REPLACEMENT PARTS LIST
CATHODE RAY OSCRLOSCOPE
TYPE WO-554

Byrubol Stock
HNe. Desoription No.
&1 Lapacitor—¥aper, 25 mid., 600
volts ... . ... .. .. .. .. . ... TO632
C-2.3.4,5 Capacitor-—Paper, 25 mid, 200
wolts L L FO618
C-6 Same as C-F
C- Capacitor— Mica, 120 mmf., +10% | 39630
-2 Capacitor—Mica, 680 mmi,, £10% | 39548
.9 Capacitor — Mica, 3900 wmmf,
% .. 39666
.10 Capacitor—Paper, 02 mid., 400
volts ... ... ..., 70411
.11 fapacitor—Paper, .1 mifd, 400
volts ... ... AP Ha17
| €12 Capacitor—Paper, .5 mfd, 400
volis ... L L 7061%
1314 Capacitor-—Fubular slectrolytic, 8
mid, 450 velts . ... .. ... ... 56145
.15 Capacitor - Tubular slectrolytic,
10/10/10 mid., 450 velts. . ... .. 55129
16,17 Capacitor—Paper, .01 mfd., 200
volts .. .. ... ... 70619
F-1 Fuse—1 zmp., 230 welts. . ... ... . 14132
I-1 Jack—-Special, (Red) ¥V INPUT,
METEE, 8YNC, 5 INPUT.. .| 47228
j-2 jack—=Epecial, (Blue) GND .. ... | 54494
J-3.4 Same as Jo1
I5 Same as J-2
J-5 Bame as J-1
1.7 Connector—AC. connecior, Male
2 gonmtact .. ... ... ... ... ... .. 71348
B- Resistor w Carbon  film, 350,000
chims, 1%, Lo watt ... .. ... .. 36482
B2 Eesistor — Carbon  film, 150,008
ohms, 1%, V4 wate ... .. .. .. 36483
E-3 Resistor - Carbon - film, 17,650
ohms, =19%, Y4 watt. ... ... ... 56484
B-4 Resistor — Carbon  film, 118,500
ohms, =3%, ¥4 watt.. . ... ... 58483
B-5 Resistor-Carbon film, 5080 ohuns,
%, B owatt ... ... ... ... 56486
E-& Eesistor — Carbon film, 61,500
ohms, 1%, %4 watt.......... ] 56487
’.7 Resistor - Wariable, ¥ CALIL
RRATE, 500,000 obms ... .. ... 56137
R-89 Eesistor—HFixed composition, 550
ohms, =109, 34 watt.. .. ... ...
R-10 Resistor——WVariable V & B CEN-
TEEING, 1000 shms ... ... .. 56140
E-11 Resistor-—Fixed composition, 6500
ohms, x10%, T4 wati.... ... ..
B-12 Eesistor—Fizxed composition, i
meg., A%, iy watt. .. ... ..
B-i3 Eesistor—Fized composition, 82
cluns, =10%, Tq watt.. .. .. .. .
®-14 Eesistor — Fized composition,
56,000 ohwms, =109, 17 wae |
R-15 Resistor - Fized ¢omposition,
100,000 chms, +10%, 3, wati.
R-16,17,
18,19 Same as K-14
k.29 Bams as R-12
B-21,27 Bame as R-8
R-23 Same as R-1¢
R-24 Same as B-13
R-25 Same as B-1t
B-26 Bame as R-12
B-27 Resistor—Variable, H GAIN, 6.5
MEg. ... e 36138
B-Z8 Bame az E-11

Symbol Stack
Mo, Lescription No.

E-29 Basistor—Carbon film, 135 ohmg,

AL g owate L., L. 56488

B30 Hesistor—Carbon filmm, 250 chms,

UG, L4 watt ... ... ... ... 56489

E-31 Resistor — Fized compositon,

47,000 chras, +10%, 1 wait.. ..

B-32 Hesistor—W ariable, 5YNC AD]J,

0. meg. ... 56141

E-33 Eesistor—~Fixed composition, 470
olms, =107, T4 watt, ..

B.34 Resistor - Fized composition,

27,000 obhms, +16%, L4 watt. ...

K-35 Hesistor — Fized composition,
62,000 ohms, +10%, 13 waty,,

E.36A 308 Resistor —— Variable, SWEEREP
VERNIER, dual control, frout
section (A}, 0.25 meg,; rear
section (B), 1 mag, ... ... .. BBE3E

E-37,38, RegistoreFized composition, 5.6

39-40 meg., 20, 14 watt ...

R.41 Resistor — Fized composition,
68,000 ohms, =10%, L4 watt. . ..

R-42 Eesistor-Variable, screw-driver
type, 300000 obms .. .. .. ..., .. 56144

R-43,44 Resistor — Fized composition,
220,000 ohms, +=10%, ¥, wali..

E-45 Eesigtor—Variable, FOLUS, 0.2
e, ... .. .. T e 56143

B-46 Hesistor — Fizsd compositios,
120,000 clwns, =10%, 14 watt. .

RB-47 Eesistopr-YWariable, INTENSITY,

50000 chms .................. 56142

R-48 Resistor—-Fized compoesition, 5600
ohms, +109%, 2 watts. . ..., .. ..

E-49 Resistor-Fized composition, 2.2
meg., =209, L4 watt...... ...

B.50 Bame as R-13

R-51 Same as R-12

H-532.83 Besistor—Fized composition, 2.7
meg., =20%, %z watt. ... ... ..

E-54 Eesistor — Carban  film, 143,000
shms, +19%, T4 watt. . ..., .....] 58450

8-1 Switch—Rotary, V RANGE, 2
pole, 5 section ... .. .. ..., .} 56136

8-z Switch — Hotary, H SYNC/
SWEEP SEL, 1 section, 5 Pos.! 56134

5-3 Switeh — Rotary, SWEEPR
RANGE, 2 ssctions, § positions| 356133

84 Switch—Rotary, POWEE, SPST,

3 amps., 125 welts...... . ..., .. 56139

T-1 Transformer-Power ... ... . .. 56128

TB-1 Board—Terminal, 4 contact (up-

PET TEAT) .. ..ttt 56148

TB-2 Board — Terminal, 4 contact
(fower rear) ................. 56147

Y-8 Toube—Cathode-ray, 3MPL .. .. .. 56186

X-12,34, A

56,7 Bocket—Tube, miniature, 7 pin. .. | 55733
X2 Socket—Tube, molded, 12 pin. . . .| 56130
Cdver——For terminal board .| 36131
Cover-—{-E Tube Cover (rear).. | 56149
Escutcheon—&hield for tube . .. | 56131
Holder—Fuse ... .......... . | 54496
- EnobControl (large) .......... 54661
Enob—Control {smsall) ...... ... 53688
Panel-—Rear ................. ... 58150
Pointer-——Ench ... ..... .. ..., .. 53684
Screen-—Tube scresn assembly . .. | 56132
Cable—Power cord, complete with
male and female connections, .| | 53678
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RAY OSCILLOSCOP
TYPE WO-55A

TECHNICAL SUMMARY

CATH(

POWER REQUIREMEMTS

Line BRating .. ... .. ... 105-125 volts; 50/60 cycles
Specifications are based on 117wvolt, 60-eycle source.

Power Consumplion ... ... ... ... 50 watts

Taze Prolechion . . . . e 1 smpere

DEFLECTION SEMSITIVITY

Vertical Amplifier (at max. gain) ... . ..... ..... Lessthan L33 volis peak-to-peak per inch deflection

Vertical Deflection Plates {direction conpection) . . Less than 120 volis peak-ic-peak per inch deflection
Horizontal Amplifier (at max. gain) ... ... ... . Less than 1.5 volts peak-to-peak per inch deflection
Horizontal Deflection Plates (direct conpection) . Less than 135 volts peak-to-pesk per inch deflection

The horizontal and vertical amplifiers are identical. The difference in sensitivity is due to the different
deflection semsitivities of the horizontal and vertical plates in the cathodewray tube.

INPUT IMPEDANCE

Vertical Amplifier ... . .. .o 0.5 megohm shonted by 55 mmfd. (approx.)
Vertical Defleciion Plates. . ... ............ .56 megohms shunied by 15 mmid. {approz.)
Horizontal Amplifier o . .....0.5 megehm shunted by 37 mmid. (approx.}
florizontal Deflection Plates . . . ...... ... ... ... 56 megohms shunted by 12 mmid. (approx.)

FREQUENCY BESPONSE (SINE WAVE) ‘

Both Amplifiers ... ... ... Flat within = 10% from 7 to 40,000 cps
' Flat within = 209 te 70,000 cps
DEFLECTION CAPABIIYY
The beam may be deflected beyond full sereen horizontally and vertically without moiiceable overload

MAXIMUM INPUT SIGMNALS

Vertical Amplifier . .. ... .. .. 750 volis peak-to-peak
Horvizontal Amplifier . . 75¢ volts peak-to-peak
Vertical Deflection Plates. . 360 volts peak-to-peak
Horizontal Deflection Plates. . .. ... . 360 volis peak-to-peak
D-C Voliage on Vertical Amplifier Toput. ... ... ... o ... 600 vols
D-C Veltage on Horizomial. Amplifier Iopat .. ... ... ... o 600 valis
TIMING-AXIS OSCIRLATOR

Ramge ..... .. ... .. ...... PP 15 to 50,000 cps in five overlapping ranges
TUBE COMPLEMENT

2 RCA-6AUG Horizontal Amplifiers . . .. ... V-1,V-2
2 RCA-6AU6 Vertical Amplifiers . ... .. P V3, V4
1 RCA-6J6 Sweep Oscillator. . ... ... Y-5
1 RCA-6%4 Low-Voltage Rectifier .. .. . . ... V-6
1 BCA-6X4 High-Veliage Rectifier ... .. ... .. R U V.1
1 3MP1 Cathode-Bay Tube. . ... .. e U N V-8
MECHANICAL SPECIFICATIONS

Height e 934 inches
WA e e 1314 inches
DEPth e 814 inches
Weighh . o 15 pounds (approx.)
CASE Steel finished in blue-gray Hammeroid
Panel Ancdized Satin Aluminum

i,
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GENERAL DESCRIPTION

The Type WO-55A4 Cathede-Bay Oscilloscope s
a2 portable and compact 37 oscillescope incorpor
ating features of convendence, speed, and ease of
operation. The wntilization of an exiremely short
eathode-ray tube and miniature tubes throughout
the design has made it possible to manufacture this
oseilloscope in a small case matching other port-
able RCA Test Fquipment. This instroment is
designed primarily for use in the laboratory, schoel,
and service shop

Provision for calibration of the vertical amplifier
is incorporated into the WO-535A Oscillescope.
When so calibrated, the instrument iz virinally a
visual voltmeter. The three-to.one ranges of the
vertical attenuator imstead of the usual five- or
tem-to-one ranges found in most oscilloscopes allow
a generous overlap, which is standard with con-
ventional voltmeters of good design. Peak-to-pezk

voltage measurements can be made with the same

facility and aceuracy that they are made with
multi-range velimeters. A feature of the instru-
ment is the nse of low-tolerance resistors in the
range-control unit ic insure acewracy of measure-
mients.

The oscilloscope has a retractable light shield,
which effectively increases. the contrast obtainable
by reducing the amount of incideni light on the
cathode.ray tube screen. Mounted in froumt of the
egthoderay tube is a removable, transparent screen

with “graph paper” ruling to facilitate voliage
measurement and ealibration of the vertieal ammpli-
fier. Removing the screen may enable a more de
tailed study of wavelorms te be made,

The sensitivity of the instrument s adequate for
all general purpose work in which the oseilloscope

may be nsed.

The sweep oscillator 5 a Potter type employing
a high-vacunm tube, thus it is more reliable than
some other circvils using gaseous-discharge tubes.
The sweep cacillator is easily synchronized with

© phenomena to be observed and the waveform is

exceptionally linear. .

ANl input and sutpui copneclions te the osciilo-
soope are ferminated in jack bodies that will ac-
commodate sither binding.post pin plugs or RCA
Steck No. 47089 lecking-pin plugs. Use of these
threaded plugs eliminates the annovancs caused by
leads pulling out of jacks during tests. Binding
post pin plugs are sapplied for the jacks,

Direct connections te the deflection plates of the
cathode-ray tube. can be made to terminal boards
located behind an access door on the vear panel of
the WO-554.

For a more comprehensive discussion of the
fundamentals of cathode-ray tubes and an analysis
of the figures which appear on the cathode-ray
tube screen refer to RCA TB-26453, *A Genezal
Discussion of the Cathode-Ray Tube”

FUNCYION OF CONTROLS

Purpose

Seiting

Power switch.

ESETLALS

Tirn clockwiss to apply powey, counter
clockwise to remove power.

tNTENSITY

BCTEEN.

K304 .B

Control: intensity of spot on er tube Adjust for desired brightoess of pai-

tern.

sEFeeil.

MIRER £

Controls focus of spot on cr tube Adjust to give pattern maximum sharp-

ness. Normally requizes adjustment
when setiing of intensity control has
besn changed.




FUNCTION OF CONTROLS (Continued)

Control

Purpose

Setting

¥ CENTERNG

53 - A

Controls vertical position of trace.

Adjust to move trace to desived position
in vertical plane.

H CEXNTERING

CERT-20

Comntrols horizonial positien of trace.

Adjnst to move trace to desired position
in horizontal plane.

H GAIN

L 1L N2

Permits continucus adjusiment of
horizontal amplifier gain,

Usze to adjusi trace to desived width.

¥ CALIBRATE

MI 254 -k

Permits continuous adjustment of ver-
tical-amplifier gain, and calibration of
amplifier sensitivity to values marked

on YV RANGE switch,

Use with V RANGE conirel to adjust
trace height to desired value., See AP-
PLICATIONS sectionn for calibration

procedure.

HE3a4 L

voltage 100 to 1.

Position “1"—Transfers signal {rom
V INPUT jaek to veriical amplifier
withoul attenuation.

Position “37— Attenuates signal voli-
age 3 to 1. :

Pesition “1)"—Attenuates signal volt-
age 10 1o 1

Positien “30”---Attenuates signal volt-
age 30 to 1.

Position “100” —- Attenuates signal

Set to positicn that permiiz adjustment

of trace height to desired value with V-

CALIBRATE conirol. The switch set-
tings refer io the amplifier sensitivity in
volts peak-to-peak per 10 minor spaces

of deflection when the V CALIBRATE
coutrol is properly adjusted,

SYWEEP VERMIER

WEBA4 -G

Provides continuous contrel of sweep
frequency over band selected by
SWEEP RANGE contrel.

Adjust for desired sweep frequency,

~
LN

 FUNCTION OF CONTROLS (Continued)

flontrol

Purpose

Seiting

SWEEF RANGE

Selects frequency band of sweep os-
cillator.

Set to position including desived sweep
frequency.

H SYNC/SWEES SEL
X7

5394 E

Position “INT” — Selects synchroniz-
ing voliage from vertical amplifier
and applies sawtooth to horizontal
amplifier.

Position “LINE” (red) —Selects syn-
chronizing voltage from filament sup-

ply and applies sawtooth to horizontal

amplifier.

Position “EXT"—Selects synchroniz-
ing voltage from SYNC terminal and
applies sawtooth to horizental ampli-
fier.

Position “LINE” (b]ack}—-_']"urns off
sweep oscillator and applies sine wave

of line frequency to horizontal ampli-
fier.

Position “AMPL” — Turns off sweep
oscillator and supplies horizontal am-

plifier with external signal applied to
H INPUT jack.

Set on “INT” to synchronize sweep
oscillator with signal applied to vertical
amplifier.

Set on “LINE” to synchronize sweep
oscillator with power-line frequency,

Set on “EXT” to synchronize sweep
oscillator with signal from external
source.

Set on “LINE” when a sinusoidal sweep
of line frequency is desired.

Set on “AMPL” when an external sig-
nal is being applied to the horizontal
amplifier.

SYNC AD

M5 3gs-T

Controls amplitude of synchronizing
voltage fed to grid of sweep -oscillator
tube.

Adjust to minimum setting necessary to
lock pattern in a stationary position.

OPERATION

All contrels and bibding jacks associated with
the vertical amplifier channel are located on the
left side of the front panel. Similarly, the conirels
and binding jacks for the horizontal-amplifier
circuits are on the right side of the panel. The
sync-input terminal and the sweep-oscillaior con.
trols are located down the cenier of the panel.

FRONT-PANEL TERMINALS

All input and output eonnections to the oscillo-
scope are terminated with jack bedies that will
accommodate either binding-post pin plugs or
RCA Stock No. 47089 locking-pin plugs. Four
bu}i{lmg—peat pin plugs are supplied with the WO-
55A.

Horizontal-Input Terminals—The H INPUT ter-
minal (J-6) couples io the input of the horizontal
amplifier when the H SYNC/SWEEP SEL switch
is on “AMPL”. The GND terminal (J-5) connects
to the chassis,

Syne Terminal—The SYNC. terminal (J-4) is
connected through the “EXT” contact of the H
SYNC/SWEEP SEL switch to the SYNC ADJ

control,

Vertical-input Terminals—The V INPUT ter-
minal (J-11 couples to the input of the vertical
amplifier through the vertical zttenuator circait (V
RANGE comivol). The GNP terminal {J-2) eon-

nects to the chassis.



Meter Terminal—A sinnsoidal voltage of ten
volts peak-to-peak (nominal) is available at the
METER terminal (J-3) for calibration of the ver-
tical amplifier.

PRELIMINARY ADJUSTMEMTS

Before any measurcments or applications are
attempted, the operator is urged to go thrnu‘gh the
following procedure to familiarize himself with the
location and operation of the controls:

1. Connect the power cable between the socket
on the rear of the oscilloscope and a seurce of 105-
125 volts, 530-60 eycles. )

2. Turn the POWER switch clockwise and wait
about 15 seconds for the instrument 1o warm up
{counterclockwise rotation of the POWER switch
turns the oscilloscope off ).

3. Rotate the INTENSITY conirol clockwise un-
1il a spot or a herizontal line appears on the
sereen. The spot or line should increase 1n bril-
Liancy as the INTENSITY control is turned clock-
wise.

CAUTION: DO NOT ALLOW A SMALL 5POT
OF HIGH BRILLIANCY TO REMAIN STA-
TIONARY ON THE SCREEN FOR AN APPRE-
CIABLE LENGTH OF TIME, AS DISCOLORA-
TION OR BURNINC OF THE SCREEN MAY
RESULT.

4. Position the spot or line in the center of the
sereen by adjusting the V CENTERING and the H
CENTERING controls. Whether the image 15 a
spot or a line wili depend apen the setting of the
H SYNC/SWEEP SIL switch. )

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

6. Twm the H SYNC/SWEEP SEL switch to
“AMPL”. Upless an external signal iz applied to
the H INPUT jack, only a spot will show on the
screen. Por present purposes, apply no mgnal 1o
the H INPUT jack.

7. Apply a voliage of power-line frequency be-
tween the V INPUT jack and the GND jack., A
convenient voliage is the voltage presemt at the
METER jack. ]

2. The cathode-ray tube screen should now dis-
play a vertical line, the length of which can be
adjusted in steps by turning the V RANGE sw%tch.
Intermediate lengths of the trace may he obtained
by adjusiment of the V CALIBRATE contrel. By
a combination of the adjustments of these two

controls, the trace may be set to any desired height.

9, Turn the H SYNC/SWEEP SEL switch to any
of the three extreme counterclockwise positions
(“INT”, “LINE”, or “EXT”). The waveform of
the signal at the V INPUT jack is now displayed on
the cathode-ray tube screen upon a linear time
base. The sweep frequency may be changed by

means of the SWEEP RANGE switch, which deter- -

mines the band of frequencies, and the SWEEP
VERNIER conirol, which determines a specific
frequency. o

10. Botate the SWEEP RANGE switeh com-
pletely counterclockwise and adjust the SWEEP
VERNIER conirol to obtain a single sine wave on
the sereen. The sweep oscillator 35 now oscillating
at the frequency of the input signal.

11. The trace may move slowly to the right or
lefr. To hold the trace steady, the sweep oscillatos
must be synchronized with the signal under obser-
vation. The source of the synchronizing signal may
be selected by switching the H 3YNC/SWEEP SEL
switch 1o ons of the three counterclockwise posi-
tions, “INT”, “LINE", ¢r “EXT7.

12. For purposes of illustration turn the
SYNC/SWEEP SEL switch to “INT”. Adjust the
SYNC ADJUST control until the trace is still. A
portion of the signal ander observation has been
used to synchronize the sweep oscillator.

12. Turn the H SYNC/SWEEP SEL switch to
“LINE” and readjust the SYNC ADJUST conirel
until the trace is still. A portiou of the METER
terminal voltage has been used to synchronize the
sweep oscillator, _

14. Tarn the H SYNC/SWEEP SEL switch to
the “EXT” pesition. Connect a souree of power-
line frequency, such as a filament transformer, be-
tween the SYNC terminal and a GND terminal
Readjust the SYNC ADJUST conirol to “hold” the
trace. The power line, an e_.xteruai souree of volt-
age, has synchronized the SWEEP OSCILLATOR.

"NOTE: Always use the minimum setting of the
SYNC ADJ conirol necessary to lock the trace in 2
stationary position. Too much synchronizing volt-
age will distort the pattern.

Further reference material covering gemeral op-
eration of oscilloscopes can be found in any text on
Oscilloscopes or in “A General Discassion of the

Cathode-Ray Tube”, RCA [B-26453.

DIRECT CONNECTION TO DEFLECTION PLATES

At times it will be found advaniageous to impress
a signal directly on ihe deflection plates. Figure 1
shows the terminal board which provides conmec-
tion to the deflection plates. The signal may be
applied across a pair of plates, or from one plate to
ground. Alse, both sets of plates may be used
directly, or only one set may be used, in which
case the amplifier associated with the other set of
plates may he used to provide a sweep voltage. In
most cases, the signal 1o be studied will be applied
to one or both vertical plates, and the horizontal
plates will be left as for normal eperation.

The following procedure is recommended when
a direction connection, without the use of the am-
plifier, is peeded:

1. Turn the POWER switch 1o “OFF”. CAU.
TION: VOLTAGE 1S PRESENT ON THE TER.
MINAL BOARDS WHEN THE INSTRUMENT
15 TURNED ON.

m (Avc Pt_ucé;

® ® ® a2
MAKE
MAKE
CONNECTIONS CONNECTION 5
HERE FOR HERE FCR
HORIZONT AL - VERTICAL
DEFLEGTION —. ———— DEFLECTION

M5 582
Figure 1—Terminal Board

P
H E
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2. Remove the access door on the rear panel,
thus exposing the terminal boards TBL and TB2.

3. Bemove the jumper in the eircnit of the de-
flection plate into which the external signal is 1o
be fed. If both plates are to be used, remove hoth
jumpers.

4. Feed the unknown signal to the terminoals on
TE1 through a blocking capacitor, or two blocking
capacitors, if both plates are to be used. The size
of the capacitor will be poverned by the lowest

frequency to be observed. DO NOT MAEE ANY
CORNECTION TG TR2.

5. If the vertical plates are used, disconneet all
leads to the V INPUT jack ts prevent interference.

6. If the horizontal deflection plates are used,
turn the H SYNC/SWEEP SEL switch 16 “AMPL”,
and disconnect any leads ts the H INPUT terminal.

7. Turn the POWER switch on.

The characteristics of the instrument when used
in this manner can be found in the TECHNICAL
SUMMARY,

APPLICATIONS

A-C VOLTMETER WITH AMPLIFIER

Since the oscilloscope measures peak-to-peak
veoltages, its use as a voltmeter covers a much
greater range of applications than does a conven-
tional volumeter,

e S s o
SRR CONVENTIOMAL YTy WO-55A DSCILLD-
- (READING POSITIVE SCOPE (READING
! PEAK ONLY) READS PEAK TO PEAK)
/POSITIVE THIS VALUE, MEASURES THIS
/puLsE VALUE.

NEGATIVE PULSE

CONVENTIONAL VTVM,
BETAUSE OF CAPATITANCE
WHEN REVERSED, GIVES
EITHER OF THESE
EFFECTS,

T
CONVENTIONAL WO-5 54

A OYTVM READS  goc i roscoPE
AU THIS . vALUE. e RSURES

- . THIS VALUE.

Figure 2—Measurement of Pulses

The peak-to-peak values of complex waves and
pulses are measured just as easily with the osecillo-
scope as are the values of sine waves. Figure 2
shows the advantage of the oscilloscope over the
conventional vacuum-tube volumeter when the am-
plitudes of complex waves are being measured.

Before the instrument is used as a volimeter, the
vertical amplifier should be calibrated according
to the following procedure:

1. Fasten the ruled screen to the face of the
cathode-vay tube.

2. Turn the H SYNC/SWEEFP SEL switch to
“AMPL” (the horizontal amplifier channel is not
ordinarily used when voltage measurements are
made).

3. Set the V RANGE switch on “10”.

4. Connect the METER jack to the V INPUT
jack. A vertical line should appear on the screen.

5. Adjust the V CALIBRATE control uatil the
trace height is exactly ten spaces (% inch). It may
be convenient to adjust the V CENTERING con-
irol also so that the ends of the trace Just ceincide
with the major divisions of the graph. Since the
voltage at the meter jack is nominally ten volis
peak-to-peak, and since the V RANGE switch is
set om 107, the vertical amplifier sensitivity is now

one voli peak-te-peak per minor division. or ten
volts peak-to-peak per two major divisions.

6. Disconnect the V INPUT and METER jacks.
Bo not again touch the V CALIBRATE control
while voltage measurements are being made. Te
do so will nccessitate recalibration of the vertical
amplifier,

While the foregeoing calibration procedure will
give results sufficiently accurate for most purposes,
the fact that the voliage ai the METER jack will
net always be exactly ten volis, peak-to-peak, due
to line-voltage variations, introduces sp error in
the procedure. Higher aceuracy will be obtained
by metering the voltage at the METER jack during
the calibration procedure. This will vield a more
accurate figure for the peak-to-peak voits per space
of deflection. Since the meter will read ms volt
age, the meter reading must be multiplied by 2.83
to obtdin the peak-to-peak voltage.

The graph shown in Figure 3 will be of value
when a precise calibration of the amplifier is de-
sired. An example of its use follows:

L. Repeat steps 1 to 4 inclusive of the foregoing

calibration procedure.
- 2. Connect an accurate voltmeter beiween the
METER jack and a G terminal and note the volt.
meter reading. Suppose the meter reading is 3.7
volts. From the graph, the corresponding vertical
deflection is 10.45 minor spaces,

3. Set the V RANGE contrel so that 10.45 minor
spaces of vertical deflection (obiained from the
graph) are obtained. The amplifier will then be
precisely calibrated for 1 volt peak-io-peak per
two major divisions when the V RANGE switeh is
on “17, 3 volts peak-to-peak per major division
when the switch is on “37, ste.

4. Disconnect the voltmeter and the V INPUT
ard METER jacks.

Afier the instrument is ealibrated, any a-c volt-
age may bhe measured as follows:

1. Connect the V INPUT jack and a GND jack
across the voltage to be measurved.

2. Set the V RANGE switeh so that a readable
vertical deflection is obtained. The peak-to-peak
value of the measurved voltage is then equal to ths
V RANGE switch setting multiplied by the num-
ber of major spaces of deflection. Refer to Figure
4 for some examples. If the voltage measured is a
sine wave, then the rms value of the voltage can he
computed by multiplying the peak-to-peak value



‘ VT by .354. A curve of rms voltage vs peak-to-peak pressing a voltage of known peak-to-peak value on-
voltage is given in Figure 5 1o climinate the need the deflection plates and measuving the vesuliing
=+ for this computation. trace in spaces en the “clip-on” screen acemrately.

NOTE—DO NOT TOUCH THE V CALIBRATE Dividing the known voltage by the number of
CONTROL AFTER THE INSTRUMENT HAS spaces measured will determine the soositivity of
Loy BEEN CALIBRATED, OTHERWISE RECALI- the deflection plates in peak-to-peak volie per
i BRATION WILL BE NECESSARY. space. The accuracy of this determination will de-
HE A few of the particular applications of the voli- pend, of course, npon the care uwsed in making
= 1 i meter feature of the oscilloscope are the determi- the measurements.
Z p it nation of the effectiveness of a power-supply filter’
£t by measuring the ripple voliage at various places’ AIO DO AMPLIFIER
U% in the filier; the measurement of amplifier stage OSCILLATOR NDER . O
wo gain; the mmaming of frequency-response ecurves . TEST o
E—Jﬁ on audio amplifiers, filters, and transformers; and . _ o warss
o< the indication of resomance in audio and low ® =" Wt le o s
%% . B super-sonic {requency circuils. e
W ﬁ A-C VOLTMETER WITHOUT AMPLIFIER
w3 12 Make conmeciions to the vertical deflection w5583
0 e : o .
> E plaies as described under “Direct Connect to De- Figuve 6—Audic Amplifier Test
% flection Plates,” page 6. Measure or estimate the AUTIO QUALITY MEASUREMENTS
& trace length in minor spaces appearing on the
oh screen {depending upon accuracy desired) and The WO-55A Oscilloscope is helpful in the de-
Zw multiply by mine. This gives the approximate termination of the guality of audic amplifiers, and
2w ~ peak-to-peak value of the unknown voltage. For in the qualitative analysis of amplifier distortion.
< the approximate rms value if the voltage measured A suggested test setup is shown in Figure 6, and
Bl is sinusoidal, maltiply the peak-ie-peak value by the procedure is as follows:
i i 0.354 or refer to Figure 5. 1. Set the audio osciliator te the frequency at
: i Should higher accuracy be desired the operator which the test is to be made. :
should first find the exact sensitivity of his par- 2. Set the H SYNC/SWEEP SEL switck on
ticular oscilloscope. This can be dome by im- “AMPL”, and adjust the H GAIN Control for a
V78
it : 22 E B 5
3.0 3z 3.3 3.4 2.5 3.6 38 3.9 4.0 i i i
RMS VOLTS READ BY METER 20 % i %_ i1
20 hiil BOTH SCALES MAY BF
Figure 3—Calibration Curve Et MULTIPLIED OR DIVIDED i -
2ol oY ANY MULTIPLE OF TEN. [HalEis
24 i
224 i % i
20
i
18HE
)
i
g e
>
« 1
<
la_’ 12j =
? | ié 10 i !
“F L ?eﬁ'e&fw 1 : ——q'l %
riren s & SO Lt ¥ X S :
% ’Z‘L*sskfyweoa - "EL“":'?"” 8 MS- 508 g . § I . i
V CALIBRATE SETTING-"3" V CALIBRATE SETTING-"100 : el
SPACES DEFLECTION-224 SPACES DEFLECTION-7 _ .
’ PEAK-TO-PEAK VOLTAGE = 3x22d=671 PEAK-TO-PEAK VOLTAGE= 16&%7+ 700
TR SE A e Fed . }
f . § w A . . e : :
F " Figure 4—Examples of Voltage Measurements L 0 i > 3 a 5 s . o S .
5 RMS VOLTS

Figure 5—RMS vs Peak-to-Peak Voltage Curveé
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Figure 7——Distertion and Phase Shift

comvenient horizonial deflection.

3. Set the V RANGE and V CALIBRATE con-
trols for a convenient vertical deflection.

Figure 7 shows some of the traces that may be
seen, together with an explanation of the effects
which produce them.

If it should be desirable to study irregularities

in wave shape on a linear time axis, proceed as
follows:

i. Set the H SYNC/SWEEP SEL on “INT.”

2. Adjust the SWEEP BANGE and SWEEP
VERNIER conirols until four or five cycles are
observed on the screen.

3. Advance the SYNC ADJ control umtil the
pattern is stationary. Yo not advance this control
any further than necessary.

4. Compare the wave form emering the ampli-
fier with that leaving it to delermine whether the
amplifier is distorting.

The procedure for checking the overall fidelity
of a receiver is similar to the foregoing method,
except that the zudie oscillater is used to modu-
late an r-f signal generator, such as the RCA Test
Dacillator. '
The modulated r£ sutput of the signal generator
is connecied o the antenna terminals of the re-
ceiver, and the V INPUT and GND terminals of
the oscilloscope are commected acress the loud-
speaker voice coil

MODULATION MEASUREMENT

This instrument can be used for measuring the
modulation percentage of a transmitter by either
the wave-envelope or the trapesodial method. For
both methods, a small portien of the modulated
r-f output of the transmitier is coupled through z
small pickup coil direcily to the vertical deflection
plates of the oscilloscope. An untuned pickup coil
comsisting of two or three turns of wire, in most
cases, provides adequaie deflection voltage. The
position of the coil can be varied until a pattern
of the desired height is obtained. A twisted pair
line can be used to connect the pickup coil to the
vertical deflection plates of the oscilloscope. When
making connections to these plates, observe the

10

ok

-

WAVE- ENVELOPE METHOD

TRAPEZOIDAL. METHOD

% MODULATION = 2.7 B2y 00
0, + D;

Figure 3—Modulation Patierns

precantions given wnader the section on Direet
Conneciion to Deflection Plates, page 6. The out-
put of the modulator is coupled through a voltage
divider io the horizontal deflection plates for the
trapezoidal method or to the SYNC jack for the
wave envelope methed.

Figure & shows the paticrns that will be obtained,
and the method of determining the modulation
percentage from ihe patterns.

FREQUENCY MEASUREMENTS

The measurement of unknown low frequencies
can be accomplished with a high degree of ae:
euracy by using the oscilloscope and a calibrated
frequency standard. The wunknowndfrequeney
voltage is normally applied to the vertical ampli-
fier (or deflection plates), and the standard fre-
guency signal to the horizental amplifier {or de-
flection plates) . The frequency is then determined
by comparing Lissajou’s figures with the patierns
obtained. Minor {requency deviation between the
unknown signal and standard signal can be de-
termined by direction and rate of retation of the
pattern. Lissajou’s figures for several frequency
ratios are shown in Figure 9. This method is
satisfactory for measurement of frequencies rang-
ing from approximately one-tenth to ten times the
standard frequency.

MEASURIMG PHASE SHIFT

To check phase shift of electrical equipment
with the oscilloscope, observe the screen pattern
with the input to the equipment connected io the
H INPUT terminals and the output from the
squipment connected to the V INPUT terminals.
i no phase shift exists, a sloping straight-line
image will appear. Phase shift will manifest itself
as an elliptical or circular trace. Refer to Figure
10 for the method of caleulating phase shift,

s {

UNKOWN FREQUEMNCY ON RATIO OF
VERTICAL PLATESD, STAN- UNKNOWN.
DARD FREQUENCY ON HO®R- TO
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Figure 9——Lissajot’s Figures

a b
i .| : 1
L L
b,
. .
L _ PHASE ANGLE @=SIN '3
o MS353

Figure 10—Pbase-Shift Measurement

VISUAL ALIGNMENT OF RECEIVER I-F STAGES

Tor this application, there must be available a
frequency-modulated oscillator to sweep through

“the receiver intermediaie-frequency band. The

test setup shown in Figure 11 vequires a sweep
signal obtained from the frequency-medulated
oscillator to be applied between the H INPUT
AND GNT terminals of the escilloscope. In this
case, the H 5YNC/SWEEP SEL swiich is set on
“AMPL”, and the sweep-signal generator furnishes
the horizental deflcetion.  Another method is io
utilize the sawtooth gemerator in the WO-55A to
furnish horizontal deflection. In this case, the
sweep  generalor must furnish a synchronizing
voltage, The method used will depend upon the
particular sweep generator available.

The sweep-generator outpul shonld he coupled
to the grid of the tube preceding the tuned cirenit
under ;iiignment. It is essential thai this conunec-
tion be wmade withoui altering any of the operating
characteristics of the stage. 1f the grid of the tube
to which connection is to he made s at zero d-c
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Figure 11— Aligument Sefnul

poiential with respect 1o ground, comnec: the
sweep generator to the grid of the tube, disconnect
the lead normally on the grid, and connect the low
side of the sweep gemerator output to chassis
groond. If the grid is not at zere d-¢ potential with
respeet to groimd, commeet the high side of the
oscillator 10 the grid {disconnect the lead normally
on the grid) and the other side to the “—C” Jead
for this grid. Or, in either case, couple the test
oscillator to the grid through a small caspaeitor
without disconnecting the lead pormally on the
grid, and connect the low side of the test oseillator
to chassis ground.

The V INPUT binding-jack of the cscilloscope
should be connected to the audio ocutput of the
second detector, For a diode detecior, this eon-
nection should be across the diede load resistor.
When the second detector is a triode, ieirode or
pentode, resistance-coupled to the first audio stage,
the H INPUT bindingjack may be conpecied io
the plate of the tube. The GND post is connected
te the receiver chassis. In the case of z triods,
tetrode or pentode, transformer- or impedance-
coupled to the first audio stage, connect a resistor
of approximaiely 20,000 ohms in series with the
plate of the tube and by-pass the inductance in the
plate cirewit with a L0 mfd. or larger capacitor.
This changes the impedance of the plaie civeuit to
yesistance rather than inductive reactance.

Figure 12 shows typical patterns which may be
obtained when aligning if stages. Diagram “a”
shows the picture obtained when the sweep fre-
quency of the herizontal trace is twice the sweep-
gencrator modulation froquency. The if trimmers
are adjusted for maximum amplitude and coinci-
dence of patierns. The sweep generator is slightly
detuped in this pattern to show how the traces
should overlap. Diagram “b” shows the piciure eb-
tained when the sweep frequency of the horizontal
trace is equal 1o the sweep-generaior moduolation
frequency. The adjustments for this case are smade
1o effoct maximum ampiitude and symmetry of
pattern.

A marker can be inseried at any point on the
trace by applying an additional nmmodulated

SawWT OoTH
SWEEP USED

a Ev-72% b
Figure 12— Alignment Curves
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Figure 13—Marker "Pip?

signal to the i-f circuits of the receiver. By varying
the frequency of this signal, the point at which
the marker appears can be wmoved 1o any point
on the oscilloscope- trace, thus serving to identify
or mark that peint on the curve. The freguency
corresponding to that peint on the trace is the
frequency of the eoscillator providing the marker
signal. This permits a very accurate check to be
made of band width, peaks, and important points
on the response curve. See Figure 13.

AUGMNMENT OF RADIO-FREQUENCY STAGES

The equipment used for r-f alignment is identical
to that for i-f alignment, execept that the test oscil-
lator output is connected 1o the antenna lead of
the recciver, and the sweep generator is set to
sweep through the frequency 1o which the receiver
is tuned.

THE FLUORESCENT SCREEM

The fluorescent screen used in the type-3MP1
cathode-ray tube has very good visual and photo-
graphic properties, as well as high luminouns effi-
ciency. The phosphorescent effect is of medinm
persistence; this is an aid ia visual work and has
no undesirable effect on the photographing of
cathode-ray tube patterns. With the retractible
light shicld extended, the pattern appearing on the
screen may be observed with lower spot intensity.

To aid further in viewing the patiern, a light
filter, such as the Wratten No. 61N made by the
Eastman Kedak Co., may be used. This green filter
tranzmits light of approximately the same wave-
Iength as that of the trace. allowing the pattern
to be viewed with greater contrast.

I it is desired 1o photograph the image, the fol-
lewing hints may be helpful:

The screen of the tube is made of No. 1 phos-

phor, which emits light peaking at a wavelength of
approximately 525 millimicrons. Therefore, the
photographic emulsion used should be sensitive 1o
blue and green light. Film of the panchromatic
type “B” or “C” iz recommended.
The camera should be sharply focused on the
Auorescent pattern and have a lens speed of £ 4.5
or better. Exposure time will, of course, depend
upon the lens and photographic emulsion speeds,
and the brilliance and sieadiness of the patiern.

CIRCUIT DESCRIPTION

The schematic diagram of the WO-55A is shown
in Figure 16.

WERTICAL & HORIZOWTAL AMPLIFIERS

Since the vertical and herizontal amplifier cir-
cuits are identical, it will be sufficient to describe
only the vertical amplifier circnit in detail. Two
6AU6 pentode amplifiers are combined to form a
cathode-coupled push-pull amplifier. A replica of
the signal applied 1o the grid of V4 is developed
across the common cathode resisiors R8, K9, R10,
K11 and R13. Since the grid of V3 is at a-c ground
potential, the cathede-to-ground voltage is im-
pressed between the cathode and grid of V3. The
signal applied to the grid of V4 is therefore am-
plified by both tubes and appears in push-pull at
the plates of V3 and V4. The ounipuis of these
tubes drive the vertical-deflection plates of the
cathode-ray mbe,

R10 is the V CENTERING counirol, which is
used to vary the d-c potential on the grid of V3.
A change of d-¢c potential on this grid appears
amplified and in push-pull at the plates of V3 and
V4. Shifting of the cathoderay tube trace is
therchy accomplished.

The V RANGE control network is featured by
the low-tolerance resistors used, making it possible
to attemnaie the input to the vertical amplifier in
precise steps. The V CALIBRATE contrel adjusts
the sensitivity of the vertical amplifier stage.

SWEEP OSCILATOR
The sweep cireuit employs an RCA 6J6 twin
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triede (V5) in a Potter Oscillator circuit. As
shown by the simplified schematic, Fig. 14, the
common cathode of V5 is connected through a
eathode-resisior (R-33) 1o ground. The plate of
the first seciion of the tube A is capacity-coupled
to the grid of the second section (B). The plate of
the second section is connected to ground through
a eapaeiter (C12).

The circuit is self-oscillating, and produces a
sawtooth voltage that rises praciically uniformly
with time, insuring a sweep with good linearity.

During the time that the cathoderay spot is
sweeping across the screen from left to right, B
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Figure 14—WO-55A Sweep Oscillator
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is cut off by a large negative charge on Cl1. This
charge was placed on Cl1 previounsly; just how it.
got there will be explained later. Since B is cut
off, C12 charges through K35 and R36B toward the
supply voltage, B4-. The veltage across C12, which
rises practically uniformly with time as Ci2
charges, is the voliage which, when amplified,
vauses the spot to sweep from left to right,

At the same time that €12 charges, the negative
charge on (11 leaks off through R34 and R36A,
thus the grid voltage of B changes in a positive di-
rection. When this grid voliage reaches the cut-
off voltage, B starts to conduct, and C12 discharges
through B. The discharge curreni flows through
R33, and the resultant higher drop across this
resistor biases A past cutefl. The platc veltage of
A therefore rises sharply, and this rise is conpled
to the grid of B through C11. The positive voltage
thus coupled to the grid of B increases its condue-
tion, which hastens the discharge of (C12. Since
€12 discharges through B mwuch faster than it
charges through K35 and R36B, the voltage across
C12 falls rapidly, therefore the cathode-ray spot
returns te the left-hand side of the screen in much
less time than it teok to traverse the screen from

left to right. When €312 ha: almost completely
discharged, the voltage across the cathode resistor,
R33, drops owing to the deerease of owrrent
through it. Since the bias on A decreases, A starts
to conduct again. When A conducts, liz plaie
voltage drops, and the charge on (11 that was
placed there by the supply voltage, B4, while A
was cut off, now blases B past entofl, The entire
cycle is then repeated. The sweep escillator can be
synchronized with a synchronizing voltage applied
to the grid of the first triode zection of the swaep
tobe. The H SYNC/SWEEP SEL contrel permits
selection of the synchrouizing veoltage from the
vertical amplifier, powser line or SYNC( terminal
A SYNC ADJ control makes it possible o adjust
the syne-voltage amplitude to the desived value.

POWER SUPPLY

Twe RCA-6X4 reciifier tubes and their as-
sociated circuits previde the plate voltages for the
amplifiers, the sweep oseillator, and the cathode-
ray tubé. Plate voltage for all tubes except the
cathode-ray tube is furnished by V6. Second ancde
voltage for the cathode-ray tube is obtained from
the output of V7. '

MAINTENANCE

All components of the W(-55A become acces-
sible for maintenance, repzir, or inspection when
the chassis is withdrawn from the case. To remove
the chassis it is necessary to remove four screws

from the bottom and four serews from the front -

panel. The chassis-and-panel assembly can then
be withdrawn from the case. It i3 not necessary to
remove the knobs or controls from the fromt panel.

RESISTANCE AND CONTINUITY TESTS

Resistance and capacitance values are shown on
the schematic diagram, Figure 16, to facilitate
cirenit checks.

Because of the high voltages present on the
chassis, it is advisable to limit irouble shooting to
resistance and continuity checks whenever possi-

ble. BE SURE THAT POWER HAS BEEN RE.

. MOVED BY DISCONNECTING THE POWER

CABRLE BEFORE ATTEMPTING THESE
CHECKS.

VOLTAGE MEASUREMENTS

If it should become necessary to check voltages
as a means of isolating and eliminating trouble,
the following precautions should be taken to pre-
vent pessible injury:

}. Familiarize yourself with the cquipment to
ascertain where high voltages exist. Take care to
avoid bodily contact with such points.

2. Do not attempt voltage measurcments while
standing on a damp or metal floor, or while lean-
ing or resting amy part of the body agaimst any
object at ground potential,

3. When possible atiach leads while the power
is off, and turn the power on only while ohserving
a2 meter deflection.

4. 1§ measurements are io be made without
turning the power off, always keep the ground
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lead securely attached ts the equipment ground
and keep fingers well away from the probe tip.
Also make sure that the insulation on the volt-
meter probe and leads has pot deteriorated to a
point where it is ipeflective.

Te measure voltage values accurately, the input
resistance of the voltmeter used zhould bhe much
higher than the resistance of the cirenit in which
the veliage is being measured. The correct veltage
readings for various parts of the circuit are shown
on the schematic diagram, Figare 16. These values
were obtained with an RCA VoliOhmyst while the
equipment was being operated from a power
source delivering 117 volis.

REPLACING PARTS

Should it hecome necessary te replace any part
in the oscilloscope circuil several prf:(;autions
should be observed. The veplacement part used
should be an exact duplicate of the original part
or should have equally good characteristics. Care
should be taken to pesition the part and leads to
correspond to the eriginal assembly. In some civ-
cuits where facilities for adjustment are provided,
the adjustment procedure applying to that section
of the cireuit shonld be earried out afier replace-
ment of any of the components.

FUSE REPLACEMEMY

The circnits of the oscilloscope are protected by
a one-ampere fuse. Since the value of this fuse is
selected to give maximunm protection, it sheould
never be replaced with one having a higher rating.
If a fuse failure should ocour, the canse should he
carefully investizated and corrected hefore ve-
placement is made,

QOccasional failore may result from surges in
power-line voltage or from heat generated by con-
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