

R558

R359
R560

R361
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101-7600
7601 - up

101-7600
7601 --up

101-7600X
101-290
291-599
600-7600X
X7601 - up

X487 -7600
7601 - up

X608-7600X

101-7600
7601 - up

X7601 - up
101-7600X

X608-7600
7601 - up

X608-7600X
X7601 - up
X7601 - up
X7601 - up

X7601

up
X7601 - up
X7601 - up

101-7600
7601 - up

101-7600X

101-7600
7601 - up

101-7600X
101-7600X

X7601 - up

15k
8.2k

470 Q
8.2k

18 k
1k
47 Q
150 @
150 k

47 Q
330 k

47 Q@

15 k
330 k

1 meg
47 Q

15k
680 k

1 meg
47 Q
330 k
1 meg
1k
47 Q
1.8k

47 Q
100 k

10Q

8.2k
27 Q

8.2k
10 Q

47 Q

1/2 w

1/2 w

Fixed
Fixed

Fixed
Fixed

Fixed
Fixed
Fixed
Fixed
Fixed

Fixed
Fixed

Fixed

Fixed
Fixed

Fixed
Fixed

Fixed
Fixed

Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed

Fixed
Fixed

Fixed

Fixed
Fixed

Fixed
Fixed

Fixed

Comp.
Comp.

Comp.
Comp.

Comp.
Comp.
Comp.
Comp.
Comp.

Comp.
Comp.

Comp.

Comp.
Comp.

Comp.
Comp.

Comp.
Comp.

Comp.
Comp.
Comp.
Comp.

WW

Comp.
Mica Plate

Comp.
Comp.

Comp.

Comp.
Comp.

Comp.
Comp.

Comp.

TYPE 531/541—PARTS LIST

10%
5%

10%
10%

10,
109,
109,
109,
109,

10%,
10%

10%

10%
10%

10%
10%

10%
10%

10%
10%
10%
10%
5%

10%
1%

10%
10%

109,

109,
10,

10%,
10%

10%

306-153
305-822

302-471
305-822

304-183
302-102
302-470
302-151
302-154

302-470
302-334

302-470

306-153
302-334

302-105
302-470

306-153
302-684

302-105
302-470
302-334
302-105
308-106
302-470
*310-534

302-470
302-104

302-100

306-822
302-270

306-822
302-100

302-470



R563
R566
R568

R570

R571

R573
R574

R575

R577

R579

R580

R582
R583
R385
R586
R587
R390
R593

R595
R596
R597

R598
R599

R603

X7601 - up
X7601 -up
X7601 - up

101-7600

7601 - up

101-7600X

101-7600
7601 - up

101-7600
7601 - up

101-7600X

101-7600
7601 - up

101-7600X

101-7600
7601 - up

X7601 - up
X7601 - up
X7601 - up
X7601 - up
X7601 - up
X7601 - up
X7601 - up
101-1900

1901-7600
7601 - up

101-7600
7601 - up

101-1900
1901-7600X

X7601 - up
X7601 - up

X7601 - up

1.8k
100 k
27

3 k
300 @

1 meg

4 k
25k

100 @
25k

3.6 k
12k
1.6k
12 k
47 Q
30 k
30 k
27 k

47 Q

1 meg
47 Q

39 k
27 k

22 k
1 meg

100 @

Fixed

Fixed

Fixed

Fixed
Var,

Fixed

Fixed
Fixed

Var.
Fixed

Fixed

Fixed
Fixed

Fixed

Fixed
Fixed

Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed

Fixed

Var.
Fixed

Fixed
Fixed

Fixed

Fixed

Fixed

Prec.
Comp.
Comp,

Mica Plate
Comp.

Comp.

wWw
Ww

Comp.
WW

WW

Comp.
Comp.

Comp.

Mica Plate
Comp.

Comp.
Comp.
Comp.
Comp.
Comp.
Comp.
WwW

Comp.
Camp.

Comp.

Comp.
Comp.

Comp.
Comp.

Comp.
Comp.

Comp.

TYPE 531/541-PARTS LIST

1%
10%,

10%

109,

5%
1%

20%,
1%

5%

109,
109,

109

109,

109,

209,
10%,

5%
109,

109,
109,

109

*310-534
302-104
302-270

*310-502
311-005

302-105

308-051
308-103

311-003
308-103

308-051

304-272
302-101

302-105

*310-502
302-101

305-302
303-362
305-123
301-162
305-123
302-470
308-027
301-393
302-273
302-470

311-039
302-470

301-393
302-273

306-223
302-105

304-101
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R605
R606

R607

R608

R609

R610
R612
R613
R615
R627
R628
R629

R634

R635

R650

V504

V308

V509

V524
V527
V533
V335

V543

X7601 - up
101-7600X

101-7600
7601 - up

101-7600X

101-7600
7601 - up

i01-7600X
101-7600X
101-7600X

101-7600X

X1090-7600X

101-7600X
101-7600X

101-574
575-7600X

101-574
575-7600X

X593-751
752-7600X

X7601 - up
101-592
593-7600X
101-392

593-7600X

X7601 - up
101-7600X
X7601 - up
101-7600X

X7601 - up
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100 @
10Q

1.2k
47 Q

47 Q

3.6k
100 @

8k
8k
5.6 k

10 Q

100 k
100 k

820 Q
820 Q

820
820 Q

180 @
220 @

12BY7A
6BQ7 A
6CL6
6BQ7A

6CL6

12BY7 A
6U8
6B3Q7 A
6BOTA

6BQ7A

1/2 w Fixed Comp.
172w Fixed Comp.

2w Fixed Comp.
1/2 w Fixed Comp.

1/2w Fixed Comp.

2w IFixed Comp.
172 w Fixed Comp.
5w Fixed WW
Sw Fixed WW
2w Fixed Comp.

1/2w Fixed Comp.
1/2 w TFixed Comp.
1/2 w Fixed Comp.
1/2w Fixed Comp.

1/2 w Fixed Comp.
172w Fixed Comp.

1/2 w Fixed Comp.

1/2 w Fixed Comp.
2w Fixed Comp.
2w Fixed Comp.

VACUUM TUBES

Input Amplifier

10%
109,

10%,
109

109,

109
109,

5%
5%
10%
10%
10%
10%

109,

%

5%

109,
10%

Delay Line Input, Selected and Matched

Delay Line Input, Selected and Matched

Delay Line Input, Selected and Matched

Delay Line Input, Selected and Matched
Note: V508 and V509 must be replaced at the same time.

Input Amplifier

Internal Trigger Amplifier
Indicator Amp. and Driver
Int. Trigger Cathode Follower

Indicator Amp. and Driver

TYPE 531/541—PARTS LIST

302-101
302-100

306-122
302-470

302-470

306-562
302-101

308-007
308-007
306-362
302-100
302-102
302-104

302-104

Use 301-821

301-821

Use 301-821

301-821

306-181
306-221

*157-053
Use
*157-016
*157-021
Use
*157-016
*157-021
*157-053
154-033
154-028
154-028

154-028

L



V554 X7601 - up
V558 101-7600X
V564 X7601 - up
V570 101-7600X
V580 101-7600X
V584 X760L - up
V593 X7601 - up
V606 101-7600X
C900 101-7600X
C901 101-290X
C902-909 101-7600X
C903-920 X7601 - up
C920-928  101-7600X
C930-935 101-7600X
C930-940 X7601 - up
C938 101-2655
2656-7600X
C939 101-7600X
C940 101-2655
2656-7600X
L.900 101-573
574-7600X
L.900A X574-7600X
L901 101-573
574-7600X
L901A X574-7600X

6197
6BQ7A
6197
12BY7
12BY7
6U8
6BQ7A

6BQ7A

Output Amplifier

Delay Line Output C.F.
Output Amplifier

Output Amplifier

Output Amplifier

Trigger Pickoff Amplifier
Vertical Signal Out C.F.

Output C.F.

531 DELAY LINE

CAPACITORS
1.5-7 puf Cer. Var. 500v Use
1.5 puf Cer. Fixed 3500 v +0r-0.5 upf
1.5-7 puf Cer. Var. 500v Use
T7-3 puf Tub. Var.
1.5-7 puf Cer. Var. 500 v Use
L.5-7uut Cer. Var. 500 v Use
7-3 ppuf Tub. Var. 500 v
1.5 puf Cer. Fixed 500 v +or-0.5uuf
1 puf Cer. Fixed 500 v  +o0r-0.2 puf
001 uf Cer. Fixed 500 v GMV
1.5 puf Cer. Fixed 500 v +o0r-0.5 puf
1 puf Cer. Fixed 500 v  +or-0.2 uuf

INDUCTORS

Assembly of 108-059 and 108-064 Fixed Use
9 section Fixed
2.8-5.0 ph Var.
Assembly of 108-059 and 108-064 Fixed Use
9 section Fixed
2.8-5.0 ¢h Var.

TYPE 531/541-PARTS LIST

154-146
154—628
154-146
154-047
154-047
154-033
154-028

154-028

*295-057
281-526
*295-057
281-027
*295-057
*295-057
281-027

281-526
281-538

283-000

281-526
281-538

*108-117
*108-059

*114-012

*108-117
*108-059

*114-012
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L.905
RM31

L.906
RM31

L920
L921
L.925
L1926
L930
L931

L935
RM31

L9336
RM31

L.935

R936
R937
R938
R939

R940

NEI1010
B1010

NEI1O014
B1014

PAGE 5-30

X7601 - up 174" 18 section Fixed
101 - up 174" 18 section Fixed
X7601 - up 1/4" 18 section Fixed
101 - up 174" 18 section Fixed
101-7600X 9 section Fixed
| 101-7600X 9 section Fixed
X7601 - up 2.5 uh, 40 turns, #35 wire on 1/2 w, 15 meg res.
X7601 - up 2.5 ph, 40 turns, #35 wire, on 1/2 w, 15 meg res.
101-7600X 6 section Fixed
101-7600X 6 section Fixed
X7601 - up 11 section Fixed
101 - up 11 section Fixed
X7601 - up 11 section Fixed
101 - up 11 section Fixed
X7601 ~ up 7.5-15 uh Var.
X7601 - up 7.5-15 ph Var.
RESISTORS
101-7600X 10 @ 172 w Fixed Comp. 10%
101-7600X 10 @ 172 w Fixed Comp. 109
101-7600X 775 Q 1/2 w Fixed Prec. 1%
101-7600X 470 Q 1w Fixed Comp. 10%
101-7600X 775 Q 172 w Fixed Prec. 1%

541 VERTICAL AMPLIFIER

Changes made to Type 541 at S/N 6475 were made to RM41 at 5/N101.
Changes made to Type 541 at S/N 6664 were made to RM41 at S/N134.
Changes made to Type 541 at S/N7023 were made to RM41 at S/N143.
Changes made to Type 341 at S/N7079 were made to Rm4l at S/N150.
Changes made to Type 541 at S/N7484 were made to RM41 at S/N168.

BULBS
101-682 Vertical Beam Position Indicator
683-6474X Vertical Beam Position Indicator
101-682 Vertical Beam Position Indicator
683-6474X Vertical Beam Position Indicator

TYPE 531/541-PARTS LIST

*108-130
*108-130

*108-130
*108-130

*108-060
*108-060
*108-103
*108-103
*108-061
*108-061

*108-131
*108-131

*108-131
*108-131

*114-083

*114-083

302-100
302-100
309-114
304-471

309-114

150-014
150-002

150-014
150-002

o



B1083

B1087

C1003
C1005A
CI1005B
C1005C
C1007
C1010
C1013
C1014
Cl1015°
C1020
C1029
C1030
C1031
C1033
C1035
C1039
C1045A B
C1049
C1050A,B

C1051
C1052
C1054
C1055

C10s56

C1057

X6475 - up

X6475 - up

X6475 - up

X6475 - up

X6475 - up
X6475 - up

X6475 - up
101-6474X
X6475 - up
101-6474X
X6475 - up
101-6475X
X6475 - up
X6475 - up
X6475 - up
X6475 - up
101-6474X
X6475 - up
101-6474X
X6475 - up

101-6474X

X5001-6474X

X5001-6474
6475 - up

101-6474
6475 - up

101-531
532-6474X

X6475 - up

101-6474X

Neon, Type NE-2

Neon, Type NE-2

2x20 pf
40 uf)
20 uf)
10 uf)
A ouf

.005 uf
.005 uf
.005 pf
.005 uf
.005 uf
.001 pf
.005 uf
.005 uf
005 uf
.005 pf
.001 uf
2x75 uf
.001 pf
2x75 uf
.005 uf
.001 uf
.001 nf

.001 pf
005 pf

.022 uf
022 puf

150 upuf

.001 puf

50-75 v
50-75 v
CAPACITORS
EMC Fixed
EMC Fixed
PTM Fixed
Cer. Fixed
Cer. Fixed
Cer. Fixed
Cer. Fixed
Cer. Fixed
Cer. Fixed
Cer. Fixed
Cer. Fixed
Cer. Fixed
Cer. Fixed
Cer. Fixed
EMC Fixed
Cer. Fixed
EMC Fixed
Cer. Fixed
Cer. Fixed
Cer. Fixed
Cer. Fixed
Cer. Fixed
PT Fixed
PT Fixed
Cer. Fixed
Cer. Fixed

450 v

475 v

400 v
500 v
500 v
300 v
500 v
500 v
300 v
300 v
300 v
500 v
500 v
500 v
150 v
500 v
150 v
500 v
500 v
500 v

500 v
500 v

400 v
400 v

500 v

500 v

TYPE 531/541—-PARTS LIST

GMV

10%

-20+ 509,

10%

-20+ 509,

GMV

109,
GMV

10%
GMV

150-002

150-002

*290-036

*290-063

285-526
283-001
283-001
283-001
283-001
283-001
283-000
283-001
283-001
283-001
283-001
281-536
*290-053
281-536
*290-033
283-001
281-536
283-000

281-536
283-001

Use 285-517

285-517
281-524

283-000
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C1060 101-6474X .001 puf  Cer. Fixed 500 v GMV 283-000

C1062 101-6474 150 uuf Cer. Fixed 500 v 209 281-524

6475 - up .001 uf  Cer. Fixed S00v GMV 283-000
C1064 101-6474X 005 uf  Cer. Fixed S00 v GMV 283-001
C1066 101-6474X .001 uf  Cer. Fixed 500v GMV 283-000
C1070 101-6474X 100 uf Cer. Fixed 350 v 20% 281-523
C1072 101-6474X 12 uuf  Cer. Fixed 500v 109 281-506
C1073 101-6474X 1-8 puf Cer. Var. 500 v 281-003
C1074 101-261 10 puf Cer. Fixed 500 v 109 281-504

262-6474X 4.7 ppt  Cer. Fixed 500 v 109 281-501
C1075 101-6474 1-8 uuf Poly. Var, 500 v 281-003

6475 - up 8-50 uuf Cer. Var. 281-022
C1076 101-6474X 1-8 uuf Poly. Var. 500 v 281-003
C1077 101-6474 1-8 uuf Poly. Var. 500 v 281-003

6475 - up 8-50 puf Cer. Var. 281-022
C1078 X262-6474 2.2 puf Cer. Fixed 500 v  +or-1/2uuf 281-500

6475 - up .7-3 puf Tub. Var. 281-027
C1081 101-6474X 001 uf  Cer. Fixed 500 v GMV 283-000
C1082 101-6474X 150 puf Cer, Fixed 500 v 209 281-524
C1083 101-6474X 001 puf  Cer. Fixed 500 v  GMV 283-000
C1084 101-6474X .7-3 uuf Tub. Var. S00 v 281-027
C1085 X6475 - up .005 uf  Cer. Fixed 500 v  GMV 283-001
C1089 X6475 - up .005 uf Cer. Fixed 500v  GMV 283-001
C1090 101-6474X .001 uf  Cer. Fixed 500 v GMV 283-000
C1091 101-6474X 150 put Cer. Fixed 500 v 20% 281-524
C1092 101-6474X .001 uf  Cer. Fixed 500 v " GMV 283-000
C1093 101-6474X .7-3 uuf Tub. Var. 500 v 281-207
(:1093A B,C D X6475 - up 4x75 uf  EMC Fixed 150 v *290-071
C1100 101-6474X .001 uf  Cer. Fixed 500v  GMV 283-000
Cl1101 101-6474X 150 puf Cer. Fixed 500 v 20% 281-524

7
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C1102
C1103
C1104
C1105
C1106
C1110
Cl111
Cl1112
C1113
C1120
cli21
cl122
Cl123
C1124
C1126
C1130
C1132
C1133
Cl14l
Cl1142
Cl144
Cl146
C1150A B
Cl1151A B

Cl1152

C1153A B

C1155

.

101-6474X
X6475 - up
X6475 - up
X6475 - up
101-6474X

101-6474X

101-6474X
101-6474X

101-6474X

101-6474X
X6475 - up
X6475 - up

101-6474X

101-6474X
101-6474X
X6475 - up
X6475 - up
X6475 - up
101-6474X
101-6474X
101-5000

5001-6474
6475 - up

101-6474X

101-6474X

.001 uf
7-3 puf
7-3 uuf
150 puf
150 ppf
.001 uf
150 puf
001 pf
7-3 puf
.001 uf
150 puf
.001 pf
7-3 put
7-3 puf
150 ppef
.001 uf
.001 uf
7-3 upt
.005 uf
.001 uf
7-3 puf
150 puf
2x20 puf
2x20 uf
005 uf
A ouf
.001 uf
2x20puf

005 uf

Cer.
Tub.
Tub.
Cer.
Cer.
Cer.
Cer.
Cer.
Tub.
Cer.
Cer.
Cer,
Tub.
Tub.
Cer.
Cer.
Cer.
Tub.
Cer.
Cer.
Tub.
Cer.
EMC
EMC
Cer,
PT
Cer.
EMC

Cer.

Fixed

Var.

Var.

Fixed

Fixed

Fixed

Fixed

Fixed

Var,

Fixed

Fixed

Fixed

Var.

Var.

Fixed

Fixed

Fixed

Var.

Fixed

Fixed

Var.

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

500 v

500 v

500 v

500 v

500 v

500 v

500 v

500 v

500 v

500 v

500 v

500 v

500 v

500 v

500 v

500 v

500 v

500 v

500 v

500 v

500 v

500 v

450 v

450 v .

500 v
400 v
500 v
450 v

500 v

TYPE 531/541—PARTS LIST

GMV

209,
209,
GMV
209,

GMV

GMV

20%,

GMV

209,

GMV

GMV

GMV

GMV

20%

- 20+ 50%
- 20+ 509,

GMV

209,
GMV

- 20+ 509

GMV

283-000
281-027
281-027
281-524
281-524
283-000
281-524
283-000
281-027
283-000
281-524
283-000
281-027
281-027
281-524
283-000
283-000
281-027
283-001
283-000
281-027
281-524
*290-036
*290-037
283-001
285-526
283-000
*290-037

283-001
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Cl161
C1162
Cl164
Cl166
Cl172
C1182
Cl184
C1186
C1192
C1202
C1204
C1205
C1208
C1212
C1220
C1223

Cl228

L1014

11021

L.R1022
1.1022

11024

L1036

LR1041
L1041

PAGE 5—34

101-6474X

X6475 - up

'

X6475 - up

X6475 - up

'X6475 - up

X6475 - up
X6475 - up
X6475 - up
X6475 - up
X6475 - up
X6475 - up
X6475 - up
X6475 - up
X6475 - up
X6475 - up
X6475 - up

X6475 - up

X6475-7078
7079 - up

101-168
169-6474X

101-168
169-181
182-6208
6209-6474X

X6475-7078
7079 - up

X6475-7078
7079 - up

101-168
169-181
182-6208
6209-6474X

.005 uf Cer. Fixed

.001 uf Cer. Fixed

.7-3 uuf Tub. Var.

150 puf Cer. Fixed

001 puf Cer. Fixed

001 uf Cer. Fixed

.7-3 puf Tub. Var.

150 puuf Cer. Fixed

.001 uf Cer. Fixed

.001 uf  Cer. Fixed

.7-3 puf Tub. Var.

150 ppf Cer. Fixed

005 uf  Cer. Fixed

001 uf Cer. Fixed

.005 uf Cer. Fixed

.001 uf  Cer. Fixed

.022 uf PTM Fixed
INDUCTORS

1.7-3.7 uh

1.8-3.9 uh

.79-1.5 ph

.3-5 uh

2.5 uhon 4.7 k, 1/2 w res.

3.2 uh

2.5 ph

1.8-3.7 uh

1.7-3.7 ph

1.8-3.9 uh

5-1 uh

3-.55 ph

2.5 puh,on 4.7 k, 1/2 w res.

3.2 uh

2.5 ph

1.8-3.7 uh

500 v

500 v

500 v
500 v

500 v

500 v
500 v

500 v

500 v
500 v
S00 v
500 v
500 v

600 v

Var.
Var.

Var
Var.

Fixed
Fixed
Fixed
Var.

Var.
Var.

Var,
Var.

Fixed
Fixed
Fixed
Var.

TYPE 531/541—-PARTS LIST

GMV

GMV

20%

GMV

GMV

20%

GMV

GMV

20%,

GMvV
GMV
GMV

GMV

209

Use

Use
Use

Use
Use

283-001
283-000
281-027
281-524
283-000
283-000
281-027
281-524
283-000
283-000
281-027
281-524
283-001
283-000
283-001
283-000

285-517

*114-008
*114-112

*114-037
*114-037

*108-103
*108-103
*108-103
*114-079

*114-088
*114-112

*114-087
*114-111

*108-103
*108-103
*108-103
*114-079

‘,‘lmﬂ
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L1042
L1046

L1064
RM41

L1067

L1070

L1071

L1073

1.1080
L1081
1.1082
1.1083

L.1103
1.1104
L1113

L1114

R1003
R1005
R1007
R1008
R1009

R1010

o

101-168
169-6474X

X6475-7078
7079 - up

X6475-6663
6664 - up
X188 - up
101-6474X
101-6474X
101-6474
6475-6663
6664 - up

X6475-6663
6664 - up

101-6474X
101-6474X
101-6474X
101-6474X

X6475-6663
6664 - up

X6475-6663
6664 - up

X6475-6663
6664 - up

X6475-6663
6664 - up

X6475

up
X6475 - up

X6475 - up

. X6475 - up

X6475 - up

101-6474X

.79-1.5 ph
.3-.5 uh

.5-1 ph
.3-.55 ph

14 uh
8.4 uh
8.4 ph

12 yh

5 section, terminating line

5 section, terminating line

.9-1.6 uh
.3-.5 uh

.9-1.6 uh
3-.5 uh

Plate line, 7 section
Grid line, 7 section

Grid Line, 7 section
Plate Line, 7 section

Grid Line, 7 section
Grid Line, 6 section

Plate Line, 6 section
Plate Line, 7 section

Grid Line, 7 section
Grid Line, 6 section

Plate Line 6 scction
Plate Line 7 section

RESISTORS
100 @ lw Fixed
100 Q@ 1w Fixed
47 Q 172w Fixed
47 Q 172 w Fixed
100 @ 1w Fixed
1 meg 1/2 w Fixed

Var.
Var.

Var.
Var.

Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Var.

Var.

Var,
Var.

Fixed

Fixed

Fixed

Fixed

Fixed
Fixed

Fixed
Fixed

Fixed
Fixed

Fixed
Fixed

Comp.
Comp.
Comp.
Comp.
Comp.

Comp.

TYPE 531/541-PARTS LIST

10%
10%
10%
10%
10%

10%,

Use

Use

Use

*114-037
*114-037

*114-087
*114-111

*108-134
*108-157
*108-157
*108-005
*108-081
*108-081
*114-038
*114-092

*114-038
*114-092

*108-096
*108-080
*108-080
*108-096

*108-045
*108-145

*108-135
*108-139

*108-145
*108-145

*108-135
*108-139

304-101
304-101
302-470
302-470
304-101

302-105

PAGE 5-35



R1011 101-5393 1 meg 1/2 w Fixed Comp. 10% 302-105

5394-6474 100 k 172w Fixed Comp. 109 302-104
6475 - up 27 Q 1/2 w Fixed Comp. 10% 302-270
R1012 101-6474X 470 k 1/72 w Fixed Comp. 10% 302-474
R1013 101-5393 1 meg 172 w Fixed Comp. 10% 302-105
5394-6474 100 k 172w Fixed Comp. 10% 302-104
6475 - up 910 @ 2w Fixed Comp. 5% 305-911
R1014 101-6474 1 meg 172 w Fixed Comp. 10% 302-105
6475 - up 500 @ 1/2w Mica Plate 2%, *310-515
R1015 101-6474 1k 1/2 w Fixed Comp. 10% 302-102
6475 - up 130 k 1/2w Fixed Comp. 10% 302-154
R1016 X6475-7022 4k Sw Fixed WWwW 5% 308-051
7023 - up 3k 5w Fixed WwW 5% 308-062
R1017 X6475-7022 12k 8w Fixed WwW 3%, 308-069
7023 - up 10 k 8w Fixed WW 3% 308-126
R1018 X6475 - up 330 Q /2w Fixed Comp. 10% 302-331
R1019 X6475 - up 470 k /2w Fixed Comp. 10% 302-474
R1020 101-6285 1.2k 2w Fixed Comp. 109 306-122
6286-6474X 1.2k 2w Fixed Comp. 5% 305-122
R1021 101-6474 650 © 172 w Fixed Mica Plate *310-513
6475 - up 27 Q 1/72 w Fixed Comp. 109 302-270
R1022 101-6474X 100 © 172 w Fixed Comp. 109 302-101
R1023 101-6474X 68 k dw Fixed Comp. 10% 307 -006
R1024 X6475 - up 500 @ 1/2w Mica Plate 2% *310-515
R1025 101-6474X 27 Q 1/2 w Fixed Comp. 10% 302-270
R1026 330 @ 1/2 w Fixed Comp. 109 302-331
R1027 200 @ 2w Var. Comp. 20% 311-004
R1028 101-6474X 330 @ 1/2w Fixed Comp. 10% 302-331
R1029 X6475 - up 470 k 1/2 w Fixed Comp. " 10% 302-474
R1030 101-6474X 4 k 5w Fixed WW 5% 308-051
R1031 101-6474 15k 10 w Fixed WWwW 5% 308-024
6475-7022 4.7 k iw Fixed Comp. 10% 304-472
7023 - up 2.2k 1w Fixed Comp. 10% 304-222
R1033 X6475-7078 1.5k Sw Fixed Ww 3% 308-061
7079 - up 2.5k Sw Fixed WW 5% 308-127

L
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R1035 101-6474X 10 k lw Fixed Comp. 109 304-103

R1036 X6475 - up 27 k 2w Fixed Comp. 10% 306-273
R1039 X6475-7078 39 Q /2w Fixed Comp. 10% 302-390

7079 - up 33 Q 172w Fixed Comp. 10% 302-330
R1040 101-6474X 27 1/2 w Fixed Comp. 10% 302-270
R1041 101-6474X 100 172 w Fixed Comp. 10% 302-101
R1042 101-6474X 650 1/2 w Fixed Mica Plate *310-513
R1043 101-6474X 68 k dw Fixed Comp. 10% 307-006
R1045 101-6474X 47 k 172w Fixed Comp. 109 302-473
R1046 101-6474 100 @ 1/2w Fixed Comp. 10% 302-101

6475 - up 27 k 2w Fixed Comp, 109 306-273
R1047 101-6474X 100 @ 1/2 w Fixed Comp. 10% 302-101
R1049 X6474-7078 39 Q 172w Fixed Comp. 109 302-390

7079 - up 33 Q 1/2w Fixed Comp. 10% 302-330
R1050 101-6474X 47 k 1/2 w FFixed Comp, 109 302-473
R1051 101-6474X 2.2k I w Fixed Comp. 109 304-222
R1052 101-6474 47 Q 1/2w Fixed Comp. 109 302-470

6475 - up 470 k 1/2 w Fixed Comp. 10% 302-474
R1053 101-6474X 30 k 10 w Fixed wWw 5% 308-027
R1054 101-6474 47 Q 172 w Fixed Comp. 109 302-470

6475 - up 167 @ Sw Fixed Ww 5% 308-104
R1055 101-6474 15k 2w Var. Comp. 209 311-061

6475 - up 4.5k Sw Fixed ww 5% 308-066
R1056 101-6474X 1 meg 1/2w FFixed Comp. 109 302-105
R1057 101-6474X 2.7 k 2w Fixed Comp. 109 306-272
R1059 101-6474X 250 k 2w Var. Comp. 20% 311-061
R 1060 101-6474X 470 k 1/2 w Fixed  Comp. 109 302-474
R1062 101-6474 4.5 k 5w Fixed WW 5%, 308-066

6475 - up 470 k 1/2 w Fixed Comp. 10% 302-474
R1064 101-6474 167 @ Sw Fixed ww 5% 308-045

6475-7692X 2k Iw Fixed Comp. 359 303-202
R1066 101-6474X 470 k 1/2 w Iixed Comp. 109 302-474
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R1067

R1071
R1073
R1071
R1073

R1075
R1077
R1078

R1080

R1081

R1082

R1083

R1084

R1085

R1087

R1089

R1090

R1091

R1092

R1093
R1094
R1095
R1097

R1098

PAGE 5—-38

101-168 2.2k 1w
169-6474X 2k 1w
X6475-6564 600 Q Sw
X6475-6564 600 Q Sw
X6565 - up 600 Q Sw
X6565 - up 600 Q@ 5w
R1071 and R1073 are paired within 1/2%-of each other,
X6475 - up 220 1/4w
X6475 - up 47 Q 1/4 w
X6475 - up 150 @ 1/4 w
101-6474 8.2k 1/2 w
6475 - up 150 k 172w
101-6474 470 k 1/2w
6475 - up 330 k 172 w
101-6474X 4.5k Sw
101-6474 470 k 172 w
6475-6713 330 k 1/2 w
6714 - up 390 k 172 w
101-6474 8.2k 1/72 w
6475 - up 680 k 1/2 w
X6475 - up 1 meg 1/4w
X6475-6713 330k 1/2 w
6714 - up 390 k 172w
X6475 - up 1 meg 174w
101-6474 470 k 1/2 w
6475 - up 8.2k 174w
101-6474 4.5k Sw
6475 - up 250 k 2w
101-6474 470 k 1/2 w
6475 - up 47 k 1/2 w
X6475-6542X 15k 1/2 w
X6475 - up 68 k lw
X6475 - up 8.2k 1/4 w
X6475 - up 47 k 1/2 w
X6475-6542X 15k 172w

TYPE 531/541T—PARTS LIST

Fixed
Fixed

Mica Plate )
Mica Plate )
Mica Plate )
Mica Plate )

Comp. 10%
Comp. 5%

Selected
Pair
Selected
Pair

Fixed Comp. 10%
Fixed Comp. 10%
Fixed Comp. 10%
Fixed Comp, 109
Fixed Comp. 10%
Fixed Comp. 10%
Fixed Comp. 10%
Fixed WW 5%
Fixed Comp. 10%
Fixed Comp. 10%
Fixed Comp. 10%
Fixed Comp. 10%
Fixed Comp. 10%
Fixed Comp. 10%
Fixed Comp. 10%
Fixed Comp. 10%
Fixed Comp. 10%
Fixed Comp. 10%
Fixed Comp. 10%
Fixed WwW 5%
Var. Comp.

Fixed Comp. 10%
Fixed Comp. 10%
Fixed Comp. 10%
Fixed Comp. 10%
Fixed Comp. 10%
Fixed Comp. 10%
Fixed Comp. 10%

304-222
303-202

Use  *312-587

Use  *312-587

316-221
316-470
316-151

302-822
302-154

302-474
302-334

308-066
302-474
302-334
302-394

302-822
302-684

316-105

302-334
302-3%94

316-105

302-474
316-822

308-066
311-061

302-474
302-473

302-153
307-006
316-822
302-473

302-153
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R1099
R1100
R1101
R1102
R1105
R1110
RI111
R1112
R1120
R1121
R1122
R1125
R1}30
R1131
R1132
R1140

R1141

R1142

R1143
R1145
R1150
R1151

R1152

R1153

R1154

R1155

osg ':

X6475 - up
101-6474X

101-6474X

X6475 - up
101-6474X

101-6474X

101-6474X

101-6474X

X6475 - up
101-6474X

101-6474X

101-6474X

101-196

in series with

197-6474X
101-6285

6286-6474
6475 - up

101-6474X
X6475 - up
101-6474X
101-6474X

101-6474
6475 - up

101-6474X

101-6474X

101-6474X

68 k

470 k
4.5k
470 k
4,5k
470 k
4.5k
470 k
470 k
4.5k
470 k
4.5k
470 k

45k

100 @
100 @

47 Q
470 k

47 Q

100 @

150 k

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed

Fixed

Fixed
Fixed

Fixed

Fixed

Fixed

Comp.

Comp.

WW

Comp.

WwW

Comp.

WW

Comp.

Comp.

WWw

Comp.

WW

Comp.

WwW

Comp.

Comp.

WW

Comp.

WW

WWw
WWwW

Comp.

WW

Ww

Comp.
Comp.

Comp.

Comp.

Comp.

Comp.

Comp.

TYPE 531/541—-PARTS LIST

109,
10%
5%
10%
5%
10,
5%
10%,
10,
5%
109
5%

10%,

109,
109,

10,
109,

109,

10%

109,

307 -006
302-474
308-066
302-474
308-066
302-474
308-066
302-474
302-474
308 -066
302-474
308-066
302-474
308-066
302-474
301-391
308-008
304-182
308-069
308-063
308-106
302-474
301-391
308-066
304-101
304-101

302-470
302-474

302-470

304-101

302-154
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R1162
R1165
R1172
R1182
R1185

R1192

V1014
V1024

V1025

V1033

V1040

V1043

V1050
V1052
V1054

V1060

V1064

V1066

V1080-1132

V1084
V1104-1214

V1223

PAGE 5—40

X6475 - up
X6475 - up
X6475 - up
X6475 - up
X6475 - up

X6475 - up

X6475

up
X6475 - up
101- 6474X

X6475-7078
7079 - up

101- 6474X
X6475-7078
7079 - up
101-6474X
101-6474X

X6475 - up

101-487
488-6474X

X6475 - up
101-487
488-647 4X

101-487
488-6474X

X6475 - up
X6475 - up

X6475-7078
7079 - up

470 k 1/2 w Fixed Comp. 109

4.5k 5w Fixed ww 5%

470 k /2 w Fixed Comp. 109

470 k 1/2w Fixed Comp. 10%

4.5k Sw f‘ixed WW 5%

470 k 172w Fixed Comp. 10%
VACUUM TUBES

12BY7A Input Amplifier Selected

12BY7A  Input Amplifier Selected

6AWS Decoupling Amp. andAmp., Selected Use

6BQ7A  Grid Line Driver

6DJ8 Grid Line Driver

6AWS Decoupling Amp. and Amp. Selected Use

6BQ7A  Grid Line Driver

6DJ8 Grid Line Driver

6BQ7A  Driver C.F, and Internal Trig. C.F.

6BQ7A  Driver C.F. and Vert. Sig. Out. C.F,

6DK6 Trigger Pickoff Amplifier

6CB6 Balance Amplifier

6CB6 Balance Amplifier Selected

6DK6 Trigger Pickoff Amplifier

6CB6 Internal Trigger Amplifier

6CB6 Internal Trigger Amplifier Selected

6CB6 Qutput Amplifier (12 tubes)

6CB6 Output amplifier (12 tubes) Selected

12A0U7 Indicator Amplifier

6DK6 Distributed Amplifier (12 tubes)

6BQ7A  Vertical Signal Out. C.F.

6DJ8 Vertical Signal Qut. C.F.

TYPE 531/541-PARTS LIST

302-474
308-066
302-474
302-474
308-066

302-474

*157-033
*157-053
*157-039

154-028
154-187

*157-039
154-028
154-187
154-028
154-028

154-149

154-030
*157-037

154-149
154-030
*157-037

154-030
*157-037

154-041
154-149

154-028
154-187

e



C1201-1250

C1260-1275

C1280

C1281

C1282
C1301-1350
C1360-1375
C1380
C1381
C1382

C1384
RM41

C1385
RM41

11204

L1205

L1234

L1235
11254
L1255
[.1304
1.1305

L1334

541 DELAY LINE

101-6474X

101-6409X
6410-6474X

101-6474X

101-384X
X6410-up

101-6474X
X6475 - up
X6475 - up
X6475 - up
X6475 - up

X6475

up

X6538 - up
X105 - up

X6538 - up
X105 - up

101-6409
6410-6474X

101-6409
6410-6474X

101-6409
6410-6474X

101-6409
6410-6474X

101 - 6474X
101-6474X

X6475 - up
X6475 - up

X6475 - up

CAPACITORS

.7-3 upf Tub. Var.
3.3 uuf Cer. Fixed
1.5 yuf  Cer. Fixed
68 uuf Cer. Fixed
.68 uuft Cer. Fixed
68 puf Cer. Fixed
1 puf Cer. Fixed
.7-3 pupuf Tub. Var.
1.5 put Cer. Fixed
.68 puf Cer. Fixed
.68 puf Cer. Fixed
1l puf Cer. Fixed
68 puf  Cer. Fixed
68 uuf  Cer. Fixed
68 uuf  Cer. Fixed
68 uuf  Cer. Fixed

INDUCTORS
30 section Fixed
30 section Fixed
30 section Fixed
30 section Fixed
20 section Fixed
20 section Fixed
20 section Fixed
20 section Fixed
0.9-1.6 uh Var,
0.9-1.6 uh Var.
30 section Fixed
30 section Fixed
20 section Fixed

TYPE 531/541—-PARTS LIST

500 v

500 v
500 v

500 v

500 v
500 v

300 v
500 v
500 v
500 v
500 v
500 v

500 v
500 v

500 v
500 v

+or-1/4puf

209,

209,
209,

209,

+0r-0.25 puf

209
209,
209,

209,
209,

209,
209,

281-027

281-534
281-526

281-537

281-537
281-537

281-538
281-027
281-529
281-537
281-537
281-338

281-537
281-537

281-537
281-5,37

*108-094
*108-133

*108-094
*108-133

*108-093
*108-132

*108-093
*108-132

*114-038
*114-038

*108-133
*108-133

*108-132

PAGE 5—-41



L1335
[.1354

L1355

R1201

R1202

R1203

R1204

R1205

R1206

R1207

R1208

R1212
R1216
R1218
R1221

R1223

R1224

R1226

R1227

R1228

R1301-1308

PAGE 5--42

X6475 - up
X6475 - up

X6475 - up

101-6409
6410-6474X

101-6409
6410-6474
6475 - up

101-6409
6410-6474X

101-6409
6410-6474X

101-6409
6410-7474
6475 - up
101-6409
6410-6474
6475 - up

101-6409
6410-6474X

101-6409

6410-6474
6475 - up

X6475 - up
X6475 - up
X6475 - up
X6475 - up

X6474-7078
7079 - up

X6475 - up
X6475 - up
X6475 - up
X6475 - up

X6475 - up

20 section Fixed
0.9-1.6 uh Var.

0.9-1.6 ph Var.

RESISTORS

680 172w Fixed
1k 1/2 w Fixed
680 © 1/2 w Fixed
1k 1/2w Fixed
470 k 1/2w Fixed
680 © 1/2w Fixed
1k 172 w Fixed
680 0  1/2w Fixed
1 k 1/2 w Fixed
680 Q 1/2 w Fixed
1k 1/2w Fixed
4.5k 5w Fixed
680 Q 1/2 w Fixed
1k 1/2 w Fixed
360 © 1/2 w. Fixed
680 Q 1/2 w Fixed
1k 1/2 w Fixed
680 Q 172 w Fixed
1k 1/2w Fixed
12k 8w Fixed
470 k 1/2w Fixed
360 @ 1/2 w Fixed
lk Sw Fixed
100 & 1/2 w Fixed
27 k 2w Fixed
4.7 k 2w Fixed
30 k 10w Fixed
100 @ 1/2w Fixed
15k 2w Fixed
1 meg 1/2w Fixed
1k 12w Fixed

Comp.
Comp.

Comp.
Comp.
Comp.

Comp.
Comp.

Comp.
Comp.

Comp.
Comp.

WW

Comp.
Comp.
Comp.

Comp.
Comp.

Comp.
Comp.

Ww

Comp.

Comp.

WWwW

Comp.

Comp.
Comp.

Ww

Comp.
Comp,
Comp.

Comp.

TYPE 531/541-PARTS LIST

109,
10%

10%
109
10%

10%
10%,

10%
10%

10,
10,
5%
109,
109,
5%

109
109

109,
109
5%
109
3%
5%
10,

10%

109,

5%

10%,
109,
10%

109,

*108-132
*114-038

*114-038

302-681
302-102

302-681
302-102
302-474

302-681
302-102

302-681
302-102

302-681
302-102
308-066
302-681
302-102
301-361

302-681
302-102

302-681
302-102
308-069
302-474
3nl-361
308-106
302-101

306-272
306-472

308-027
302-101
306-153
302-105

302-102

i



HV
SUPPLY

SAWTOOTH
—— [

LINE
N ey
somaL o, PLUG-1/Y Pl L veenca
el PREAMPLIFIER | ) T PLATES
A\ ! i
7/ v T
= | PR 1
TRIGGER~PICKOFF TRIGGER -PICKOFF
CATHODE FOLLOWER
VERT. 5/G.
——o
UNBLANKING
CATHODE FOLLOWER
e o] P [ e
CATHODE FOLLOWER our L
AMPLIFIER . | o
TRIGGER TRIGGER SWEEP SWEEP
AMPLIFIER SHAPER MULTIVIBRATOR GENERATOR AMPLIFIER
beos - —eo— |
INT. P
p: '
TRIGGER
—ocrn -
( 4
= 1 —O
1
I
SWEEP-HOLDOFF |
CATHODE FOLLOWERS :
- — !
I
Lo
|'
STTTT ST T T s s s m oo {#HORIZONTAL DISPLAY F - —— ——— == — = m e e e e e m— o 4
, Ve 4 ’ /
L L, EXTERNAL-SWEEP
] L L AMPLIFIER
G0 oyle—e—
=
EXT.
o o

TYPE 531-54| 0SC/LLOSCOPE

SQUARE-WAVE
CAL/BRATOR

AA

BLOCK DIAGRAM

HORIZ,
DEFLECTION
PLATES

12-9-58
KFE



r
SW5A

RIGGER| >
INPUT

FROM CATH,
FING, VI223B

TRIG.PICKOFF C.F
(VERT. AME )

i INT. 3
- Rz 1
INT. TRIG . 30K [
DC LEVEL "
ADJ. \ _ ]
1
R3 !
50K LiNE!
+ 1
1
— B0V 1
6.3VAC T
!
1
sw
[
TYPE 53| -54)

\Z:)

TRIGGER  AMPLIFIER

FOR SW5G SEE SWP GEN. DIAG.

— ~[TRIGGERING MODE | = == ——

CHANGED
531 S/N 101- 8543
54! 8/N 10(~7483

————r———

swW ?C

SW5SF

V2o
TRIGGER  SHAPER

+ 350v

CHANGED
531 8/N 101-8543
541 5/8 101-7483

OSCILLOSCOPE

AA

w
f |
i |
i i
| i + 225V + 225V ~
1 I \ TOGRID,PIN2,V58A
l I N N(Ué_;rvlglé%RAT or\;
: : c9 R9 3$RIO Y Giry
| | a7 4TK  PATK -
l 1
o VO s |
I I 6DJG A 2
! ! R8 RI 1\
| : 47 = a7 { %8?( o
i . T\ - —=Fz
| |
{ | 8 3 <SR35
1 I l :» 00K
1 l
| t 1_ TRIGGER
] 1 RIZ < 2RI3 ¢ < <) SENSITIVITY
i | 2 b3 looK
‘ : 33K S > 39K aaK /
|
i i
+ 100V +100
1 : gg[ —150v VTRlGGEmNG LEVEL
I B
1 ANA
| A
| Il a.R 73055
H E Ot . T MEG.
oC | ! / )
O-O0——4 /
AC SLOW /
{ 3 |
cs | ACFAST | i i :
00 f AUTOMATIC : ! + 100V |
" lca wrsync ] : ;
100 o b i H H
1 " ! Ria i SEE PARTS LIST FOR
N 4 L X : 100 { EARLIER VALUES OF
- - PARTS MARKED
\ R5 [ 1 [TRIGGERING I -
| ™M : t LEVEL ]
! RI5 !
: : : 22K :
| | : 3
| : ] 1
! I H -150V '
i | 1 i =
| : 1 \
[ I
I ! ! I
t { +
| ! ) i
1 ! 1 1
i ! t | *
[ ' [ [ 6922 OR 6BQ7A MAY BE SUBSTITUTED FOR 6DJ3., V8.
SWIiB swllc SWID SWIIE 6922 MAY BE SUBSTITUTED FOR &DJ8., V20

12-11 -58
R.O.W.

SWEEP TRIGGER



FROM sSWw5F

V738
+GATE QUT C F

V8o
SAWTOOTH GENERATOR
(MILLER INTEGRATOR)

TO GRID, PIN2, V5EEA

UNB

(SWEEP TRIGGER)

53
541

TUBES CHANGED
SIN 10i- 8543
SIN 10~ 7483

LANKING CF

vas
SWEEP-GENERATOR C F

TO Swilloc

+228V (CRT CIRCUIT)
‘ ADDED
R72 53) §/N 500|
541 _S/N 5963
V7381 €92 L‘J e dd
%eDI8| T.oos
R3S LCT3 el = SR
4aIKS Tz 22K
1 R92
" |
V588 P;gg 322k
MULTIVIBRATOR RT4 < ry
CF 100K [
$R93
b: cos
V584 -150v R17 z2K 001
+MULTIVIBRATOR 47K LAY
ADGED
S1ZBY 531 S/N 1026 = coc 895 pog
8o 8z 47K
oV RTE ¢ 1 DISCONNECT SEE A
47 DIOPES TIMING R96G
MULTIVIBRATOR o Xt
WITCH 5
e P // V808 DETAIL
8auh 505 eaLs 150V
003 L— 100V 2 . : " _
Rel 4228V T = f‘ s N
3.3k R&Y RTO | SWEEP !
1K 47K | TIMING
R&0O | CAPACITOR|cas
27K 1 \
] Teu |
82 \
RG3 — RTL | \
47 | \l
= 10 z‘ [ s i A
= H 0
— T f00v V804 1
yro %eALs 4
vssa ”_J rzerr| - ! '
16D RGE ces 7 - \ mh |
css 26046 39K i \
= I
z}v{ 2 ! RDD'
»59 | i
41 RGe | -1sov
33K _d
vrs
MULTI-TRACE UNITS \
5oy SYNC AMPLIFIER LA \
78 |
T.005 |
|
258 RGH
K 8K :
j
-150v
159 10 PLUG-IN UNIT |
CONNECTOR, |
1o, St SYNCHRONIZING PULSE|
30 oM -
o FOR MULTI-TRACE UNITS |
[
|
l
|
|
|
|
!
|
i
I
i
|
t
y408 V558 |
SWEEP - HOLDOFE C Fs swssc
e S T/ 4
SW55A
i r -1
TIMING  TTTI o
SWITCH | SWEEP | +100V
——a ((HOLDOFF | 1|
DETAIL : CAPACITOR} 1 555
L i v "
+100v ' fg:,/ | ¢ %ensa
| s \
1 s [pp—— 7
N S
5
HA N it B
»
R57 6922 OR GBQ7A MAY BE SUBSTITUTED
41M FOR GDJS.
=150V

V&S5
VB8 - 68Q7
Y73
V8!
V4.0A
STABLITY CF
—{TRIGGERING MODE
R4z | SW5A4,8,C,D,E,F SWP. TRIG.
100K L SW56
-150V| saNcep !
CONTROLS }' =
’ / R40
’ / R38 100K
Swes ) 470K
41 bra
AC SLOW L0012 200K
M C FAST =
R49 »
100K AUTOMATIC -150v
HF SYNC
PRESET -150V
STABILITY
TYPE S53}- 54| OSCILLOSCOPE

R42
22K

~180V

AA

(SWEEP AMPLIFIER)

V734
R 86 SAWTOOTH-OUT C F
470

+350V

V73A
epJs8

<81
001
SAWTOOTH
ouT
=150V
rR87
8K
SWP. LENGTH ~
RB8
z
S K
RB9
4K SEE PAR™S LIST FOR
EARIER VALJES OF
PARTS MARKED [
=150V
Y
12-12 =56

SWEEP GENERATOR



VIO5 A VI05B

EXT.- SWEEP C.F DC LEVEL- SETTING CF
VIi5
EXT, - SWEEP
AMPLIFIER
+225v
$ RI20
> 33K
p—————————— 7— - HORIZONTAL DISPLAY |
/ / TO SWIIOC
SWIIOA swigs (SWIOC SWEEP AMR DIAG.) HORIZONTAL DISPLAY
// : I/ (SWEEP AMPL.)
/ /
INTERNAL , /) +100V
SWEEP /
o/ o / IVIO5A
EXT. / AUT
SWEEP [x10 o—-{———xm—o / 2£12AU s
ATTENS 7 )
EXT ERNAL / 2
. _——
SWEEP IN °‘RV,VOO"—°“’°;_ —0<0 +loov
7
# RIOS : VIISA
ADDED " /Z6DJ6* -
531 S/N 760
Py CHANGED
541 S/N €729 - 531 §/N 10/-&710
541 S/N 101-6i96
e RI:2
>
EXTERNAL SWEEP
AT TENUATOR, 10 -1
N
R
RiG S oK e RIIG
< <
CHANGED D4 4
531 S/N 101-552 K e $ 4K
TUBE CHANGES a
53" §/N 101- 8543
54t S/N (O)|-7483
VIS - 6BQ7 l
- 150V
RIlI
BOK
..v\
- ° EXT'-DéWBpA'LAMPL‘ SEE PARTS LIST FOR
" EARLIER VALUES OF
PARTS MARKED RN
XI0 ATTENUATOR DETAIL -150v
¥4922 OR GBQ7A MAY BE SUBSTITUTED
FOR &DJS.
R.O.W.
12-10-58
+

TYPE 53(~-54 OSCILLOSCOPE AA EXTERNAL SWEEP AMPLIFIER



FROM CATH, PINS 3¢
SWEEP GENERATOR

(SWEEP)

XI0| £xT.
FROM PLATE, PIN [, V154 N
EXT - SWEEP AMPLIFIER SWEEP
(EXTERNAL SWEEP AMPL.) xr | ATTEN.

TO GRID PIN 7
THROUGH R242

+350V

-1s0ov

CHANGED
S31 §/N 101-8543
S41 S/N 101-7483

534

8, V&5
ér

ADDED
541 /N 7484

V2408
INPUT C.F

{ EXTERNAL SWEEP AMPLIFIER )
|
|
f
|

|
1
Swig A¢B

1
[HORIZONTAL DISPLAY |

!
SWioc

S/N 854 4

INTERNAL
SWEEP

R24/
3,10

W

+225v

R247 VERN:ER

A IM SR246

CHANGED
531 S/N 101-8508
841 S/N 101- 7636

V2404
DRIVER C.F.

v2esA

~SWEEP AMPLIFIER

vzesh8
~SWEEP C.F
*»500V
«5afv
R278
25K %

<

c278

312

VZ2724
+3SWEEP AMPLIFIER

verzes
+SWEEP C.F.

vesz

TO D)y LEFT HAND

-/50V

+225V

RZ49
33K

R248
100K

rR250

VERNIER), 47K

* TYPE 53/1-54/ 05C/ILLOSCOPE

—— e m mn mm e e o m ———

TUBE CHANGES
531 §/N 101-8543
541 S/N 10(-7483

V240

V265

V272

V2468

6BQ7

AA

CHANGED
531 S§/N 101-5%92
S4)1 S/N 101- 885

531
54!

C286
3-/2

DEFLECTION PLATE

CHANGED
531 8/N 101-7600
541 S/N 10(-6513

T0 D2, RIGHT HAND

CR288
35K
R289
39K
R273
c267 00
$-180
W
AV
$55r
R266  R270 25
10K 4 2K I
)i ) 44
swe cAL—" Qo X °\\/w.a GAIN
oN] / m‘:‘
R267 S / - o R 269
2.2K ¢ 2.2k

FOR 6DJ8.

SEE PARTS LIST FOR
EARLIER VALUES OF
PARTS  MARKED [N

SWEEP AMPLIFIER

DEFLECTION PLATE

»
6922 0R 6BQ74 MAY BE SUBSTITUTED

/1-30-59
KF



TYPE

(oo R 2] A

SW5BA swg W?E‘)C SW E\>5‘D
1
| TO CATH PINB V558, \TO GRID.PINS z% ,\ \ TO CATH,F‘INS 3¢a V85,
| HOLDOFF C£'s. w80 SAWTOOTHG Ny \ EP-GEN,C.F
| (SWEEP GEN.) \ (SWEl Pam)\ \ swzr_p GEN.)
CB4A \ \ c99aA
22 | \ \ uf
—] | 00
(112
I 39
——0
C54B = C9o9B
.22 N
premned frsen—0 $——o o—- MILLISEC
cs4C c99c
0022 .al
W"—_{ $—->0 i
C54D c99D
220 .00l __
— b——o o——n——|}——o!00
= CHANGED COSE (82
- —0 —0 531 S/N |01 10
6710 c996
8z MICROSEC
— —~ e
Q v
-2 ]
b0 o—H- S
REBA g RE5B
4TM S 470K
-1BaV -IBOV
=== - =t - 1 -~ EER]- - -
\ \ \
\ Y \
SW0D
\ CHANGED

531 S/N 101-101%

&
W

SEE PARTS LIST FOR
EARLIER VALUES OF

PARTS MARKED m

ROGA < —i50V

<
som VARIABLE MULT.

_ ' o T o 2 o— RIC WITH
ROIB ¢ RIGE < RoSH FLFLER (5w o0)
M3 1
. -0 [} o—1
R99C § RO9F $ RogJ
10M % m g 100K

nzs’argln s R99G S

[
o
o
x

W
V

V

—i50V 02057
53| - 54} OSCILLOSCOPE AA SWEEP TIMNG SWITCH



INTERCONNECTING
SOCKET

V504 v533B
Vb24 vsais
INPUT AMPLIFIERS DRIVERS
+350V V533 A V554
V543 A v564
19550 INDICATOR AMPLIFIERS OUTPUT AMPUFIERS
+225V
¢550
I .008
315V +500V +500V
R533
150K
+315V
R534
V5338 330«
6| f68a7A
7 +350V
RE26 TO DELAY LINE
47
reA
: ' ! +65 +180
| i L55/ R558
[ 75 47 <~ roox
[
o R558 1 ¢cs56
R529 L
1
Lo L pses 27 T o0
1 I RS0 R5/3 N
: : 6.84 ' 4k '_1 5537,(3 53;0
z)—|——_l R517 Se
|
[ = c510 R514 470K } %5;/7 noo\: R539 I P g\%‘un
- T 005 15¢ . 630K soov 1% g
[ L = R530
- N 8.2k = R568 ¢ ps5ge
T -I?D?V N . z7 (00K
P ‘
- 156/  R56/ 1
B 75 47 Coee
[ =
17 +65 520 )
[ 27
| |
i > 1
o TO DELAY LINE
Y l
> e fam o e
15 3 100 6| V5438
£
lay! T 60 §66Q74A VOLTAGE READINGS weRe
| | L A TAKEN WITH TRACE CENTERED
L7 - +3I5V
| |
[ NE-2
| {
fo +500V
Coo FROM CATH, PIN7 V78 vssa
| B ———————— 53¢ SYNC AMPLIFIER TRIGGER- PICKOFF
L (MAIN SWP. GEN. DIAG.) AMPLIFIER
P [ : TO ALL POINTS MARKED -150V (D) 350V
19T _L 503 -150v V593A V5938
o 603 60 ¢ esaz TRIGGER - PICKOFF C.7. VERT. $IG, OUT C.K.
; 1 I 2x40 3k
| — L
I | -
ol csez +500V
10> 00V -005 T 582
e R605 = 18 jih
b + gs05a "5 = +500V
o L R583 V5934
Lo 36K 2 #68a7A
' R
" +225Vv R590
! ]
REO7 27 ;
Do A ggesB a7 5y 3 V59328
Lo T z 4 F68Q7A4
. = R595
I | 47
LE %09 rasov
| |
[ 100 R598 ¢ C599 & R599
\ \ +290 22K 022 ™
{ |
| 1 +HOOV =
™ 19, e
1137 FROM TRANSFMR TERMINALS 22 § 23, . AR
N 6.3VAC £IEVATED TO +i00V (POWER SUPPLY DIAGY) o593 (MAIN "SWP TRIG. DIAG)
i T J
| 18— 75V 150 MA, FROM HTR, PIN3,Y180 (POWER SUPPLY DIAG) =
N FROM PLATE, PIN 5,V 78, SYNC AMP.
[ 1B (MAIN SWP. GEN. DIAG.)
L_J 12-30-58  JR
A A

TYPE 53] OSCILOSCOPE

b
$/N 7601 t up

VERTICAL AMPLIFIER



S0/ 1920 L92t + 1930 193/ L~
5

DELAP-LINE DRIVER

L900 L 7
9 SECTIONS 6 SECTIONS NA 70 GRID, PIN 2, V5584
ra;.cgscjrg%zs 2-FC5350L2 2-FC5350L DELAY-LINE OUTPUT C.F.
FROM PLATE, L
PIN 6, V508
DELAV-LINE DRIVER €900 #2938 5
uom/ /.5-7\' Rjgo’
2.8-5.04h 1 w225y
LI0IA R 940 I 939
FROM PLATE, 2-6°5:04uh 775 I 001
PN 6, V503 ¥ 1

70 GRID, PIN 2 vs27
INT. TRIG. AMPL.

70 GRID, PIN 7, V5588
DELAY-LINE OUTPUT C.F.
70 GRID,PIN 9

V558 V570

DELAY-LINE OUTPUT V580
CATHODE FOLLOWERS OUTPUT AMPLIFIER

r -
V508 i .
V509 1 I
DELAY LINE DRIVERS DELAY LINE,25 SECTIONS - g V5584 !
e _DELAYRLINE DRIVERS e e
i DRIVER CHASSIS i N I i
™o
> DELAY LINE : i ! I' | %z¢8a7a l
i by — véoea |
1 [ 2 ,
I t i 7268074 1
INTERCONNECTING | [ : | S 1
SOCKET |
— 1 b by e !
gs07 e ! o RS57 A4
) [ V508 g [ ol 0 o I
[ s [ | L6347 434)
: p [ o L5857 R 595 8.8uh 820 |
V508 , S | P L2ub 27K -+ TO TOP DEFLECTION PLATE (D3)
6BQ7 R508 ! 1!
A= =\ Loy N [ R 62 |
' - = 1 8
o L L , A
! 1 1
1 | R 57/ C 5954
Lo N [ R558 Rs73 | /M PRy 2250 |
! I b tod 382K YR e R8I0 © so2s I
o P Lo w— cs7r L 8K re27g |
: : ' I b wazsy #100V 100V 005 T +350¢ 2225y +/00V Ir: |
| L
P! I P RE74 SN T | R506 L7 LOCATED o | !
{ P: |
127 f P 1 —fo/;‘ [ Y T T Y SUB-PANEL |
P F ”50/ R500 [ I AMPL. GAIN— 2.7k |
A 15K K [ ! i 3Re2 © 8629 I
A [ | SR559 R575 DC SHIFT 38K |
Py = [ | $8.2x ik coma c5958 i
Loy 1500 1 1 40 uf R 813 R 629 I
‘l } ; DECOUPLED o I 568K 300K !
o [ i
o [ | 1
[N ' R 597 08 - 7O BOTTOM DEFLECTION PLATE (D4
e HE. " b L3835 R 65|
| [ 88uh 820 |
I 1 o I 3 |
! £ b [ [ - |
e B | - |
| ! R6I5 T 1
1‘ 5 : ‘[ | } : 10 |
5 I
K b V6068
| <8 b ! 1268Q74 I
7> b by ! 4 L 560 |
e V7 l\ L ! o568 N 17-30,uh !
PELAY LINE b FROM CATH, PIN 7, V75 i H 72 68Q74 |
| & ——————<—53C SYNC AMPLIFIER 1 | !
R (SWEEP GENERATOR) < \ »3500 *3501 !
DELAY LINE DRIVER STAGE { [ -150¥ : L e e e e OUTPUT-AMPLIFIER_CHASSIS _ _ _ _ _ _ __ _ a
S/N101-522 - { [N f— peCcovPLEr | Y v {4 b e e e e e e e e e S e - —
Is ; ' A -1509) !
i T T E 1
. [ cors l RS | | vs27 V5354 V5358
A [ rsopr T | | INTERNAL -TRIGGER INTERHAL-TRIGGER  VERT/CAL-SIGNAL-OUT NoTE:
[ = | [ ) AMPLEER | _CATHODE FOLLOWER (AT 1 V558, V570, V580, £ V608 HEATERS ELEVATED TO #225V
[ 100V DRIVER CHASSIS V527, § V535 HEATERS ELEVATED 70 +I70¥
b [ ] DECOUPLED DECOUPLED +500V |
19 I\ l RS 100¥ TO ALL 538 :
- oecourLep |1 b c516 100 FROM POINTS 7 1
, YOLTAGES [ | [ | 15O pFT | \ powes MARKED |
TO PLUG-INT) | [ = { SURPLY DECOUPLED 1
PREAMP [ L4 +2251 !
N [ 1 DECOUPLED !
M 1Dt ¢ WA= 4225 |
: . 1 eam) %6B074 !
i . 574 100 |
} Vo ! | #orL ‘i |
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