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

® CIRCUIT DESCRIFTION — TYPT 545 3-5

PAGE 20



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

3-10
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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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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

@1 MAINTENANCE ~— TYPE 545 4.1
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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.

4-7



SN
PE-2-5

WWEOVIG Y20T7F TeNOLONIS LiD&ID -d33MS

v FSOISOTUISO §F§ FSdL
DN TENA
IFIME
~DNLAW 7TT
ASOTTOH
H7ODIHL 3
HIONTT
dIIMS
|
ST TSN
HOLITN I oty ST LT o
-ONIAYTIT Lol TS F AL w0 HIDONYL
-Nf HFODIML
SIXIN —
DN TENG
[+ SITME LXF O
L&D

TYAHON STIMS MV O

i ' ol_ r—a 7 A

ST T AAOM NS STIME DNIAW TIT
IIMS 1 e ” AP7FT L
]

,, \ ’ \
b \
\ \
||||||||||||| L e FIISIG IVANDZRION f e e — — —

ASOTTOH
YOO 3
HLONT 7
SIIME
YIS
HOLPHINTD
YOLPEGIN FLED E NN
o 1L ¥ 701 yILEIM [ oD L
EEELIEN
DI TGN
STIME
NIV

PAGE 29



FL02807U2S0 s+ IddL

psloi-e dITMS MW v
WPEOVIG QRIS
a5s—
AGEI-
AQSI-
URLIDVAWD _A4G 0 TOH
t_\//(\lfﬁ AP~ —
— ) tmuukxhu
- T AQQI+ BNIAYIIC
AQQf + —
ADOL+
JI0GTOH HIVJHL 3 HLINIT dFIMS
A0QI+
B e M
© o ﬂ M -
poFi— ]
AQpl+
AOS5f— FiV9 H399/59L noot+
c== J— o I HITOIYL WOHS
P == ==
i e u nosr- " 4/
=== t : e
i“lw | :
|
|
|
| Ve -
\A \W ATSI
s —__
e “ d
P - HLDNTT d33MS
EEzzriE G
AfZ2+
110 JIIME T
AOQRF £
§30010 1D3INNODSIT HOLVIBIAILTINN
ADSEA
AQOS +

HJOLVYEINTD dIFIMNG

PAGE 30



v

v.ﬂmm...rm HOIVHINTD SIIME-ONIAV TG
WPYIVIG GIIGWES
AQSI—
P
{
— ]
== T
=== !
.\ |
1 ADSI -
A
| T
\\.\ ! 4l
S0 EzEEn
¢ -
a [
(R Wity
in0 JIFIMS
AQSTE+
AQOF #

YOLFPHINTY J3ITMS

- NIVd NOVEOIITS

HLONTT= SITIME —

AQSI -

S3Q0IT LOINNOISIT

FSOIS0T2S0 §FS FdAL

AQSI—

NQS ~

ABorf+

HOLVYEIALL W

Ve P =

PFTRICIZE]
Aosr— ThiFievis
T T T
LINOHID
' -— —  wzeswed
a—v 4 Wou
—— AOOI+  AGOI
QB+

HOLIDPdWD S A400TOH

SJO0T0H H339/8L # HIIONT T dFIMS

PAGE 31



£
rE-§1-F

dITMS 9,730

MNdL J33a

dIIME NITW
2iPD ¥IDDBVL 0L

S04 APITT v

FSOISOTNHIS0 §FS Id4d
WVHIVIU I TSNS

ADES~

AQFiI—

{J B—

o

i
£ [avTza 4o w3]
ADS~ ASFZ+
—_— === ASZE+ dITME SNV IIT
oG NP oMY AIOOIMVS
./\/\
——— 1l
g W e W N

AFZTZ+

YOLVHVINOD AV 13T
AQSL# A0

1

£+
SIMOTTIOS IFCOHIVZ AV1Fa
YOLPHEALION V730

PAGE 32



i T e TITEER Lo .
&CAE | WHZE &CAe T i CEATICAL
o4 &AW,
Snal G PruG - oo Fags Uins SEBE ugg stas f | e PEFLECTION
16324 \[6BGzA kN2 §CB6  Vi3E GCAE ! oLATES
708G 'GrEE  Lni) LS ! !
= 082 &iBE  viuz_ cese [l
> ; f
LA RE-WAVE TRIGGER -PICKOFE
TRIGGER-PICKOFF o
CALIBRATOR ANIPLIFIER CATHODE FOLLOWERS
VIED  6CBE Vrosea  jeagra .
viese fezer Vi ecac voiza feabrs
ouT
(CABLANKING
MIXER
*GATE vazo 5897
530 SYaC GATE-OUT MAIN SWEEP SWEERP-OUT
AMPLIFIER CATHODE FOLLOWER CATHODE FOLILOWER
SAWTOOTH
MAN SWEEDP
vom P Vi €607 V734 5607
HI
SLPPLY
TRIGGER TRICGER Sween
AMPLIFIER SHAPER MULIVVIBRATOR GENERATOR
TAlGE. w7 | va 897 vs8 L O ves Mwmw
IGEER
§ %|o EXT. v20 s v 12577 vea scid
TRIGGER HOLDOFE
BATE CATHODE FOLLOWER
Va7 sug vsa 8867
Va3 svd -
; ] ] i SWEER
! . / i AMPLIFIER
oI
DELAFING SWEERP “WWW MWQW
L& MAIN SWEER 8¢, EWWWMW\Q&(
. L oésaren g
MA SWEEP L1
@ NORMAL )
OOV HORIZ~ POSITION
L. a DELAY LxiEHaL o CATHODE FOLLOWER
PIEKOFE
Vips BUE vaesa  jeBgr
DEL'D, TRIG, vass exg
FROM MAN OR vaza sva
DELE SWEER

GATE-QUT
CATHODE FOLLOWER

vizzA  feder

TRIGGER TRIGGER SWEER
TRIGELR o AMPLIFIER SHAPER MU FIVIBRATOR GENERATOR
EXT SWEEP W, ViSeE 26897
Vi 4 EXE SWEEP C.00 wss sva Ve Tiads
vizo a897 V3o Py vi728  §6B47 viso 2L

HOL DOFF
CATHODE FOLLOWER

wag 5807
vsoA  §8897

FIPE 545 OSCILLOSCOPE Al BLOCK DIAGRAM e

PAGE 33



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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TYPE 545 — MAIN-SWEEP GENERATOR —1 of 2

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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TYPE 546 — MATN-SWEEP GENERATOR — 2 of 3

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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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

PAGE 46

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
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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 —
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Order Parts
by Number

302104
302155

154028
154028

154033

154028

154038
154040

i



