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SPECIFICATIONS

The Type 545 i1s a high-speed laboratory oscilloscope. Its fast
rise time coupled with wide sweep-speed range and 10-kilovolt
accelerating voltage opens the way to faster, easier analyses of
fast-rising waveforms. Additional adaptability is provided by plug-
in preamplifiers which extend its use to almost all laboratory-oscil-
loscope applications. Accurately calibrated sweep speeds and verti-
cal-deflection sensitivity permit quantitative time and amplitude
measurements to be made. Accurately-delayed triggered sweeps
make possible the selection and detailed observation of minute por-

tions of voltage waves,

Vertical-Deflection System

Output Amplifier

DC Coupled

Rise time — .01 psecc.
Delay Line

Balanced Networlk

Signal Delay —.2 psec,

Linear Deflection — 4 cm.

With 53/54K Plug-In Unit (in 545)

Deflection Factor — .03 v/cm, ac or dc.
Rise Time — 12 millimicroseconds.

Frequency Response — DC to 30me.

Zeps to 30 me, ac, Down 3db *=14 db at
30 mc, 6 db at approximately 41 me,
Step Attenuator

f
Nine positious, calibrated, from .05 v/cm
to 20 v/cm, accurate within 3% when set
OrIl any one step.

Maximum Allowable Combined DC and
Peak AC Voltage Input — 600 v.

Input Impedance — 1 megohm, 20 upf,
With P410 probe — 10 megohms, 8 uuf.

Horizontal-Deflection System

Calibrated Sweeps

Twenty-four calibrated speeds from
.1 psec/em to 5 sec/cm.

Accuracy — 3 per cent,

Continuously variable, uncalibrated, be-
tween ranges and to 12 sec/cm.

Calibrated Sweep Delay
Delay Time —1 usec to .l sec, continu-

ously variable,

Time Jitter — Less than 1 part in 20,000,
untriggered; jitter free when triggered.

Range Accuracy — 2 per cent.
Incremental accuracy .2 per cent of full
scale.

Magnifier

Magnification — 5 times to left and right
of center. Extends fastest sweep speed
to .02 usec/cm.

Unblanking — DC coupled

Trigger Requirements

Tnternal — 2 mm of deflection.
External — .2 volts to 100 volts.
Frequency Range —dc to 30mec.

Horizontal Input

Deflection Factor

Continuously variable, .2 v/cm to
20 v/cm.

Frequency Response
DC to 240 ke.

Other Characteristics

Cathode-Ray Tube

Type T54P2

P1, P7, and P11 phosphors optional.
Accelerating Potential — 10,000 volts.
Deflection Factor, Direct Connection

Vertical — 7 v/cm.

Horizontal — 30 v/cm,

m ® SPECIFICATIONS — TYPE 545 1-1
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Voltage Calibrator
Eighteen fixed voltages from .2 millivolts
to 100 volts.
Accuracy — 3 per cent.
Waveform — square wave at about 1 ke.

Trigger-Rate Source - 10 ¢cps to 40 ke, con-
tinuously variable, using free running de-
laying sweep as generator,

Cutput Waveforms Available

Positive gate of same duration as main
sweep, 20 volts,

Positive gate of same duration as delaying
sweep, 20 volts.

Main-sweep sawtooth waveform, 150 volts.

Delayed trigger pulse from main or de-
laying sweep, 5 volts.

A sample of the vertical signal with a
limited passband, 20 cps to 4.5me,

Heater voltage, 6.3 v ac, 1 amp.

Beam Position Indicators

Indicator lights show direction of beamn
when it is off the screen.

SPECIFICATIONS — TYPE 546

Mechanical Specifications

Power Supply

Electronically regulated

Power Requirements — 105 to 125, or 210
to 250v, 50-60 cycles, 545 watts with
Type 53K /54K unit.

Ventilation — Filtered, forced air ventilation.

Finish — Photo-etched, anodized panel, blue
wrinklie cabinet.

Dimensions ~— 24" long, 13" wide, 1634" high.

Weight — 65 pounds.

Accessories Include:

2—PA41{} probes

2 — Binding post adaptors
1 -— Test lead

1 — Light filter

1 — Instruction mannal
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OPERATING INSTRUCTIONS

PRELIMINARY INSTRUCTIONS

Cooling

The Type 545 Oscilloscope is cooled by filter-
ed, forced-air ventilation, The instrument must
therefore be placed so the air intake is not block-
ed, and the filter must be ¢lean enough to per-
mit adequate air circulation. 1f the interior
temperature does rise too high for some reason,
a thermal cutout switch will disconnect the
power and keep it disconnected until the tem-
perature 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, cven briefly, the time-
delay relay will delay reapplication of the de.

Cathode-Ray-Tube Controls

The Tektronix Type T54 cathode-ray tube in
this instrument 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 in-
strument unattended.

Illuminated Graticule

The adjustable graticule lighting control label-
ed SCALE ILLUM, can be adjusted to suit the
lighting conditions of the room. The colored
filter supplied is colored to provide the maxi-
mumn trace contrast for the P2 phosphor in the
presence of room light. The colored filter should
bc mounted next to the crt so it does not block
the light from the graticule lines,

The graticule 15 accurately scribed in centi-
meters and fifths of centimeters. These scale
markings and the calibrated fixed vertical-de-
flection scnsitivities and sweep times, can be
used to convert deflection in centimeters into
volts and seconds. Vertical sensitivities are cali-
brated in volts per centimeter, and horizontal
sweep-times are calibrated in seconds per centi-
meter, 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.

Probes

Do not use the P510A Probe with an wide-
band or fast-rise plug-in unit, This probe tends
to ring at about 50 megacycles and the wide
passband of the Type 541 Oscilloscope allows
any ringing which may occur to be presented
on the screen.

The Type P410 Probe, furnished with the
oscilloscope, is free from ringing., This probe
or any other P400-series Probe should be used
with the wide-band or fast-rise plug-in units.

FUNCTIONS OF CONTROLS AND CONNECTORS

HORIZONTAL
DISPLAY
EXT. SWEEP.

Four-position switch arranges sweep circuits for four kinds of display: MAIN
SWEEP NORMAL, DELAYING SWEEP, MAIN SWEEP DELAYED and

Main Sweep

TRIGGERING
MODE (red knob)

HF SYNC.
TRIGGER
SLOPE
TRIGGER
INPUT SLOPE switch.

® OPHRATING INSTRUCTIONS — TYPE 545

Five-position switch arranges trigger circuits for four kinds of triggering:
AUTOMATIC, AC FAST, AC SLOW, and DC, and for synchronized sweeps,

Six-position switch selects source of trigger signal and converts to negative-going
output, either negative-going or positive-going input,

UHF coax connector to triggering circuits through EXT positions of TRIGGER
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STABILITY
{red knob)

TRIGGERING
LEVEL

TIME/CM

MULTIPLIER

5X MAGNIFIER
(red knob)

+GATE

SAWTOOTH

STABILITY
(red knob)

TRIGGERING
LEVEL

TIME/CM

LENGTH
(red knob)
DELAY-TIME
MULTIPLIER

RESET

MAIN SWEEP
DEL’D TRIGGER
+GATE

SLOPE +, —

ATTEN, X1, X10

EXT SWEEP

Adjustment of multivibrator bias in region for recurrent or triggered operation.
Potentiometer determines part of triggering waveform where sweep triggers.

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

Six-position switch. Three positions place precision charging resistors in series
with timing capacitors to determine sweep speeds in conjunction with selected
timing capacitor. Three positions, marked in red, place adjustable charging volt-
ages in series with timing capacitors for continuous control of sweep speeds,

Two-position switch removes or inserts feedback in sweep amplifier to change
sweep speeds by a factor of five,

Conmnector supplying 20-volt positive pulse via cathode follower synchronized with
main sweep, duration same as sweep.

Connector supplying 150-volt positive-going sawtooth via cathode follower syn-
chronized with main sweep.
Delaying Sweep

Adjustment of multivibrator bias in region for recurrent or triggered sweeps,
Potentiometer determines part of triggering wavelorm where sweep triggers.

Twelve-position switch selects twelve fixed sweep speeds.

Sweep-length control permits dclaying sweep to be reverted immediately after
delaved main sweep is triggered to increase possible duty cycle. Normally will
be left at 10 cm.

Ten-turn helical resistor adjusts pickoff voltage on sawtooth-voltage comparator
to determine timing of delayed trigger.

Pushbutton arms main-sweep triggering circuit to accept trigger for MAIN
SWEEP DELAYED circuit.

Connector from cathode follower supplies delayed trigger from main sweep or
from delaying sweep.

Connector via cathode follower supplies 20-volt positive pulse synchronized with
delaying sweep.

Toggle switch selects inverted or in-phase output from trigger inverter for trig-
gering sweep-gating multivibrator, or selects polarity for external sweeps.

Toggle switch inserts or bypasses 10-to-1 compensated attennator in delaying-
sweep trigger-input circuit, or external sweep circuit.

Continuously adjustable gain control for horizontal amplifier. Switched out of
circuit for internal sweeps.

OPERATING INSTRUCTIONS — TYPE 545 ®3
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EXTEKNAL
SWEEP IN

HORIZONTAL
POSITION

VERNIER
(red knob)

SQUARE-WAVE
CALIBRATOR
(red knob)

(black knob)

VERT. 8IG. OUT

CAL OUT

POWER
FOCUS
INTENSITY
ASTIGMATISM

SCALE ILLUM

Front-panel connector to horizontal amplifier through HORIZONTAL DIS-
PLAY switch. Magnifier must be switched to ON for undistorted 10-cm deflec-
tion.

Positions trace along horizontal axis,

Fine adjustments of horizontal positioning, with 5 times the resolution of the
coarse adjustment.

Other Qutput Waveforms

Three-position switch turns on calibrator plate voltage and switches in or out
1000-to-1 voltage divider to give either volts or millivelts output.

Nine-position switch selects nine taps on precision voltage divider in ecalibrator
circuit. Provides accurate peak-to-peak 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.

Connector via cathode follower supplies a sample of the vertical-deflection signal.

UHF coax front-panel connector from the calibrator,

Auxiliary Controls
On-off switch in primary of power transformer and ventilating-fan lead.
Adjustable voltage for the cathode-ray tube focusing grid.
Bias adjustment to cathode-ray tube control grid.
Adjustable voltage for the astigmatism grid of the cathode-ray tube.

Adjustable series resistor controls 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.

CRT CATHODE

®1

Rear of Cabinet

Binding post connects to crt cathode through high-voltage capacitor, Input im‘-
pedance 8k to 15k, Discharge time constant about 15 milliseconds,

2-3
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FIRST-TIME OPERATION

Control Settings

First get a trace on the screen with the main
sweep by 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 preamptifier,
for example the 53K /54K, and proceed as fol-
lows:

Turn the POWER switch to OFF. Connect
the power cord to a source of 117-volt, 60-cycle
power. Then set the front-panel controls as fol-
lows: '

| INTENSITY  Counterclockwise (CCW)
FOCUS Center
ASTIGMATISM Center
POWER ON
Main Sweep
TRIGGERING LEVEL CCw
STABILITY (red knob) CW
TRIGGER SLOPE +INT
TRIGGERING MODE (red)
AUTOMATIC
TIME/CM 100 MICROSEC

MULTIPLIER 2

HORIZONTAL DISPLAY
MAIN SWEEP NORMAL

Delaying Sweep

TRIGGERING LEVEL Center
STABILITY CCW
HORIZONTAL POSITION Center

SQUA%E-WAVE CALIBRATOR 5

VOLTS, MILLIVOLTS, OFF VOLTS

2-4 OPERATING INSTRUCTIONS — TYPE 545 o

Connect a lead between the CAL OUT ter-
minal and the INPUT terminal of the 53K/34K
umit. Set the controls of the 53K/54K unit as
follows: '

INPUT SELECTOR INPUT A, AC
VOLTS/CM 2
VARIAELE (red) 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 displayed,
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 VERTI-
CAL POSITION controls.

Triggering Modes

1. Automatic

The triggering method just described is the
AUTOMATIC mode of triggering. This is
about the simplest mode of triggering. It
is useful for general-purpose viewing, and
will operate satisfactorily for a wide variety
of trigger signals whose repetition rates are
between sixty cycles and about two mega-
cycles.

2. AC Slow

When you have a good, well focused trace
of the calibrating waveform by the AUTO-
MATIC mode of triggering, try the other
four TRIGGERING MODE switch posi-
tions. Turn the switch to the AC SLOW
positions, Advance the STABILITY control
until the sweep free runs and hack it off
about ten degrees, Advance the TRIGGER-
ING LEVEL control clockwise until yon
get a stable trace again, There may be a
considerable range of the TRIGGERING
LEVEL control over which you can get a
stable trace, 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 part of the calibrator
square wave,

Now turn the TRIGGER SLOPE switch
to the —INT position, and readjust the
TRIGGERING LEVEL to obtain a stable
trace again. Notice now that the trace
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starts on the down-going portion of the
trace and that the position of the start can
again be changed somewhat with the LEV-
EL control.

3. DC Triggering

Now turn the TRIGGERING MODE
switch to DC, Adjust the LEVEL control
for stable triggering, 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 vertically. This
effect will be more noticeable if you look at
a low-frequency sine wave.

4. AC Fast

Tn the AC FAST position of the TRIG-
GERING MODE switch, the circuit is
quite similar to that in the AC SLOW posi-
tion, and you will notice no diifference when
displaying the calihrator waveform. The
only difference is that an 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 when there is hum present.
This is also the best position to use with the
alternate sweep feature of the 53/54C unit if
vou use INTernal triggering with signals
having frequency components above 10 ke,

5. HF Sync

The HF SYNC position of the TRIGGER-
ING MODE switch is primarily for signals
having a rtepetition 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 obtained. The
LEVEL control is not used in this position.

TRIGGERING INSTRUCTIONS

General

The Type 545 triggering system is very flex-
ible and stable. However, if you are not familiar
with the TRIGGERING LEVEL control used
on this instrument, vou will need to distinguish
between its operation and that of the trigger
amplitude control used on some other Tektronix
oscilloscopes.

Triggering Level

The TRIGGERING LEVEL control selects
the point on the triggering waveform at which

"-"mu

. ®
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triggering will occur. To trigger on small sig-
nals this control must be set near 0, 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 causc triggering to occur during
negative level of the triggering waveform and
positive positions cause triggering during posi-
tive levels. This control is not used in the AUTO-
MATIC and HF SYNC positions of the TRIG-
GERING MODE switch.

Trigger Slope
The -+ positions of the TRIGGER SLOPE

switch (black knob) cause triggering to occur
during the rising portion of the triggering wave-
form. The level may be either negative or posi-
tive, The = positions cause triggering to occur
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 source of trigger sig-
nals, For each of the available signal sources,
the switch provides a choice of positive or nega-
tive 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 trigger-
ing on the vertical signal independent of trace
position. This position is suitable for signals
from twenty cycles up to about five or ten mega-
cycles. The DC position is the same except that
it responds to dc as well. In the AC FAST
position, the circuit includes an rc filter, useful
for preventing 60-cycle, or other low-frequency
components, from triggering the sweep when
baoth 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 sct, the sweep will not run unless trig-
gered by a signal.

The AUTOMATIC and the HF SYNC switch
positions both arrange synchronizing circuits,
rather than strictly triggering circuits. The
AUTOMATIC circuit provides a free-running
multivibrator having a normal repetition rate of
about 50 cyeles. This locks in, and rums synchro-
nously with, recurrent triggering waveforms from

2-5
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60 cycles to about 2 megacycles., The synchro-
nized multivibrator then triggers the sweep-gat-
_ing 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 waveform.
The sweep-gating multivibrator must be iree-
running for this type of operation. It free-runs
at advanced settings of the STABILITY con-
troal. It will synchronize with signals whose
frequencies are as high as 30 megacycles, at a
swecp-repetition rate up to 200 kilocycles.

Stability

The STABILITY control adjusts bias level
on the sweep-gating multivibrator near the level
at which it will free-tun, Three principal set-
tings of the STABILITY control are used; the
first setting is with the control advanced to the
right, just past the poeint where the sweep-gating
multivibrator free-runs: second, retarded to the
leit about 5 or 10 degrees from the point where
the free-running ceases; and third, retarded all
the way to the left, to make the multivibrator
inoperative.

For synchronized operation of the sweep-gat-
ing multivibrator, as used in the HF SYNC
position, 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 to synchronize the sweep.

For all triggered operations, the STABILITY
control should be retarded to the left from the
free-run point 5 to 10 degrees. Note that in the
AUTOMATIC mode the STABRILITY control
is replaced by an internal control which is preset
for optimum triggering.

SWEEP OPERATION

The four positions of the HORIZONTAL
DISPLAY SELECTOR arrange for the hori-
zontal deflection of the beam by the main sweep,
the delaying sweep, the main sweep delayed, or
by an external sweep signal.

Main Sweep Normal

For the MAIN SWEEP NORMAL nposition
of the HORIZONTAL DISPLAY SELEC-
TOR only the main-sweep is displayed. Trig-
gering can be produced from the displayed sig-
nal internally, or external trigger signals can be
connected to the upper TRIGGER INPUT
connector,

Delaying Sweep

'In the DELAYING SWEEP position, the
sawtooth that is normally used to delay the main

'2-6 OPERATING INSTRUCTIONS — TYPE 545 S

sweep is connected to the horizontal amplifier
to provide the sweep. This delaying sweep can
only be triggered by applying a trigger to the
TRIGGER connector near the delaying sweep
controls, This trigger signal can be obtained
from an extcrnal source or a test lead can be
connected from the TRIGGER connector to
the VERT, SIG, OUT connector to trigger the
delaying sweep on the wvertical signal. The
SLOPE, 4, —, switch selects the desired slope
and the ATTEN X10 toggle switch provides
attenuation if desired. Other triggering adjust-
mecnts operate the same as for the main sweep.

Main Sweep Delayed

Display the waveform you want to ohserve
with the delaying sweep. Set the DELAY-
TIME MULTIPLIER control to 2 or 3, and
set the main-sweep TIME/CM several times
faster than the delaying sweep time. Switch to
MAIN SWEEP DELAYED and adjust the
main sweep triggering circuits until the main
sweep runs recurreatly, and switch back again
to the delaying sweep. When the main sweep
operates it brightens the trace while it runs.

The brightening helps determine what part
of the waveform displayed by the delaying sweep
will be displayed by the delayed sweep. Increas-
ing the main-sweep speed narrows the bright-
ened portion, and increasing the DELAY-TIME
MULTIPLIER control clockwise moves the
brightened portion to the right. If desirable,
adjust the delaying-sweep LENGTH control
until the delaying sawtooth stops just after it
passes the brightened portion of the trace. This
causes the delaying sawtooth to revert after the
main-sweep sawtooth reverts, and also increases
the possible duty cycle of the main sweep.

Triggered Delayed Sweeps

Now if you back the STABILITY control to
the left a little more the delay trigger signal
will not trigger the main sweep, but will arm
it for trigger signals connected into the main-
sweep trigger input circuit, and permit you to
display delayed signals without jitter, even if
the signal itself does jitter, The HF SYNC
triggering mode is not suitable for this opera-
tion,

Single Sweeps (Reéiét Main-Sweep Control)

The RESET button provides a means of ob-
taining a single sweep. Depending on the setting
of the main-sweep STABILITY control, this
sweep can occur immediately when the button
is depressed or the sweep will wait until it is
triggered, at which time only one sweep will
occur,

Turn the delaying-sweep STABILITY control
counterclockwise and leave the other controls
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s set for main-sweep-delayed operation, De-
press the RESET bhutton. If the main-sweep
STABILITY control is set to the position where
it requires no trigger, there will be a single trace.
If it is backed off to the position where it re-
quires a trigger the READY indicator will light,
indicating that the trigger circuit is armed and
waiting for a trigger. Upon the occurance of a
trigger, there will be a single sweep and the
ready light will go out,

External Sweep

Switch the HORIZONTAL DISPLAY con-
trol to EXT SWEEP and turn the 5X MAG-
NIFIER to ON. Connect the source of external
horizontal signal to the EXT SWEEP IN con-
nector. The signal can then be attennated by
the 10X attenuator and inverted by the SLOPE
switch, or continuously -adjusted by the EXT
SWEEP ATTEN control. There should be no
dc component to the external sweep signal. If
there is, the continuocus gain adjustment will
also position the trace horizontally, and may
move the signal out of range of the HORIZON-
TAL POSITION control,

Because this amplifier was designed for opti-
mum performance with a sawtooth, its perfor-
marnce with sine waves is limited. This sine-
wave limitation can hest be defined by an am-
plitude-frequency product, which can be exceed-
ed only at the expense of considerable distortion,
The amplitude-frequency product is 2.4 centi-
meter-megacycles, Thus a full 10 centimeters
of deflection can be used at 240 k¢, 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 800 ke when the amplitude is with-
in this limitation.

Main-Sweep Time/CM and Multiplier

These controls determine the speed of the
horizontal trace. The time per centimeter of
horizontal deflection 1s 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 5 times can be selected
with the MULTIPLIER switch, The sweep
times 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 multi-
pliers, to improve their accuracy.

Magnifier

This control inserts or removes a feedback
network in the sweep amplifier that changes the

® o

gain five times, The Hnearity of the amplifier
1s somewhat better when the feedback circuit is
included, The center one fifth of the trace is
expanded to fill the graticule when the magni-
fier is switched on. When you use the sweep
magnifier to realize the fastest sweep time, .02
microseconds per centimeter, the linearity is re-
duced from three per cent to about five per cent,

Delaying-Sweep Time/cm

The delaying-sweep TIME/CM control pro-
vides twelve fixed sweep speeds. The LENGTH
control provides a means of adjusting the sweep
length from four to ten centimeters. If it is de-
sired to measure the time between two points
on the trace, this time can normally be read
directly from the graticule. However, if slightly
greater accuracy is required, vou can use the
DELAY TIME MULTIPLIER dial. Set the
main sweep to run several times faster than the
delaying sweep and advance the main-sweep
STABILITY control so it is triggered by the
delaying sweep. When start of the brightened
portion of the delaying sweep trace corresponds
with the point you wish to measure, the DELAY
TIME and DELAY TIME MULTIPLIER
dials will rcad the time from the start of the
trace to the point you wish to measure.

The accuracy of any particular range can be
maximized by adjusting the DELAY START
and DELAY STOP conirols on that range as
explained in the maintenance section of this
manual.

AUXILIARY FUNCTIONS

Square-Wave Calibrator

Accuracy of the open-circuit voltage of the
calibrator is within 3 per cent of the indicated
voltage . However, since the output impedance
at the CAL., OUT terminal varies with the set-
ting 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 5000 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 Type 545 will

- cause no appreciable change in voltage at any

sctting of the selector switch. At the 100-volt
tap, the output impedance is that of the cathode
follower, about 230 ohms.

OPERATING INSTRUCTIONS — TYPE §45 2'7
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The rising portion of the calibrator waveform
follows an rc charge curve with a time constant
such that it requires about 1 microsecond to
reach 90 per cent of the peak. Millivolt settings
provide a slightly better rise time of about 0.7
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.

Trigger Rate Generator

The delaying-sweep generator can be used as
a trigger-rate generator by advancing the STA-
BILITY control to the free-run position and
using the -~ GATE from the delaying sweep as
the trigger output. The trigger rate can be varied
trom 10c¢ps to 40kc by the delaying-sweep
TIME/CM and LENGTH controls.

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 8k to 15k, de-
pending on the INTENSITY control setting.
The circuit is ac coupled through a high-voltage
capacitor, discharge time constant about 15 milli-
seconds.

Direct Connection to Deflaction Plates

A plastic plate is attached to the neck of the crt
for your convenience in mounting hardware for
direct connections to the deflection plates. This
plate is accessible when the left side panel is re-
moved, Holes can he drilled in this plate for wire
guides or for mounting coaxial connectors, The
two pins on the left-hand side of the ¢rt neck are
the vertical deflection plates.

To avoid distortion the average dc potential on
these plates should he 300 volts. If you use a dif-
ferent voltage the distortion can be minimized by
adjusting the GEOM. AD]J. control at the rear of
the sweep chassis,

Unless dc¢ coup]mg is requlred connect coup-
ling capacitors in series with the leads to the de-
flection plates and connect one-megohm resistors
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 by the front-
panel controls.
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Vertical Signal Out

The signal applied to the vertical amplifier is
available at the front-panel VERT, 8IG. OUT
binding post. A signal which will cause one
centimeter 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
follower. The passband is dependent on the ex-
ternal load. With a one megohm resistor shunt-
ed by a 50 uuf 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.

FUNCTIONAL BLOCK DIAGRAM

General

The functional block diagram shows the func-
tional relationships of the basic clements of the
sweep system. A four-position switch in the
center of the diagram, labeled HORIZONTAL
DISPLAY, sets up the circuits for the four kinds
of sweep operation. The four positions of the
switch are labeled MAIN SWEEP NORMAL,
MAIN SWEEP DELAYED, DELAYING
SWEEP, and EXT. SWEEP.

Horizontal Display Selector

When the HORIZONTAL DISPLAY switch
is in the MAIN SWEEFP NORMAL position,
the triggered main sweep circuit shown in the
upper hall of the diagram, moves the cathode-
ray spot across the screen in the normal man-
er.

When the switch is in the DELAYING
SWEEP position, the triggered delaying sweep
circuit, shown in the lower half of the diagram,
moves the cathode-ray spot across the screen in
the same manner as the main sweep.

. When the switch is in the MAIN SWEEP
DELAYED position both the main sweep cir-
cuit and the delaying sweep circuits run.. The
delaying sweep starts first and starts the main
sweep later. There are two modes of operation
in which the main sweep is delayed.

Delayed Sweeps

In one mode the delaying sweep receives the
external trigger signal while the main sweep
receives its trigger signal later irom the delay-
ing sweep, and the main sweep then moves the
cathode-ray beam across the screen. The trig-
ger signal for the main sweep in this mode is
derived from the delaying sweep at the instant
the delaying-sweep sawtooth reaches a level
determined by the adjustment of the delay pick-
off circuit.
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in the second mode of delayed-sweep opera-
tion, both the main sweep and the delaying
sweep run, as in the first mode, but in this mode
the main sweep is triggered by a selected ex-
ternal trigger signal, All trigger signals except
the desired one are locked out until a signal
from the delaying sweep opens the trigger cir-
cuit into the main sweep. Then the next external
trigger signal that comes along will trigger the
main sweep. The circuit into the main sweep
is completed when the gating circuit is opened
by the delay-pickoff signal. The delay-pickoif
signal originates when the delaying-sweep saw-
tooth rcaches the level determincd by the ad-
justment of the delay-pickoff circuit.

Trace Brightening

The cathode-ray beam is kept turned off when
a sweep is not moving the beam across the
screen. When a sweep is in process the beam is
turned on by an unblanking signal that lasts
only as long as the sweep and then turns the
beam back off after the sweep is completed. If
both sweeps are runaing, each produces its own
unbklanking signal and both unblanking signais
help to turn on the beam. The main-sweep un-
blanking pulse makes a brighter trace than the
delaying-sweep pulse,

The difference in brightness for the two pulses
is useful for finding out where to set the delay-
pickoff circuit to display the part of a signal vou
want to examine. To make use of this charac-
teristic, display the signal with the delaying-
sweep and adjust the delay-pickoff circuit so
that the brightening that occurs brightens the
place on the trace you want to examine. Then
adjust the speed of the main sweep so that the
brightening covers the amount of trace you want
to examine, and display the signal with the main
sweep delayed. The part of the trace you have
brightened will then be clear across the screen.

External Sweeps

When the HORIZONTAL DISPLAY swiich
is in the EXT. SWEEP position, any signal con-
nected to the TRIGGER binding post will move
the cathode-ray spot back and forth across the
screen. There is a continuous unblanking signal
with this switch setting so that the spot is visible
all the time. The arrangement is useful for dis-
playing Lissajous figures and for similar appli-
cations not requiring a linear sweep.

SIMPLIFIED SWEEP DIAGRAMS

Main-Sweep Simplified Diagram

The trigger signal is normally coupled to the
multivibrator by way of the main-sweep trigger
amplifier. The trigger signal trips the multivi-
brator, which sends a negative gate through the

: :\.' I\
rig
!

disconnect diodes to two points on the sweep
generator. The sweep generator makes a posi-
tive-going sawtooth that is amplified and used
to sweep the beam across the cathode-ray tube.

The speed of the sawtooth depends on the
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 18 coupled back to the multivibrator con-
trol grid via the sweep-length and holdoff tubes,
where it reverts the multivibrator and turns the
sawtooth generator off.

Quiescent bias on the multivibrator is deter-
mined by the de 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-
brator will trigger itself again as soon as it is
reverted, and run recurrently.

When used in delayed-trigger operation, the
stability tube is combined with a second tube
to form a bistable gate generator which can
either trigger the multivibrator or place it near
the point of triggering during its second stable
state, The bistable gate generator is triggered
by the delayed trigger to the second stable state
where it remains until the main sweep reverts
it and itself at the same time.

With low settings of the STABILITY control,
during this period, the multivibrator will re-
spond to trigger signals from the main-sweep
trigger amplifier, but will not respond during
the previous period when it is in the first stable
state. Triggering of the main sweep is therefore
held off until the delay trigger arrives and arms
the main sweep.

With higher settings of the STABILITY con-
trol, the multivibrator will be triggered during
the transition to the second stable state at the
time of the delay-trigger signal, No trigger sig-
nal would normally be connected through the
main-sweep trigger amplifier for this type of
operation,

Delaying Sweep Simplified Diagram

The delaying-sweep circuit is similar to the
main-sweep circuit. The trigger signal to the
multivibrator control grid is coupled through
the stability cathode follower. The sweep-length
cathode follower operates in parallel with the
stability tube, and is cut off until the sawtooth
reaches the grid voltage of the stability tube.
The sweep-length control determines the ampli-
tude and dc level of the sawtooth voltage at the
grid of the sweep-length tube. This control is
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the red knob concentric with the TIME/CM
switch, labeled LENGTH in red on the front
panel,

Delay-Pickoif Simplified Diagram

The delay pickoff generates a trigger when
the delaying-sweep sawtooth reaches a pre-

2410
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scribed level, determined by the DELAY TIME
control setting. The delay comparator has the
pentode section conducting until the sawtooth
raises the triode grid above the pentode grid.
The positive plate pulse, generated when the
pentode cuts off, triggers the delay-trigger shap-
er. The DELAY TIME control ¢an adjust the
bias of the comparator over the same range as
the delay sawtooth.
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CIRCUIT DESCRIPTION

BLOCK DIAGRAM

The Biock Diagram shows interconnections
of the {functional parts of the oscilloscope, ex-
cept the power supplies. Functions of the
switches are shown instead of their actual con-
nections,

Vertical Amplifier

Plug-In Preamplifiers

It the upper left of the Block Diagram is
shown the vertical-deflection system. The block
labeled “Plug-Ins" represents one of the plug-in
preamplifiers available. Connections for power
in and signal out are made through a multiple-
contact mating plug and socket. Qutput from
these units is push-pull at low impedance.

Main-Unit Amplifier

The main-unit amplifier amplifies the signal
ani drives the delay line which terminates in the
vertical deflection plates. The trigger pickoff
circuits obtain a sample of the vertical signal
for triggering the sweep.

Delay Line

The balanced, 50-section delay line adds .2
microseconds of delay to the signal so the sweep
circuits will have time to get the cathode-ray
spot unblanked and sweeping before the signal
reaches the vertical deflection plates.

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, 8IG. OQUT binding post.

Main Sweep

Trigger Phase Inverter

This stage provides either in-phase or inverted
output so as to provide negative-going output
for either negative-going or positive-going input
signals.

Trigger Shaper

The trigger-shaper makes a sharp pulse from
the trigger signal at a time during the sloping

part of the trigger signal determined by the set-
ting 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 cr-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.

Stability and Delayed-Trigger CF

When the main-sweep-normal function is in
operation this circuit adjusts the dc level of the
input grid of the gating multivibrator. When
the delayed-trigger function is in operation the
circuit sets the dc level and also amplifies the
delayed trigger to trigger the multivibrator or
sets a dc¢ pedestal that places the muitivibrator
input grid within range of the main-sweep trig-
ger signals,

Sweep (enerator

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 trigper-
holdoff 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 start-
ing the sweep again until all parts of the eircuit
have reached their gquiescent states.

Sweep Amplifier

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

Delaying Sweep

The delaying sweep has essentially the same
circuit elements as the main sweep. The phase

@1 CIRCUIT DESCRIPTION — TYPE 545 3-1
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inverter selects in-phase or inverted signals by
means of a toggle switch. The trigger-shaper
stage makes sharp pulses that trigger the multi-
vibrator. The multivibrator turns on the sweep
generator and is reverted by the sweep generator
through a holdoff circuit.

Unblanking

Each multivibrator gencrates a positive un-
blanking pulse at the same time that it turns on
the sweep generator. The main-sweep puise is
several volts higher than the delaying-sweep
_ puilse and therefore brightens the trace more
than the delaying sweep pulse. The pulses are
transmitted to the crt grid by separate cathode
followers with the same cathode resistor,

External Sweep Amplifier

The external-sweep amplifies uses the same
tubes as the delayed-sweep trigger-inverter
stage. One position of the HORIZONTAL
‘DISPLAY SWITCH arranges the circuits so
-the amplified signal is connected to the sweep-
output amplifier. A ten-to-one fixed attenuator
and a continuous control of amplifier gain pro-
vide 100-to-1 adjustment of horizontal-deflection
sensitivity,

Calibrator

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

VERTICAL DEFLECT]ON SYSTEM

(General

The vertical amplifier of the Type 545 QOscil-
loscope has separate preamplifier units that can
be plugged into the main unit. These units pro-
‘vide a variety of passbands and sensitivities and
allow for future developments in preamplifiers.

The plug-in unite develop balanced push-pull
output which is maintained push pull throughout
tlie remainder of the amplifier. The units contain
‘sensitivity adjustments and positioning controls,

.. Signal connections to the vertical amplifier
‘in the main unit are made by means of terminals
in a mating multiple-contact plug and socket.
Power connections from the main unit are made
through other connectors on the same plug-and-
socket assembly. B

Type 53/54K Preamplifier

- The Type 53/54K preamp is capable of utiliz-
ing the full 30-mc pass band of the main-unit
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amplifier. Tt includes an input attenuator and
a vertical positioning control. Power for all
circuits as well as the tube heaters is obtained
from the main-unit regulated dc supplies.

Main-Unit Input Stage

Signal input from the preamp is connected
through terminals 1 and 3 to the grids of input
amplifiers V10528 and V1040B, The cathodes
of these two tubes are connected together
through the degenerative network, R1026, R1027
and R1028. R1027 labeled GAIN AD]J. is vari-
able to allow the amplifier gain to be wvaried
over a small range. 11022 and L1041 provide
seriecs peaking and L1021 and L1042 provide
shunt peaking for the stage. Triodes V1050A
and V1052A provide the low impedance neces-
sary for driving the distributed-ampliiier grid
line.

Beam-Pasition Indicators

Triodes V1025A and VI040A 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 through one triode

will increase causing the corresponding lamp to
glow showing which way the trace is off the
SCreen.

Trigger Pickoff

The trigger pickoff tubes, VIi060 and V1066,
convert the push-pull vertical signal on the dis-
tributed-amplifier grid lines to single ended out-
put without disrupting the balanced configura-
tion of the grid lines. The trigger cathode fol-
lower supplies the amplified vertical signal at
low impedance to the oscilloscope trigger circuits
and to the vertical-signal-out cathode iollower.
This cathode follower applies a sample of the
vertical signal, somewhat limited in pass band,
to the front-panel binding post labeled VERT.
8IG. OUT.

DC-8hiit Compensation

DC-shift compensation is accomplished in
two ways and corrects for two different time
constants, The series combination of RI1080
and C1045B on plate line L1080, and R1084 and
Cl050B on plate line L1083, lowers the termina-
tion resistance of these lines to all but the very
low frequencies. They provide a time constant
which corrects for the initial de shift in the am-
plifier. The second time constant is corrected
by R1045 and C1045A and RI1050 and C1050A.
These re¢ networks have a negligible loading
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effect on the distributed-amplifier plate lines,
but provide low-frequency positive feedback to
the input-amplifier plates. This feedback cor-
rects for the longer-time-constant dc shift.
R1039, labeled DC SHIFT COMP. permits the
amount of compensation to be adjusted to ac-
commodate tube differences,

Distributed Amplifier

The output amplifier is a six-section, balanced,
distributed amplifier. The grid lines are driven
by VI1050A and V1052A through rc frequency-
compensating networks. The plate lines, 11080
and L1083, drive the delay line directly. Each
scction of the plate lines is tuned for optimum
response to a square wave by trimmers con-
nected line to line.

Termination Network

Unlegss 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 wiil be reflected
and appear in the output, Since resistors are not
available, in a suitable power rating, which ap-
pear resistive over the wide pass band of the
Type 545, an adjustable terminating network is
used. The eoills, 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
resistance between it and the plate lines,

Calibrator

The calibrator is a symmetrical multivibrator
with V670A and V&70B connected so as to 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 cut off and rests slightly
below 100 volts. The voltage of the plate
during cutoff is determined by the setting of
R679, part of a divider between 4100 volts and
ground. R679 is a screwdriver adjustment label-
ed CAL. ADJ., Cathodes of the multivibrator
are returned to —150 volts, The multivibrator
frequency is about one kilocycle.

Cathode follower V246A has a tapped cali-
brated voltage divider for its cathade resistor.
When the CAL. ADJ control is properly set,
the cathode-follower cathode is at 4100 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 in if desired
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to 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.

MAIN-SWEEFP 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 cither negative-going or
positive-going portions of the input signal.

The trigger amplifier, V8, is a grounded-grid
cathode-coupled linear amplifier. A capacitor,
C3, can be switched into the grid circuit to re-
move the dc¢ component of the trigger signal
QOutput is always taken from the A-section plate,
but the TRIGGER SLOPE selector connects
cither the A-scction grid or the B-section grid
to the input signal source. For positive-going
signals, connection is made to the A-section grid,
and for negative-going signals, connection is
made to the B-section grid, and in each case the
opposite grid is connected to an adjustable de
bias source, adjustable by means of the TRIG-
GERING LEVEL control. R14, adjusts the
bias on one half or the other of V8 to adjust the
de level of the A-section plate output. The dc
level of the plate output is important to the cir-
cuit 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 plate of V8. The effcct of the de level is
shown in a later paragraph.

Triggering Mode Switch

The TRIGGERING MODE switch, SWS5,
has five positions marked in red in the upper
right-hand corner of the instrument panel: DC,
ACSLOW, AC FAST, AUTOMATIC, and HF
SYNC. This switch arranges the circuits of the
trigger-amplifier and trigger-shaping stages to
accomodate 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 di-
rect coupled through the trigger amplifier so
that the dc component of the signal is applied
to the trigger shaper. In the AC SLOW posi-
tion, C3 removes the dc component of the sig-
nal, and in the AC FAST position, C4 and R6
form an r¢ filter to remove the low-frequency
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component of the triggering signal and allow
fast recovery of the trigger circuits in the pres-
ence 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 Dbelow plate-current cutoff.
The negative-going trigger signal at the pentode
grid raises the pentode plate which carries the
triode grid positive into plate-current conduc-
tion. This also raises the triode cathode which
is coupled to the pentode cathode through (28,
R28, so that current is further reduced in the
pentode, and the pentode cuts off. The transi-
tion 1s made very rapidly, regardless of how
stowly the pentade grid signal falls. R28, con-
uected between the two cathodes, is adjustable
so that the trigger sensitivity can be adjusted.
This is a screwdriver control marked SENST-
TIVITY on the chassis. No cathode current
flows from the cathode not conducting through
R28 when the trigger shaper is in either stable
condition, so its effect 15 to lower the cathode
voltage of the tube not conducting. For ex-
ample, 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, RZ7 for a 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 to-
gether, The larger R28 becomes, the closcr to
conduction the triode will be. Increasing RZ8
therefore increases trigger sensitivity.

The steep negative-going step at the plate of
the triode section is differentiated in an r¢ circuit,
including C58 shown in the sweep diagram, with
a time constant of about a tenth microsecond,
and the sharpened pulse trips the multivibrator.
The cirenit will respond to trigger signals with
a frequency up to 2 me.

The TRIGGERING LEVEL control, Rl4,
adds a bias to the plate-output signal of the in-
verter stage, V8. This changes the level of the
cathode oi the shaper stage, V20, and therefore
changes the level on the triggering signal that
must be reached to 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 a 10-volt peak-to-peak trig-
ger-input signal, the triggering-level bias would
therefore rise about 20 volts. Positive-going in-
put would become negative-going ouput, which
starting 20 volts higher than the zero level,
would need to drop twenty volts to return to
the transition point and trigger the shaper stage.
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Auntomatic

In the AUTOMATIC position of the TRIG-
tode scction of trigger-shaper V20, drives the grid
GERING MODE switch, the plate of the pen-
of the triode section just as it does in the AC
SLOW position. But in addition, it alse drives
its own grid through RJ30, 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 ot
such length that it takes about .01 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 piate current flows, the pentode
plate drops, forcing the tridde grid down, and
thus the right-hand end of R30 is forced down.
The left-hand end of R30 and the pentode grid
immediately begin to drop exponentially toward
penttode 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 circuiit. This is increased from about 14
volt for the DC and AC SLOW circuit connec-
tions by addition of R32 to the plate load of the
pentode.

Since the pentode grid is never more than six
volts from cutoif, 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 can also trigger the
shaper but only if they occur at a time when the
grid is within their peak voltage of cutofi. The
duty cycles of operation of the sweep is some-
what reduced thercfore with smaller trigger sig-
nals,

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

HF Sync

When the TRIGGERING MODE switch is
in the HF SYNC position, the trigger-amplifier
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and trigger-shaper stages are bypassed and the
trigger signal is applied directly to the sweep
multivibrator. Tn this position the STABILITY
control is set so the sweep multivibrator iree
runs. The trigger signal is superimposed on the
negative-going trigger-holdoff waveform at the
grid of V58A and will cause the multivibrator
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 sweep
generator upen receipt of a negative trigger from
the trigger shaper, and holds off subsequent trig-
ger sigmals until after the sweep is completed.
The multivibrator consists of V58 and V70 with
both common-cathode and plate-to-grid coupling.
Plate-to-grid coupling is by means of a cathode
follower. V58 is the positive-going half of the
multivibrator, which in 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 V58D holds
the grid of V70 below cutoff through voltage
divider R65, R66, The plate load of V58A in-
cludes .61 to speed the rise of plate voltage, and
R62 which raises the plate voltage a few volts
above 4100 when the plate is cut off. The use
of cathode-follower V58D, between V38A plate
and V70 grid, isolates the positive-going plate
from tlie capacitances of the various loads thal
require a positive-going pulse, and therehy per-
mils a stecper positive step. The voltage divider
in the cathode of the cathode follower is compen-
sated by C635 for the shunt capacitance to ground
of the grid of V70.

While V70 is cut off its plate rests at —3.2
valts, because of diode current in V80A and
V80D, which flows through R69. When the neg-
ative trigger pulse from the trigger-shaper stage
reaches the grid of V58A, an amplified positive
pulse at V38A plate is coupled through cathode
follower V583 to the grid of V70, This raiscs
the grid of V70 above cuteff and plate current
raises the common-cathode voltage which further
raises the plate voltage of VS8A. The bhiases
and plate toads are adjusted so that when V58A
is conducting, the grid of V70 is held below cut
off, and when V70 is conducting, the cathode of
V58A is held ahove cutoff.

Therc are thus two stable states, in cither of
which the multivibrator will remain until a sig-
nat of the proper polarity and amplitude at the
grid of V58A switches it to the other state. To
return the multivibrator back to the quiescent
state with V38A conducting, a positive voltage
i1s required at the grid of V58A which is high

enough to cause plate current to flow, The posi-
tive pulse for returning the multivibrator to its
quiescent state is supplicd from the sweep gen-
erator when it has completed its sweep.

Stability Cathode Follower

The STABILITY control, R43, adjusts the
grid voltage of cathode follower V43A, which
in turn determines the quiescent grid voltage of
positive multivibrator V58A at about —40 volts,
just above the threshold of triggering. Holdoff
cathode follower V54A, and delay trigger cath-
ode follower V37B, are normalily cut off and do
rnot contribute to the quiescent level of VS8A
grid.

Sweep Generator

The sweep generator is a Miller integrator
circuit. The circuit includes the Miller tube V90,
timing capacitor C99, timing resistor R99, cathode
follower V85 and disconnect diodes V80A and
VE0B. In the quiescent state between sweeps, the
plates of diodes VBJA and V80B rest at —3.2
volts. Very little current flows through V80A te
the grid circuit of V90, and V90 grid thercfore
rests at about —3.3 volis. More current flows
through V80B so that its cathode is at about —3
volts. The timing capacitor C99, which is con-
nected 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 V@) through neon
glow tube B85, The grid of V90 therefore follows
the plate changes of V90 but remains 55 volts
helow the plate. €95, RO5 is a network around
B9S to improve the rise time.

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 VB0A and V80B
lowers the plates helow their cathodes, and they
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-
ficr 1s 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-velt bus, Since the
grid of V90 remains constant within a small frac-
tion of a wvolt, the current through R99 remains
constant, and C99 thus charges at a constant
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rate, As C99 charges, the voltage of the upper
end therefore rises linearly, Any departure from
a linear rise of the cathode of cathode-follower
coupled V85 will result in a change in grid volt-
age in the direction that will produce a change
in plate voltage the right amount to correct the
departure difference. The capacitor C96 helps to
maintain a linear voltage rise at the faster sweeps.

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, SWS5,
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-
turus 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 delivered to the grid
of multivibrator V58A. The sawtooth to the
multivibrator is delivered through cathode fol-
lowers V40A and V55B from a tap on the cath-
odc-load resistor of coupling cathode follower
V83 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 graticule, C54 on the
grid of V54A retards the return of V538A 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 in the circuit have had time to reach
their quiescent voltage levels, Proper sizes of
capacitor C54 are switched with the TIME/CM
switch so that more recovery time is permitted
for the slower sweeps and the least necessary
recovery time is allowed for the faster sweeps.

Sync Amplifier

Synchronizing pulses for plug-in units under
development are supplied by V78. When the
negative multivibrator, V70, generates its posi-
tive plate step, 1t aiso generates a sharp differ-
entiated positive trigger voltage at its screen,
because of L.72 and damping resistor R72 which
connect the screen to +4-100 volts. The positive
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screen trigger pulse is coupled to the grid of V78
through C78, Grid bias of about -—7 volts is set
by divider R78, R79, between ground and —150
volts, Plate voltage and cathode return circuits
are completed in the plug-in unit,

DELAYING-SWEEP CIRCUITS

Horizontal-Display Switch

The HORIZONTAL DISPLAY switch has
seven sections that select the source of signal to
the sweep amplifier and unblanking circnits, and
connect the delayed trigger to the main-sweep
circuits,

In the MAIN SWEEP NORMAL position,
this switch connects the main-sweep generator
to the sweep amplifier, gronnds the grid of the
delaying-sweep unblanking cathode follower and
supplies main-sweep sawtooth to the delay pick-

off.

In the DELAYING SWEEP position the
switch connects the delaying-sweep generator
to the sweep amplifier and to the delay-pickoft
comparator circuit, V195B, and coanects the
delaying-sweep gate to the unblanking mixer,
Both the main- and the delaying-sweep unblank-
ing signals unblank the cathode-ray tube.

In the MAIN SWEEP DELAYED position
of the switch the delaying-sweep is disconnected
from the sweep amplifier, its unblanking mixer
grid is grounded, the main-sweep generator is
connected to the sweep amplifier and unblanking
mixer, and the main-sweep trigger input is con-
nected to the delay pickoff.

In the EXT. SWEEP position the switch re-
arranges the delaying-sweep trigger shaper into
a cathode follower and connects its output to the
sweep-amplifier input. It also biases off the
delay-trigger circuit and the delaying-sweep
multivibrator, and supplies a positive dc bias to
the unblanking circuit to hold the cathode-ray
tube unblanked.

Delayed-Trigger Amplifier

The delayed-trigger from the delay-pickoff
circuit, described in a later paragraph, is ampli-
fied in V37A, and applied to the grid of delayed-
trigger cathode follower V37B through compen-
sated voltage-divider C50, R50, R51. The cath-
ode voltage of V37B is determined by current
through R53 which is returned to —-150 volts.

Current through R53 can be contributed by
cathode current through any of three cathode
followers, V43A, the stability tube; V54A, the
holdoff tube; or V37B, the delayed-trigger tube,
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aepending on the position of the HORIZON-
TAL DISPLAY switch, the setting of the STA-
BILITY control, and the stage of the trigger-
and-sweep sequence.

With the MAIN SWEEP NORMAIL posi-
tion the plates of V37A and V43A are discon-
nected and screen current furnishes the cathode
current of V43A. With the switch in the MAIN
SWEEP DELAYED and the DELAYING
SWEEP positions plate voltage is connected
both to V37A and V43A. The plate of V43A is
connected to the grid of V37B through compen-
sated voltage divider C30, R50, R5], in such a
way that V43A and V37B become a bistable
multivibrator.

In the quiescent state V37B conducts and
holds the common-cathode voltage so high V43A
is cut off. A positive pulse at the grid of Vi7A
will therefore become a negative pulse at its
plate. The negative pulse drives the grid of V378
down below cutoff, and the multivibrator as-
sumes the second stable state in which V43A
conducts and V37B is cut off. The cathode level
in this state can be sect by means of the bias
voltage determined by the setting of the STA-
BILITY control.

By setting the cathode level past the threshold
of triggering for the sweep-gating multivibrator,
a sweep will not be triggered, but the grid will
be placed close enough to triggering that a
negative trigger pulse from the main-sweep
trigger circuit will trigger a sweep.

Two methods of delayed triggering are thus
available. The first method in which the delayed
trigger actually triggers the sweep is the ordi-
nary system. The second method permits the
sweep to be triggered actually from the delayed
pulse you want to observe, The delayed trigger
opens up the normal trigger channel that has
been closed up to that time so as to hold off
undesired triggers.

Delay Pickoff

The delay pickoff circuit is a sawtooth com-
parator circuit arranged to produce a positive
output voltage at the time of pickoff, Before
the pickoff time, V195B is cut off. Its cathode
is tied to the cathode of VI195A which is con-
ducting and therefore determining the common-
cathode voltage,

The common-cathode voltage is adjustable by
means of R209, a 10-turn helical resistor, labeled
DELAY-TIME MULTIPLIER on the front
panel, V228A is a constant-current pentode sup-
plying cathode current to the comparators from
the —150-volt supply. This arrangement permits
the cathode of VI195A to follow its grid over
a wide range with very little variation of cathode
voltage.

Plate current through R205 therefore also re-
mains very nearly constant while V195A is con-

ducting, no matter at what voltage the grid is
set by the DELAY-TIME MULTIPLIER con-
trol, R209. This is important because the plate
voltage of VI195A is required to hold the grid
voltage of the shaper stage, V216A, near the
level for triggering.

The positive-going delaying-sweep sawtooth
raises the grid of non-condueting V195B toward
its cathode voltage. When the grid rises past
the cathode valtage set by the DELAY-TIME
MULTIPLIER control, V195B conducts and
V195A cuts off.

Delayed-Trigger Shaper

When V1935A cuts off, because of conduction
in V195B, its plate rises carrying the grid of
trigger shaper V216A pasitive past its transi-
tion point. The trigger-shaper stage is regener-
ative so as to produce a fast transition, and the
resulting positive step at the plate of V216R is
differentiated through €228 and used to arm or
to trigger the main-sweep circuits. The sharp
differentiated pulse is transmitted to the suc-
ceeding circuits through cathode follower V228B.

Two internal screwdriver controls accessible
from the right side through holes in the cabinet

permit you to adjust the delay time more ac-

curately if necessary so you can read centimeters
of delay within a fraction of one per cent directly
from the micrometer dial of the 10-turn DE-
LAY-TIME MULTIPLIER control. R208 ad-
justs the total de¢ voltage across R209 so that
each of the ten turns of this resistor positions
the point of delay pickoff one centimeter of
horizontal beam displacement. RI195 sets the
dc level of the delay sawtooth accurately so that
the zero setting of the DELAY-TIME MUL-
TIPLIER control corresponds to the start of
the delaying sawtooth.

Reset Button

The main-sweep circuits can be adjusted to
perform a single sweep when triggered and then
be unresponsive to any further triggers., This
circuitry is set up when the HORIZONTAL
DISPLAY switch is in the MAIN SWEEP
DELAYED position, and the delaying sweep
is deactivated by turning the delaying-sweep
STABILITY control counterclockwise,

The main-sweep multivibrator STABILITY
control is set at the level where it would horm-
ally be for main-sweep-triggered operation, and
the desired trigger-signal source is connected to
the main-sweep triggering circuits.

With the MAIN SWEEP DELAYED set-
ting of the switch, V43A and V37B form a bi-
stable multivibrator when the main-sweep STA-
BILITY control is adjusted as described in the
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previous paragraph. In the stable state that ex-
ists after completion of one sweep and before
the RESET button is pressed, V371 is conduct-
ing and thereby determining the voltage level of
the common-cathode circuits. This level is high
enough to hold off V58A from triggering. The
RESET control, SW235, shown on the delay-
pickoff diagram, applies a ncgative pulse to V3713
and turns it off, thereby switching multivibrator
V43A, V3I7B, to its second stable state with
V43A coutrolling the common cathode level,
This level is lower and it places the grid of V58A
within the region where it will trigger, if the
STABILITY control has been properiy set, and
the next trigger signal will initiate a sweep. At
the end of the sweep, holdoff cathode-follower
V54A raises the common-cathode level up mo-
mentarily, thereby switching V378 on and V43A
off again, and the circuit returns to its first stable
state.

Ready Light

The ready light, B42, shows whether V43A
is conducting. When V43A conducts it pulls
down the grid of V43B and thereby raises the
plate high enough to light the neon glow lamp.

When the ready light is glowing a single nega-
tive pulse at the main-sweep multivibrator grid,
V58A, will trigger a single sweep and the circuit
will thereafter be disarmed for subsequent trig-
gers,

SWEEP AMPLIFIER

Amplifier

Input to the amplifier is selected by one of
the positions of the HORIZONTAL DISPLAY
switch, SW200, A cathode follower, V240B,
feeds the selected signal to a seccond cathode
follower, V240A, whicl in turn feeds a common-
cathode, grounded-grid phase inverter, V205A
amnd V272A. (ain of the phasc-inverter stage
can be acdjusted by adjusting R266 and R270,
labeled SWP, CAL. and MAG. GAIN on the
chassis, which determine the degree of coupling
hetween the two cathodes. Qutput from the
phase-inverter stage is applied to the horizontal-
deflection plates of the cathode-ray tube through
cathode followers, V265B and V272B.

Magnifier

A degenerative circuit path through R259,
R254 and R253, between the negative-going cath-
ode follower, V265R, and the —150-volt bus, ac-
curately determines the gain of the amplifier.
This degenerative path can be disconnected by
means of SW254A, labeled 53X MAGNIFIER,
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ON and OFF, in red on the front panel. When
the network is remaoved, the gain of the amplifier
is increased by a factor of five for the magnaified
sweep, R266 and R270 between cathodes of the
phasc-inverter stage V265A and V272A arc also
switched by the 5¥X MAGNIFIER switch, to
permit the gains to be individuzally adjusted so
as to keep the ratio of gains exactly five times
for the two positions while permitting the spot
speeds to be accomodated to the graticule, An
mternal screwdriver adjustment, 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
kept in accurate register, so that the center por-
tion of the normal sweep will be centered when
magnified.

Gated CF Current Booster

Cathode current for“cathode follower V2658
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 mnearly 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, a positive, flat-topped pulse is
appled to the grid of the pentode during the
period of the sweep. The positive pulse is de-
rived by differentiating the positive-going saw-
tooth, through an rc network., Its amplitude is
thus proportional to sweep specd, For the fast-
est sweep, the tube current is several times nor-
mal, 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 than the aver-
age voltage, the glow lamp connected to that
plate will glow,

Positioning

Horizontal positioning of the trace is adjust-
able through cathode follower V2468 which sets
the dc grid voltage of input cathode follower

.
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V2401, The grid voliage of the positioning
cathocde follower is determined by potentiometer
R2Z250, 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,
SW200, is in the EXT, SWEEP position, the
EXT. SWEEP connector connects to an auxili-
ary amplifier which uses the tubes and circuits
of delaying-sweep phase inverters.

External-sweep signals are applied either to
the grid of VIIJA or V113B, depending on the
setting of SLOPE switch, SW113. TFor in-phase
amplification the SLOPE switch should be
switched to —, and the signal will be connected
to VI13A.

The signal applied to V113A grid is cathode
coupled to VI120A, which, with VI120B, is a
cathode-coupled, grounded-grid amplifier. Gain
of this amplifier can be adjusted by wvarying
R122 which determines the amount of cathode
coupling. The two cathodes must be at the same
dc veoltage, or variation of R122 will change the
dc level. R114 labeled EXT. AMPL. DC BAL.
on the chassis can be adjusted so that the cath-
odes of V120A and V120B are at the same volt-
age.

Plate output from VI120B is connected to the
sweep amplifier through cathode follower V130A
in the EXT. SWEEP position of the HORI-
ZONTAL DISPLAY switch.

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 separate heater
windings.
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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
~—1530-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 heing regulated. R716, labeled
—150 ADJ on the chassis, is a screwdriver ad-
justment 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 d¢ connected
to V712B plate and to the grids of scries 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 so
as 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
de-coupled dividers, increase the ac gain of the
fcedback loop and thereby reduce ripple.

C115 connected between the —150-volt bus
and ground keeps the output impedance down at
frequencies ahove cutoff for the regulator feed-
back amplifiers. The screen of 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 such as to ocut-phase maost
of the ripple at the —150-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 cathede to the tap-
ped-down voltage of divider, R750, R751 con-
nected between the —150-volt bus as a reference
voltage and the 4-100-volt bus to be regulated.
The tapped-down point is a volt or so below
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ground., The screen of V742 receives a sample of
the ripple signal through R744 to provide an out-
phasing signal that reduces the output ripple at
the 4-100-volt bus. High-frequency gain of the
feedback loop is increased by C750, and C751A
reduces the high-frequency output impedance.

-+225-Volt Supply

Rectified ac from terminals 7 and 14 is added
to the unregulated de of the +100-volt supply
to provide about 320 volts to the plate of serics
tube V748A. The comparator tube is V765 and
an additional gain stage with V757 increases the
feedhack-loop gain, C770 and C763 increase the
ac gain, and C751B provides low output imped-
ance at high frequencies. Unregulated voltage
taken from a point ahead of the series tube sup-
plies the regulator for the cathode-ray tube sup-
ply. R762 reduces the load current through the
series tube,

~}-350-Volt Supply

Rectified ac from terminals 5 and 10 of trans-
farmer T700 is added to the unregulated input to
the 4-225-volt scries tube, and applied to the
plates of series tube V784. The comparator tube
is V782, Screen injection of ripple voltage is
used, C787 increases ac gain and C751C lowers
high-frequency output impedance. R785 reduces
load current through the series tube.

4-500-Volt Supply

Rectified ac from terminals 20 and 21 of trans-
former T700 is added to the regulated side of
the 3530 supply, and applied to the plate of
series tube V794, The comparator tuhe is V791
with screen injeetion of ripple. C797 increases
ac loop gain, and C790B in series with C751C to
ground, reduces output impedance at high fre-
quencies. C795 reduces load current through the
series tube.

Time-Delay Relay

A thermal-delay relay, K700, delays applica-
tion of high voltage to the cxternal circuits for
about 23 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 regu-
lator tube, V74813, through R749 during this
perind, I the ac circuit is momentarily broken
the thermal-delay relay operates and again waits
for 25 secouds after reapplication of the ac be-
fore completing the dc high-voltage circuit con-
nection,

High-Voltage Supply

Accelerating voltages for the cathode-ray tnbe
are obtained by rectifying a 60-ke high ac volt-
age produced by a vacuum-tube oscillator. V803
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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, consisting of V821,
V822, V823, C821, €822, and C823, supplies about
B650 volts positive for the post-deflection acceler-
ating anode of the cathode-ray tube.

High-Voltage Regulator

A sample of the cathode voltage is tapped off
by means of RB14, RR12, and adjustable R&11,
and applied to the grid of comparator tube
VB810A. The cathode of V8I0A is connecied to
—150 volts, and the grid is compared to that
voltage. The difference voltage is amplified in
the comparator tube and amplified again in
shunt-regulator tube V810B, whose plate volt-
age determines the screen voltage of oscillator
Va0a.

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 the grid drops, the plate
rises, thereby raising the grid of V810B. When
its grid rises its plate drops, thereby dropping
the screen voltage of the oscillator tube, and
reducing the amplitude of oscillation. The re-
duction of primary voltage of T801 reduces the
high voltage, thereby correcting the original de-
parture, C814 at V810A grid reduces noisc and
hum,

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 unblarking cathode-follower
V54A, and the negative end at —1450 volts is
connected to the control grid through potenti-
ometer R831, labeled INTENSITY on the front
panel. When the unblanking pulse is produced
at the cathode of the unblanking cathode fol-
lower, it drives the whole grid-voltage supply
with it, winding, filter, potentiomecter, so that
the same pulse appears at the cathode-ray tube
grid 1550 volts below. Since this is a dc connec-
tion, the unblanking pulse may have any duration
with no change in grid voltage. C834 transmits
the leading edge of the unblanking pulse to re-
duce unblanking time for fast sweeps, and R834,
R835, and RB30, provide the right time constant
to prevent overshoot,

CRT Geometry Adjust

The second-anode voltage required for best
linearity at the extremes of deflection may vary
somewhat between tubes. RR861, a screwdriver
control, labeled GEOM, AD]J. on the chassis,
permits this voltage to be adjusted.
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MAINTENANCE

Replacement of Components

Tektronix will supply replacement compon-
ents 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
instruction 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 and tolet-
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 sometitnes text. These changes are in
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. Qur tech-
nicians hand-tailor the circuits, if it seems ap-
propriate, to provide the widest possible latitude
of operation. Qther changes are made to include
the latest circuit improvements as they are de-
veloped in our engineering department, or when
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 Precantion

The solder used on the ceramic terminals in
this instrument must contain a small percentage
of silver. If for any reascen you resolder, be sure
the solder you use contains silver. Silver-bearing
solder is used in printed-circuit techniques, and
is therefore available from all solder manufac-
turers. Repeated use of ordinary tin-lead solder
will dissclve 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 wvarious circuits, The
ac power leads are yellow and coded 1-1-0
{brown-brown-brown) following the RETMA
resistor color code. The -}-350-volt bus is white
and coded 3-5-0 (orange-green-brown, begin-
ning with the widest stripe). The heater leads
are coded 6-1, 6-2, ctc., not to indicate that the
voltages are different but to differentiate between
the leads. All signal leads have a single stripe,
A few wire colors are indicated by small, lower-
case letters on the diagrams.

Air Filter

The Type 545 Oscilloscope is cooled by fil-
tered, forced air. If the filter gets too dirty it
will restrict the flow of cooling air and may cause
the instrument to overheat. The filter should be
inspected every three or four months and cleaned
or replaced if necessary.

Two types of air filters can be used with your
Tektronix equipment. A washable air filter con-
structed of alominum wool coated with an adhe-
sive is usually supplied with your instrument. A
disposable glass-wool filter is available through
vour local Tektronix field office or direct from
the factory. If you are replacing an aluminum-
type filter with the disposable glass-wool type,
it is best to order No. 378-009, which includes
two back-up screens that help to prevent damage
to the filter. For future replacements of the glass-
wool filter 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 clear
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 Pro-
ducts Corporation. Pint cans are available under
the name “Handi-Koter” from some air-condi-
tioner 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 in place. Then check the
fuse at the back of the instrument near the power
receptacle. If the instrument has been operating
but has just stopped, it may have overhecated
and tripped the thermal cutout. The thermal
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cutott 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 thie beam-position-indicator lights
are operating and if the positioning controls pro-
duce any efiect. Advance the INTENSITY con-
trol 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 1s 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 under-
standing of the functions of the circuits is the
best help. With an understanding of the circuits,
you will be able to make a good guess at the
general source of troubles from their symptoms.
Be doubly sure that the difficulty you are having
is not caused by some misadjustment of the
front-panel controls. If not, you will need to
take the panels off for further checks.

Each side panel and the bottom panel are indi-
vidually removable when service becomes neces-
sary. To remove a side panel, release the fasten-
ers 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 fasten-
ers and lift the panel off,

To replace the panels, reverse the process
above. Each fastener is designed so that the first
one-quarter turn engages an ear on the fastener
with the oscilloscope frame, Further turning of
the screw locks the ear in place.

Wharning: When you have the panels off the
instrument, be careful of high voltages. The
lower-voltage busses are potentially .more dan-
gerous than the crt accelerating voltage because
of the high current capabilities and rather large
filter capacttors in these supplies. When vou
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 tuhe 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 re-
sistors or overstresses capacitors when it fails,
and in these cases vou will alsa have to find
the bad components, Sometimes vou can find
them by visual inspection. Onec 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

4.2 MAINTENANCE — TYPE 545 , ®3

step to take when you look for troubles is to
check voltages and currents from. the regulated
power supplies., The wvoltages can be checked
from the top or right side of the instrument on
a ceramic terminal strip near the rear of the in-
strument. The voltages are marked on the
chassis, The —I150-volt terminal should read
within one per cent of 150 volts. The remainder
of the voltages should be within about five per
cent of their indicated voliages. Keep in mind
that these are quite close tolerances, especially
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 oif. Be es-

pecially sure of your —150-volt measurement he-
fore you draw any conclusions from other volt-
age measurements, The —150-volt supply can
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 wvoltage 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 conveniently
mounted on the under side of the instrument.
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 un-
regulated 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.

Vertical-Amplifier Adjustments
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 at the
left end of the ceramic terminal strip near the crt
socket. Adjust to 1350 volts if necessary with
the H. V. ADJ. control at the right side of the
instrument near the rear,

Now contect a voltmeter hetween pins 1 and 3
on the interconnecting plug. Position the trace
two centimeters ahove and below center with
the VERTICAL POSITION control and ad-
just the main amplifier GAIN ADJ. control,
R1027, until there is a total voltage change of

4 vaolts,
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a.

Remove any vertical signal or triggering
signal. -

Set the controls as follows:

HORIZONTAL DISPLAY
DELAYING SWEEP

Delaying-Sweep STABILITY
CCW

Main-Sweep STABILITY
CW

MULTI BAL, R64
CW

(located about half way back on top chas-
8is)

Connect a voltméter from ground to pin
8 of V37, located just behind the TRIG-
GERING MODE switch,

Note the voltmeter reading — it should be
about —40 volts.

Back the main-sweep STABILITY con-
trol all the way counterclockwise then ad-
vance it clockwise while watching the
voltmeter until the reading is 10 wvolts
more negative than the reading obtained
in step d (about —50 volts).

Slowly turn the MULTT BAL control,
R64, counterclockwise until the voltmeter
reading drops suddenly to a lower read-
ing. This provides a holdoff voltage of
10 volts.

&z MAINTENANCE — TIPE 645
PAGE 28

External Sweep DC Balance

Turn the HORIZONTAL DISPLAY switch
to EXT. SWEEP and the 5X MAGNIFIER to
ON. Position the spot onto the screen and turn
the EXT, SWEEP ATTEN. back and iorth.
If the spot moves horizontally as the EXT,
SWEEP ATTEN. control is turned, adjust the
EXT. SWEEP AMPL. DC BAL. control until
the spot remains stationary. The EXT, SWEEP
AMPL. DC BAL. control is located at the front
of the wvertically-mounted chassis at the right
side of the instrument.

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 voltage divider. 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.
1f necessary, adiust R679, a screwdriver 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 meter. Test
meters are likely to be less accurate than the cali-
brator, which should be within about one per cent
at this point.
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C1
C3
C4
C7
co
C17
C20
C28
C34

R1
R2
R3
R4
RS

R6
R7
R8

R10

R11
R12
R13
R14

R15

R16
R17
R19
R20
R21

R22
R23
R24
R27
R28

R29
R30
R32
R33
R34

3

Cer.

Comp,

EMC

GMV

meg

i

4.7 put

001 &f

100 gut

001 gf

47 put

001 pf

01 uf

005 uf

22 uuf

1 meg
390 k
50k
100k

1 meg
100 k
470 k
47 Q
47k
4.7k

47 0
33k
39k
100 k

22k

470k
470 k
56k
47 k
47 k

47 0
ik
2.7k
22k
500 @

22k
2.7 meg
’20 1
47 Q
100 k

ceramic

composition

ABBREVIATIONS

electrolytic, metal cased
farad
guaranteed minimum value
henry
kilohm or 10* ohms

megohm or 10* ochms

micro or 10™
micromicro or 1072

Cer.-

Izw
5w

“Lw
o w

2w
Hw
W
Lsw
12w

Fixed
Fixed

Fixed.

Fixed
Fixed

Fixed
Fixed
Fixed
Fixed

FFixed
Fixed
Var,

Ifixed
Fixed

Fixed
Fixed
Fixed
Fixed
Fixed

Fixed
Fixed
Fixed
Var.

Fixed

Fixed
Fixed
Fixed
Fixed
Fixed

Fixed
Fixed
Fixed
Fixed
Var.

Fixed
Fixed
Fixed
Fixed
Fixed

m milli or 10
Q ohm

Poly. polystyrene
Prec. precision

PT paper tubular
Tub. tubular

v working volts dc
Var. variable

w watt
WW  wire wound

MAIN-SWEEP TRIGGER

500 v
600 v
350 v
500 v
500 v

500 v
400 v
SO0 v
500 v

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,

Capacitors

=1 ppuf

Resistors

5%
5%
20%
10%
10%

10%
10%
10%
10%
10%

109
10%
10%
20%

10%

109%
10%%
10%
10%
10%

10%
10%
109%
10%
209

10%
10%
10%
10%
10%

20%
20%
GMV
20%
GMV
20%
GMV
20%

Int. Trig. DC Level Adj.

TRIGGERING LEVEL,

cone. with R43

Trigger Sensitivity

* Furnished as unit with R43, STABILITY.
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Order Parts,
by Number
281301
283501
281523

283000
281518

283000
285510
283001
281510

301105
301394
311023
302104
302105

302104
302474
302470
304472
304472

302470
306333
306393
311030*

302223

302474
302474
302563
302473
302473

302470
302102
302272
306223
311005

306223
302275
302821
302470
302104

i



R35
R3%

SWix
SWhe

Ve
Vo

Resistors (continued)

0k Yw Fixed Comp. 10%
100 k 2w  Var, Comp. 209% Triggering Level Centering
Switches
2 wafer 6 position rotary TRIGGER SLOPE
3 wafer 5 position rotary TRIGGERING MODE

Vacuum Tubes

6BQ7A Trigger Amplifier /.
6U8 Trigger Shaper

*SW1 and SW5 shafts are concentric. Furnished as a unit,

@1
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Order Parts
by Number

302104
311026

not wired wired

260099 | 262080

154028
154033

G



NOTE

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

All readings are in volts unless otherwise specified.
Where two voltage readings are given, they represent
the voltage as read by a voltmeter under two sets of
conditions, and, as such, do not indicate the peak-to-
peak excursion of voltage at the point.
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B42
B95
B9

C37
C40
C41
C45
Cs0

C58
€65
C71
C72
C73

C76
C78
81
C95
C86

L6l
LR72

R37
R38
R39
R40
R41

R42
R43

R4
R45
R46

R47
R48
R49
R50
R51

Cer.

Comp.,

EMC
GMV

meg

b

ceramic

composition
electrolytic, metal cased
farad
guaranteed minimum value
henry
kilohm or 10" ohms

megohm or 10* chms
micro or 10~

ABEREVIATIONS

micromicro or 1072

65-75 v ignition

55v
65 v

001 uf
005 uf
005 uf
001 uf

8 uuf

27 puf
12 ppf
32 unt
005 uf
12 ppt

005 uf
005 pf
001 uf
001 pf
82 uuf

88 gh

MAIN SWEEP GENERATOR

1/25 w

1/25 w

1/25w
Cer, Fixed
Cer. Fixed
Cer. Fixed
Cer. Fixed
Cer. Fixed
Cer, Fixed
Cer. Fixed
Cer, Fixed
Cer. Fixed
Cer. Fixed
Cer. Fixed
Cer. Fixed
Cer. Fixed
Cer. Fixed
Cer. Fixed

Fixed

500 v
500 v
500 v
500 v
500 v

500 v
S00 v
500 v
500 v
500 v

00 v
500 v
500 v
500 v
500 v

Bulbs

Capacitors

433

]
Poly.
Prec.

PT
Tub,
v
Var.

w
WwW

GMV
GMV
GMV
GMV

*0.5 gaf

Inductors

#40 wire, 450 turns, on 3.3k 1w resistor

470 k
l meg
100 @
220k
10k

470k
100k

100 k
200k
100 2

470k
47k
100k
95k
220 k

iw
Mw
w
I:w

Yw

Uw
4w

i w
iw
iw

Law

1w
2w
4w
w

Fixed
Fixed
Fixed
Fixed
Fixed

Fixed
Var.

Fixed
Fixed
Fixed

Fixed
Fixed
Var,

Fixed
Fixed

Comp.
Comp.
Comp,
Comp.
Comp.

Comp.
Comp.

Comp.
Comp.
Comp.

Comp,
Comp.
Comp.

Prec.
Prec.

Resistors

10%
10%
10%
10%
10%

10%
20%

5%
5%
10%

5%
10%
20%

1%

1%

20%
10%%
10%
GMV
10%

GMV
GMV
GMV
GMV
10%

milli or 107

ohm

polystyrene
precision

paper tubular
tubular

working volts dc
variable

watt

wire wound

STABILITY, conc.

with R14

Preset Stability

** Furnished as a unit with R14, TRIGGERING LEVEL.

©
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Order Parts
by Number
150014
150009

150011

233000
283001
283001
283000
281503

281313
281506
281528
283001
281506

283001
283001
283000
283000
281528

108022
108058

302474
302105
302101
302224
302103

302474
311030%+*

301104
301204
302101

301474
304473
311026
309044
308052

e



R52
R33
R34
R57
R58

R59
k60
Rol
R62
R63

Ré64
R65
R66
R67
R68

R69
R70
R71
R72
R73

R74
RS
R76
RY7
R78
R79
R80
R81
R82
R&3

R84
R85
R&6
R87
R88

R89
RO
R91
R92
R93

RS5
R96

SW200

*R60 and R61 selected to total 6k =214%,

** Selected with ratio 39/33 +214%.

100 2
22k
100
4,7 meg
1k

47
27k
3.3k

56 k

25k
9k

33k

100 Q
Bk

1k
17 k
2708
47 9
47 k

100 k

100 2

47 Q

4.7k

47k
1 meg

100k
1 meg
1.8 meg

100 k
47 @
470 Q1

2k

4k
47 Q
22k
22k
22k

47k
1.5 meg

Yw
5w
Low

aw

“Yw
Mw

T4 W

w
o w

IZW
uw
Yw
aw

Fixed
Fixed
Fixed
Fixed
Fixed

Fixed
IFixed
Fixed
Fixed
Fixed

Var.

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
Fixed

Resistors (continued)

Comp.
Comp.
Comp.
Comp.
Comp.

Comp.
Comp.
Comp.
Comp.
Comp.,

Comp,
Comp.
Comp.
Comp.

WW

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.

10%
10%
10%
10%
10%

10%

Selected?
Selected*

5%
10%

20%

Multi Bal

Selected®*

Sclected®* E

10%
5%

10
10¢5
109%
10%%
13%

10%
10%
10%
10%
10%

10%
10%
10%
10%
10%

10%
10%
10%

5%
20%

5%
10%
10%
10%
10%

10%
10%

Switches

Sweep Length

See parts list, Delaying Sweep Trigger

Furnished as a unit.

Furnished as a unit.
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Order Parts
by Numbe:

302101
J0e223
30210
302475
302102

302470

31256%

303563
302470

311010
312570

302101
308053

302102
302473
02271
302470
302473

202104
302101
302470
304472
302473

302105
302103
302104
302105
302185

304104
302470
302471
308053
311008

308051
302470
306223
306223
306223

302473
302155

@iﬁ



V37A
V37/B
V43A
V43B
V54

V58A
V58B
V70

V73A
V73B

V78
V80
V85
Voo

a1

14 618 7

1z 6U8

15 6U8 ~

14 6U8 -~
6BOQ7AY

14 6BQ7A 7
14 6BQ7A -

12ZBY7 ~
15 6RQ7A "
14 6BQ7A -

6AUS <
6ALS =
6BQ7A Y
6CL6

Vacuum Tubes

Delayed I'rigger Amplifier

+ Multivibrator, Trigger Gate Generator {
— Multivibrator, Trigger Gate Generator
Clamp and Ready Indicator E
Sweep Holdoff Cathode Followers

+ Multivibrator
Multivibrator Cathode Follower %
— Multivibrator

Sawtooth-out Cathode Follower

-+ Gate-out Cathode Follower E

Multi-Trace Units Syne Amplifier
Disconnect Diodes
Sweep-generator Cathode Follower
Miller Integrator

TYPE 545 ~— MAIN-SWEEP GENERATOR — 3 of 8
PAGE 40

Order Parts

by Number

154033

134033
154028

154028
154047
154028
154022
154016

154028
154031

ey



NOTE

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

All readings are in volts unless otherwise specified.
Where two voltage readings are given, they represent
the voltage as read by a voltmeter under two sets of
conditions, and, as such, do not indicate the peak-to-
peak excursion of voltage at the point.
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C5A
CH4B
Cs4C
C54D
C56

Co9A
CooB
Co9C
Co9D
Co9E

Cy9F
Co9G
C99H
Co9J

R55A
R55B
RO0A
RO9B
RO9C

R99D
RYE
ROOF
R99G
R99H

ROGT

ROOK
RO9L
ROIM

SW55*
SWo0

Cer.

Comp.

EMC
1
GMV

meg

i

4.7 meg
470k
O meg
10 meg
10 meg

Imeg

1 meg

1 meg
300k
100k

100k
6.8k

15k
5000

4 wafer
4 wafer

ceramic

composition

ABBREVIATIONS

electrolytic, metal cased
farad
guaranteed minimum valua
henry
kilohm or 10* ohms

megohm or 10* ohms
miero or 107*

micromicro or 107

PT
Pr
PT
Mica
Cer.

m

Q
Poly.
Prec.

rr
Tub.

v
Var.

w
WwW

milli or 107
ohm
polystyrene
precision
paper tubular
tubular

working volts dc

variable
watt
wire wound

MAIN-SWEEP TIMING SWITCH

Fixed
Fixed
Fixed
TFixed
Fixed

Order Parts
Capacitors by Number
400 v 20% 2853533
400 v 20% 285515
400 v 20% 285543
S50 v 1096 283336
500 v 10% 281516
Special timing series manufactured by 201007
Tektronix. Order replacements from factory.
+ 149 291008
500 v 5% 283534
500 v 20% 281010
500 v 5% 283534
500 v 2055 281010
500 v 20% 281007
Resistors
Comp. 10%% 302475
Comp. 109 302474
Prec, 1% 310505
Prec. 1% 310107
Prec, 15 310107
Prec. 1% 309026
Prec. 19 309014
Prec 1% 309014
Prec. 1% 309125
Prec. 1% 309045
Prec. 1% 309045
Comp. 10% 304682
Comp. 20% . 311045
Comp. 20% MAIN SWEEP VERNIER 311056
Switches
not wired wired
rotary TIME/CM 260010 | 262063
rotary MULTIPLIER 260011 | 262064

Special
Mica Fixed
Cer. Var.
Mica Fixed
Cer. -~ Var.
Cer. Var.
aw  Fixed
%ow Fixed
2w Fixed
1w  Fixed
1w  Fixed
iw  Fixed
Lw Fixed
“w Fixed
4w  Fixed
12w  Fixed
zw Fixed
w  TFixed
2w Var.
Trw  Var,
8 position
6 position

¥*SW55 and SW254, 5X MAGNIFIER, shafts are concentric. Furnished as a unit.

TYPE §4 — MAIN-SWEEP TIMING SWITCH —1 of 1
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HOLDOFF C .F.

TOCATH, PN BSVEM-B

Sw 5BB

———{TIME ACM o

\

\TO GRD, FINS a¢9.\
!

\-ro CATH, PINS na vas
oo, SAWTIOTH GE € F

SWEEP GEN,C
(Man SWEEP )

coan {MAaIN SWEER) v (Man SWEE'F’) 1 coga \
T2z ' ! Lt !
_{ 1 1 . m i)
" 1SEC
C%ﬁ
T | —— %
CH54B = CIGR
.0ze .
+— — ¢ o——]— 0 | MILLISEC
CH4C
0022
+—i |
C54D
220
0
T_ L — ]
MICROSEC
—O
—0C
RSBA HAESE
aTm 470K
— B0V — |50V
o= mm === - - [T PR - - - -y
1 \ Yoc \
SW 90A SW90C SW 900
1
) \ \
[ N \ \
! SWOUR \ '
1 \ 3
3 O
t2-5
— B — = a5
—o — —o 25 e
VARIABLE mu LT,
L E ] WIT
o o o5 = {SWQO)
RY0A ¢ RgeD < Rr99G £ -
30mM am 300K f
3 < 2 o0—
e - it MAIN - SwE e
— . — 0 | o /
RrRaac RYgF RAGU < &Sy RagMm
IGOK % 500
1Qam ™ b R, O, W,
50V 12- 14 -5&
TYPE 545 OSCILLOSCOPE MAIN - SWEEFP  TIMNG SWITCH
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C100
C101
Cl102
C108
C110

C132

R101
R102
R105

R106
R107

R108
R109
R110
R113
RI14

R115
R120
R121
R122

R123

R124
R130
R131
R132
R133

R134
R135
R136

5
5

5

Cet.

Comp.

EMC
GMV

meg

#4

-25 putf
-25 uut
100 ppt
001 uf

<25 puf

22 ppt

900 k
111k
100 k

22k
1 meg

100 k
47 Q
1 meg
47k
S0k

47k
160 Q
47k
15k

47k

33k
10012
33k
100 k
270k
100 2

B3k
22k

ceramic

compasition

ABBREVIATIONS

electrolytic, metal cased
farad
guaranteed minimum value
henry
kilohm or 10* chms

megohm or 10° ohms
micro or 107

micromicro or 107%

Cer.
Cer.
Cer.
Cer.
Cer.

Cer.

4w
2w
s w

w
Lw

w
ow
iw

2w
1w
Lw
4w
1w

2w
Taw
IBW
w
Mw

IZW

Yw

m milli or 10~

9] ohm

Poly. polystyrene
Prec, precision

PT paper tubular
Tub. tubular

v working volts dc
Var., variable

w watt

WW  wire wound

DELAYING-SWEEP TRIGGER

Var.
Var.
Fixed
Fixed

Var,
Fixed

Fixed
Fixed
Var.

Fixed
Fixed

Fixed
Fixed
Fixed
Fixed
Var.

Fixed
Fixed
Fixed
Fixed

Fixed

Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed

500+
500 v
500 v
500 v
500 v

500 v

Prec.
Prec.

Comp.

Comp.
Comp.

Comp.
Comp.

Prec.

Comp.
Comp.

Comp.
Comp.
Comp.
Comp.

Comp.

Comp.
Caomp.
Comp.
Comp.
Comp,

Comp.
Comp.
Comp.

* R105, R122 and R140 furnished as a unit,

Capacitors

Resistors

1%
1%
20%

10%
109

10%
10%

1%
10%
20%

10%
10%
10%
20%

10%

10%
109
10%
10%
10%

10%
10%
10%

Order Parts
by Numher

10%
GMV

20%

TRIGGERING LEVEL, conc.
with R122 and R140

Ext, Sweep Ampl. DC Bal

EXT. SWEEP ATTEN,,
ganged with R140

TYPE 545 — DELAYING-SWEEP TRIGGER — 1 of 2
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281011
281011
281530
283000
281011

231510

300111
309046
311046*

302223
302105

302104
302470
309014
304473
311023

304473
302101
304473
311046*

304473

306333
302101
302332
302104
302274

302101
306333
302222



5W100
SWI13
SW200

V113
V120
V130

@1

Switches

double pole double throw  toggle ATTEN

douhle pole double throw toggle SLLOPE

4 wafer 4 position rolary HORIZONTAL
DISPLAY

Vacuum Tubes

12AU7 7 Trigger Amplifier Cathode Follower =~
6BQ7A  Trigger Amplifier —~
6U8 Trigger Shaper Ext. Sweep Cathode Follower »

TYPE 45 — DELAYING-SWEEP TRIGGER —2 of 2
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Order Parts
by Number

not wired wirea
260014 —
260014 —
260007 | 262061

154041
154028
154033




NOTE

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

All readings are in volts unless otherwise specified.
Where two voltage readings are given, they represent
the voltage as read by a voltmeter under two sets of
conditions, and, as such, do not indicate the peak-to-
peak excursion of voltage at the point.
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R180
¥187

C146
C158
C170
C172
€187

R140
R141
R142
R143
R146

R147
R148
R150
R151
RI155

R156
R157
R158
R159
R160

R163
R164
R165
R170
R172

R173
R174
R177
R180
RIBIA

R1IB1B**
RI8ZA
R182ZB**
R185
R186

Cer.

Comp.

EMC
GMV

meg

Ri

B3 v
55v

47 pul
12 puf
3% puf
12 puf

001 pf

100 Ik
100 k
27k
47 k
100 &

22k
100 £2
1 meg
1k
100 2

10k
100 @
9k
3k
15k

100 2
22k
47 k
27k
47 k

100k
100 22
10k
15k
0k

T 12k

100 2
220k

ceramic

composition

ABBREVIATIONS

electrolytic, metal cased
farad
guaranteed minimum value
henry
kilohm or 10* ohms

megohm or 10* ochms
micro or 107

micromicro or 107

Cer.
Cer,
Cer.
Cer.
Cer.

iw
s w
Liw
Vw
4w

1w
nw
hw
4w
Lo w

1w
A w
1w
1w
2w

iw
4w
Lo w
Yw
4w

4w
L5 w
L w
2w
Zw

b w
2w
4w
4w

2w

m milli or 10°*
LY ohm
Poly. polystyrene
Prec. precision
PT paper tubular
Tub. tubular

working volts dc
Var.  variable
w watt
WW  wire wound

DELAYING SWEEP GENERATOR

1/25w
1/25w

Fixed
Fixed
Fixed
Fixed
Fixed

Var.

Fixed
Fixed
Fixed
Fixed

Fixed
Fixed
Fixed
Fixed
Fixed

Fixed
Fixed
Fixed
Fixed
Fixed

Fixed
Fixed
Fixed
Fixed
Fixed

Fixed
Tixed
Fixed
Fixed
Var,

TFixed
Fixed
Fixed
Fixed
Fixed

500 v
500 v
500 v
500 v
500 v

Comp.
Comp.
Comp.
Comp.
Comp.

Comp.
Comp.
Comp,
Comp.
Comp.

Comp.
Comp.
Comp.
Comip.
Comp.

Comp.
Comp.
Comp.
Comp.
Comp.

Comp.
Comp.
Comp.
Comp.
Comp.

Comp.
Comp.
Comp.
Comp.
Comp.

*R140, R105, and R122 furnished as a unit.
"’*Selected to adjist the range of the DELAYING SWEEP LENGTH control.

®

Bulbs

Capacitors

Resistors

20%
10%%
10%
10%
10%

10%
10%
10%
18%
10%

5%
10%
5%
5%
5%

109%
10%
10%
10%
10%

10%
10%
10%
10%
20%

10%
109
10%
109%
10%

20%
10%
10%
10%
GMV

Order Parts
by Number

150011
150009

281518
281506
281316
281506
283000

STABILI'TY, ganged with R122 311046*

LLENGTH

TYPE 545 — DELAYING SWEEFP GENERATOR —1 of 2
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302104
302273
302473
30210

304223
30210
302105
Jozioz
302101

303103
302101
303393
303333
305153

302101
302222
302473
302272
302473

302104 .
3021
302103
306153
311016

306123

302101
306224

;Si{\”



R187
R188

V140
VISOA
V1508
VISSA
V1558
VI172A
V1728
V180
V190

Resistors (Continued)

100k 2w Fixed Comp. 109

l.5meg ¥ w Fixed Comp. 10%
Vacuum Tubes

6BQ7A Comparator -~

14 6BQ7A Holdoff Cathode Follower * )

1 6BQ7A Sweep-Generator Cathode Follower %

15 6UR — Multivibrator .~

14 6U8 + Multivibrator .

%4 6BQ7A Gate-Out Cathode Follower %

15 6BQ7A Muitivibrator Cathode Follower

12A1.5 Disconnect Diodes ~—
12AU6 Miller Integrator —

TYPE 646 — DELAYING SWEEP GENERATOR — 2 of 2
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Order Parts
by Number

302104
302155

154028
154028

154033

154028

154038
154040

i



NOTE

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

All readings are in volts unless otherwise specified.
Where two voltage readings are given, they represent
the voltage as read by a voltmeter under two sets of
conditions, and, as such, do not indicate the peak-to-
peak excursion of voltage at the point.
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Cer.
Comp.
EMC
f
GMYV
h
k
meg
»
e
Cl48A 047 uf
C148B 0047 uf
CI148C 470 ppf
Cl48D 22 ppf
Cl190A 0505 puf
C190B 00505 uf
C190C 450-475 ppf
C190D 8-50 puf
CI190E 39 puf
Cl90F 3-12 ppf
R190A 400 k
R190B 600 k
R190C 1 meg
SW190 3 wafer
®

ABBREVIATIONS

ceramic m mith or 10°°
composition Q olim

electrolytic, metal cased Poly.  polystyreae
farad Pree.  precision
guaranteed minimum value PT paper tubnlar
henry Tub. tubular

kilohm or 10 ohms v working volts de
megohm or 10* ohms Var. variable

micro or 107 w watt

micromicro or 1072 WW  wire wound

DELAYING-SWEEP TIMING SWITCH

Order Parls

Capacitors by Number

PT Fixed 400v 20% 285519

PT Fixed 400+ 20% 283306

Cer. Fixed 500v 20% 281525

Cer. Fixed 500v 20% 281510

ggzzizi Special t_iming series manufactureq by 201006

Special Tektronix, Order replacements from factory.

Cer. Var. 500 v 281013

Mica Fixed 500+ 5% 283533

Cer. Var. 500 v 281009
Resistors

4w Fixed Prec, 1% - 312567

iw Fixed Prec. 1% Checked wishin Y 312568

2w Fixed Prec. 1% of ratio 4/6/ 312571
Switches

not wired wired

12 position rotary TIME/CM 260009 | 262060

TYPE 545 —DELAYING-SWEEF TIMING SWITCH-—1 of 1
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]
SW|90A TO CATH, PING vuso&SW'QOB Swigoc
SWEEP GEN.C.F / ;
/ (DELG SWEED) ; ;
TQ C,ATH, ] / /
|n VIBOA TO GRID.PIN L, VIS0, /
brr C.F SAWTO0TH GEM. /
WEEP) (DEL'G SWEER) /
Cid8A f CIS0A i
.oar? / .0B0ObB /
{ - OO IO\‘*
$—0 LY %ﬁgg@ 0B
5 Lo o2 | MILLISEC
C148B CIO0B
0047 comon
—i—p—o o o
'DIQOBg
+—o +—o  BOOK Lalels)
—uo0 L—o -0 200
Ci46C C190C
470 450~-475
17—“——v—0 lr—“—ir—o —0 100
+—o +—°  migoc é 0 B0 | MICROSEC
C190D m
&-30
— ! I o o 20
Cl480 CIGOE
22" 39
It o +—J—+—o0 e 10
= +—o +—o0 Lo B
CIQ0F
5-20
—o > +] —0 2
RO
12-14 =56
TYPE 545 0OSCILLOSCOPE TIMNG SWITCH
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ABBREVIATIONS

Cer, ceramic m milli or 10
Comp. composition Q ohm

EMC  electrolytic, metal cased Poly. polystyrene

f farad Prec. precision

GMYV  guaranteed minimum value PT paper tubular

h henry Tub. tubular

k kilohm or 10" chms v working volts dc
neg megohm or 10* ohms Var, variable

u micro or 107 w walt

an micromicro or 107 WW  wire wound

DELAY PICKOFF

Order Parts
Capacitors by Number
C197 220 ppf  Mica  Fixed 500v 20% 283536
C209 .01 uf Cer. Fixed 500v 20% 283002
C218 22 yuf  Cer, Fixed 500v 20% 231510
C228 47 ppf  Cer. Fixed 500v 20% 281518
C232 005 uf Cer. Fixed 500v MV 2830Mm
C235 22 uuf  Cer. Fixed 500v 20% 281510
C236 001 uf Cer. Fixed 500+ GMV 283000
Resistors
R195 100 k 2w Var, Comp., 20% Delay Start Adj. 311026
R196 470 k 2w Fixed Comp. 10% 302474
R197 0.8k 2w Fixed Comp. 10% 302682
R198 100 & 4w Fixed Comp. 10% 30210
R200 100k bw Fixed Comp. 10% 302104
R201 47 k 4w Fixed Comp. 10% 302473
R202 10k 4w Fixed Comp. 10% 302103
R205 15k 2w Fixed Comp. 10% 302133
R206 100 Q sw TFixed Comp. 109% 302101
R207 10k 5w Fixed WW 5% 308054
R208 10k 2w Var. WWwW 20% Delay Stop Adj. 311015
R209 0k 3w  Var helipat 1% linearity—DELAY-TIME 311022
MULTIPLIER
R216 100 2 2w Fixed Comp. 10% 302101
R217 39k %w Fixed Comp. 10% 302392
R218 095k 4w Fixed Prec, 1% 309044
R219 150k % w. Fixed Prec. 1% 309049
R220 100 Q2 2w Fixed Comp. 0% 302101
R223 9k 2w Fixed Comp. 10% 306393
R224 5.6k 4w Fixed Comp. 10% 302562
R228 10k % w Fixed Comp. 10% 302103
R229 270k iw Fixed Comp. 10% 302274
R230 100 2 “w Fixed Comp. 10% 302101
R231 1k ¥%w Fixed Comp. 10% 302102
R232 47 ¢ 4w Fixed Comp. 10% 302470
R235 22k %w Fixed Comp. 10% 302223
R236 22meg % w Fixed Comp. 10% 302226
Switches
SW200 See parts list, Delaying Sweep Trigger
5W235 Push button, normally open RESET, MAIN SWEEP 260017
uum Tubes .
I T e
195 g dus elay/Ficko B 54833
V216 6US8 Delay Trigger Shaper rSH 154033
VZ228A 14 6U8 Constant Current Tube (‘% 154033
V228B 14 6U8 Delayed Trigger Cathode Follower ¢

m TYPE 545 —DELAY PICKOFEF—1 of 1
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NOTE

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

“All readings are in volts unless otherwise specified.
Where two voltage readings are given, they represent
the voltage as read by a voltmeter under two sets of
conditions, and, as such, do not indicate the peak-to-
peak excursion of voltage at the point.
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B287
B292
B293

C240
C241
C249
C254
258

C267
C273
C278
C282
C284
C286

R240
R2M1
R242
R243
R244

R246
R247
R248
R249
R250

R253
R234
R255
R256
R259

R260
R261
R262
R265
R266

R267
R268
R269
R270
R272

Cer.

Comp.

EMC

GMV

meg

B

1/25w
1/25w
1/25w

3-12 puf
4.7 uuf
01 pf

3-12 put
1.5 ppf

9-180 upf
6.25 uf
3-12 puf
047 uf
4.7 ppf
3-12 ppf

1l meg
1.23 meg
100 2
100 k

22k

470k
4.7 meg
500k
560 k
500k

100 2
11k
100 2
100k
400 k

400 k
22k
20k
47 Q
10k

22k
6k
22k

47 2

ABBREVIATIONS

ceramic m
composition Q
electrolytic, metal cased Poly.
farad Prec.
guaranteed minimum value PT
henry Tub.
kilohm or 10" chms v
megohm or 10* ohms Var.
micro or 10~ w
tmicromicro or 108 WW

SWEEP AMPLIFIER

Order Parts
Bulbs by Number
55-70 v 150009
Ignition voltage 75 v 150014
Tgnition voltage 75+ 150014
Capacitors
Cer, Var, 500 v 281007
Cer. Fixed 500v 1 ppf 281501
PT Fixed 400v 20% 285510
Cer. Var. 500 v 281007
Cer. Fixed 500v *+14 uul 281526
Mica  Var. 500 v 281023
EMC TFixed 300v —20%4-50% 290000
Cer. Var. 500v 281009
PT Fixed 400v 20% 285519
Cer. Fixed 500v +1 uut 281501
Cer, Var. 500 v 281009
Resistors
4w Fixed Prec. 1% 309014
2w Fixed DPrec. 1% 306016
Ww TFixed Comp. 10% 302101
lw Fixed Comp. 10%% 304104
“Zw Fixed Comp. 10% 302222
w Fixed Comp. 10%% 302474
“%w Fixed Comp. 10% 302475
“w  Var. Comp, 209% YVERNIER, conc, with R250 311048
Lzw Fixed Comp. 10% 302564
Y“Bw Var. Comp. 209% HORIZONTAL PQOS., conc. 311048
with R248
w Hixed Comp. 10% 302101
Yow Fixed Prec, 1% 309046
Y w Fixed Comp. 10% 302101
1w Fixed Comp. 10% 304104
1w Fixed Prec. 1% 310094
1w Fixed Prec 1% 310094
¥w Fixed Comp. 10% 302223
2w Var. Comp. 209% Swp./Mag. Regis. 311018
Y% w Fixed Comnp. 109% 302470
2w Var. Comp, 20% Swp. Cal 311016
1w Fixed Comp. 10% 304222
S5w Fixed WW 5% 308052
1w Fixed Comp. 10% 304222
2w Var, Comp. 20% Mag. Gain 311008
4w Fixed Comp. 10% 302470

TYPE §45 — SWEEP AMPLIFIER — 1
PAGE 58
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precision

paper tubular
tubular

working volts de
variable
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wire wound
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R273
R278
R279
R282
R283

R234
R286
R287
R288
R2809

R202
R293
R204
R295

SW200
SW254*

V240A
V240B
V2468
V265A
VZ265B
V27ZA
vz2izB
V282

*SW254 and SW55 shafts are concentric.

@3

100G
625k
47 2
3900
47 Q

22k
6-30 k
100 Q
9k
39k

470 k
470k
470k
470k

Resistors (continued)

w Fixed Comp. 10%
Special
Yw Fixed Comp. 10%
iw Fixed Comp. 0%
Ww Fixed Comp. 10%
w Fixed Comp. 10%
Special
¥ w Fixed Comp. 16%
2w Fixed Comp. 10%
2w  Fixed Comp. 10%
% w Fixed Comp. 10%%
Yw Fixed Comp. 109
4w Fixed Comp. 10%
Ww Fixed Comp. 10%
Switches

See Delaying Sweep Trigger

1 wafer

15 6BQ7AY
14 6BO7A
14 6BO7A -
1 6RO7A
15 6BO7A
14 6BQ7A
15 6BOQVA -
6CL6

2 position rotary 5X MAGNIFIER

Vacuum Tubes

Driver Cathode Follower
Input Cathode Follower
Horizontal Position Cathode Follower

-— Sweep Amplifier E
— Sweep Cathode Follower
+ Sweep Amplifier E
-+ Sweep Cathode Follower

Gated CF-Current Booster

Furnished as a unit.

TYPE bib — SWEEP AMPLIFIER — 2 of 2
PAGE 59

QOrder Parts
by Number

302101
310506
302470
302391
302470

302222
310507
302101
306393
306393

302474
302474
302474
302474

not wired wired

260010 | 262063

154028
154028
157022

157022
154031



NOTE

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

All readings are in volts unless otherwise specified.
Where two voltage readings are given, they represent
the voltage as read by a voltmeter under two sets of
conditions, and, as such, do not indicate the peak-to-
peak excursion of voltage at the point.
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E1010
B1014

C1010
Cl014
C1020
C1035
C1045

C1050
C1051
C1052
C1054
C1055

C1057
C1060
C1062
C1064
C1066

C1070
C1072
C1073
C1074
C1075

C1076
Clo077
C1078
C1081
C1082

1083
C1084
C1090
C1091
C1092

C1093
C1100
C1o1
1102
C1103

es

Cer.

Comp.

EMC
GCMV

meg

ag

005 uf
D05 uf
005 pf
Q005 uf
2%75 uf

275 uf
005 uf
001 pf
001 uf
022 uf

001 g
001 uf
150 puf
D05 uf
001 uf

100 puf

12 ppf
1-8 upf
4.7 puf
18 ppf

1-8 puf
1-8 puf
2.2 puf
001 uf
150 puf

001 pf
J-3 puf
001 uf
150 puf
001 uf

J-3 uuf
001 uf
150 ppf
001 pf
J-3 put

ABBREVIATIONS

ceramic m
composition Q
electrolytie, metal cased Poly.
farad ' Prec.
guaranteed minimum value PT
henry Tub.
kilohm or 10* chms v
megohm or 10° ohms Var,
micro or 107° w
micromicro or 10™ WW

VERTICAL AMPLIFIER

55-70v

55-70 v

Cer. Fixed
Cer. Fixed
Cer. Fixed
Cer. Fixed
EMC Fixed
EMC Fixed
Cer. Fixed
Cer. Fixed
Cer, Fixed
PT Fixed
Cer. Fixed
Cer. Fixed
Cer. Fixed
Cer. ced
Cer. - Fixed
Cer. Fixed
Poly  Var.
Poly Var.
Cer. Fixed
Poly  Var.
Poly  Var.
Poly  Var,
Cer. Fixed
Cer, Fixed
Cer. Fixed
Cer. Fixed
Tub. Var.
Cer. Fixed
Cer, Fixed
Cer. Fixed
Tub. Var.

. Cer, Fixed
Cer. Fixed
Cer, Fixed

" Tub. Var.

TYPE 546 — VERTICAL AMPLIFIER — 1 of 4

500+
500 v
500 v
500 v
150 v

150 v
500 v
500 v
500 v

500 v
500 v
500 v
500 v
500 v

350+
500 v
500 v
500 v
500 v

S00 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

Bulbs

Capacitors

GMV
GMV
GMV
GMV
—20%+50%

—20%+50%
GMV
109
10%
20%

GMV
GMV
20%

GMV
GMV

20%
10%

10%

*14 put
GMV
20%

GMV
GMV

20%
GMV

GMV
20%
GMV

PAGE 62

milli or 107
ohm

polystyrene
precision

paper tubular
tubular

working volts de
variable

watt

wire wound

Order Parts
by Number

150002
150002

283001
283001
283001
283001
290053

290053
283001
281536
- 281536
285517

283000
283000
281524
283001
283000

281523
281506
281003
281501
281003

281003
281003
281500
283000
281524

283000
281027
283000
281524
283000

281027
283000
281524
283000 -
281027




C1110
C1t11
C1112
Cl113
CH120

C1121
Cl122
1123
C1130
Cl132

C1133
C1141
C1150
Cil151
C1152
Cl1153

L1021
L1022
1.1041
L1042
L1067

L1070
L1071
1.1080
L1081
L1082
11083

R1010
R1011
R1012
R1013
R1014

R1015
R1020
R1021
R1022
R1023

R1025
R1026
R1027
R1028
R1030

R1031
R1035
R1040
R1041
R1042

R1043
R1045
R1046
R1047
R1050

Capacitors (Continued)

Order Parts

by Numbe:
001 pf Cer, Fixed 500+ GMV 283000
150 puf Cer, Fixed 500v 209 281524
001 uf Cer. Fixed 500v GMV 283000
7-3uuf  Tub.  Var.  300v 281027
001 pf Cer, Fixed 500v GMV 283000
150 guf  Cer. Fixed 500v 209% 281524
001 pf Cer. Fixed 500v GMV 283000
7=3 puf Tub. Var. 500 v 281027
001 pf Cer. Fixed 500v GMV 283000
001 pf Cer. Fixed 500+ GMYV 28300u
7=3 upf Tub. Var. 300 v 281027
05 uf Cer, Fixed 500+ GMV 283001
2X20 uf EMC Fixed 450v —20%-+-50% 290036
2X20 uf EMC Fixed 450v —20%+4-50% 200037
I uf PT Fixed 400+ 20% 285526
2x20 pf EMC Fixed 430v —20%-50% 290037
Inductors
3-S5 uh Var. 114037
2.5 gh Fixed 108103
2.5 uh Fixed 108103
3-.5 uh Var. 114037
12 uh Fixed 108005
Terminating line 108081
Termnating line 108081
Flate line 108006
Grid line 108080
Grid line 108080
Plate line 1080096
Resistors
lmeg ¥ w Fixed Comp. 10% 302108
100 k 4w Fixed Comp. 10% 302104
470k 4w Fixed Comp. 10% 302474
100k % w TFixed Comp. 109 302104
Imeg 4w Fixed Comp. 10% 302103
1k Ww Fixed Comp. 10% 302102
1.2k 2w Fixed Com 1095 o 306122
6508~ Spacial SOOI "szwo& w QM-‘ \ /‘330‘1 O848 ~Ge 3105t3—
100 2 w Fixed Comp. 10% 302101
68 k v w Fixed Comp. 10% 307006
27 a 2w Fixed Comp. 10% 302270
300 iw Fixed Comp, 10% 302331
2009 2w Var, Comp. 20% (Gain Adj. 311004
3308 YViw Fixed Comp. 10% 302331
4% 5w Fixed WW 5% 308051
15k 10w Fixed WW 5% 308024
10k lw Fixed Comp. 10% 304103
279 Y w Fixed Comp. 10% 302270
10082 “w Fixed Comp. 109% 302101
6500——Speeinl 500 ¢ V2w - (o P | 1Y TOR ~0170- 90 310513
68 k fow Fixed Comp. 10% 307006
47k Y w Fixed Comp. 10% 302473
100 2 “w Fixed Comp. 10% 302101
100 2 aw Fixed Comp. 109 302101
47 k 4w Fixed Comp. 10% 302473

TYPE 546 -— VERTICAL AMPLIFIER — 2 of 4
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R1051
R1052
Ri0353
R1054
R1053

R1056
R1057
R1059
R1060
R1062

R1064
R1066
R1067
R1080
R1081

R1082
R1083
k1084
R1090
R1091

R1092
R1100
R1101
R1102
R1110

RII
Rt112
R1120
R1121
R1122

R1130
R1131
R1132
R1140
R114t

R1142
R1143
R1150
R1151
R1152

RI1153
R1154

V1025A
V10258
VI040A
V10408

V1050A
V1050B
V1052A
V10528

@3

22k lw Fixed Comp. 10%
47 a ¥w Fixed Comp. 10%
0k 10w  Fixed WW 5%
47 @ 2w Fixed Comp. 109%
15k 2w Fixed Comp. 10%

Imeg 3w Fixed Comp. 10%%
27k 2w Fixed Comp. 10%
250k 2w Var. Comp. 209% DC Shift Comp.
470 k “w Fixed Comp. 10%

45k Sw Fixed WW 5%

167 @ 5w Fixed WW 5%

470 k 2w  Fixed Comp. 10%

2k lw Fixed Comp. 5%

82k Aw  TFixed Comp. 10%

470k Yw Fixed Comp. 10%

4.5k 5w Fixed WW 5%

470k “w Fixed Comp. 109

82% 2w Fixed Comp. 10%

470k 2w Fixed Comp. 10%

45k Sw Fixed WW 5%

470k 4w Fixed Comp. 10%%
470 k& % w Fixed Comp. 10%

4.5k 5w Fixed WW 5%

470k Y% w Fixed Comp. 10%

470k YWw Fixed Comp. 10%

45k Sw Fixed WW 5%

470k L w Fixed Comp. 10%

470 k 2w Fixed Comp. 10%

4.5k Sw Fixed WW 5%

470 k % w Fixed Comp. 109%

470 k 2w Fixed Comp. 10%

4.5k Sw TFixed WW 5%

470k 4w Fixed Comp. 109

300 lw Fixed Comp. 0to —5%
12k 8w Fixed WW 5%

32 de——5w—Fhxet—WW————59 ¥202 Z.w el

39040 lw Fixed Comp. 0to —5%

100 2 lw Fixed Comp. 10%

1000 lw Fixed Comp. 10%
47 Q 4w Fixed Comp. 109%
47 0 w Fixed Comp. 10%

1002 lw Tixed Comp. 10%

Vacuum Tubes
L5 6AWS 7 Indicator Amplifier
L1 6AWSE Input Amptifier %
14 6AWSE 7 Indicator Amplifier %
345 6AWS - Input Amplifier
M 6BQ7A" Driver CF f
1 6BQ7A - Internal Trigger CF
1 6BQ7A Driver CF }
14 6BQ7A Vert. Sig. Out CF

Resistors (continued)

TYPE 545 -~ VERTICAL AMPLIFIER — 3 of 4
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Order Parts
by Number

304222
302470
308027
302470
306153

302105
306272
311061
302474
308066

308045
302474
303202
302822
302474

308066
302474
302822
302474
308066

302474
302474
308066
302474
302474

308066
302474
302474
308066
302474

302474
308066
302474
312529
3030623Zb
1.1 (-0
o \0%. 312529
308063
304101
304101
302470

302470
304101

157039
157039

154028
154028

&



V1060
Vi06o6
V1080
V1082
V1090

V1092
V1100
V1102
V1110
Viii2

V1120
V1122
V1130
V1132

AN

o
O
SNOONY NN OO

Vacuum Tubes (Continuzd)

Balance Amplifier

Internal Trigger Amplifier

Cutput Amplifier
Cutput Amplifier
Qutput Amplifier

Qutput Amplifier
Qutput Amplifier
Qutput Amplifier
Cutput Amplifier
Output Amplifier

Cutput Amplifier
Output Amplifier
Qutput Amplifier
Qutput Amplificr

Qrder Parts
by Number

157037
157097
1570

1570]
1570

1570
15707
1570}
1570
1570

1570
157087
157047
157037

VS -G36 0

~~r e e e | RS B B

o ordel ask DS‘\ur M’@z% \$)- Hoy 2

TYPE 546 — VERTICAL AMPLIFIER -—4 of 4
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NOTE

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

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

’N
SPECIAL CABLE
200 A /FT.
. L/
LOCATED IN
UHF CONMECTOR
_"';; 2 PART NO.
! Cl/lulﬂ L ________ Ll 4544 Cl -1 upuf Cer. Var 281008
.._...-%_‘. T Rl ° meg. 1w Fixed Prec. 17 310106
L wwA— T - T L 045 uk Fixed 108098
[ TRAACT I # e
N __/
reH
7-31-56
A TEKTRONIX TYPE P4!0 PROBE
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C1201-1250
C1260-1275
C1280
Cl1282

L1204
1.1205
L1234
11235
1.1254
L1255

R1201
R1202
R1203
R1204
R1205

R1206
R1207
R1208

Cer. ceramic m
Comp. composition Q
EMC  electrolytic, metal cased Poly.
f farad Prec.
GMV  guaranteed minimum value PT
h henry Tub.
k kilohm or 10* ohms v
meg megohm or 10°* ohms Var,
m micro or 10™ w
) micromicro or 107" WwW
DELAY LINE
Capacitors
7-3 ppf Tub.  Var. 500 v
3.3 puf Cer. Fixed 500v TI4 ppf
68 uul Cer. Fixed 50v 209%
1 upt Cer. Fixed 500+ 20%
Inductors
Delay Line
Delay Line
Delay Iine
Delay Line
0.9-1.6 gh Var.
0.9-1.6 zh Var.
Resistors
680 & 4w Fixed Comp. 10%
680 2 aw Fixed Comp. 10%
680 2 4w Fixed Comp. 10%
680 Q 4w Fixed Comp. 10%
680 0 4w Pizxed Comp. 10%
680 & 4w Fixed Comp. 10%
680 2 Yw Fixed Comp. 10%
680 Q@ Yw Fixed Comp. 10%

ABBREVIATIONS

milli or 10°°

ohm

polystyrene
precision

paper tubular
tubular

working volts dc
variable

watt

wire wound

Order Parts
hy Number

281027
281534
281537
281538

1068094
108094
108093
108093
114038
114038

302681
302681
302681
302681
302681

302681
302681
302681

TYPE 646 — DELAY LINE—1 of 1 @

PAGE 69



MHOMLIAN AN AVTT3IA o) 3dODSOTDSO G¥S 3IdAL

26-21-2
AMOTH
e e — — — GCZT o |
311
e 91-6
agel
s+l e sl oex L el s | ew | oew | ew szl o swl o ew L oer ] oewl el el oew L el er L g
F 062155 6vZInFE ovzoFE LvanF ovan aranFE vranF Crangt Vi@ IDZ0F OvIIDAL 650 9EIIoF €205 9T aIF ST veZInFE CCIDFE weD F €2
o1-6"
uvid veen
e e PE2T o l
———— e~ LNODIGOZ T e e e e
r NOD GOZ :
_ R R T e

L c¢ L ¢c¢ L <¢ L <¢
ooo%m. T gL h%nw T eLzD omw@ T 120 n%w_w T 6920
sz s e L s 2 J C e L s % sxloenl el e R L €L

A c €-L v - €L =L . J & s |
oc2iDF 622104 @A LZeDA - 92210 G220 vezind <2Zd 22207 132105 0FIDF  6IZDF F[- S1210 L2l
ce L AL_tg¢ ¢ L ¢
VL2DT T 24210 om%ul ) 92T

T WL Q0 Q00— 080 ——— 080 - Q0 /00 /PK\

P ANODPOZITT e e e e e e e e e
||||||||||||||||||||||||||||||||||| GOZ21T r e ———— . —————

[
LZ%Z?\%Q/ IO ~GYT——TH 7JHO LTI \q_aJ._llI
T L K3 T L < T L% N T 53
oo 49219 S8 T 9% 099 €920 FF oo 382 T 1S2
L A s beerdr eorle e drer dr e oo lr g Jeo0oM S N oz So_ | € | "dunduy
9121277 glaId Y 2157 N_m_u\m __N_o\m \mon_u_uxm mmw_u oou_uwm»om_uum meou_u\un\ nour_u «.% _rumm \ummou_u\m 021> #u_&mmb
23 L €& <'e 1L e
T 99210 T V9210 T 2920 MOM__Uun T 09210
1 srilge
09215
3l
L

-0 20— 000 ——\000/ 000 — ~ 200000 200/ ~200- 200 / 00 080T
—— e e —— POZIT = —= e e o ———— e o e JN —

PAGE 70



ABBREVIATIONS

Cer, ceramic m milli or 10°°
Comp. composition Q chm
EMC  electrolytic, metal cased Poly. polystyrene
f farad Prec. precision
GMYV  guaranteed minimum value PT paper tubular
h henry Tub. tubular
k kilohm or 10f ohms v working volts dc
meg megohm or 10* ochms Var, variable
2 micro or 107 w watt
up micromicro or 1072 WW  wire wound
CALIBRATOR
Order Parts
Capacitors by Number
C672 330 put Mica Fixed 500v 10% 283518
Ca73 330 puf Mica Fixed 500v 10% 283518
C682 27 ppuf Cer. Fixed 500v 2095 281513
C695 001 uf Cer. Fixed 500+ GMV 283000
Resistors
R670 150 & ¥“w TFixed Comp. 10% 302154
R671 lk s w Fixed Comp. 105% 302102
R672 33meg Y w Fixed Comp. 10% 302335
R673 27meg % w Fixed Comp. 10% 302275
R674 lk 4w Fixed Comp. 10% 302102
R675 63 kk % w Fixed Comp. 10% 302683
R676 33k iw Fixed Comp. 10% 304333
R679 10k 2w  Var. Comop. 209% Cal Adj 311016
R680 100k 4w Fixed Comp. 10% 302104
R681 1.5meg 2w Fixed Comp. 10% 302155
R632 1002 2w Fixed Comp, 10% 302101
R683 9.5k % w Fixed Prec 1% 309121
R684 6375k 2w Fixed Prec 1% 309119
R685 21k 4w Fixed Prec. 1% 309117
R686 1.025 k 4w Fixed Prec 1% ‘ 309116
R687 610 Q 4w Fixed Prec 1% 300113
R688 2000 4w Fixed Prec. 1% 305073
R689 100 2 ¥“w Fixed Prec 1% Jo9112
R690 60 ¢ 14w Fixed PFPrec, 1% 3009061
R691 409 % w Fixed Prec 1% 306066
R6G4 100k 1w Fixed Prec. 1% 309045
R695 100 & 4w Fixed Prec. 1% 309112
R698 258 Special 308090
R699 100 2 Yw Fixed Comp. 10% 302101
Switches
not wired wired
SW670* 1 wafer 3 position rotary VOLTS, MILLIVOLTS, GFF

SW680* 2wafer 7 position ‘rotary SQUARE WAVE CALIBRATOR % 260013 | 262065

Vacuum Tubes

V670 678  Calibrator Multivibrator 154033
V246A 145 6BQYA Calibrator Cathode Follower .~ 154028

* SWo70 and SW680 shafts are concentric. Furnished as a unit,

&

H " TYPE 545 — CALIBRATOR —1 of 1
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NOTE

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

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

Cer. ceramic m milli or 107
Comp. composition Q2 ohm

EMC  electrolytic, metal cased Poly. polystyrene

f farad Prec, precision

GMV  guaranteed minimum value PF  paper tubular

h henry Tub. tubular

k kilohm or 10* chms v working volts d¢
meg megohm or 10* ohms Var. variable

I micro or 107* w watt

uu micromicro or 10°% WW  wire wound

POWER SUPPLY
Order Parts

Bulbs by Number
B730 #47 150001
B731 #47 150001
B732 #47 150001

Capacitors

Cl91 O1 uf PT Fixed 400v 20% 285510
C700 02 put Cer. Fixed 250+ GMV 283004
C707 01 uf PT Fixed 400v 20% 283510
C711 01 uf PT Fixed 400v 20% 285510
C715 2X40 uf EMC Fixed 250v —20%-50% 290040
C717 01 pf PT Fixed 400v 20% 285510
C720 01 pf Cer, Fixed 500v GMYV 283002
C732 125 pf EMC Fixed 350v —20%-+50% 200044
C740 150 pf EMC Fixed 250v —20%--50% 200048
C741 150 uf EMC Fixed 250v —20%+50% 290048
C750 01 pf PT Fixed 400v 20% 285510
C751 3X10 uf EMC TFixed 450v —20%+50% 200033
C756 125 uf EMC Fixed 450v —20%+350% 290045
C763 01 uf PT Fixed 400v 20% 285510
C770 D1 uf PT Fixed 400+ 20% 285510
C780 125 uf EMC Fixed 350v —20%-4-50% 200044
C787 01 uf PT Fixed 400v 20% 285510
C790A,B 2x40 uf EMC Fixed 45v —20%+4-50% 250042
C797 01 uf PT Fixed 400v 20% _ 285510
C1153 L05 uf Cer, Fixed GS00v GMV 283001
Ci161 {005 pf Cer. Fixed 500v GMV 283001

Fuses
F701  6amp 3AG Fast-Blo for 117 v operation 159013
F701 Jamp 3AG Fast-Blo for 234 v operation 159015
F730 No. 33 copper wire, coiled

Rectifiers

SR732 5-250 ma plates per leg 106012
SR74) 5-500 ma plates per leg 106013
SR756 4-500 ma plates per leg 106019
SR780 4-250 ma plates per leg 106014
SR790 5-125ma plates per leg 106015

Relays
K700 45-sec. Thermal Time-delay Amperite 6NO45T 148002
K701 Relay 4P2T 6 volt 148004
) TYPE (46 — POWER SUPPLY —1 of 3 @

PAGE 74



R700
R0
R703
R704
R706

R707
R708
R710
R711
R712

R713
R715
R716
R717
R718

R719
R720
R724
R725
R726

R727
R728
R729
R732
R733

R735
R736
R740
R742
R743

R744
R747
R748
R749
R730

R751
R756
R757
R758
R760

R762
R763
R764
R765
R766

R767
R770
R771
R772
R777

R778
R779
R780
R781
R782

15k
15k
68 k
27k
2.7 meg

2.7 meg
12g
33k
100 k
100 k

1k
50k
10k
100k
68 k

470k
100

10k
1k

1k
150 k

1 meg
inoa
100

100k
500
a
47k
39k

680 k
1.5 meg
0k

7509

333k

490 k
10 &2
270k
56k
1.5 meg

2k
1.5 meg
22 meg

180 k

32k

1k
2.2 meg
220k
333k
100

82k
2.2meg
10Q
1.5 meg
390k

1w
1w
Yw
4w
Iiw

4w
lw
L w
s w
14w

T4 w

2w
Lo w

1w

2w
s w
25w

s w

14w
pw
Vs w
1w
1w

iw
2w
1w
Izw

iw
Lw

!Bw
JURYS
10w

1w

1w
2w

4w
Yw

law

Fixed
Fixed
Fixed
Fixed
Fixed

Fixed
Fixed
Fixed
Fixed
Fixed

Fixed
Fixed
Var,

Fixed
Fixed

Fixed
Fixed
Fixed
Fixed
Fixed

Fixed
Fixed
Fixed
Fixed
Fixed

Fixed
Var.

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.

WW

Comp.

Prec.

Comyp.
Comp.

WW

Comp.
Comp.

Comp.
Comp.
Comp.
Comp.
Comp.

Comp.

WW

Comp.
Comp.
Comp.

Comp.
Comp.

WWwW
WW

Prec.

Prec.

Comp,
Comp.
Comp.
Comp.

WW

Comp.
Comp,
Comp.
Comp.

Comp.
Comp.

Prec.
Prec.

Comp.

Comp.
Comp.
Comp.
Comp,
Comp.

Resistors

10%
10%
10%
10%
10%

10%
i0%
10%
10%
10%

10%
1%
20%
10%
1%

10%
10%

5%
10%
109

10%
10%
10%
10%
10%

10%
20%
10%
10%
109

10%
10%
3%
5%
1%

1%
10%
10%
10%
10%

3%
10%
10%
10%
10%

109%
10%
1%
1%
10%

10%
10%
10%
10%
10%

—150 Adj.

SCALE ILLUM

TYPE 546 — POWER SUPPLY — 2 1 §
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Order Parts
by Number

304153
304153
302683
302273
302275

302275
304120
302333
Joz21o04
302104

302102
310086
311015
302104
310054

302474
302100
308037
306103
302102

302102
302154
302105
304100
304100

302104
311055
304100
302473
3012393

302684
J0Z155
308027
308016
310056

310057
306100
302274
302563
302155

308017
302155
302225
302184
304823

302102
302228
310055
310056
304100

306823
n2225
304100
302155
302394

o



Resistors {Continued)

R783 47k 4w Fixed Comp. 10%
R784 1.5meg 4w Fixed Comp. 10%
R785 2k 20w Fixed WW 3%
R786 2k 20w Fixed WW 5%
R787 236k Special

R788 0k Special

R789 1k 4w Fixed Comp. 10%
R790 108 4w Fixed Comp. 10%
R791 150 k 4w Fixed Comp. 10%
R702 120 k 2w Fixed Comp. 10%
R793 27 k % w Fixed Comp. 10%
R794 Imeg ¥ w Fixed Comp. 10%
R795 3k 10w Fixed - WW 5%
R797 220k lw Fixed Prec. 1%
R798 720k lw Fixed Prec. 1%
R1155 150 k % w Fixed Comp. 10%

Switches

SW701 single pole single throw toggle POWER ON

Thermal Cut-Out

TK701 Thermal Cut-out, Type SE1l, 128°F
Transformers
'T700 Plate and Heater Supply T535PB1

Vacuum Tubes

V700 6AUG~ —150-v DC Amplifier
V710 5651 = Voltage Reference

V712 12AX7 7 —150-v Comparator

V725 12B4 ~—150-v Series Regulator
V726 12B4 —150-v Series Regulator
V727 12B4 - —150-v Series Regulator
V742 6AUGH 4100-v Comparator
V748A 14 60RO/6ASTGA ©  +225-v Series Regulator E
V7488 14 60B0/6AS7GA ~ +100-v Series Regulator
V757 6AUG < +225-v DC Amplifier
V765 12AX7 ~+-225-v Comparator

V782 6AUG - -+350-v Comparator

V784 6080/6AS7TGA ~ +350-v Series Regulator
V791 6AUG - +500-v Comparator

V794 12B4 .- ~+500-v Series Regulator
3 TYPR 545 — POWER SUPPLY — 3 of 8
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Order Parts
by Numler

302473
302155
308031
308031
308083

308084
302102
302100
302154
302124

302273
302103
308620
310055
310059
302154

260134

260070

120037

154022
154052
154043
154044
154044

154044
154022

154056
154022

154043
154022
154056
154022
154044



NOTE

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

All readings are in volts unless otherwise specified.
Where two voltage readings are given, they represent
the voltage as read by a voltmeter under two sets of
conditions, and, as such, do not indicate the peak-to-
peak excursion of voltage at the point.
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C800
C803
C805
C806
C807

C814
C815
€820
CR21
c822

€823
C830
B3z
C834
C841

C855
C857

RRB00
RB03
R&04
RB05
R807

R810
Ra11
R812
R813
R&14

R815
R8&30
RrRa3l
R832
R833

R34
RB33
RB837
RR&38
R&39

R840
R841
R850
R85t

@2

Cer.

Comp.

EMC
1
GMV

meg

nu

047 uf
001 uf

01 af
001 uf
2X20 uf

0068 uf
O1 uf
0068 uf
0068 pf
470 puf

470 puf
L0068 ui
015 pf
015 uf
005 uf

015 uf
015 pt

1k
56k
100 k
1k
3o a

470k

2 meg
2.2 meg
4.7 meg
4.7 meg

4.7 meg
47 k

1 meg
4.7 meg
4.7 meg

100k
1 meg
4.7 meg

100 @

68 k
47 Q
2.2 meg
2.2meg

ceramic

composition

ABBREVIATIONS

electrolytic, metal cased
farad
guaranteed minimum value
henry _
kilohm or 10* ochms

megohm or 10' ohms
micro or 107
micromicro or 107

Lw
2w
s w
L w

2w

W
2w
Lhw
s w
Viw

Fixed
Fixed
Fixed
Fixed

Fixed

Fixed
Fixed
Fixed
Fixed

Tixed
Fixed
Fixed
Fixed
Fixed
Fixed

Fixed
Tixed

Fixed
Fixed
Fixed
Fixed
Fixed

Fixed
Var.

Fixed
Fixed
Fixed
Fixed
Fixed
Var.

Fixed
Fixed

Fixed
Fixed
Fixed
Fixed
Fixed

Fixed
Fixed
Fixed
Fixed

Capacitors
400 v
600 v
400 v
600 v
450 v
3000 v
500 v
3000 v
5000 v
10000 v
10000 v
3000 v
3000 v
3000 v
500 v
3000 v
3000 v
Resistors
Comp. 10%%
Comp. 109%
Comp, 10%
Comp. 10%
Comp. 10%
Cormnp. 10%
Comp, 20%
Comp. 10%
Comp. 0%
Comp. 10%
Comp. 10%%
Comp. 10%%
Comp. 20%
Comp. 10%
Comp. 10%
Comp. 10%
Comp. 10%
Comp. 109
Comp. 10%
Comp. 10%
Comp. 10%
Camp. 10%
Comp. 10%
Comp. 10%

m milli or 10°*

o ohm

Poly, polystyrene
Prec. precision

PT paper tubular
Tub. tubular

v working volts dc
Var. variable

watt

w
WW  wire wound

20%
200
20%
20%
20%

20%
GMV
20%
20%
209

20%
20%
20%%
20%
GMV

20%
20%%

HV Adj

INTENSITY

TYPE 545 — CRT CIRCUIT —1 of 2
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Order Parts
by Numbet

285519
2853501
285510
285501
- 290037

285508
283002
285508
285509
235300

285500
285508
285513
285513
283001

285513
285513

302102
306363
302104
302102
306391

302474
311042
302225
302475
302475

302475
302473
311041
306475
306475

302104
302105
302475
302102
302101

306683
302470
306225
306225




RB52
R853
RB53
R836
R857

R#60
R861
R8&63
R864

T801

V3803
VBI10A
V810B
V820
V821

Va2
V823
V84
V840

2meg “w
lmeg 2w
10k Liw
27k Vi w
Imeg “iw
50k 2w
100 k 2w
100 k b w
150k Liw
CRT Supply

6ATS Oscillator -
14 12AU7 DC Comparator <~

Var.

Fixed
Fixed
Fixed
Fixed

Var,
Var.
Fixed
Fixed

Resistors (continued)

Comp.
Comp,
Comp.
Comp.
Comp,

Comp.
Comp.
Comp.
Comp.

209% FOCUS
10%
10%
109%
10%

209% ASTIGMATISM
20% Geom. Ad].

10%

109%:*

Transformers
T5350A1

Vacuum Tubes

14 12AU7. Shunt Regulator .~

i

5642 —1350-v Rectifier v _
5642 4-8650-v Voltage Tripler”
5642 —+8650-v Voltage Tripler-
5642 -+RB650-v Voltage Tripler

5642 —1450-v Rectifier

6BQ7A  Unblanking Mixer~"

* Nominal value, may vary between instruments.

@1

TYPE 646 — CRT CIRCUIT-—2 of 2
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Order Parts
by Number

311043
306105
302103
302273
302105

311023
311026 -
302104
302154

120036

154021

154041

154051
154051

134051
154051
153405t
154028




NOTE

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

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