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Safety Precautions

The metal case of this instrument is connected to
the ground of the internal circuit. For proper opera-
tion, the ground terminal of the instrument should
always be connected to the ground of the equipment
under test. The WG-300B Direct/Low-Capacitance
Probe and Cable has a shield throughout its entire
length which is connected to the instrument ground
and case. Always handle the WG-300B by the insu-
lated probe housing.

Care should be exercised to avoid striking the
cathode-ray tube or subjecting it to more than
moderate presswre in handling. Because the tube
contains a high vacuum, implosion might result in
injury from flying glass.

An important point to remember is that there is
always danger inherent in testing electrical equip-
ment which operates at hazardous voltages. There-
fore, the operator should thoroughly familiarize
himself with the equipment under test before work-
ing on it, bearing in mind that high voltages may
appear at unexpected points in defective equipment.
Additional precautions which experience in the in-
dustry has shown to be important are listed below.

1. It is good. practice to remove power before con-
necting test leads to high-voltage points. If this is
impractical, be especially careful to avoid accidental

contact with equipment racks and other objects
which can provide a ground. Working with one hand
in your pocket and standing on a properly insulated
floor lessens the danger of shock.

2. Filter capacitors may store a charge large
enough to be hazardous. Therefore, discharge filter
capacitors before attaching test leads.

3. Remember that leads with broken insulation
provide the additional hazard of high voltages
appearing at exposed points along the leads. Check
test leads for frayed or broken insulation before
working with them.

4. To lessen the danger of accidental shock, dis-
connect test leads immediately after test is com-
pleted.

5. Remember that the risk of severe shock is only
one of the possible hazards. Even a minor shock can
place the operator in hazard of more serious risks
such as a bad fall or contact with a source of higher
voltage.

6. The experienced operator continuously guards
against injury and does not work on hazardous cir-
cuits unless another person is available to assist in
case of accident.

ITEMS
Supplied with WO0-91B
Direct/Low-Capacitance Probe and Cable......... Type No. WG-300B
Ground Cable. .. ... R [ cooooofbooood¥ooaoo Stock No. 96794
Instruction Booklet Clip Insulator Alligator Clip

Available on Separate Order

For rf applications from 5000 Kec to 250 Mc:
RF-IF-VF Signal-Tracing Probe. . Type No. WG-302A

For high voltage measurements up to 5000 volts:
Capacitance-Type Voltage Divider Probe—Type WG-354A
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Description

The RCA WO0-91B is a 5-inch oscilloscope de-
signed primarily for production-line and service-
shop use in servicing color and black-and-white
television receivers. The WO-91B Oscilloscope in-
corporates several circuit and operational features
which greatly increase its versatility and help to
speed up the servicing process.

A primary feature of the RCA WO-91B is a front-
panel bandwidth selector switch which changes the
bandpass of the vertical-amplifier section from wide-
band to narrow-band (high-sensitivity) operation.
In the wide-band position, the frequency response is
flat within =1 db from 3 cps to 4.5 Mc.

A voltage-calibrated, frequency-compensated ver-
tical-input attenuator, an internal calibrating-voltage
source, and a graph screen scaled directly in volts
make it possible to use the W(Q-91B as a visual volt-
meter. The unique system of calibrating the graph
screen provides for scaling voltages directly from the
screen. The measurement procedure is very similar
to that employed with a vacuum-tube voltmeter.- A
calibrating voltage is automatically applied to the
vertical amplifier when the bandwidth control is set
to the calibration position. This switch also discon-
nects internally the input and attenuator circuits,
making it unnecessary to remove leads and probes
from the external test circuit. The WO-91B can be
calibrated in either the wide-band or high-sensitivity
position and on any setting of the input attenuator
switch. These unique facilities make voltage calibra-
tion and measurement a simple, almost automatic
procedure.

A feature of special value in television work is
the presetting of the sweep positions to provide
automatic lock-in on vertical- and horizontal-fre-
quency signals. These positions, marked TV “V”
and “H”, will provide instant synchronization and
lock-in on horizontal and vertical sync and blanking
pulses and other wave-shapes whose frequencies
are based on 60 cps and 15,750 eps. A two-stage
sync separator, similar to those utilized in many
RCA Victor TV receivers, is used to provide posi-
tive lock-in on video signals. The vertical pulses
from the integrator network and the horizontal
pulses from the differentiator network are auto-
matically fed to the sync amplifier input when
the sweep frequency control is set at the TV *V”
or “H” positions.

The sweep-frequency control is continuously ad-
justable from 10 cps to 100 Kc. The sweep oscillator
has excellent stability at high sweep rates, a fast re-
trace, and adequatelinearity throughoutits frequency
range. The over-all frequency range of the oscillator
is divided into four basic ranges; a vernier adjust-
ment, which overlaps the basic sweep ranges, pro-
vides exact adjustment of the sweep frequency. The
amount of sync signal fed to the sweep ‘oscillator
may be adjusted by means of a front-panel control.
Sweep synchronization is  exceptionally stable
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throughout the sweep range of the oscillator.

A Z-axis input terminal is provided on the front
panel to permit direct modulation of the control grid
of the cathode-ray tube. This feature is especially
useful in special applications requiring trace blank-
ing and time calibration of the sweep trace. A con-
trol switch is also provided for reversing the vertical
polarity of the trace. By means of this control, the
trace may be displayed in an upright or inverted
position.

A separate phase control is provided for varying
the phase of the internal sweep voltage when either
the “LINE SYNC” or “LINE” position of the
SYNC-H SEL control is used, enabling the WO-91B
to be phased with an external line-frequency sweep
oscillator or other equipment.

Terminals are provided on the back of the case
for direct connection to the wvertical deflection
plates of the cathode-ray tube. This feature makes
it possible to observe high frequency rf waveforms
that are beyond the bandwidth of the vertical
amplifier,

To facilitate its use, the W(O-91B is equipped with
a specially designed single-unit probe and input
cable. This device, the WG-300B Direct/Low-
Capacitance Probe and Cable, is provided with a
sliding switch in the probe housing which is marked
“DIR.” and “LOW CAP.” When the switch is set to
the “DIR.” position, the test signal is fed directly to
the vertical-input terminal. When the switch is set to
“LOW CAP”, a special high-impedance circuit in
the probe is connected in series with the test point
and the "scope. This high-impedance circuit presents
an overall input resistance of 10 megohms and an
input capacitance of approx. 12.5 uuf to the test
circuit. This feature reduces circuit-loading effects
and permits use in circuits which would not function
properly if loaded down by a conventional oscillo-
scope. The WG-300B probe and cable, as well as a
separate ground cable, is supplied with the WO-91B.

The WO-91B can be used to trouble-shoot and
signal trace all sections of both black-and-white and
color-TV receivers. The voltage-calibrating facilities,

wide band-pass, and high-impedance input char--

acteristics make possible observations and measure-
ments of color-burst signals and other critical,
high-frequency waveshapes in circuits which are
sensitive to loading effects.

The general construction of the W(O-91B makes it
a readily portable instrument, useful in such appli-
cations as industrial maintenance and trouble-shoot-
ing, general waveform analysis, adjustment of radio
receivers and transmitters, square-wave and general
testing of audio equipment, peak-to-peak voltage
measurements, and observation of vacuum-tube
characteristics. The WO-91B is a versatile and
reliable insttument, well suvited to applications
which require a dependable oscilloscope for ex-
tended operating periods.

Specifications

NOTE: Performance figures are for a line voltage of 117 volts, 60 cps.

Electrical
Frequency Response:
Vertical Amplifier: -
Wide-Band Positions (3 cps t0 4.5 Me) ..o, SRR P PPN - A flat within *1 db
High-Sensitivity Positions:
TEDS 10 08 MO i e bbbt e e flat within —1 db
3cpstol5 Mc. ... B Tttt ....flat within —6 db

Horizontal Amplifier (3 cps to 500 Kc}....... e T T T T TR flat within —6 db
Deflection Sensitivity:

Vertical Amplifier:

4.5 Mc 1.5 Me
{Wide-Band) (High-Sensitivity)
Positions Positions
rms p-p rms  pep .
At V INPUT connector..................ccocoereiionen e 0.053 0.15 0.018 0.05 volt/in
With WG-300B set to “DIRECT” 0.053 0.15 0.018 0.05 volt/in
With WG-300B set to “LOW CAP” . ... ... 033 1.5 o 018 0.5 : valt/in

Horizontal Amplifier {at H INPUT terminal).........ccoo i, N SRR 0.18 ims  volt/in

Vertical Deflection Plate Terminals. approx, 40 volt p-p/in

Rise Time {Vertical Amplifier):

4.5-Mc Positions .................. e I MM e TR (.1 psec
T.5-ME POSIHIOTIS ..ot oo oot e oo s ekt ke e s eke s et eaee £ eheEe et eeeheE e ebeRe et e ee SEe e e e e e e Sh et eh e ek b she etk et e 0.5 psec
Input Resistance and Capacitance:

Vertical Amplifier:

AL V INPUT COMMEOLOT. ..coocooi oo o oo et et ettt ettt e ee et et e 1 megohm shunted by 40 paf

With WG-300B set to “DIRECT”. ... ! SRS 1 megohm shunted by 75 paf

With WG-300B set to “LOW CAP”......... .. 10 megohms shunted by 11 pef

Horizontal Amplifier {at H INPUT terminal ...t 2.2 megohms shunted by 30 pgpf

SYNC Input Terminal.........coooiiiiiiiiii e, SO P 0.5 megohm shunted by 35 puf
Sweep Oscillator:

Frequency Range {continuously adjustable)............... 16 cps to 100 Ke

Preset POSTHIOIS. ... oottt ettt e 30 cps {(TV “V”); 7875 cps (TV “H”)
Maximum AC Input Voltage (at V INPUT tex:-minal):

(In presence of 400 volts de).................. il p-p volts
Phase-Contrel Range. ... {1 to 160 degrees
Z-Axis Input:

Minimum input voltage £Oor Blanking ..o .12 rms volts

Frequency RespOmSe... ...t b ISP S 3 cps to 500 Kc
Power Requirements: .

O . ..ot e e e e SRR e 105-125 volts

Frequency........c.occorimrcccioiiiecececeniins : 50-60 cps

Average Power Consumption 70 watts

Tube Complement

Vertical Amplifier.............coooooi 1 RCA-8BQ7-A, Sweep Oscillator.....................oo... U 1 RCA-12AX7
1 RCA-BCB6/6DK6, 2 RCA-6]6 Power Supply 1 RCA-6AX5-GT, 1 RCA-1V2
Horizontal Amplifier.............c.cccceen. 1 RCA-12ATT Cathode-Ray Tube.............i 1 RCA-5UP1

Synchronizing Amplifier.......... 1 RCA-12AU7-A

Sync Separator.............ccee 1 RCA-12AU7-A

Mechanical
Height .o i 13%” Length ... BT L 1L L0 s ke S L L. R 168"
WIEALD oot 9" Weight (INEL) ..o oo 30 lbs
e 5 @




Functions of Controls and Terminals

o | OFF-INTENSITY-Applies power
to the instrument and increases in-
tensity of the trace on the screen of

o) O | the cathode-ray tube when control
CoGol| s turned clockwise from “OFF”
o position.
oNoNoNe©
900000
o

FOCUS — Adjusts the sharpness of
the trace. Normally requires adjust- | © 0
ment when setting of the INTEN- | 3 3 O
SITY control is changed. o)
eNoNoNe.

s 0CaQ00

o | V CENTERING — Adjusts vertical
53863 position of trace.

o 60

200e00C

o) O

Il CENTERING — Adjusts horizon- | ©
tal position of trace. S0GO0

oS o

eC0eQ00

o) o| 4.5 MC-CAL-1.53 MC — (Band-
width) Switches circuitry in verti-
o o | cal amplifier. Has two important

eNe functions: (1) Changes bandpass

o and sensitivity of vertical amplifier

G OO G| and (2) automatically disconnects

LeloLieL input circuit and attenuator and
applies calibrating voltage.

“4.5 Mc” Position — Frequency respounse of verti-
cal amplifier is essentially flat from 3 cps to 4.5 Mc;
maximum sensitivity is 0.05 rms volt per inch.

“CAL” Position — Used in voltage calibrating.
Automatically disconnects probe, input circuit, and
attenuators from vertical amplifier and applies a
fixed calibrating voltage to the grid of the first
vertical amplifier.

“1.5 Mc” Position — Frequency response is within
—6 db from 3 cps to 1.5 Mc; maximum sensitivity
is 0.018 rms volt per inch.

V RANGE -- Has two ranges of set-
tings. The 4.53-MC range is used
when the 4.5 MC-CAL-1.5 MC con-
trol is set to “4.5 MC”. The 1.5-MC
O OO O range is used when the 4.5 MC-

O G 9| CAL-L5 MC control is set to “1.5
[ #©0e000 | MC”. When the WO-91B has been
calibrated, the number on the V RANGE position
selected corresponds to the full scale peak-to-peak
voltage value on the appropriate graph-screen scale.
(See “Calibration of the Vertical Amplifier”.)

@] O

O O

V POLARITY — Reverses inter- | o o
nally the polarity of the vertical-
deflection signal applied to the | 4 o

cathode-ray tube for “upright” or
“inverted” trace display. When the & OO G

switch is set to the left-hand posi- (O O O C

tion, a waveshape of positive (220°000 |
polarity will be displayed above the base-line trace.
In the right-hand position, the waveshape will be
displayed below the base-line trace. (When using
the preset TV “V” or “H” functions for observation
of composite TV signals, the V POLARITY switch
MUST be set to the position in which the sync pulses
extend downward, as shown in Figure 5 on page 12.}

o) o)
V INPUT — Feeds the input signal
-to the vertical amplifier through the
o) OOO C| attenuator circuits.

G C

00e(CQOO0

G O

V CAL — Permits continuous ad-
justment of the vertical-amplifier | o o

gain and also provides overlap of
steps on the V RANGE control.
During calibration of the vertical
amplifier, the V CAL control should o %3 G
be adjusted to give two inches de- | OR®]
flection on the screen. Sleloile ol

OO
Q o
GO0

OOO 3| GND — Connected directly to case

2000000 and chassis,

Q O

SYNC-H SEL — Has three func-
tions; selects sync voltages for the
sweep oscillator, applies an external

© © | horizontal-deflection voltage to the

O ONZ O horizontal amplifier, and applies a
o) . .

ol sine wave of power-line frequency

009000 | to the horizontal amplifier.

SYNC Function

“EXT” — Feeds the external synchronizing voltage
applied at the “SYNC” terminal to the sweep oscil-
lator.

“LINE SYNC”—Feeds an ac signal from the power
supply to the sweep oscillator to sync the oscillator
at the power-line frequency.

“INT+"” and “INT--" — Permits reversal of the
phase of the internal synchronizing signal applied to
the horizontal sweep oscillator. (When using the
TV “V” or “H” preset sweep positions for observa-
tion of composite TV waveforms, set the SYNC-H
SEL switch to “INT-".)

H SEL Function

“LINE” — Feeds an ac signal from the power supply
to the horizontal amplifier to provide a sinusoidal
horizontal sweep at power-line frequency.

“INPUT” — Feeds the external voltage applied at
the H INPUT terminal to the horizontal amplifier.

SWEEP — Selects the frequency

range of the sweep oscillator. Used | © o
in conjunction with the SWEEP
VERNIER control. The TV “V”and | o o]
“H” positions are preset at 30 cps |4 5 3
and 7875 cps, respectively, to pro- O O/
vide automatic lock-in on “vertical” ? O(Oj@ o
and “horizontal” sync pulses.
c O | SWEEP VERNIER - Provides
continuous control of the oscillator
o) o | sweep frequency over the range se-

SO0 G lected by the SWEEP control. Also

o provides overlap of the SWEEP

?o(gogo? control positions. (In the TV “V”

and “H” preset sweep positions, the

SWEEP VERNIER range is intentionally re-
stricted. )

RCA WO-91B Cathode-Ray Osecill pe =

SYNC — An external synchronizing
signal for the sweep oscillator
should be connected between this
terminal and the ground terminal.
© O OO The SYNC-H SEL switch should be
S ok | setto “EXT.

O O

O o

s 00eQQO
ge Q

SYNC ADJ — Controls the ampli-
tude of the synchronizing voltage 5 5
applied to the grid of the sweep
oscillator; should be adjusted to oo, ofe)
minimum setting necessary to lock | &3 3
pattern in a stationary position. (2002000 |

o o | H INPUT — An external signal for

the horizontal amplifier should be
connected between this terminal
and the ground terminal and the
O OO C| SYNCH SEL control set to “IN-
'oNe) PUT". A positive-going signal will
2101040800 cause the spot to deflect to the right;

a negative-going signal will cause the spot to deflect
to the left.

O o

H GAIN — Adjusts the gain of the |G o)
horizontal amplifier and varies the |~ § 3
width of the horizontal trace.

PHASE — Controls the phase of the
synchronizing voltage when the
SYNC-H SEL switch is turned to
© ©| the “LINE SYNC” position and is

oNoNe 2 used to vary the phase of the sinus-
oo

O &}

o OO oidal sweep voltage when the
2COe SYNC-H SEL switch is in the
“LINE” position.

Ny ©| Z AXIS — Connects through a
blocking capacitor to grid No. 1 of
o O | the cathode-ray tube. Trace blank-

G G d J| ing requires application of an ac
o o signal of approximately 12 volts
sode0oo | between this terminal and ground.




Operation

To become familiar with the operation of the
WO-91B Oscilloscope, it is recommended that the
operator follow the procedure outlined below in the
order given. The section “Function of Controls and
Terminals” on pages 6 and 7 and the block diagram
on page 28 will also be helpful.

Initial Procedure

1. Connect the power cord at the rear of the in-
strument to an ac outlet supplying 105-125 volts at
50-60 cps. Set V RANGE switch in fully counter-
clockwise position. Turn bandwidth switch to 4.5
MC” position. Disconnect probe from V INPUT
connector.

2. Turn the INTENSITY control clockwise from
the “OFF” position,

3. Rotate the INTENSITY control farther clock-,
wise until either a spot or a horizontal line appears
on the screen. Adjust centering controls if necessary.
The spot or line should increase in brilliance as the
INTENSITY control is turned clockwise. NOTE:
Do not allow a small spot of high brilliance to re-
main stationary on the screen for an appreciable
length of time because discoloration or burning: of
the screen may result.

4. Adjust the FOCUS control for an image of
maximum sharpness.

5. Turn the SYNC-H SEL control to the “INPUT”
position. In this position, without an external signal
being applied to the H-INPUT terminals, no sweep
voltage appears at the horizontal-deflecting elec-
trodes of the cathode-ray tube and; therefore, only
a spot will appear on the screen.

8. Position the spot in the center of the screen by
adjusting the VCENTERING and H CENTERING
controls.

Vertical-Amplifier Operation

1. Set the 4.5 MC-CAL-1.5 MC control to “CAL”.
The screen should now display a vertical trace, indi-
cating that a signal has been applied to the vertical-
deflecting electrodes of the cathode-ray tube.

2. Connect the WG-300B probe and cable to the
V INPUT connector. Set the band-width control to
the “4.5 MC” position, Connect the ground lead of
the probe to the ground side of the 6.3 volt 80 cps
heater circuit in a radio or TV receiver. Set the
switch on the probe to the “DIRECT” position, then
conmect the tip of the probe to the “hot” side of the
6.3 volt circuit, Turn V RANGE switch to a position

which provides a pattern height of one-ts-three
inches.

3. Set SYNC-H SEL to either “INT+” or “—INT".
Turn SYNC ADJ fully counterclockwise. Set
SWEEP ‘switch to the “10-100” cps position, and
adjust SWEEP VERNIER so that the pattern is
almost stationary. Advance SYNC AD]J to lock in the
pattern. Turn V RANGE switch to each of its set-
tings and note that the height of the pattern is
changed in approximately three-to-one steps.

4. Leave V RANGE switch in a position that gives
a pattern of about two inches. Turn V CAL (which
is a vernier attenuator}, and note that the pattern
height changes gradually, not in steps. By setting V
RANGE and adjusting V CAL, any desired height
of pattern can be obtained.

5. Turn the V POLARITY control to its opposite
setting. Note that the displayed waveshape is
inverted.

Horizontal-Amplifier Operation

1. Disconnect probe from the 6.3 volt source. Turn
V RANGE switch to “150” (on red scale), and
SYNC-H SEL to “INPUT”. Apply an AC signal of
1 to 10 volts to the II INPUT circuit, connecting the
ground side to GND and the “hot” side to the H
INPUT terminal. The 6.3 volt source used in the
preceding section may be used. A horizontal line will
appear on the screen, indicating that an external
signal has been applied to the horizontal-deflecting
electrodes of the cathode-ray tube. Turn H GAIN
and note that the length of the horizontal line can
be changed as desired.

2. Disconnect the lead from the voltage source.
The horizontal line will be replaced by a spot.

3. Turn the SYNC-H SEL to the “LINE” position.
A horizontal line should appear. NOTE: When the
SYNC-H SEL switch is set to the “LLINE” position,
part of the power-line signal is fed internally to the
horizontal amplifier, providing a sinusoidal hori-
zontal-deflection voltage of power-line frequency.

4. Turn the SYNC-H SEL Control to the “LINE
SYNC” position. A horizontal trace should appear.
NOTE: When the SYNC-H SEL switch is set to the
“LINE SYNC” position, part of the power-line
signal is fed internally to the sweep oscillator which,
in turn, provides a sawtooth output voltage, syn-
chronized by the power-line frequency, to the hori-
zontal amplifier.

5. Turn the SYNC-H SEL control to either the
“INT+” or “INT—" position. Either of these posi-
tions will provide a horizontal trace. NOTE: When
the SYNC-H SEL control is set to either “INT+”
or “INT—", the sawtooth output from the sweep
oscillator is applied internally to the horizontal
amplifier and a linear horizontal trace appears on
the screen.

Sweep-Oscillator Operation

1. Connect the probe and cable to the V INFUT
connector. Connect the ground lead of the probe to
the ground side of the 6.3 volt 60 cps heater circuit
in a radio or TV receiver. Connect the tip of the
probe to the “hot” side of the 6.3 volt AC circuit.
Turn the V RANGE switch to the position in which
the pattern height is about one-to-three inches.

2. Set the SWEEP control to the “10-100" cps
position, Turn SYNC AD]J fully counterclockwise.
Adjust SWEEP VERNIER for a single cycle trace
on the screen, drifting slowly leftward. Advance
SYNC AD]J just far enough to lock in the pattern.
Readjust SWEEP VERNIER and SYNC AD]
slightly if necessary to obtain solid lock-in.

3. Turn SWEEP VERNIER slowly counterclock-
wise and note that the pattern will go out of syne.
Continue turning SWEEP VERNIER counterclock-
wise and note that the pattern will lock-in with two
cycles, then with three cycles, etc., up to about six
or-more cycles. In this example, when the SWEEP
VERNIER is set to produce two cycles in the pat-
tern control, the horizontal sweep rate is 60/2 or 30
cycles. When SWEEP VERNIER is set to produce
three cycles, the horizontal sweep rate is 60/3 or 20
cycles, etc.

4, If an audio frequency signal generator, such
as the RCA WA-44C is available, it is interesting
and instructive to use the generator as a source of
external signal, repeating the experiment described
in the two preceding paragraphs at various
frequencies.

Use of the WG-300B Direct/[ow-Cai)acitance
Probe

The WG-300B Direct/Low-Capacitance Probe
and Cable is designed especiaily for use with the
WO-91B Oscilloscope. This single-unit probe is
equipped with a sliding switch in the probe housing
which permits setting the probe for direct measure-
ments or for automatically connecting a built-in
high-impedance network in series with the test

RCA WO0-91B Cathode-Ray Oscilloscope

Figure 1. WG-3008 Direct/Low-Copacitance Probe and Cable
supplied with WO-91B

point and the probe cable. When the switch is set
to the “LOW CAP X10” position, the input capaci-
tance of the cable and scope is reduced to less than
11 uuf and the input resistance is raised to 10 meg-
ohms. These high-impedance characteristics permit
use of the W(O-91B in high-impedance circuits, such
as those found in TV sync-separator and video-
amplifier stages, which would not operate properly
if loaded down by a conventional scope probe and
cable.

Whenever the probe is used in its low-capacitance
position, however, the signal is attenuated by a
factor of ten. Therefore, when voltage measurements
are made with the WO-91B, the indicated voltage
should be multiplied by 10.

Calibration and Voltage Measurement

Special facilities on the WQ-91B. provide for
simple and quick voltage calibration of the vertical
amplifier and the cathode-ray tube screen, When the
oscilloscope has been calibrated as indicated below,
the graph-screen scales can be used to measure the
deflection amplitude of a displayed waveshape
directly in volts.

The removable green-graph screen has two verti-
cal sets of scales, as shown in Figure 2. The set of
scales used depends upon the setting of the 4.5 MC-
CAL-1.5 MC bandwidth control. When this control
is set to the “4.5 MC” position, the left-hand set of
scales, marked “4.5 MC” is used. When the band-
width control is set to “1.5 MC”, the right-hand set
of scales, marked “1.5 MC” is used. The setting of
the bandwidth control also determines which set of
switch-position marks on the V RANGE control is
used.

If the bandwidth control is set to “4.5 MC”, the V
RANGE switch positions marked “4.5 MC” are em-
ployed. With the bandwidth switch in the “1.3 MC”
position, the V RANGE settings marked “1.5 MC”
are employed,
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Flgure 2. WO-91B graph screen with voltage scales

The setting of the V RANGE control determines
which- individual graph-screen scale is used. For
45-Mc bandwidth operation, for example, the V
RANGE positions of .5, 5, or 50 require use of the
“5” scale under “4.5 MC”. The V RANGE settings
of 1.5, 15 or 150 require use of the “1.5” scale.

Calibration is accomplished as follows:

Set the bandwidth control to “CAL”. When the
bandwidth control is set to the “CAL” position, the
probe, cable, and input attenuator circuits in the
scope are automatically disconnected from the verti-
cal amplifier and an internal calibrating voltage is
applied. The SYNC-H SEL control may be set to
any position during calibration. A straight vertical
line is obtained by setting this control to “INPUT".
A sinusgidal waveshape is obtained when the
SYNC-H SEL is set to any other position. Adjust V
CAL, and readjust V CENTERING as necessary,
so that the pattern produced by the calibrating volt-
age exactly matches the height marked by the “CAL”
arrows on either side of the graph screen. The WO-
91B is now calibrated.

Calibration will hold for both the 4.5-Mc and 1.5-
Me bandwidth positions. After calibration, an input
signal may be read directly in peak-to-peak volts by
measuring the vertical deflection against the correct
graph-screen scale.

Example: It is desired to simultaneously display

and measure the peak-to-peak voltage amplitude of
the horizontal driving pulse at the grid pin of the

horizontal-deflection-output stage in a TV receiver.
Procedure is as follows:

1. Set the bandwidth control to “CAL” and set the
SYNC-H SEL to “INPUT”.

2. Adjust V CAL and V CENTERING as de-
scribed above.

3. Reset the bandwidth control to “1.5 Mc”.

4. Connect the ground cable from the scope to the
TV chassis. Set the WG-300B to “DIR.” and con-
nect the probe tip to the appropriate tube-socket pin.

5. Set V RANGE switch to the position which pro-
vides a pattern of convenient height, neither too
small nor too large.

6. Lock in the waveshape as described under
“Sweep Oscillator Operation”.

7. Adjust the V CENTERING control to position
the bottom of the trace on the graph-screen base
line.

8. Read the peak-to-peak voltage amplitude of the
waveshape from the appropriate scale on the right-
hand (1.5 MC) side. The peak-to-peak voltage is
read from the scale point opposite the top of the
waveshape.

NOTE: When observing waveforms and measuring
amplitude of signals in high-impedance circuits, it is
advisable to set the switch on the WG-300B probe to
the “LOW CAP” position. In this position, the signal
is attenvated by a factor of 10 to 1, hence it is neces-
sary to multiply the indicated voltage readings by 10.

Z-Axis Input

The Z-Axis input terminal connects directly to
grid number one of the cathode-ray tube through a
capacitor. By means of this circuit, the trace dis-
played on the screen may be modulated in applica-
tions which require frequency or scaling markers.
An input signal in the order of 12 rms volts is re-
quired at the Z-Axis terminal to produce trace
blanking. Two examples of Z-Axis modulation are
shown in the photographs of Figure 3. The modulat-
ing frequencies are several times the sweep fre-
quency. A sine/square wave generator, such as the
RCA WA-44C may be used to provide the Z-Axis

signal.

Trace Displacement

‘When the WG-300B probe is connected into a cir-
cuit containing dc voltage, the trace may be de-
flected off screen temporarily but it will return to its
original position within a short time. The displace-
ment of the trace is caused by charging of the input
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de-blocking capacitor by the dc test-circuit voltage.
This capacitor has a large value and is charged
through the series resistance of the input attenua-
tors. If the input attenuator is set to the highest
sensitivity position, a large resistance is in series
with the capacitor. Consequently, a longer charging
time is required and a longer period of time will be
needed for the trace to return to an on-screen
position,

When the WG-300B is used in its low-capacitance
position, the increased-input resistance of the probe
may delay return of the trace for many seconds. This
characteristic is perfectly normal. Trace-return time
may often be reduced by first setting the range con-
trol to the minimum gain position, connecting the
probe to the test circuit, and resetting the range
control to the desired input position.

Connection To Vertical Deflection Plates

The two terminals on the back of the WO-91B
are provided for direct connection to the vertical

.plates of the cathoderay tube. When the

NORMAL-DIRECT slide switch is set fo
“DIRECT”, each of these terminals is connected

through a blocking capacitor and isolating resistor.

to one of the vertical deflection plates.

RF waveforms too high in frequency to pass
through the vertical amplifier can be observed by
connecting the rf source to these terminals.

Procedure:
1. Turn power off. Remove the metal plug-
button on the rear of the case.

2. Connect shielded leads from rf source to
one or both of the terminals on thz back of the
chassis. One of the terminals can be connected to
ground if desired. A ground terminal is provided
just below the two deflection plate terminals.

3. Set the NORMAL-DIRECT switch to “DI-
RECT.” Turn on the instrument.

The horizontal amplifier, sweep circuits, and
position controls can be adjusted in the usual man-
ner to obtain the desired trace. The vertical ampli-
fier is inoperative in this function, thus the vertical
attenuator switch and vertical gain control will
have no affect. The vertical attenuator swi'ch
should be set to the full clockwise (least sensitive)

Figure 3. Oscill pe traces showing Z-oaxis modulation

position, however, to prevent the possibility of

stray pick-up through the vertical amplifier.

NOTE: The NORMAL-DIRECT switch must be
reset to the “NORMAL” position to re-
sume normal operation of the vertical
amplifier.

NORMAL DIRECT

TERMINALS
TO CRT VERT.
DEFLECTION
PLATES

GROUND
TERMINAL

Figure 4. Rear view of WO-91B, showing swiich and terminals for
connection to vertical deflection plates of the cothode-ray tube.




Applications

Successful servicing and maintenance of black-
and-white and color-television receivers requires
special techniques, not usually employed in the serv-
icing of other electronic equipment. The general
complexity and variety of circuits used in modern
television receivers requires a great deal of knowl-
edge on the part of the service technician and de-
mands that test equipment be used properly.

The oscilloscope is of especial importance in the
servicing of color receivers. A good television-service
oscilloscope, such as the RCA WO-91B, may be used
in signal tracing in every section of the receiver; the
’scope may also be used for making peak-to-peak
voltage measurements in such important sections of
the receiver as the sync and deflection circuits and
in the video, chrominance, and luminance sections.
In alignment work, where video, chrominance, and
luminance circuit adjustments must be made to pro-
duce the desired waveshape, the oscilloscope is in-
dispensable. The WO-91B may be used in all these
applications.

Signal tracing means tracing the television signal
through various sections of the television receiver to
determine how circuits are functioning in terms of
the shape and voltage value of the waveform. As the
signal passes from one stage to another in the re-
ceiver, the shape of the waveform may be altered,
and the height, or voltage amplitude of the wave-
form may be changed. Whenever possible, the
WG-300B probe should be set to the “LOW CAP”

Yertical-sync pulse in composite signal

Figure 5.

postion: for signal tracing the video amplifier and
chrominance circuits because of the low input
capacitance and consequent negligible loading of
the circuit under test. When the WO-91B is cali-
brated as described under “Operation”, it is possible
to simultaneously read the voltage value and observe
the shape of the waveform. The process of signal
tracing is thus speeded up and it is possible to
ascertain a circuit condition quickly.

NOTE: The alpplications described here apply both to
color and to black-and-white receivers.

Analyzing Compesite Television Waveforms

Probably the most important waveform encoun-
tered in television service work is the composite
video waveform consisting of the video signal, the
blanking pedestals, and the sync pulses. Photo-
graphs of the composite video signal are shown
in Figure 5. The photographs are oscilloscope
traces, and show what the composite video signal
looks like as it préceeds through the video amplifier
of a television receiver.

The television service technician should devote
some time to the study of such waveforms by set-
ting up a television receiver known to be in good
operating condition and noting the waveforms on
the WO-91B at various points in the video amplifier.
Traces similar to those shown in Figure 3 may be
obtained on the WQ-91B as follows:

1. Tune the television receiver to a television
signal.
2. Rotate the INTENSITY control on the WO-91B

clockwise. Set the SYNC-H SEL control to “INT—"
and adjust the H GAIN control for a horizontal line

NORMAL
SYNC PULSE

SYNC PULSE
COMPRES SION
CAUSED BY

LIMITING

“wHiTE "
SATURATION
CAUSED BY

LIMITING

Figure 6. Sync-pul P
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Figure 7. Sync-pulse distorfion

of convenient length. Set the INTENSITY and
FOCUS controls for the desired brightness and best
focus.

3. Connect the WG-300B probe and cable con-
nector to the V INPUT connector and set the sliding
switch on the probe to “LOW CAP”, Connect the
ground cable to the receiver chassis. Connect the
probe tip to the grid terminal of the picture tube
socket. It is not necessary that the picture tube be
connected for this test.

4. Set the V RANGE switch and the V CAL con-
trol for a pattern of convenient height.

5. To obtain the horizontal-syne pulse on the
WO-91B screen, set the SWEEP control to the TV
“H” position. Adjust the SYNC ADJ control, if
necessary, to obtain lock-in on the sync pulse. To
obtain the vertical-sync pulse, set the SWEEP con-
trol to the TV “V” position. The pulse should lock
in automatically. The pulses should resemble those
shown in Figure 5. Set the SYNC-H SEL to
“INT-", and set V POLARITY to the position in
which the sync pulses of the composite TV signal
extend downward, as shown in Figure 5.

Alignment

The process of television-receiver alignment prob-
ably requires a greater amount of skill and undes-
standing on the part of the service technician than
does any other service function. Before undertaking
alignment, it is important that the technician recog-
nize the symptoms of a misaligned receiver.

The order in which various sections of the televi-
sion receiver are aligned may differ between split-
channel sound and intercarrier types. Different re-
ceivers of one system may also differ in the order of
alignment. In all cases, however, the alignment order
given by the manufacturer in his service notes
should be followed.

For these reasons, it is not feasible to present a
general alignment procedure applicable to all re-
ceivers. Some general precautions and suggestions
for using the WQO-91B Oscilloscope, however, are
provided below to aid the television technician in
servicing a receiver according to his service notes.

Receiver alignment requires, in addition to the
WO-91B, a sweep generator, 2 marker generator of
crystal accuracy, and a vacuum-tube voltmeter. An
RCA WR-59 or WR-69-series Sweep Generator, an
RCA WR-99A Calibrator, and an RCA Volt-
Ohmyst®, such as the WV-77E, WV-87B, or WV-98C
are recommended. (Continued on page I7)

® Trade Mark “VoltOhmyst” Reg. U.S, Pat, Off.
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Replacement Parts List
WO-91B
Oscilloscope

When ordering replacement parts please include serial number and code number of instrument.
Order replacement parts through a local RCA distributor,

s"""::"' Deseription S'l‘o:.k s',"":d Description s:.":k
Resistors (continued) Holt%)er, fuse:] boars% type. .. ot gggég
: Knob, control: push-on type, 3" dia. | 2
R104 Variable, 500K +20%, % watt. . ... 210152 : p YPO e i
R105 Variable, 250K *+20%, % watt. .. . . 210146 Knob, contral: push-on type, #” dia. | 219857
R106 300K +10%, % watt. . ........... Jewel, pilotlight ................ 20
. : Socket, pilot-light ............... 57760
Switches Socket, tube: miniature, 7-pin, with
printed-circuit type tube-shield
S1 Switch, rotary: 8 positions, CONEACE v\ v eevrevvemennonanans 210181
2 sections, 2 circuits. ........... 210129 Socket, tnbe: miniature, 7-pin...... 204825
52 Switch, rotary: 3 positions, Socket, tube: octal . .............. 54414
1 section, 3 circuits. ........... 210131 Socket, tube: miniature, 9-pin..... 210160
53 Switch, rotary: 2 positions, Socket, tube: miniature, 9-pin, with
1 section, 2 circuits. ........... 210132 center shield ................. 94926
84 Switch, rotary: 8 positions, ) Socket, tube: 12-pin, for 5UPL..... 210162
2 sections, 4 circuits. . .......... 210130 Test-lead assembly, with ground
S5 Switch, rotary: 6 positions, clip and pin plug.............. 96794
3 sectons, 9 circuits. . .......... | 223188 Graph Screen ............ ... 210114
sa (Part of R45) . ........cuvennnt, 210150 =
Coils WG-300B Probe end Cable
L1 Coil, adjustable: 55-125 gH....... 213482 .
L2 Coil, rf choke: 80 pH. .. .......... 213173 Bushing, tip: for frontend. ... ..... 213257
L3,1L4 Coil, rf choke: 35-90 uH. ......... 213174 Clip: for ground lead............. 210207
gonnector: })rassI internal l?able- ... | 213260
. | Connector: female, microphone type,
BAIACSIShe St with set screw. ............... 203574
El, E2 Post, binding: with blue fluted knob | 212151 Insulator: for ground clip......... 210209
E3,E4 Ring, grounding: for center probe
F1 Fuse: 1.5 amp, type 3AG. ......... 2725 SECHOM .. v vvvrvrnncnnnannions 213262
11 Lamp, pilot: Mazda type 51....... 11765 Shell, probe: front section......... 212161
n Connector, coaxial: male, Shell, probe: center section, includes
microphone type .. .. ...iiiie 96257 bushing and insulator and two
1.6 Reactor, filter: 13H, 0.07 amp...... 93442 shields ....vovtiivirenennnnns 213258
Pi Cord, power: 78" long, with male Shell, probe: rear section. ......... 213261
plug ...ooviiiiii i 70392 Spring, coil: for front probe section. . | 210197
T1 Transformer, power ............. 220939 Spring, switch contact: inclzdes
Board, circuit .................. | 222549 insulation and insulator......... 213259
Clamp: for cathode-ray tube shield. . | 210117 Tip, probe: includes switch slide,
Clamp: for cathode-ray tube....... 210116 1-meg resistor, and capacitor. ... [ 213258
53704 Washer, stabilizing: for probe tip... | 213271

Handle, canrying ................

syl:ln:d Description S:{%ek syﬁ":_"" Description S:Io:-k
Capacitors R13 301 o{:ﬁ +1%, %%watt ............ 210157
. R1l4 200 o *=20%, Yewatt...........
Cl, C8, C5 | Trimmer, 5-25 pf, 350 v.......... 204811 R15 1000 ohms 5%, 1 watt. .. ....... 512210
gfi Cs, R16 Variabllg,n 1000 ohms £20%, % watt, | 210147
CIA Ceramic, 15 pf 5%, 500 v....... B Rl | BB00 e e i etk
C2 e e ey - R20, R67 |56 ohms, :+10%, % watt. ... ......
C4 Ceramic, 27 pf *21%, 500 v. . 213447 R21 Variable, 250 ohms *10%, 1 watt. . | 213176
ce Mica, 150 pf 2%, 500 v..... - | 213177 R22 1meg +—10%, Yo Watt. .......n.. .. 502510
C8 Mlca, 470 pf _'—_2%, 500 Veonvennaa 213178 R23 Varia le er’e wound 7500 oh.ms
C10 Mica, 1500 pf £2%, 500 v........ 39656 ilO%, 9 watts, . . "_ ___________ 210144
Cl2 Mica, 4700 pf 2%, 500 v........ 204822 R24 3300 ohms +5%, 1 watt. ........ :
C13 Electrolytic, 20 uf +-100% R25 8200 ohms 3%, 2 watts.........
—10%, _350 75 S I 213175 R26 330 ohms £5%, % watte.........
Cl4 Electrolytic, 10 uf +50% R27 56 K, 5%, 1 Wat. . .oovooennn s 512356
—10%,.250 Veuonrananes il 210137 R28 7500 chms +5%, 2 watts. .. .......
Cl5 Electrolytic, 2000 uf +250% R28 2700 ohms +=5%, 1 watt..........
. —10%, 3y, ... 210142 R30 4700 ohms = 10%, 1 watt.........
» B, C | Electrolytic, 3 sections R31, R92  |100K =10%, % watt.............
30 o+ }003’ —%ggo, 303 v R32 Variable, 500K +20%, ¥ watt. . ... 210152
0 uf + o) 50 v R33 Variable, 25K +20%, ¥ watt. .. ... 210143
10 uf +- 100% —10%, 150 v.... | 210135 R34 Variable, 500K +20%, % watt. . ... 210152
C17 Electrolytic, 3 uf + 50% R35 100K =+10%, Y% watt. .. ..wnurn..
—10%, 250 V... iuuniae it 210138 R36, R37  |560K +5%, % Watt. .. ......... )
C18 Elec*fOIY'JC» 250 uf + 250% 507780 R38 56K, +5%, Yo watt. ............
s AR L eI EELEEET: R39, R83 1 hm *10%, % watt... ..
C19, G20 | Paper, 47 of +10%, 200 v. ... .. B0 A | oo T, mire weanmd
C21, C22 Ceramie, .01 uf, 1000 v....... .. ? g WAEEE + + o e e s vee e e el s 210153
G23 Paper, .33 uf +20%, 400 v........ R4l, R74 | 100 ohms =10%, ¥ watt. ... ....
c24 Pa%er 0L uf 2%, 1500 v........ R43, R46 29K £10%, ¥ watt. ... ... innn
ngé_fz& Tubular, .1 uf +20%, 1600 v...... Rdd, R45, |1 meg +10%, % watt....... ...
R61, R101
C28 Paper, .22 uf +£10%, 400 v........ : A
oo Elecugg, ﬁ?;’s 30 10, Ao - = B4I7{,1 (1]1295, 47K, +10%, Yo watt. ... ..... ...
—1 N Vieernanrennnaesan -+ 2
C30 Tubular, .033 uf £30%, 600 v. .. .. B LIl el —
C31 Ceramic, 100 pf ilO%, 500 v..... R49, R85 330K _;.10::%; % '“,ati:' N
C32 Ceramic, 33 pf +£10%, 600 v...... B50, 5B0K EIO%, 1% watt: _____
C33 Variable, 10-160 pf, 500 v........ 210133 R51 10K +10%, ’1/2 watt. . . .
C34 Pa_per, A uf +20%,200v......... 73551 R52 Variable, 75K, *20%, % watt
C35 Mica, 1200 pf +10%, 500 v....... 39654 (NGl SB) v ere s, 210150
(7 Tubular, .01 uf +20%, 400 v...... R53 180K 10%, % watt. . ...........
C37A,B, | Electrolytic, 4 sections R54 Variable, 500K, *20%, % watt. . . . . 210151
G, 100 uf + 100% — 10%, 350 v. . . . R55, R56 | 300K £10%, Lwatt. .- ...........
20 pf 4-100% — 10%, 350 v.. ... R57,R94  [100K =10%, % watt.............
10 pf 4 100% — 10%, 350 v.. . .. R58,R66  |2.2 meg *10%, % watt. ... ......
. R e R59, R60 [ 82K, 10%, ZwWatts. ... ..........
; aper, 47 pf +10%, Veeoronns £10%. 3% watt. . ...
C40,049, | Paper, 047 uf £20%, 400 v. ... ... R
1 R63 3300 ohm +10%, % watt
c41 Paper, 27 uf +£10%, 200 v........ + m A
o7 Tub u}ar’ g l,fif I 22 (?(;%, 6688 Sl Reﬁ,sgwa, 33K *10%, Yo WAL . .... .\ oo
C43 Tubular, .1 +20%, Viveors %
G4 Geramic, 3.8 pf +10%, 600 v. ... .. Ro7 B s o 20%, et
C45 Ceramic, 230 pf +5%, 500 v...... R69 180K £10%, % watt. .. ..........
C46 Mica, 2200 pf £5%, 500 v........ R70,R97 | 680 chms =5%, 1 watt. ..........
C47 Paper, ..022 of £5%,600v........ | 210134 R'Tl, 39K £10%, 2 v:zatts ______________
C48 Ceramic, 15 pf £5%, 500v........ R72 Variable, 95K *-20%, % watt. .. ... 210149
C50 Faper, .01 uf, £10%, 200 v........ R75,R80, |470K *10%, % watt.............
RO1, R9B
Resistors. R76, R81 270K +£5%, Yawatt. .............
R77 Variable, 25K, =20%, %4 watt. .... 210143
Rl 665,000 chm =1%, % watt. . ..... 210159 R78 18K +£5%, Yo Watt. . ovunnennnnn..
R2 332,000 chm *1%, % watt........ 209784 R79 BOK T5%, Yo watt, ..o overrrr e
R3 900,000 ohm 1%, Y% watt........ 210155 R86 27K, £10%, Yo watt, .. ......uul
R4 100,000 ohm +1%, % watt........ 72893 R87 0.68 chm +=10%, % watt, wire wound | 93468
R5 967,000 ochm = 1%, ¥ watt. . ... ... | 210158 R&8 Variable, 500K, +30%, ¥ watt. ... | 210148
R6 33,000 chm *£1%, %2 watt......... 55663 R89, R0, 2200.0hms +5%, Y2 watt, .........
R7, R11 1 meg +1%, % watt. ....... ... | 208022 RO3 8200 ohms =+ 10%, Y% watt. .. .....
R8 10,000 ohm *=1%, 12 watt. .. 55665 RO9A, B Variable, duzl, 1.5 meg and 8 meg,
R9 1 meg +1%, % watt. .... 208022 0%, Yo WALe « v v ererenenns 98475
R10 3300 +1%, ¥ watt. ...... ...} 33885 R100 99 meg 5%, Yo watt. . ...........
RI12 17,800 chm *1%, % watt......... 210158 R103 1.2 meg £10%, Y2 watt. ..........
* 16 ¢

{Continued from page 13)

Tuner Alignment — When preparing for tuner
alignment, the manufacturer’s recormmendations
should be followed closely. If the tuner has test
points for connecting equipment, the test points
should be used. The oscilloscope test point is usually
connected internally to the mixer grid circuit where
a demodulated signal is present.

The output cable of the sweep generator should
be connected to the antenna input connectors. The
ground cable of the WO-91B should be clipped
directly to the tuner shield to minimize hum pickup
on the sweep trace, and the WG-300B probe, set to
“DIR”, should be connected to the mixer grid circuit
test point. If no test point is provided, the WG-300B
may usually be connected to the grid circuit through
a 5,000 to 10,000-chm composition resistor.

It is important that the WG-300B be connected
directly to the proper test point or, if a series resistor
is used, that the lead length between the probe tip
and the mixer grid circuit be kept as short as pos-
sible to prevent hum pickup and possible distortion

of the tuner curve on the WO-91B, Hum pickup is

evidenced by twisting of thé base line when return-
trace blanking is used on the sweep generator. This
precaution is necessary because of the high-gain
level at which the WO-91B is operated for tuner

alignment,

The INTENSITY control should be turned clock-
wise to obtain a trace of suitable brilliance. The
vertical gain controls should be set for maximum
gain. The output from the sweep generator and
marker calibrator should be set at a low level to
avoid over-loading the TV receiver, distortion of the
sweep curve, and an erroneous picture of alignment
on the oscilloscope screen.

When the WO-91B is used with a sweep genera-
tor, it is important that the two instruments be
adjusted so that blanking is correct-and the sweep
of both instruments is in phase. If the phase adjust-
ment is not properly set before starting alignment,
the sweep curve on the oscilloscope may be pre-
maturely cut off or the curve may appear as a double
or “mirror” image. These effects, shown in Figures 8
and 9, are sometimes misinterpreted as being caused
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Figure 8. Double rf-response curve coused by improper selting of
phasing control. No blanking used

Figure 9. Sharp culoff of respomse curve and misplaced base line
with blanking indicate Improper setting of phasing control

by malfunctioning of test equipment although they
may often be traced to improper tuner alignment.

The sweep generator may use either a sinusoidal
or sawtooth sweep of line frequency. If a sinusoidal
line-frequency sweep is used, the WO-91B may be
driven internally by setting the SYNC-H SEL con-
trol to “LINE”. If a sawtooth sweep is used, the
sweep generator deflection signal may be fed to the
H INPUT terminal of the W0Q-91B. The SYNC-H
SEL should be set to “INPUT”. An internal saw-
tooth sweep may also be obtained by setting the
SYNC-H SEL to the “LINE SYNC” position.

If no blanking is used, the PHASE control should
be adjusted until the two response curves coincide
on the oscilloscope screen. If blanking is used, the
PHASE control should be adjusted until the base
line on the WO-91B screen extends the full width
of the curve trace. An extremely sharp drop-off point
on the response curve, which gives a “chopped-off”
appearance to the trace short of the end of its sweep
range, also indicates improper phasing. When a
marker is superimposed on the response curve, im-
proper phasing will cause two markers to appear on
the curve. The PHASE control should be adjusted
to obtain the appearance of a single trace having
only one marker. The setting of the PHASE control
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Figure 10. Typical rf-response curve

is also important during sweep alignment of other
sections of the receiver.

Serious misalignment of the tuner or considerable
difficulty or failure in alignment may be caused by
an unsuspected defective component. If proper
alignment procedure fails to produce correct tuner
curves, the technician should check individual com-
ponents in the rf unit.

Picture-IF Alignment — To obtain an over-all
picture-if response curve, the WG-300B probe, set to
“DIR,” should be connected across either the second
detector load resistor or to the grid of the first video
stage; test points which can provide a demodulated
signal to the oscilloscope. The ground cable should
be connected to the chassis. Because of the addi-
tional amplification in this section of the receiver, the
oscilloscope gain should be considerably reduced,
but not to the point where it is necessary to increase
sweep-generator output,

Depending upon manufacturer’s recommenda-
tions, it may be necessary to adjust the age bias level,
either through temporaty wiring changes or by pro-
viding fixed battery bias. The service-notes should be
followed closely becanse alignment procedure may
involve considerable detail. Trap alignment is some-
times difficult because the marker disappears in the
trap notch. ‘This may often be overcome by magnify-
ing the trap section of the trace with the V CAL and
H GAIN controls. (The RCA WR-7T0A Marker
Adder is highly recommended for use in all sweep-
alignment work.)

Adjustment of the PHASE control isalso important
when aligning the if sections of the receiver. The

Figure 11. (A) Ratio-deteclor curve and (B} sound-If curve

precautions and recommendations described under
the section on tuner alignment, above, should be
observed here. Controls on the WO-91B should be
set the same as for tuner alignment except that less
vertical gain will be required.

For observation of the response of individual
stages in the picture-if amplifier, the WG-302A RF-
IF-VF Signal Tracing Probe® should be used. This
is a high-frequency rectifying-type probe. It is im-
portant that this probe be used properly and in
accordance with service-note recommendations to
prevent distortion of the response curve and an
erropeous picture of alignment.

The WG-302A, which slips onto the front end of
the WG-300B, is equipped with a short ground lead
and clip. For alignment work, the ground clip of the
probe should always be connected to ground near
the test point being used for the WG-302A. If only
the ground cable of the W(O-91B is used, some slop-
ing of the response curve may result.

When the WG-302A is used to check individual
stages, it should be connected on the output side of
the stage being adjusted. For example, if the align-
ment of a coupling transformer is to be checked, the
probe should be connected to the plate of the tubé
which has its grid coupled to the transformer. The
tube thus acts as a buffer between the high-im-
pedance grid circuit and the probe.

For general signal-tracing work, the probe may be
moved from grid to grid throughout the if amplifier.

Sound-1F and Detector Alignment — Most tele-
vision receivers use either a discriminator or ratio
detector. For either type, the WG-300B probe should
be set to “DIR” and the probe tip connected to the
output of the sound detector. For detector align-
ment, the sweep and marker generators should be
connected to the receiver as described in the service

® Available on separate order.
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Figure 12. Horizontal-oscillator waveforms

notes. An S-shaped curve, similar to that shown in
Figure 11A, should be obtained on the oscilloscope
screen. The setting of controls on the WO-91A
should remain the same as before. A typical sound-if
curve is shown in Figure 11B. To obtain the sound-if
response curve, the probe should be connected to
either the grid return of the limiter stage or to the
grid return of the last sound-if stage. The SYNC
AD]J control should be set no farther clockwise than
necessary to lock in the waveshape.

Horizontal-Oscillator Adjustment — The WO-
91B is well suited to adjustment of the horizontal
oscillator and may be used as follows:

Set the SWEEP control to the TV “H” position.

Adjust the SYNC AD]J control to give stable lock-
in of the waveshape, if necessary.

With the ground cable of the WO-91B connected
to the receiver chassis, set the WG-300B probe
switch to “LOW CAP” and connect the probe to the
output of the horizontal oscillator, as described in
the service notes. Connection to a typical horizontal-
oscillator circuit is shown in Figure 13. Because the
horizontal oscillator is a high-impedance circuit, the
low-capacitance probe should always be used to re-
duce capacitance-resistance loading effects. Usually
it is necessary to adjust the oscillator for suitable
output waveshape. Typical horizontal-oscillator
waveshapes which can be observed on the WO-91B
are shown in Figure 12.

Sync-Separator Waveshape — To observe wave-
shapes in the sync-separator stage, the probe switch
should be set to “LOW CAP”. Controls of the WO-
01B should be set the same as for observation of
composite TV signals. The probe should be con-
nected to the plate of the sync separator or to the
plate or grid of the sync amplifier.

General Applications
Square-Wave Testing of Audio Amplifiers
The use of square waves for testing the charac-
teristics of audio equipment has distinct advantages
over other methods. A square-wave generator and
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Figure 13. Adjustment of horizontal oscillator

Figure %4. Color.TV signals os displayed by WO-91B. (A} Com-

posite color-T¥ signal. Color-burst sulse ceon be seen to right of sync

pulse. (B} Output signal from RCA WR-61A Color-Bar Generafor
_showing color-sync pulses and 10 color-bur pulses.

the W0O-91B Oscilloscope, when set up as shown in
Figure 15, can provide a quick and accurate means
of checking an amplifier and its adjustments. In this
test setup, it is possible to check simultaneously the
amplitude, phase, and frequency characteristics of
the amplifier.

The value of the load resistance used depends

upon the output impedance of the amplifier. It is
important that the correct value be used. For an
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Figure 15. Audio amplifier test setup

over-all check of amplifier response, the WO-91B
should be connected directly across the load re-
sistance, as shown.

It is desirable to employ square waves of at least
two fundamental frequencies. The lowest funda-
mental frequency should be equal to approximately
ten times the low-frequency limit of the amplifier

being tested. A 60-cycle square wave should serve
to check response from a few cycles to over 1000. If
a square wave having a fundamental frequency of
2 Kc is used, the amplifier may be checked through
the balance of the audible range.

The square-wave generator should be set to the
proper frequency and commected to the regular input
terminal of the amplifier, The WO-91B may be con-
nected temporarily directly across the generator for
a reference check of the waveform. The WO-51B
may then be connected to various points in the
amplifier to determine how each stage is functioning.
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Figure 15. Distorfion and phase shift in audio amplifier

sine ¢ - 2,
WHERE ¢ = PHASE ANGLE

Figure 17. Measurement of phase shift

The effect of various adjustments may be seen on the
sereen.

Care should be taken to prevent too large a signal
from the square-wave generator from overloading
the amplifier and causing distortion of the square
wave.

Phase-Shift Measuremenis

To measure the phase shift of an audio network,
apply a sine wave to the circuit under test and con-
nect the direct probe to the output terminal of the
network. This test signal should also be fed to the
oscilloscope through the H INPUT and GND ter-
minals. Set the SYNC-H SEL control to the “IN-
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% One of the five patterns illustrated appears on the oscilloscope,
depending on the phase relationship of the two input frequencies.

Figure 18. Lissajow figures

PUT” position. If no phase shift exists, a sloping
straight line will appear. Phase shift is indicated as
an elliptical or circular trace. The method of calcu-
lating the degree of phase shift is shown graphically
in Figure 17.

Frequency Measurements

Two methods may be used to determine fre-
quency. In one method, a sine wave of known
frequency is applied to the H INPUT terminal and
the SYNC-H SEL is set to “INPUT”. The unknown
signal is fed to the V INPUT terminal. The resulting
pattern, or Lissajou figure, indicates the ratio be-
tween the two frequencies. Typical Lissajou figures
are shown in Figure 18.

In the other method of frequency measurement,
the SYNC-H SEL should be set at “LINE” to pro-
vide a sweep of line frequency. The signal of un-
known frequency should be applied to the V INPUT
terminal. If a stationary pattern is obtained on the
oscilloscope screen, the frequency of the input signal
must be equal to, a submultiple of, or a multiple of
the line frequency.

Industrial Applications
~ Use of the cathode-ray oscilloscope with a few
auxiliary instruments has solved many perplexing
problems both in the laboratory and in the service
shop. The important applications of the oscilloscope
are many. A few which serve to illustrate the wide
range of possible applications are described below.




Engine-Pressure Analysis

When the ‘WO-91B is used with auxiliary equip-
ment such as is shown in Figure 19, variations in
cylinder-head pressure developed in an internal-
combustion engine or similar type machine can be
shown on the oscilloscope screen. The oscilloscope
has proven useful in the development of internal-
combustion engines when used with engine pres-
sure-measuring devices.

PRESSURE TRANSDUCER
INSERTED IN
CYLINDER CHAMBER
¢

INTERNAL G—/ AMPLIFIER _l__ wo-g1

COMBUSTION ENGINE

Figure 19. Engine-pressure analysis setup

Vibration Measurements

The WO-91B can also be used with a piezo-elec-
tric transducer or with the RCA type 5734 mechano-
electronic transducer for measuring vibration.
Figure 20 shows a typical setup for observing vibra-
tion waveforms, indicating relative amplitudes and
other characteristics of vibration on the oscilloscope
screen,

VIBRATION PICKUP
MACHINERY
OR AMPLIFIER
EQUIPMENT
UNDER TEST
WO—g1
e

Figure 20. VYibration analysis setup
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Modulated RF Waveforms

Modulated rf waveforms can be shown on the
WO-91B screen by connecting the rf source directly
to the vertical deflection plates of the cathode-ray
tube. This application is particularly useful to
amateur radio operators who wish to observe the
rf modulation patterns of their transmitters.

The rf signal from the transmitter can be obtained
by coupling a pick-up loop to the amplifier tank
coil or antenna coil. Use shielded cable to make
connections to the vertical deflection plates of the
WO-91B, as described on page 11 of this manual.

Two basic types of waveforms are useful for
interpreting the modulation characteristics of - a
transmitted signal. These are the “trapazoidal”
pattern and the “wave-envelope” pattern.

RCA WO-91B Cathode-Ray Oscilloscope

A trapazoidal pattern is obtained by applying the
f signal to the vertical deflection plates and the
audio-frequency modulating signal from the trans-
mitter modulator to the “H IN” terminal. Use
shielded cable to make these connections. Set
the SYNC/H SEL switch to the “INPUT” position.

A wave-envelope pattern is obtained by applying
the rf signal to the vertical deflection plates, setting
the SYNC/H SEL switch to “INT”, and adjusting
the SWEEP switch and SWEEP vernier control
to produce the desired pattern.

Examples of trapazoidal and wave-envelope pat-
terns are shown in Figure 21,

For more information regarding methods of con-
nection and interpretation of waveforms, consult
an Amateur Radio publication such as the ARRL
Handbook.

TRAPAZOIDAL WAVE-ENVELOPE
ERN

PATTERNS PATTERNS

NO MODULATION

i

C

0% MODULATION

#00%: MODULATION

OVER 100% MODULATION

FIGURE 21
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Maintenance

CAUTION: Do not strike or subject the cathode-ray
tube to more than moderate pressure as breakage of
the tube may result in injury from flying glass. When
the case of the instrument is removed, high voltages
are exposed and the safety precautions outlined on
Page 2 should be observed.

General
Performance of the WO-91B depends upon the
quality of the components employed. If it should be
necessary to replace any of the component parts,
only RCA replacement parts or equivalents of those
shown in the Replacement Parts list of this instruc-
tion booklet should be used.

The chassis may be removed from the case by
removing 4 screws from the bottom of the instru-
ment and two screws from the top of the front panel
and applying pressure on the rear apron of the
chassis through the hole provided for the power
cord. CAUTION: This oscilloscope uses high-volt-
age circuits.

If any alignment adjustments are made, the line
voltage should be 117 volts at 50-60 cps. If trouble
is encountered, voltage readings should be taken and
compared with the operating voltages shown on the
schematic diagram. Conventional trouble-shooting
techniques should be used to locate trouble. Resist-
ance and continuity checks can then be made to
isolate the defective section or stage.

Astigmatism Adjustment
1. Turn on the WO-91B and allow at least 15
minutes warm-up time.

2. Set the SYNC-H SEL to “LINE”, the band-
width control to “CAL”, and adjust the PHASE, V
CAL, and H GAIN control for a circular pattern
approximately two inches in diameter. Adjust
FOCUS control for sharpest trace.

3. With a screw driver, adjust potentiometer R23
for best possible focus at all points on the circle.
R23 is located on top of the chassis, as shown in
Figure 23, and is accessible through a hole in the
left side of the case.

Alignment of Vertical Amplifier

Before alignment is attempted, the oscilloscope
should be checked to make sure that all tubes and
components are in good operating condition. The
alignment procedure requires the use of another
oscilloscope, such as the RCA WO-334, a demodu-
lator {rf) probe, such as the RCA WG-350A, a
video-sweep generator such as the RCA WR-69A, a
video marker source such as the RCA WG-295C, a
sine/square wave audio generator such as the RCA

WA-44C, and a VIVM such as the RCA WV-77E,
WV-98C or WV-8TB VoltOhmysts.

1. Apply power to the instrument and allow at
least fifteen minutes for warm-up.

2. Set the controls of the WO-91B as follows:
Bandwidth Control, “4.5 MC”; V POLARITY, “+”;
SWEEP, “100-1000"; SWEEP VERNIER, middle
range; H GAIN, adjust for 4-inch trace on CRT
screen, V RANCE “3” on red scale; V CAL, maxi-
mum clockwise; SYNC-H SEL, “+INT”.

3. Measure the voltage from V-2, pin 5 to ground.
Adjust R-21 so that 89 volts is measured at this
point.

4. Check the calibrating voltage in the WO-91B
as follows: Set the Bandwidth Control to “CAL".
With the V CAL control turned fully clockwise, the
vertical trace should be at least as high as the dis-
tance between the two horizontal “CAL” lines on the
CRT graph screen, If it is not, measure the voltage
at the junction of R-12 and R-13 using a voltage-
calibrated WO-33A oscilloscope. Set the V Range
switch of the WO-33A to the “.6” position. A peak-
to-peak voltage of 2.8 should be measured at this
point, indicating that the calibrating voltage in the
WQO-91B is correct.

5. Set the bandwidth control to the “4.5 MC”
position, Connect the WG-300B probe from the
WO-91B to the WA-44C Sine/Square Wave Gen-
erator. Set the switch on the probe to the “DIRECT”
position. Adjust the WA-44C for a 1,000 cps square-
wave. Adjust the SWEEP VERNIER control so that
approximately 5 square-waves appear on the CRT
screen. Set the output of the generator so that the
height of the pattern is approximately 3 inches. Note
the square-wave response.

8. Set the switch on the WG-300B probe to the
“LOW CAP” position. Adjust C-1 so that the quality
of the square-wave is identical to that obtained when
the probe switch is in the “DIRECT” position.

7. Set the probe switch to the “DIRECT” posi-
tion. Turn the V RANGE switch to the “1.5” position
{on red scale). Adjust SWEEP VERNIER control
so that approximately 5 square-waves appear on the
CRT screen. Adjust C-3 for best square-wave
pattern.
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8. Switch the bandwidth control to the “1.5 MC”
position, Adjust the output of the square-wave gen-
erator so that the trace height is approximately 3
inches. Compare the square-wave to that obtained
in step 7, above. Adjust C-3 so that the best possible
square-wave pattern is obtained with the bandwidth
control in either the “1.5” or “4.5” position.

9. Set the bandwidth control to the “4.5 MC” posi-
tion, and the V BANGE switch to “5” (on red
scale). Adjust the generator output so that a trace
height of 3 inches is maintained. Adjust C-5 for best
square-wave response.

10. Reset the V RANGE control to the “157,
“50” and “150” position {on red scale) and adjust
C-7, C-9, and C-11 respectively, for best square-
wave response.

11. Adjust the square-wave generator to provide
a 55 cycle signal, Set the V RANGE switch to the
“1.5” position (on red scale). Set the SWEEP con-
trol to the “10-100” position, and adjust the SWEEP
VERNIER control so that 3 square-waves appear on
the CRT screen. Adjust R-31 and R-33 for best
square-wave response.

12. Connect the test equipment as shown in
Figure 22. Set the SYNC-H SEL control to “LINE”.
Adjust the H GAIN control for approximately 3
inches of horizontal deflection.

13. Turn the SYNC-H SEL of the WO-33A to
“LINE” and adjust the H-GAIN control for approxi-
mately 2 inches of horizontal deflection,

14. Adjust the sweep width of the WR-69A Video-
Sweep Generator for approximately 7 MC. Adjust
the IF/VF attenuator of the WR-69A and the
WO-33A V GAIN control for about 2 inches of verti-
cal deflection on the W0-33A CRT screen.

WA-44C WR-684 'N\;UT W0-91 WO-334A
2 2 —*ig [
L
) i Wg-2095¢C ) )
Tevs
IF/¥F OUTPUT TO

V IMPUT OF WO-31A WG-350A DEMODULATOR PROBE

- P4
o TG PIN 3 OF V1B

Figure 22, Test setup for alignment of verticol amplifier
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Figure 23. Top of chassis view showing lecations of infernal
adjustments

15. Turn the BLANKING control on the WR-89A
to “OFF”. Adjust the PHASE controls on both the
WO-91B and the WO-33A so that the pattern on
each scope is in phase.

16. Turn the BLANKING control on the WR-69A
to “ON”. Adjust L-1 in the WO-91B so that a
response pattern like that shown in Figure 24A
appears on the WO-33A screen.

17. Disconnect the W0O-33A demodulator probe
from pin #3 of VIB in the WO-91B. Adjust L-3
and L4 so that the pattern on the WQ-91B screen
indicates flattest response out to 5.5 MC, as shown
in Figure 24B. The pips provided on the trace by
the WG-295C can be used as frequency reference
points,
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Figure 24. [A) Waveshape taken from output of cathode dollower.
B Overall response curveb:idwo-ﬂs when set up for 4.5-Me
ndpass

Sweep Oscillator Adjustments

1. Set the bandwidth control to the “CAL” posi-
tion, and the SYNC-H SEL to “INT -". Set SWEEP
control to the “10-100" range, and adjust the SWEEP
VERNIER control for 2 sine waves.

2. Adjust C-33 until the “tail” on the left side of
the sweep trace just disappears.

3. Set the bandwidth control to “1.5 MC”. Set
the SWEEP control to “TV V” and turn the SWEEP
VERNIER control to the center of rotation. Adjust
the sine/square-wave generator for a 25 cps sine-
wave signal. Adjust potentiometer R-103 to lock
in a single waveform.

RCA WO-91IB Cathode-Ray Oscilloscope

RCA Repair Service

RCA maintains a complete repair service for the
adjustment, calibration, and maintenance of RCA
test equipment. If it becomes necessary to service
this equipment, the report forms provided with the
instrument should be filled out as described. It is
important that:

1. Test equipment be packed carefully,

2. A full description of the trouble be included in
the report.

Attention to these details will help prevent dam-
age in transit and delay in repairs.
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Figure 25. WO-91B Block Diagram
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