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General

The Tcktronix Type 502A Oscilloscope provides linear
dual-beam displays with a wide range of sweep rafes com-
bined with high input sensitivity. In addition, the Type
5024 may be used te provide dual-beam X-Y displays at
medium sensifivities, and single-beam X-¥ displays at high
sensitivitics.  Vertical amplifiers for both beams may be
operated with single-ended inputs for conventional cperation,
or with differential inputs for cancellation of common-mode
signats. The wide range of operoticnal mades available
makes the Type 302A adaprable to a great many industrial
and scientific applications.

VERTICAL-DEFLECTION SYSTEM

Characteristics at each input terminal

Direct connection—1 megohm paralleled by 47 pt.
With P6006 Probe-—10 megohms paralleled by approx.
@ pf.

Deflection factors

Seventeen colibrated deflection factors from 0.1 myvfem to
20 v/em accurate within 3%,
Continuously variable defiection focters are available from
0.1 mv/cm to approximately 50 v/em. However, when the
variagle is used the frequency response in each range of the
SENSITIVITY control will be slightly reduced.

Frequency response

Frequency response characteristics of the Type 502A vary
with settings of the SENSITIVITY controls. Typical readings
are as follows:

d myfem 50 ke
2mvfem 100 ke
1 mv/cm 200 ke
50 mv/em 400 ke
2vfem 1 mc

Differential input rejection ratio

The reiection ratias specified below apply if the signal
voltage at the Input connector docs not exceed specified
limits. The signal limits for de coupling are, + or -— 2 volis
with respect to ground for settings of the SENSITIVITY con-
tral from 0.1 mv/cm to .2 v/em, — or — 20 volts with respect
to ground for seftings from Svfem to 2v/em, and + or —
200 volts with respect to ground for scitings from 5v/em to
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SECTION 1

CHARACTERISTICS

20 v/cm. For ac-coupling, the signal limits are 2 volts
peek to-peak from Clmy/fem, to Zv/em, 20 volts peak-to-
peak from Svfcm to 2vicm, and 200 volts peak-to-peak
from 5viem to 20v/cm,

The DC common mode rejection rotios are measured
with @ comman sine-wave signal which is epplicd to both
inputs of onc vertical amplifier simultaneously. The sine-
wave signal has @ constant amplitude of 2 volts and a
frequency as stated in the table below,

DC Comman Mode Rejection Ratio

ine- i
\ Sine-Wave |Sine-wave outpy

Sensitivity Setting ‘ Freguenty Reﬁ\:;r;on he\d_ at o constont
e _— . _omplitde ¢f 2 volts}
Tavolts PERem | ke | 100 T

D mvOLTS PER CM | ke | 20,0001 T
T avOLTS PER G, ke | 400000 T

2 VOLTS PER Ch | sdoke 00
T aVOLTS PER €M 100ke | 100m1
T mVOLTS PER €M S0ke | 20000

T A rejection ratio of 40,000:1 <an only be ohbtained if the DC
Bal control has been properly adjusted.

HORIZONTAL-DEFLECTION SYSTEM

Sweep rates

Twenty-cne calibrated sweep rates from 1 usecfem to
5sec/em.

Accuracy typically within 1% of full scale; in all cases,
within 3% of full scale.

Continuously variable sweep rates are available from
I nseciem to approximately 2.5 sec/em.
Magnifier

Expands sweep 2, 5, 10, or 20 times. Calibration of
magnified sweep rates accurate within 3% for sweep rates
which do not exceed the maximum calibrated rote of
1 wsecfem.
Unblanking

DC coupled.

Triggering signal requirements

Internal—a signal preducing 2 mm  vertical  deflection
on cither the UPPER or LOWER BEAM,

External—Q.2 volts to 10 volis on either polarity.

Triggering signal sources
UPPER BFAM, LOWER BEAM, cxternal, or line.

1-1



Characteristics—Type 502A

Input characteristics at TRIGGER INPUT connector
AC caupled—] megohm in series with 0.01 uf.
DC coupled--1 megohm.

Horizontal input

With UPPER BEAM amplifier connected to crt horizontal
deflection plates:

Deflection factors of 0.1 mv/em to 20 v/em in 17 steps.
With external input connected to horizontal amplifier:

Deflection facters of 0.1 vjem to 2v/em in 5 steps which
are within 5%,

Input characteristics at EXTERNAL connector
1 megohm shunted by approximately 70 pf.

OTHER CHARACTERISTICS

Cathode-ray tube
Type T5021P2—P1, P7, and P11 phosphors optional,

Each vertical beam covers a minimum of Bcm of vertical
scan.

Voltage calibrator
Square wave output at approximately T kc.
Six calibrated voltage steps from 0.5 mv to
50 volts peak-to-peak. Accuracy-—within 3%,.

1-2

Graticule

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

Power requirements

Line valtage—105 to 125 volts, or 210 to 250 volts, 50-60
cycles,

Power-—Approximately 300 watts.

Mechanical characteristics

Ventilation—filtered, forced-air.

Construction—aluminum-alloy  chassis  and  three-piece

cabinet.
Dimensions—23'4* long, 117," wide, 15% high.
Weight—52 pounds.

Accessories included
2—Type P400S attenvator probes, 010-125.
2—Binding post adopters, 013-004.
1—Light filter.
2—Instruction manuals.
1—Test lead, 012031,
1—3 to 2-wire adapter, 103-013.
T—3-cenductor power cord, 161-010.



Introduction

The Type 502A is o dual-beam, high-gain, low frequency
oscilloscope employing a T5021 type dual-gun cathode ray
tube. The instrument has identicai Vertical Deflection Am-
plifiers, one for the UPPER BEAM and one for the LOWER
BEAM. Simultaneous horizontal deflection of both beams is
provided by o single Time-Base Generator and Herizontal
Sweep Amplifier circuit.

The Type 302A circuitry is arranged so that the instru-
ment can be used in any of several configurations. It may
be used as a conventional single-beam oscillascope by apply-
ing an input signel to either of the Vertical Dellection
Amplifiers. It may be used to examine two waveforms
simultaneously by applying input signals to both Vertical
Amplifiers, Both deflection amplifiers may be used in a
differential mode, to examine the difference between, or the
algebraic sum of, two signals. The UPPER BEAM Deflection
Amplifier can be connected to the horizontal deflection
plates, so that the instrument may be employed as a single-
beam XY oscilloscope. And, by means of the EXTERNAL
horizontal-input cennector, the instrument may be wsed as
a dual-beam X-Y oscilloscope, with hoth traces platted on
the same X scale.

The UPPER BEAM Vertical and the LOWER BEAM Vertical
Deflection Amplifiers are identical, so the description that
follows applies fo both.

The push-pull Vertical Amplifier consists of three stoges
of amplification, the lnput Amplifier, the Second Amplifier
and the Output Amplifier. A cathode-follower stage
drives the Output Amplifier. The overall gdin of the Amplifier
is controlled by three feedback networks, two providing
negative feedback and the third pasitive feedback {see Fig.
3-1). The Input Amplifier is a cathode-coupied parephese
amplifier (it may also be operated differentially} whose gain
is controlled by negative feedback from the cathodes of the
Driver C.F. stage and the Output Amplifier stage. The
Second Amplifier has ¢ paositive feedback netwark that
extends from the plate circuit on one side to the grid circuit
on the other; this configuration makes this stage an almost
“infinite-gain’ amplifier. Tke result of both feedback net-
works is an amplifier having a sensitivity of 100 microvolts
per centimeter.

The Input Circuit

The Input Selector switch SW403 determines the mode of
operation for the Amplifier. When in any of the three posi-
tions marked AC the signal is ac-coupled through C400 {for
Input A) and/or C401 (for Input B). When in any of the three
positions marked DC the input capacitor (C400 and C401) is
skorted and the signal is dc-coupled to the Input stages.

SECTION 3

CIRCUIT DESCRIPTION

The sensitivity of the Vertical Amplifier, as mentioned
previously, is 100 microvolts per centimeter. However, by
means of attenuation and degencration networks, *he vertical
deflection factor can be increased to 20 valts per centimeter.

It is possible, through the use of the VARIABLE SENSITIVITY
Control, to introduce enough cathode degeneration into the
cathodes of the Qutput Stage to increase the deflection
factor to approximately 5C volts per centimeter.

Either of two attenuation networks can be connected in
series with the Input connectors of the Vertical Amplifiers.
One attenvates the signal by a factor of 10, the other by
100. For de and low frequency signals, these networks are
resistance dividers, and the degree of aftenuation is pro-
portional to the ratio of the resistance vaives. The reason
for this is that the impedance of the capacitors, in this
range of frequencies, is so high that their effect in the
circuit is negligible. For higher-frequency signals, haw-
ever, the impedance of the capacitors is less and their
effect in the cireuit is more pronounced. MNear the upper-
frequency range of the Amplifier the impedance of the capa-
citors becomes so low, compared to the resistance of the
circuit, that the attenuators became capacitance dividers.
For these frequencies the degree of attenuarion is inversely
proportional fo the capacitance ratio.

In addilion ta providing tke proper degree of attenuation,
the resistance values of the attenuators are chosen so as
to provide the same input resistance, regardless of the
setting of the SENSITIVITY switch. For example, in the
“straight through ™ positions of the SENSITIVITY  switch
{1 mVOLTS PER CM to 2 VOLTS PER CM}, the 1.megohm
grid resistars . . . R410 for Input A and R440 for Input B

. constitute the input resistance of the Vertical Amplifiers.
In the range from .5 VOLTS PER CM to 2 VOLTS PER CM,
the X10 Attenuator is connected into the input circuit. The
resistor in the low end of the divider . . . R406E for Input A
and R407E for Input B . . . shunts the grid resistor to create
an equivalent resistance of 100K obms. This 100K equiv-
alent resistance is then in series with the resistor in the high
side of the divider (900 K ohms) to produce a total input
resistance of 1 megohm. The X100 attenuatar warks in the
same marner. The 10.1 K resistor at the lower end of the
divider shunts the 1 meg grid resistor to form an equivalent
resistance of 10K ohms. This equivalent resistance is then
15 series with the 990K resistor in the upper side of the
divider to create a total input resistance of 1 megohm.

The capacitance values in the attenuvators are alse selected
to pravide a constant input capacitance . . . 47 pf L
regardless of the setting of the SENSITIVITY control. In
the “straight throughk” positions of the switch, the total
input capacitance is equal to the capacitance of C410

3-1
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{or C440 for Input B) plus the tube and stray capacitance.
C410 is then adjusted so that the total input copacitance
is 47 pf,

When the X100 attenuator is connected into the circult,
C406L for C407L for Input B} shunts the 47 pf capacitance.
This value of capacitance Is then reduced to a very small
value by series copacitor C406) {or C407)). The capacitor
at the input to the attenuater then shunts this small capa-
citence, and is adjusted to make the total capacitance 47 pi.
The X10 attenuator is designed in the same manner, except
that stray capacity forms the lower branch of the divider.

Since the aftenuator networks are frequency-compensated
voltage dividers, a constant attenuation ratio is maintained
from DC to the upper-frequency limits of the Verhical Ampii-
fiers.

The Input Amplifier

When the Input Selector switch is in the A position {either
AL or DCcoupled) the grid of V414 is connected to the
input circuit and the grid of V444 is returned to ground
either through the switch or through one of the series at-
tenuatar networks, When in position B {AC or DC), V444
is the input tube and V414 is the grounded-grid tube. With
either of these configurations, the Input Amplifier s a
cathode coupled, paraphase amplifier; it converts a single-
ended inpul signal to o push-pull output signal.

The cathode resistar R408 plays an important role in
determining the amount of negative feedback applied to
the Input Amplifier stage. As mentioned previously, this
feedback voltage comes from the cathodes of the Driver
CF. stage and the Cutput Amplifier stage. The feedback
fram the Driver C.F. stage is applied through a divider
consisting of R470 on one side and R408, and R480 on the
other side of R408. To this compensated feedback network
is added a small amount of feedback from the uncoempen-
sated netwark of R465 and R467. This feedbhack from the
Qutput Amplifier stage helps in positioning the trace.

The smaller the value of R408 the greater the drop across
the series resistor [R470, R480, R445, and R467) and the less
the negative feedback applicd to the Input Amplifier stage.
Conversely, the greater the value of R408 the greater the
drop across it and the greater the negative feedback. Thus,
for very small input voltages, when the SENSITIVITY switch is
set so that the resistance of R408 is quite small, there is
very little negative feedback and the Input Amplifier stage
aperates with high gain. When the SENSITIVITY switch
is set to accommodate larger input voltages the resistance
of R408 s increased. This means that there is a greater
amaunt of negative fesdback and the gain of the Input
Amplifier stage is decreased.

The switch diagram shows the makeup of R408. R408A is
in the circuit for all positions of the SENSITIVITY switch
In the .2, 2, and 20 VOLTS/CM positions of the switch, R408A
alone makes up the resistance of R408. In all ather positions
af the switch R408A is shunted by at least one other resistar.
In the .1 mVOLTS/CM position R408A is shunted by both
R408L and C40%L; in the .5 mVOLTS/CM through .1 mYOLTS/
CM positions, and in the 5, 1, 5 and 10 VOLTS/CM positions,
it is shunted by both @ resistor and an R-C network. The total
value of R408 is determined by the degree to which R408A
is shunted. The greeter the shunting of R40BA the smaller
the value of R408 and the greater the gain of the Input

Circuit Deseription—Type 502A

Amplifier stage. Conversely, the less the shunfing of R40BA
the greater the values of R408 and the smaller the gain of
the stage.

The cathodes of the Input Amplifier stage are “long-tailed”
to the —150 valt supply through BZ.5K resistors and R429
[VAR DC BAL}.

With the grids of the Input Amplifier at ground potential,
the cathodes will operate very close to ground {actually,
a couple of volls positive to bias the stage). The approx-
imately 150 voli drop ocross the 82.5K cathode resistors
{R427 and R428) and R429 provides a constant supply of
cathode current to stabilize the performance of the 8AUG
Input Amplifier tubes.

In order for the Input Amplifier stage to remain in a
state of DC balance, there must be no dc veltage drop
across R408 when there is no input signal. This mecans that
the difference in patential between the two cathodes must
always be zero, regardless of the value of R408. In order
to pravide far equal cathode voltages under this condi-
tion, the screen voltage of the two tubes can be varied
with respect to each ather with the DC BAL Control. Any
change in the voltage at the screens will be reflected to the
cathode by a factor of 1/ {the screen grid ;1] and thus the
cathode voltages can be equalized.

Along with the DC BAL Control, the DC unbalance in
the Input Amplifier tubes is also removed by R42%. Adjust-
ment of this control will remove any véltage change which
might be secn as a positioning change by the Output
Amplifier.

Vertical positioning of the crt bheam is accomplished
through the action of the POSITIOMN control. This is a dual
cantrol, connected between —150 wvolts and +100 volts.
It is wired so that as the voltage between —150 volts and
the movable arm in one side increases, the voltage between
—150 volts and the movable arm in the other decreases.
A change in the setting of the POSITION Caontrol will
produce a large change in the cathode voltage of the
Qutput Amplifier stage and at the same time produce a
small voltage change at the cathodes of the Input Amplifier
stage. However, the compensated negative fecdback circuit
of the Driver CF. stage reacts quickly to prevent any
change in the cathode voltage of the Input Amplifier
stage, and as a result a change in the voltage at the
cathades of the Driver CF stage is produced. This change
in voltage at the cathodes of the Driver C.F. stage along
with the voltage change at the Qutput Amplifier cathode,
is amplified by the Output Amplifier and appears as a
change in the pasitioning voltage at the vertical-deflection
plates.

When the Input Selector switch is set to the A-B DIFF
position both grids of the Input Amplifier stage are connect-
ed to the Input circuit. With this configuration the Input
Amplifier stage is connected for differential operation.
Two inpul voltages are required, and the push-pull output
voltage is propartional 1o the difference between the two
input voltages.

The .2 MV/CM DIFF BAL Control R435 adjusts the plates
of the Input Amplifier stage for cqual voltages when
commen maode signals are applied to the grids, This contral
is equally effective in ail positions of the SENSITIVITY
switch, but is primarily adjusted in the high-sensitivity
position [.2 mVOLTS/CM). The .2V/CM DIFF BAL control

3-3
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R424 provides additional differential balance for the low-
sensitivity ranges, and is most cffective when the SENSI-
TIVITY switch is in the .2 VOLTS PER CM position.

The Second Amplifier and Driver C.F. Stages

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

The .2MV/CM GAIN Contrel R456, located between the
two cathodes, sets the small-signal goin of the Vertical
Amplifier. This control is most effective when the SENSI-
TIVITY switch s in the .2 mVOLTS PER CM position. The
FEEDBACK BAL contrc! R455 balances the negative feedback
from bath sides of the Driver C.F. stage; this control is
also most cffective when the SEMSITIVITY switch is in the
2mVOLTS PER CM position.

The Driver C.F, stage is the load for the Second Amplifier
stage. lis grid circuit provides the necessary high impedance
with low capecitance to maintain the gain of the Second
Amplifier stoge, #s cathode circuit provides a very low
impedance to drive the input copacitance of the Output
Amplifier stage.'The low output impedance of the cathode
circult also provides an excellent point from which fo
obtain most of the compensated negative feedbock for
the Input Amplifier stage.

The OQutput Amplifier

The OQutput Amplifier stage is the stage that drives the
vertical-deflection plates in the crt. The gain of this
stage can be adjusted by means of the .2V/CM GAIM
Contral R488., This contral is mast effective when the
SEMSITIVITY switch i1s in the .2 VOLTS PER CM positian. The
variable copecitor C478 adjusts the high-frequency respanse
of the amplifier, and is wused principally to provide a
constant output copacitance,

The FINDER switch reduces the swing of the Qutput Am-
plifier, encugh to bring the trace onto the crt.

By mcans of the HORIZ. DEF. PLATE SELECTOR switch
SW489 the UPPER BEAM Vertical Amplifier can be con-
nected to the horizontal-deflection plates in the crt. With
this configuration the instrument can be used as a single-
beam X-Y oscilloscope. The GAIN ADJ FOR HORIZ MODE
Control R489 is used to increase the gain ot the Amplifier
slightly for this application.

Trigger Pickoff

When internal triggering of the Time-Base Generator is
desired (TRIGGER SELECTOR in either of the UPPER or
LOWER positians] a sample of the vertical-output signai s
used tc develop the triggering pulse. This sample, cbtained
from the plete circuit of V4B84B, is coupled through a
frequency-compensated voltage divider to V493, o cathade-
follower which drives the Time-Base Trigger circuitry. The

LAY

Circuit Description—Type 502A

DC TRIG Contrel R495 15 cdjusted to set the cathode volt-
age to zere when triggering with DC coupling and with the
beam positioned at its respective zero-center graticule line.

TIME-BASE TRIGGER

The Time-Bose Trigger circuit consists of a triggering
signal amplifier V24 and a multivibralar (Schmitt Trigger)
circuit V43, The function of the trigger circwtry is fo pro-
duce a negative-going rectangular pulse at the plate of
V45A whose repctition rate is the same as thal of the trig-
gering signal. This negative step is then differentiated to
produce o very sharp negative spike (trigger) o trigger the
Time-Base Generator in the proper hime sequence. A posi
tive spike is also produced by the differentiation process, but
this spike is not used.

The signal from which the rectangular output is produced
may emanate trom one of four sources. When the TRIGGER
SELECTOR switch is in the LINE position, a é.3-volt signai
at the power line frequency 15 used for this application.
When the switch is in the UPPER or LOWER position (AC or
DC}, the signal is obtained from the UPPER or LOWER Beam
Vertical Amplifier, respectively. In the EXT position {AC or
DCJ, the signal is obtained from an external source through
o front-panel connectar [TRIGGER IMNPUTL In any of the
DC positions of the TRIGGER SELECTOR switch the signal is
coupled directly fram its source to the Slope switch SW20
In any of the AC positions, the signal is coupled through
C10 and then to SW20,

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

In the quicscent state, that is, ready to receve a sig-
nal, V45B 1s conducting and its plate voltage is down. This
holds the grid aof V45A below cutoff, since the two circuits
are dc-coupled. With V45A in a state of cutoff its plate
voltage is up, hence no output is being produced.

A negative-going signal is required at the grid of V45B
to force the Trigger Mulfivibralor intc ils other state in
which a trigger pulse can be produced. However, since the
signal at the grid of Y458 is an amplification of the trig-
gering signal, it contains both negative- and pasitive-gaing
portions.

The negative-going portion of the signal will drive the
grid of V45B in the negative direction, and the cathodes of
both tubes will follow The grid down. At the same hime the
plate vollage of W45B starts to rise, which causes the grid
voltage of V45A to rise. With the grid of V45A going up
and its cathode going down, V45A siarts to  conduct
As V45A starts conducting its cathede starts going up; hence
the cathode of V45B starts going up. With the grid of V45B
down and its cathode up, V45B cuts off. And since Y45A is
conducting its plate voltage drops, creating a negative step
in the output. This transition occurs very ropidly, regard-
less of how slowly the grid signal of V45B falls.

When the signal at the grid of V45B starts in the posi-
tive direction, just the opposite chain of events will occur.
Y458 will start conducting again, which in turn will drive
the grid of V45A below cutoff. This will cause the voltage
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at the plate of V45A te rise, which in turn will complete
the negative step-voltage output from the Trigger Muftivi-
brator circuit,

The Trigger Input Amplifier ¥24 amplifies the triggering
signal that in turn is used to drive the Trigger Multivibrator.
The amplified signal is always taken from the plate of V24B,
but the grid of either tube [V24A or V24B) can be connected
to the input circuit. When the Slope switch SW 20 is in the
— position the grid of V24A is connected to the input circuit
and the grid of V24B is connected to a bias source adjust-
able by means of the TRIGGERING LEVEL Control R17. With
this configuration V24 is a cathode-coupled amplifier, and
the signal at the output plate is in phase with the signal at
the input grid. The circuit operation is then as follows:
With the Slope switch in the — position, triggering of the
TimeBase Generator will occur on the falling (negative-
going) partion of the triggering signal. Recalling that a neg-
afive-going signal is required at the grid of V45B to drive
the Trigger Multivibrater into the ather state of its bistable
aperation, this signal must be of the same pelarity as the
original signal at the input circuit.

However, when it is desired to trigger the Time-Base Gen-
erator on the rising or positive-going partion of the trigger-
ing signal the sigral at the grid of Y45B must be opposite
in polarity te that at the input circuit, This is accomplished
by placing the Slope switch in the + position. With this
arrangement the grid of V24B is connected fo the input circuit
and the grid of V24A is connected to the bias source. This
eliminates V24A from the amplifier circuit and V24B becomes
a plate-loaded amplifier. The output wavelorm will therefare
be opposite in polarity to the grid waveform,

The TRIG LEVEL CEMNT Control R24 determines the division
of current through both tubes, ond is adjusted so that the
quiescent voltage at the plate of V24B lies in the center
of the hysteresis of the Trigger Multivibrator. The TRIG-
GERING LEVEL Control R17 is adjusted to vary the bias on
the lube to which it is connected. This in turn varies the
quiescent voltage at the plate of V24B obout the level es-
tablished by the TRIG LEVEL CEMNT Control. The operator
can select the point on the waveform at which he wishes to
trigger the Time-Base Generator.

When the Time-Base Trigger circuit is switched into the
automatic made of triggering, (TRIGGERING LEVEL) cantrol
turned counterclockwise the AUTOMATIC switch SW17 con-
verts the Trigger Multivibrater from a bistable configuration
to o recurrent |free-running) configuraton. This is accom-
plish by coupling the grid circuit of V45A to the grid circuit of
V458 via R32. In addition, the dccoupling between the
Trigger Input Amplifier and the Triggering Multivibrator is
removed when the switch is in this position. The aulomatic
free-running mode is net to be confused with action of the
Recurrent switch, shawn on the Time-Base Generator dia-
grom, which causes the Sweep-Gating Multivibrator to free-
run.

The addition of R32 to the circuit causes the Triggering
Multivibrator to free-run in the absence of a triggering sig-
nal. Far example, assume the grid of ¥45B is just being dni-
ven into cutoff. The voltage at the plate of V45B starts to
rise, carrying with it the voltage at the grid of V43A. Since
the two grids are coupled through R32, this causes the
veltage at the grid of V45B to start rising. The time-constant
of the R32-C31 netwark is such that it takes about .01 second
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for the veltage at the grid of V45B to rise exponentially from
its starting point, below cutoff, 1o a point where plate current
can start.

As V45B sterts to conduct its plate voltage dreps, which
in turn lowers the voltage at the grid of V45A. The voltage
at the grid of V458 then starts dropping exponentially. When
this grid drops below cutoff again, the circuit has completed
one cycle of its approximately 50-cycle triangular waveform.

With the circuit configuration just described, the heri-
zontal sweep can be triggered with repetitive signals, over
a wide range of frequencies, without readjustmens. When
not receiving triggers, the sweep continues at approximately
a 50-cycle rate. Thus, in the absence of any triggering signal
the sweep generates a base line which indicates that the in-
strument is adjusted to display any signal that might be con-
nected to the vertical deflection system.

TIME-BASE GENERATOR

The Time-Base Trigger preduces a negative-gaing rectang-
ular waveform which is coupled to the Time-Base Generator
circuit.  This waveform is differentiated in the grid circuit
of V135A to produce sharp negative-going triggering pulses
to trigger the Time-Basc Generator in the proper time
sequence. Positive-going pulses arc also produced in the
differentiation process, but these are not used in the opera-
tion of the circuit,

The Time-Base Generator cansists of four main circuils:
A Lockout circuit, o bistable Sweep-Galing Mult.vibrator, a
Miller Runup cireuit, and a Hold-Off cirevit. The main com-
ponents in the Lockout circuit are the transistor Q124 and
MODE switch SW126. The Multivibrator circuit consists of
V135A, V145A and the cathode-follower V135B. The essential
compenents in the Miller Runup circuit are the Miller Runup
Tube Y161A, the Runup CF. V14IB, the Disconnect Diodes
V152, the Timing Capacitor C160 and the Timing Resistor
R160. The Hold-QFf circuit consists of the Hold-Off C.F's
V183A and V1458, the Hold-Off capacitors C180 and C181
and the Hold-Off Resistors R181 and R180, A or B {shewn on
the Timing Switch diagram).

With the MODE switch in NORMAL, the quiescent state
of Y135A is conducting and its plate voltage is down. This
cuts off V145A through the cathodefollower V135B, the
veltage divider R141-143 and the cathode resistor Rid4.

The quiescent state of the Miller Runup Tube is deter-
mined by a dc network between plate and grid. This network
cansists of the neon lamp B16/, the grid-cathode impedance
of the Runup C.F, and the Disconnect Diodes. The purpose
of this dc network is to establisa a voltage at the plate of
the Miller Runup Tube of such a value that the tube will
operate above the knee, and thus over the linear region,
of its characieristic curve.

In the quiescent state the grid of the Miller Runup Tube
rests at abaut —2 volts, There is about 25-volts hias on the
Runup C.F., and about a é0-valt drop acrass the ncen lamp.
This establishes a quiescent veltage of about 4 32 valts at the
plate of the Miller Runup Tube.

A negative irigger pulse, arriving at the grid of V1334,
will then cause the Sweep-Gating Multivibrator o switch
rapidly to its other state. That is, VI135A will be cutoff and
V145A will start to conduct. As VI145A conducts its plate
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voltage, and the voltage at the plates of the Discornect
Diodes, moves negative. This cuts off the diodes.

The current availoble through the Timing Resistor (R140)
is diverted into the Timing Capacitor {C160). This tends
to force the grid of the Miller Runup Tube negative. As
the grid ot the Miller Runup Tube starts negative the plate
starts positive,  This raises the voltage at the grid and
cathode of the Runup CF. As the voltage at the cathode of
ot the Runup C.F. rises it causes the vollage at the upper
end of Cl1&0 to increase, which in turn prevents the grid of
the Miller Runup Tube from going negative,

The Miller Runup Tube has o gain of about 200, so that
a grid voltage change of only 75 volt produces a piate
voltage change of 150 volts. Due to the feedback, as ex-
plained, the small negative change in grid voltage will
provide a nearly linear runup of voltage at the cothode of
the Runup C.F.

Maintaining the voltage across the Timing Resistor (R160)
nearly constant provides a nearly constant current info the
Timing Capacitor (C140}, which in turn causes a linear saw-
tooth output voltage to be generated.

The linear rise in voltage at the cathode of the Runup
C.F. V161B is used as the sweep time base. Timing Capacitor
C140 and Timing Resistor R140 are selected by means of the
TIMEJCM switch SW160. The Timing Resistor determines the
current that charges the Timing Capacitor. By means of
the Timing Switch, both the size of the capacitor being
charged and the current charging the capacitor can he
sclected to cover o wide range of sweep rates. Thus, the
liming circuit determines the rate at which the spot moves
across the crt.

The length of the sweep, that is, the distance the spot
moves across the ert, is determined by the sefting of the
SWP LENGTH Control R1746. As the sweep voltage rises
linearly at the cathode of V161B, there will be a linear
rise in the voltage at the arm of the SWP LENGTH Control.
This will increase the voltage at the grid and cathode of
V183A and at the grid and caothode of VI45B. As the
voltage at the cathode of V1458 rises the voltage ab the
grid of VI35A will rise. When the valtage at this point rises
to a point where V1354 comes out of cutoff, the Sweep-
Gating  Multivibrator  will  rapidly revert to its original
state with V135A conducting and V145A cuteff. The veltage
at the plate of V145A will then rise, carrying with it the
voltage at the plates of the Disconnect Diodes V152, The
dicdes then conduct and the lower-half {V152B) provides a
discharge path for the Timing Capacitor through R147 and
R148, and through the resistance in the cathode circuit of
V161B. The plate voitage of the Miller Tube now falls line-
arly, under feedback conditions essentially the same as when
it generated the sweep portion of the waveform, except
for a reversal of direction,

The resistance through which C160 discharges is much
less than that through which it charges [the Timing Resistor).
The capacitor current for this period will therefore be much
larger than during the sweep portion, and the plate of the
Miller Runup Tube will return rapidly ta its quiescent voltage.
This produces the retrace portion of the sweep sawtooth,
during which time the crt beam returns rapidly to its start-
ing point.

The Hold-Off Circuit prevents the Time-Base Generator
from being Iriggered during the retrace interval. In addition,
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the Hold-Otf allows a finite time for the Time-Base circuits
to regain o state of equilibrium after the completion of
o sweep.

During the trace portion of the sweep sawtooth the
Hold-Off Capacitor C180 charges through V183A os o
result of the rise in voltage at the cathode of VI183A. At
the same time the grid of Y135A is heing pulled up, through
the cathode-follower V1458, until Y135A comes out of cutoff
and starts conducting. As mentioned previously, this is the
action thot initiates the retroce. At the start of the retrace
interval  C180 starts discharging  through the Hold-Off
Resistor. The time-constant of this circuit is long encugh,
however, so that during the retrace interval, and for a short
period of time after the completion of the retrace, C180
holds the grid of V135A high enough so that it cannot be
triggered. However, when CIB0 discharges to the point
that the cothode-follower Y1458 is cutoff, it loses contro!
over the grid of V135A and the grid returns to the level
established by the STABILITY ADJUST R111. The amount of
hold-off time required is determined by the sweep rate,
le., by the size of the Timing Capacitor. For this reason
the TIME/CM switch chonges the time-constant of the
Hold-Off Circuit simultaneously with that of the Timing
Circuit,

The STABILITY ADJUST R111 regulctes the dc level at the
grid of VI35A, This control should be adjusted so that the
voltage at the grid of YI35A is just high enough to prevent
the circuit from free-running. Adjusted in this manner, o
sweep can only be produced when a negative trigger pulse,
from the Time-Base Trigger circuit, ¢can drive the grid of
V135A below cutoff. However, should a free-running sweep
be desired, the TRIGGERING LEVEL control can be turned
full right; this closes the RECURRENT switch and cennects
the grid circuit of V135A to the —150 volt supply through
R114. This permits the grid of V135A to fall to cutoff im-
mediately upon removal of the hold-off voltage, at which
point the next sweep is mitiated.

When the MODE switch is in the NORMAL position, as
above, the emitter of G124 is open, making it inocperative.
Also the anode of D126 is grounded, preventing any effect
upon the sweep generator circuit.

When the MODE switch i1s thrown to the SINGLE SWEEP
position, the emitter of Q124 is connected to ground and
the anode of D126 is connected to a small positive voltage.
To consider the action of the circuit, assume that the
MODE switch is in the RESET position ond then allowed to
return to SINGLE SWEEP.

In the RESET position, SW126 arounds the plate of VI35A,
This places the same polential on baoth the cathode of D124
and the emitter of @124, which reverse bigses Q124 As
Q124 15 reverse biased, the voltage at the collector goes
negative and the READY light B124 will light when the
collector voltage reaches about —&0 volts. D124 is also
reversed biased as its anode voltage goes negative. The
reverse biasing of D124 prevents the collector voltage of
Q124 from affecting the grid voltage of Y135A until after
the sweep.

The grid voltage of VI35A will rest during this time at
a level which will be determined by R111, R185 and R184.
This voltage will be at a value which will allow an incoming
trigger pulse to switch the Multvibrotor and produce a
sweep.
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The negative geoing trigger pulse when it arrives will
cause VI35A to go inta cutoff and V1435A to come inlo
conduction. The action aof the Sweep Generator circuit as
explained stll applies.

As the sweep ends, the wavefarm through V1458 turns
VI135A on and turns V145A off. When V135A comes into
conduction, its plate will go slightly negative and forward
bias D126. The current flow through D124, R126 and R127
will drop the voltage at the base of Q124 far enough
negative, in relation to ground, to turn the transistor on. The
voltage on the collectar will now go pesitive towards ground
and the READY light will go out. As the collector voltage of
Q124 goes positive, D24 becomes forward biased and will
control the voltage leve! on the grid of ¥135A. This voltage
level will be held positive enough to prevent further
triggers from switching the Sweep Goting Multivibrator. The
circuit will remain in this condition until the MODE switch is
either thrown to the RESET position again or put in the
NORMAL position.

The positive rectangular pulse appearing at the cathode of
V135B is coupled to the grid circuits of the crt. This pulse,
whaose start and duration are coincident with the trace
portion of the swecep sawtooth, unblanks the crt and
permits the trace to be abserved.

The Time-Base Generator is inoperative when the UPPER
BEAM Vertical Amplifier is connected to the horizontal-
deflection plates. Ore section of the HORIZ DEF PLATE
SELECTOR switch SW489 is located in the cathode circuit
of the Multivibrator, and immebilizes this circuit for the
application just deseribed. The same circuit is immobilized,
and in the same manner, when the HORIZONTAL DISPLAY
switch is set to any of the EXT ranges. With this arrange-
ment the horizontal sweep voltage is obfained through a
front-panel  EXTERNAL connector rather than from the
Time-Base circuits.

HORIZONTAL AMPLIFIER

The Horizontal Amplifier consists of an Input Cathade-
Follower, a cathode-coupled Input-Amplifier stage, and a
plate-loaded Output Amplifier to drive the horizontal de-
flection plates in the crt,

The HORIZONTAL DISPLAY switch SW331 determines
whether the input waveform is received from the Time-Base
Generator or from an external source. When this switch is
in either the NORMAL or the SWEEP MAGNIFIED position,
the waveform is received from the Time-Base Generator.
With this configuration the sweep sawtooth is coupled ta
the Input CF. via the frequency-compensated voltage
divider R311-R312. The Herizontal POSITION control R398
supplies @ manually adjustable dc voltage to the grid of
the Input C.F. V183B for horizental positioning of the crt
beam. The Input CF. isolzles the Miller circuit from the
Horizontal Amplifier and provides a low-impedance source
to drive the switch capacitances and the Input Amplifier.

The Horizontal Amplihier is controlled by feedback net-
works much the same as the Vertical Amplifiers. This is
ilfustrated in Fig. 3-4. A negative feedback loop extends
from the plate circuit of the Output Amplifier to the cathode
circuit of the Input Amplifier. The Output Amplifier, on the
other hand, has a positive feedback loop between the plate
circuit an one side and the arid circuit on the other.

[ES]
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The Input Amplifier is a cathodecoupled paraphase
amplifier, and converts the positive-going sawtcoth voltage,
obtagined from the Time-Base Generator, to a push-pull
output sawtocth voltage. The gain of the Input Amplifier
is determined by the amount of resistance connected
between the rwo cathodes, which in turn determines the
degree of negative feedback applied to the stage. In the
NORMAL position of the HORIZONTAL DISPLAY switch,
R337 is not in the circuit ond the cathode resistance is com-
pased of R334 in parallel with the series combination of
R336, R337, and R338. In any of the SWEEP MAGNIFIED
positions, one of the R331 resistors is switched into the
cathade circuit and shunts the total cathode resistonce to
o lower value. This decreases the amount of negative feed-
back applied to the stage and cansequently increases the
goin of the stage.

The function of the MAG REGIS Control R337 is to insure
that the waveform will be cxponded symmetrically about
the center of the crt when the HORIZONTAL DISPLAY
switch is changed from NORMAL to any of the SWEEP
MAGNIFIED pasitions. This control dec-balances the ampli-
fier so that the horizontal positioning of the beam will not
be affected when the beam is positioned in the center of
the ert, as the value of R331 is changed. The X1 CAL Con-
tral R357 adjusts the plate-to-plate gain of the stage slightly
to compensate for any circuit nonsymmetry. This control is
most effective when the HORIZONTAL DISPLAY switch is
in the NORMAL position.

The Output Amplifier, by virtue of its paositive feedback
network, is an extremely high-gain stage. The gain of the
stage can be varied over a limited range with the X20 CAL
Control R368 which varies the amount of cathode degenera-
tion. This control is mast effective when the HORIZONTAL
DISPLAY switch is in the X20 SWEEP MAGNIFIED paosition.

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

In the external positions of the HORIZONTAL DISPLAY
switch, the Horizontal POSITION control is disconnected from
the input circuit and connected between the plates of the
Output Amplifier.

POWER SUPPLY

Plate and filament power for the tubes in the 502A
Oscilloscope is furnished by a single power transfarmer
T402. The primary has two equal tapped windings; these
may be connected in parallel for 117 volt operation, or in
series for 234 volt operation. The primary of T602 also
has two more windings which may be used as voltage buck-
ing or aiding windings. These windings along with the two
main primary windings may be uvsed to allow the instrument
te run on line voltages of 110, 117, 124, 220, 234 and 248,
depending upon how all the windings are connected. The
three main full-wave power supplies furnish reguiated
voltages of —150, +100 and 4350 voits. The +350 valt
supply also has an unregulated output of about 4 485 volts
for the high-voltage power supply for the crt. It is unnec-
essary to regulate this supply as the high-voltage power
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supplies have their own regulation circuits. In addition to
the three main power supplies, a transistorized full-wave
supply furnishes o regulated —62 volt output for the
heaters in the Input Amplifier tubes in the Upper and Lower
Beam Vertical Amplifiers.

Refcrence voltoge for the —150 volt supply is furnished
by a gas diade voltoge-reference tube V639, This tube,
which has a constant voltoge drop, establishes a fixed
potential of about —70 volts at the grid of V436B, one-half
of a difference amplifier. The grid potential for the other
half of the difference amplifier, V638A, is ohtained fram o
divider consisting of Ré621, Ré22 and Ré623. R622Z, the - 150
Control determines the percentage of total voltage that ap-
pears at the grid of Vé36A and thus determines the total
voltage across the divider. When this control is properly
adjusted the output is exactly —150 volts.

Should the loading on the supply tend to change the
output voltage, the voltage at the arid of Vé636A will change
in prapartion, and an error voltoge will exist between the
two grids of the difference amplifier. The error signal is
amplified by V&34B, whose plate is dc-coupled to the gnd
of the series tube Vé37. The error voltoge appearing at the
grid of V437 will change the drop across the tube and hence
change the voltage at the plate of the tube. The change in
voltage at the plate of Y637, which will be in o dircction
to compensate for the change in output voltage, is coupled
by the impedance of the rectifier Vé02 back to the output
and thus pulls the output voltage back to its established
—150 volrs. €623 improves the gain of the feedback {oop
and thus increases the response of the circuit to sudden
change in the output voltage.

The —150 volt supply serves as a reference for the +100
volt supply. The divider R&671-R6/73 establishes a voltage
of essentially zero at the grid of the amplifier Véé68. The
actual voltoge at this grid will be equal to the bias voltage
required by the stage. If the laading should fend to change
the output voltage an error voltage will appear at the grid
of Y6668, This error voltage will be amplified and will
appear at the grid of the series tube V677. The cathode of
V677 will fallow the grid and hence the output valtage
will be returned to its established value of [ 100 voits.
Cé71 improves the response of the circuit to sudden changes
in the output voltage.

A small sample of the unregulated bus ripple oppears at
the screen of V&&éB thraugh Ré62. The ripple signal which
appears at the screen, which acts as on injector grid, will
produce o ripple component at the grid of Vé77 which will
be opposite in palarity to the ripple appearing at the plate
of V&77. This tends to cancel the ripple at the cathode of
the tube, and hence reduces the ripple on the +100 velt
bus. This same circuit also improves the regulotion of the
supply in the presence of line voltage variations.

The 4350 volt supply functions in the same manner os
the +100 velt supply. Rectified voltage from the cathode of
V722 is added to the voltage suppiying the +100 volt
regulator, to supply voltage for the 4350 wvolt regulator.
As mentioned previously, the +350 vaolt supply also furnishes
an unregulated output of ohout 1485 volts for the crt
high-valtage supply.

The —&.2 volt supply warks in essentially the same manner
as the vacoum-tube supplies. The divider R648-R649 estab-
lishes a reference volioge at the base of Qé44. If we now
assume that the output tends to go more negative, the
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emitter of Qé44 will also go more negative since it is
strapped directly to the output. The collector of Qé44
will then go morc ncgative, carrying with it the baose ot
634, The callector of G634 will then go up, carrying with
it the base of Qé47. The series-regulotor transistor Q647
is essentially an emitter-follower, so the emitter will follow
the base. Hence, the emitter of Q647 also goes up. This
increase in the voltage at the emitter of Q647 will be
coupled through the rectifiers, Dé42A and B, back to the
output and will thus pull the output back up to its specified
value.

CRT CIRCUIT

A single 40-Kc Hartley oscillatar circuit furnishes energy
for the three power supplies that provide voltages for
the crt. The main companents of the Oscillator circuit are
V800 and o portion of the primary T801 tuned by C807.

The three half-wave rectifier circuits cmploy capacitor-
input filters. Separate supplies are required for the grid and
each of the cathode circuits of the crt in order to provide
dc-coupled unblanking te the crt gnids.

V822 and V832 supply about —2900 volis for the cathodes
of the crt. V862 supplies about —3100 for the grids {the
actual voltage depends on the setting of the INTENSITY
control )

In order ro maintain o constant deflection sensitivity in
the crt, and thereby maintain the calibration of the instru-
ment, it is necessary that the accelerating potentials in
the crt remain constant. This is accomplished by regulating
the three supplies by comparing a sample of the cathode
voltnge to the reguloted —150 wvalt supply. This sample
valtage, obtained from the arm of the HV Control R82¢,
is applied to the grid of V814A; the cathode of this tube is
connccted to the 150 volt regulated supply. The error
voltage is amplified by VB8I4A and V814B; the output of
VBI4B varies the screen voltage of the Oscillator tube and
thus controls its output,

The HORIZ SENS BAL Control R833 allows a more perfect
balance of the sensitivity of the two horizontal beams.
Varying this contral can change the crt cathode patentials by
approximately 100 volts with respect to each other. This
allows for a corresponding change in horizental sensitivities
of approximately + or — 3%,

The HORIZ BEAM REGIS will allow the beams to be
brought inta register; ie., the sweep far each vertical ampli-
fier will start at the same place on the crt screen.

Unblanking

As mentioned previously, dc-coupled unblanking is ac-
complished by employing separate high-voltage supplies
for the grids and cathodes. The cathode supplies are tied
to the LY power supply. The grid supply, on the other hand,
is not tied to any other supply and is therefore flooting.
The unblanking pulses from the Time-Base Generator are
transmitted to the grids of the crt via the floating grid
supply.

The stray copacifance in the circuit makes it difficult
to mave the floating supply fast enough to unblank the
crt in the required time. To overcome this, an isolation
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network composed of RB864, CB84B, CB4Y and RBAS for one
grid circuit, and RB&4, CB&S, C887 and R8&4 for the other,
is employed. By this arrangement, the last leading edge of
the unblanking pulse is coupled directly to the grids of the
crt via [CB&6, CB67) and (C868, C86%). For short-duration
unblanking pulses [at the faster sweep rates] the power
supply itself is not appreciably meved. For longer unhlank-
ing pulses, at the slower sweep-rates, however, the stray
capacitance of the circuit is chorged through R844. This
holds the grids at the unblanked potential for the duratien
of the unblanking pulse.

Each gun of the crt has its own FOCUS and ASTIC-
MATISM Contrals. A single control R841 adjusts the gec-
metry of the display, and a single INTENSITY Control
controls the brilliance of both beams.  An  INTENSITY
BALANCE Contral R840 balances one grid voltage against
the other so that the INTENSITY Control will have an equal
effect on both beams.

Circuit Description—Type 502A

AMPLITUDE CALIBRATOR

The AMPLITUDE CALIBRATOR is a square-wave gen-
erator whose opproximately 1-Kc output is available at a
front-panc| connector labeled CAL OUT It cansists of a
Multivibrator  VB73A-V875 connecled so as to switch the
cathode-follower  V873B  between two aperating  states,
cutoff and conduction.

During the negative portion of the multivibrator wave-
form the grid of V873B is driven well below cutoff and the
cathode rests at ground potential. During the pasitive por-
tion of the waveform the grid rises to slightly less than +50
valts. By means of the CAL AMPL (R879) Control, the
grid voltage can be adjusted so that the cathode voltege
is exactly +50 volts when the AMPLITUDE CALIBRATOR
knob is turned to the QFF position.

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