Replacement Parts List
Type WO-564A
Cathode-Ray Oscilloscope

When ordering Beplocemen? Ports, please sinle Serial Mumber and Code Number of Instrument.

Symbel Bescription Stock Symbfg Description Hrack
Mo, e, Be, Mo,
Capacitors, Fizxed and Vaoriable Inductor
C Paper tubuolar, ol lmpreguated, 22 i Reactor, filter. ..., ... ... ... ... .. 924437
,,d:I::10,.“‘4(?0»01(\,,._.‘....‘ 73794 ’ ’
2 Fived mica, 160 ,u;.cf 4 34 93464 . . ,
¢35 Cormmic inmme: 5200 e 64GEY Resistors, Fixed and Varighbie
L Fixed mica, 1600 ;.u_f + 5 Bi Carbon film type, 1 meg. 4 1%, 13
volis RSN 39657 Cwatto TR 55638
s Rame as Ca Rz { mb(}n flliu iype, 100,000 ohms
[ ) Molded pdg)(*r D.OES ;..f g 4+ 19, 16 wati. Rt i)
volts. . . cee...] 73797 B3 Carbon film type, 51 mcg + 1",,,
(7 Sameas C 3o L4 watl. . 49347
8 9 Dry clecteolytic, bermetically sealed, B4 Carbon falm !.},’pe, 10,90() " ohums
tubalar, 15pf, -+ 1009, — 109, e V5, Yaowatd., . ... 55665
a0 volts. ... AT B § | 5251 RS Sameas R 1., .
£ 10, 13, Variable i‘zemmel T0.53 upf, B0 fil Carbon film 1y p{* 1000 clims -+ 107
2,13 voltsde. .. L 93463 Yawatt. ... ... . 54198
14 Paper tubular, oil impregnated, 0.1 RT Sameas R Y. .. .. .. ... .. ... ..
wl £ 209, 204 volis. ... . | 7384 || BB Carbon film type, 2200 ohms = 17,
C 15 Dy elec t.l()i“,tii hermetic di!\, seaicd Twath. .. .. .. ... ... ... ... .. 93472
tubadar, 59 of, + 1089, — 109, B9 Variable, wirc wound, 3000 ohms
Brvolls.. . ... L L 91392 4 109 m Zowalts. .. .. ... 03456
16 Sameas€ 1. . ... ... ... ... B 10 Fixed, wire wound, 56 ohms £ 109
o7 Same as Enasd 14 watt ........................ 44005
C1ia Sameas C3..................... ] — || BRiL Variable, wire wound, 10,006 chms
C1g Sameas Cd ... ... ... | — £ M0, Zwalls. ... ... ... 93457
¢ 20 Sameas O 3. ... ... ... | —= Bz BSameas R 10, . . .. .. ... . ...
21 Same as O (3. e B 18 Fixed composition, 560 ohms o
{ 22 Sameas G300 o0 _— 100, o watt. .. ... ... ... .. .. 19733
C 23 Paper iulau!,a: il imyn’“nai{?d, RiH B i Yariable, carbon type, 100,000 chms
af o 200 L AG0 volls. Lo 73561 E o 1 L/ 03446
C 24, 25, Same as O i() ..................... - R i5 Same as R 3. B
; 26, 2 R 18, 17 Carbon {ilm type, 8200 ohms X+ 19,
C 28 Bamens C 14, ... Yowatt, ... ... ... ... ... .. 93469
g £ 2g Fixed mica, 220 opi & BR18 ] Frxed wire wound, 40,000 ohms
' volls, . .. 39636 + 5 5 owatts. , .. 1 93466
. 30 Sameas C 3. .. ... ... R 15 ‘far;ab!t Larben, 1000 ohms + 109 R
€31, 32 Paper tnbular, oil impregnated, 4.1 2owatls. ...l o 93454,
: Tl 4 20T 400 velts. | 73551 120 i xed a:{!mposition, 6800 ohms
£ .33 Same as O 14 G Ywatt. oL 38887
C 34 Fixed mica, 91 puf + 57 volts | 39627 n21 mposition, 7500 ohms
{35 Fixed mica, 1004 ,;.,uf ﬂ: b 504 B0 Twadt. .. .. . L. | 4644
volte. 53537 |1 B 22 E's_wd composition, 100,080 ohms
1 36 Tixed mica. 1 ,u# . W0 volis. | 92036 4 0L bowatt. L. 3252
37 Paper tubudar, ol impregnated, 9.1 R 23, 24 Carbon  filen type, 12,080 ohms
wf £ 1095, 200 volls. ... .. . 173784 + 1%, YWowaty. L | 93470
38 Special tubular, wax Jmps (’gndt(‘d R 25 L l\ed (, ; mpﬁsitimz, 25000
wax coated, 1 of + 5%, 200 volis | 54861 4 S, Swabls. ... L 44964
€39 Special tubular, wax impregnatcd. B 26 Fixed 15,000
wax coated, .5 of £ 209, 400 s S ... _........| 53658
vedts, oo SGBTO 27,28 { mh(m filin type, 24,000 chms
40, 43 Fixed paper, 0.1 pf £ 204 S 19 bwalt, oL 493473
volls. ... 59325 4 W26 Fixed composition, 10 meg, & 107,
42, 43 Dry electroiytic, | G, 52F Yewatd. .. L L 30092
volts. ... o 93465 || R 30 Fixed composition, 56,000 chms
C 44 Samesas €14 .0 o + 50 bewath. ..o L 206350
C. 46 470 ppf, 10, ... ... 58243 IR 31 Semeas R29....... ... ... ........ e
C 47 Sameas C 6. .. ... ... - R 32 Sameas B 22 ... ... ... 4 ——
43 Sameas C29.. . . — B 13 [ |x<=d mmp{mtmn, 564,000 ohms
109, Yowatk. .. ... ... ... 30633
Socket R34 i“l’(t’d smposition, 3300 ohms
ii Socket, pilot lamp. ... .. .. .. . 01 3TT6D + 109, by watl, 4 30733
R 35 Yariabie, carbon, 75, (!()(3 ohns . . 93461
ducks and LConnectors R 36 Fixed nposition, 620,000 ohms
Ji Chassis connector. .. ... ... ... 34695 59 Twath. .. L. L. 93467
12, 3. 4 Binding post. ... ... . ...... .. 34085 || B 37 Yariable, carbon, high-voltags insu-
5.6 latos, 500,000 chms. ... 0. ... 93462
2 T4 »

s

Symbel Description Stack $ymbol Dasreiption Stock
Me. RN, Mo Mo,
B 38, 39 Fixed H)mpmmon 470,000 ohms B 82 Yartable, carbon, 1 mi*g + 199 934605
i B 83 Variabie, carhon, 250,000 nhmj
R 40 " 93458
R 41 Samf‘ as R 2 H 84 ;
42 Sameas B3, . R a3 'i*nm(i (,omptshéiiﬁu, 3.8 meg. 4 104,
R 43 Sameas Hd .00 Vowatt L L. 34T
B 44 Sameas B ... . .. . H 86 Fized composition, 39800 ohwms
R 45 Sameas K6, ... ... ... 30147
R 46 Sameas R 1. ... .. R &7 3“130& (mfzpn-»lm 0., B2 ohes & 109,
B 47 Sameas B9 .00 000 Mowalbo oL 13841
R 18 Sameas B& 0L — 1 R 88 Bame sz B 22,000 g
R 449 50 Sameas B 0. ... . L. —— R 89 Fixed « omposit 7,000 ohs
R 51 Sameas BRIV L. — 4 0%, Mowats. . 304449
B 52 Rameas RI3.. . ... — B 90 Fived wire, 0.68 ohms + 109, %
I 53 Sameas RM. .. .. . .. ... _ watb, . .. ... ] R46E
R 54 BSameas R I3 ... L. R B 51 Variable, carbon, 100,000 ohuns
R 55, 56 Rameas 36, . . —_— 4 RO #3459
Rs7 Ssmeas RIS 000 )
R 58 Sameas R 210 . ... .. .. ... ... Switches
R 59 S?mfﬂ as B 200 IR el T 3 | Botary, 2 section, § gmsiti();; ........ B3443
R 60 Variable, carbon, 2000 ohms = 169, 58 Rotary, 2 section, 1 pmstmn o) 53449
) ) TWAMS. .. EEL S 53 Botary, 1 section, 4 position. . ... ... 53444
K6l 62 Same as i )5 --------------------- 54 Rotary. 3 section, § ;’msiﬁ{};& nnnnnnnn 21448
B 63 Same as B 2 RS Part of W35, ... .. N
R 64 . Same as B Ji’ --------------------- T %6 DPoor, push button nor m.ﬂ!ﬁ. onen,
R a5, 66 Sameas R27...0. . .0 0.75 amp., 125 volts ... .. .| 33885
a7 Sameas B33 . .. ... .
R 68, 69 Fixed compoesition, 1 meg. o+ 109, Vransformes
Yawath .. ... 652
RT bfl;[f(,‘;;t;{ ey N b T1 Power, 117 volts, 50760 oyeles. . 95441
MO bl -
R 72 L5 iwd e ompf)aztmn 62 oluns o= 59 Cable, ground, % rubber 48 in. fong,
Lowatt. oo 35749 with alligator clip and phone tip.
R 73 Fixed 'Jmpo-‘iilma 47066  chms Clhip, alligator. . R
] 50 By waty .o 30787 Connector, mdl{* ngle contact.
R 74 Fixed H)mp()sﬂm:; 27080 ohms fnob, control, blue, rovad . ...
o 10, Yy owath. ..o 30730 HKaob, conteol, blue, round . .
[ \/azmhl? (d;b(m type, | meg, 4 107 93447 Knaob, contro], blus, JU!md ,,,,,,,,,
B 6 Nameas B 730000 L Kaob. conteal, blue, vound_ . .
BT Hamne us B 22 .................... —_— Holder, fuse mounting. ... ... ... . :
it 78 Fixed 680,000 ohins Jewel pilot light, rest. ... . ...} 54660
B MWowall. ... ... . ... ... 36562 Bing for graph screen. ... ... ...} 93428
R 79 Fixed composition, 1200 chms Sereen., graph, green. . ... 23449
=+ Lowalt. ... 0731 Shietd, laght . ... ... oL 23450
B &6 Sameas RT3 0 L L — Socket, iube, miniature, ¥ pin. 59538
B 8! Yariable. carbon dual type. 1 meg. Socket. tube. cathode-ray, S| wes2i
+ 109, 14 wath, and 8§ meg SBocket, tube, miniature, 7 pin. .. ... 54684
£ 0% 03445
=17 -
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Figure #. Setup for Alignment of Picture-IF Amplifier

positions of the piclure and sound carriers and the
traps.

CAUTION: Do not use too large a signal from the
sweep generator when alizning the il anplifiers. Too
large a stgnal may overdrive the amplifiers, thus pro-
ducing a flat-top response curve even though the amplhi-
fier is incorrectly aligned. H the signal level is kept
fow enough so that a hittie noise 1= ohserved on the
response curve, no difheuliy of this type will be

experienced.

FICTURE ~IF
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Figure 7, Picture-IF Response

Aligning Seund-[¥ Circuits

The procedore for visually aligning television sound-
H circnits is the same as that used for visual align-
ment of the if system in a FM receiver. However, the
reader Is once again advised 1o consult the manufac-
turer's service notes before altfﬁmpting aiig;lment.

A suggested alignmnent procedure is cutlined below.

The setup for this provedure is Hlustrated in Figure 8.

1. Tune the sweep generator to the sound-if
frequency.

2. Connect the Direct Probe and Cable across the
fimiter grid resisior and to the oscilloscope. as indi-
cated in Figere 8. W the sweep generator uses a
shmusaidal sweep of line frequency. set the H GAIN
selector on “LINE”, and adjust the PHASE contrel
to give a single paitern on the oscilloscope screen.

Tt the sweep generator uses a sawtooth sweep, feed

the sweep-voltage cutput of the generator to the hori-
zontal-deflection terminals on the oscilloscope and
set the H CAIN selector Lo a position which will
give a horizontal deflection of convenient length.
‘3. Feed the signal from the sweep gencrator to
the grid of the stage preceeding the Lumiter, and
adjust the transformer in the limiter grid cireuit for
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Figure §. Setup for Alignment of Sound-lF Amplifier

a curve like that shown in Figure 9A. The WR.395
TV. Calibrator should bhe set at the sound inter-
mediaie frequency, and the curve should be sym-
metrical about the marker from the signal generator.

4. Move the sweep-generator output cable back
stage by stage, each time adjusting the proper trans-
former for the curve of Figure 9A.

Discriminator Alignment

Connect the output cable of the sweep generator to
the if-amplifier input, and the Direct Probe and Cable
and the Ground Cable of the W(-56A across the dis-
criminator output. (See Figure 8.)

The discriminator response is illustrated in Figure
9B. Adjust the secondary of the discriminator trans-
former for maximurm symmetry of the response curve,
and adjust the primary for maximum linearity between
points a and b, Figure 9B.

Aligning RF Circuits

Different manufacturers recommend different meth-

" ods for the alignment of the rf sections of their re-

ceivers; therefore, the oscilloscope should be used as

described in the manufacturer’s service notes. A
method of aligning the rf section will be given here,
bui in all cases where sevrvice notes are availlable, the
rf-alignment  inslructions therein should be given
preference.

For this method, the picture-if chanael must first be
properly aligned, and the cscillater in the rf section
must be tuned to the correct frequency for each chan-
nel. The oscilloscope and the sweep generaior shonld
be set up as described for alignment of the picture.if
amplifier, and the picture-if response’ curve made to
approximate the curve shown in Figure 7.

SOUND - IF
MARKER }

"

Figure 9. Sound-IF and Discriminator Response
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i PICTURE TUBE) .
L snean connecnon 7o siouaL GniE) INPUT TO vIDEG [SHAPEOF OUTPUT | EFFECT ON CHECK THESE
; ‘f/P'iTTU~,F;L,'i5‘:§,,§§T‘ ; AMPLIFIER WAVE SEEN ON TELEYISIONM GEFECT CIRCUY
e ™ ; e L C-R SCREEN PICTURE COMPOMNENTS
t PROBE E
Ty SWEEP 1
GENERATOR
PICTURE
HORMAL
E SOUARE WAVE 1
t i 1 (ABOUT 60 CYCLES) |
GRADUAL CHANGE COUFLING
Figure 14, 3Setup for Checking Video-Amplifier Response “-20;,,'\1":)5::',%(, ';;10 & J
GE PICT ITORS, i
¥ (THiS € ‘ £y
CAN BE MEN sl LAGE G COMFE
GY GELRESTOREE i CIRC
s BY ';‘iTE‘;';JT“‘ ' LOW-FREQUERCY SOREEN
. . . . R ACTEON, } = o ey >
The sweep-generator output cable is then transferred channel being adjusted, and the sweep generator is : " UE';U o '; - l
to the sntenna terminal of the receiver, and the gen. tuned to sweep the proper Irequency band. ! j
| erator is tuned to sweep channel 13, The receiver is )
also tuned to chanpel 13, BMake all necessary cirouit i '
adjustments associated with channel 13 to produce on Checking Video Amplifior ¥ R | ¢
; . . ) ecking Video- 7 !
;. the oscilloscope screen an if response of maximum € g Video-Ampliier Trequency Responss
amplitude and one which closely approximates the : - ; . i ) PICTURE
} R A graphical representation of the response curve of i NOZMAL
response curve illusirated in Figure 7. aep ) . . ]
* a video amplifier may be obtained on the oscilloscope i
This procedurs is repeaied for the remainder of the as follows: ]
rf channels. Tn each case, the receiver is tuned to the . L !
i. Bet up the squipment as shown in Figure 10, i
Set the H GAIN selector to “LINE” position. A | a |
. . .. i ciarm LESD
patiern similar to that shown in Figure 11A should ’ . ) srARt OF PEAKTN !
o | SOUARE WAYVE T PICTURE : - Tk i
be obtained. . {ABOUT 25 KC) : BRE NEZIVY. R ;
_ COUPL NG HETHORKS . :
2. Adjust the PHASE control until the two pat-
terns coincide so that a single paitern similar to that _ RTIEAL
A of Figure 118 is obtained. | : O OWHITE
STRIATIONS
. e . FOLLOWING e
3. Note that for this application a crysial probe | FOLLOWING THHE
] i ) £ SHARE CHANGE ALSG HIGH
e iz used. This probe should have approximately the CTURE SHAD G,
/ FREQUENCY same input capacitance as the imput capachiance of
the kinescope grid. The kinescope may be removed - Wh1TE BORDEH
from its socket and the crystal probe connected to FOLLOWING
EGACYOLES . ) . ) ;
19 MECATTEE Sy the grid terminal of the socket. The video.amplifier 5
) response may then be checked with a sweep gen- ELF’_’SIELOTRND?R :
; . . (NG
erator and the oscilloscope, with the assurance that . A W TE-TO-BLACK
the capacitance loading on the ocutput stage is TRANS ! T1OK.
essentially the same as would be obtained during _
Figure 11. Video-sumplifler Response norraal operation of the television receiver. . : ‘ Figure 12, Squave-Wawe Analysis Chart
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General Applications
Circuil Analvsis with Sguare Waves
Becanss of its ability to accurately reproduce wave
forms which comprise a wide band of frequencies. the
WO-S6A Oscilloscope is wseful in both low- and high-

frequency square-wave analysis of amplifiers, fikers,

and other frequency-responsive devices.

The wavelorms shown in the chart of Figure 12 are
tvpical of those produced by circuit analysis with square
waves. The chart illustrates various types of square-
wave distortion in a video amplifier and indicates the
circuit defect associated with the distortion,

Since a comprehensive disoussion of the analysis of
electronic circuits by means of square-wave signals is
bevond the scope of this book, no aitempt is made here
to discuss the subject in detail. Square-wave apalysis
has been extensively discussed in the literature in
papers such as:

1. T. i. Yan Duyne apd M. E. Clark, “Square-
Wave Analysis in the AF Spectrum”, AUDIO ENGI-
NEERING, Vol. 31 WNo. 3, p. 27, May 1947,

2. .G. P. Dhman, “Square-Wave Differentiating-
Circuit Analysis”, ELECTRONICS, Vol. 18, Neo, 8
pp- 132-135, August 1945,

3. W. L. Eiery “ULTRA-HICH FREQUENCY
ENGINEERING?, pp. 108-116, The Machillan Co.

4. Frank R().e:imtt_ “Hinpedance Measurements with
Square Waves”, ELECTRONICS, Vol 17, Ne. 9,
P 138- 143, September FOL

C 5. FUE. Terman “BRADIG ENGINEERS HAND-
BOOK™, pp. 903-971. Melraw-Hill Book Co.

6. RODLKell ALY, Bedford, and H. N Kozanow-
ski, A Postable High-¥Frequeney Square-Wave Oseil-
lograph for Television™, PROC. LR.E., Vol. 30, No.
10, pp. 4583-304. October 1912,

7. B H. B Bartelink, “A Wide-Band Square-
Wave Generalor”, Supplement to: ELECTRICAL
ENCGINEERING, Transactions Section, Vol. 60, No.
0, pp. 371-376, June 1941,

8. Donald L. Herr, “Square-Wave Harmonies”,

ELECTRONICS, Vol 13, No. 5, p. 34, May 940,

9, A V. Bedford and G. L. Fredendall, “Transient
Response of Multistage Video-Frequency Ampli-
fiers”, PROC. LK.E., Vol. 27, No. 4, pp. 277-284,
April 1939,

RCA Cathode-Bay scilloscope W564

Fhase-Bhifi Measurements

To measure the phase shift of an electrical network,
apply a sine wave to the circuit under test. Then apply
the signal as it appears at the input of the cireuit under
test across the H INPUT and GNIY terminals of the
WO-50A. and the output from the test circuit to the
V INPUT terminal. 1f no phase shift exisis, a sloping
straight-line image will appear. Phase shift is indicated
as an elliptical or circular trace. Refer to Figore 13

— o

SINE ¢ = % ,
WHERE ¢ = PHASE ANGLE

5]

Figure 13. Measurement of Phase Shift

for the method of calculating phase shift. The WQO-56A
is particularly useful in the measurement of phase
¢hife at low frequencies because of its low-frequency
response. In such applications, the de input should
be used.

Frequeney Measurements

Two methods may be erployed in using the WO-56A
for frequency measurements. In one method. a sine
wave of known Frequency is applied to the H INPUT
terminal) and a sine wave of the frequency which is to
be determined is applied to the V INPUT terminal.
The pallern which appears on the sscilloscope screen,
known as a Lissajou figure, indicates the ratio between
the known and unknown frequency. Seveeal typical
Lissajou figures are illustraled in Figere 14

T the cther methed of frequency measurement, the
H GCAIN selector is sel al “SWEEP” position and the
SYNC selector at “LINET, thus producing a linear
sweep of line frequency. The signal of suknown fre-
quency is applicd to the V INPUT terminal. If a
stationary patiern is obtained on the oscilloscope
screen, the frequency of the input signal must be equal
to, a submultiple ol or a multiple of the line {requency.

.22-

AC-Voliage Measurements

After the instrument is calibrated as deseribed in the
*Operation” section. any ae voltage may be measured
as follows:

1. Connect the ¥V INPUT terminal and a GND
terminal across the voltage to be measured.

Z. Set the ¥V GAIN selector so that a veadable
vertical deflection is obtained. The peak-to-peak value
of the measured voltage is then equal to the V CAIN
selector setting maltiplied by the number of inches
of vertical defiection as shown on the graph screen.
I the voltage measured is a sine wave, then the rms
value of the voltage can be computed by multiplving
the peak-to-peak value by 354
NOTE: Do not touch the ¥V GAIN vernier after the

instrument has been calibraied, or recalibration will
be necessary.,

Additional Applications of ¥Voltmeter Featurs

A few of the particular applications of the volimete:
ieature of the oscilloscope are the determination of the
effectiveness of a power-supply filter hy measuring the

UNKNOWN FREQUENSY ON RATIO OF
VERTICAL ELECTRODES: UNKNOWN
STANDARD FREQUENCY ON TO

HORIZONTAL ELECTRODES STANDARD.

(23

*One of the B paiterns lusirated appears on the oscilloscops, depending
ot the phase sastiip of the twe inpat freguencios,

Figure 14. Lissajow’s Figures For Frequenay Defarmingtion

AC Voliages, Voltmeier Feslurs, Impedance

ripple voliage at various plages in the filter; the
measvrement of amplifier stage gain; the rupning of
freguency-response curves on audio amplifiers, filters,
and transformers; and the indication of rosonance in

audé@ fdi!d Ii}'W ﬁﬂ})f,‘!’}?(}ii i fff?qiﬁﬁ!!{?}-‘ E.Jii"iji‘iéiﬁq

Measarement of lmpedance and
Fower Factor of Loudspeakers

A setup for measurement of the impedance and
power factor of loudspeakers or other devices is shown
in Figare 15,

LA
Rz

Figure 15, Measurement of lempedunice ond Powes Factor

The sum of the resisiances B and B, is made equal
o the plate resistance of the outpuot tube vsed with the
speaker. The voltage E 15 made equal to the pe, of the

output tube.

This method of measurement viilizes the relationship
between the vertical and horizontai deflection factors of
the cathode-ray tube; K is the ratio of the vertical de-
flection factor (in direction A to B) to the horizonizl
deflection factor Lin divection Cto 13). The calculabion
27 and power factor “cos 7

of impedance magnitude
are independent of the accelerating vollages applied 1o
the anodes of the cathoderay tube, The phase angle ¢,
and power factor cos 4. are obtained from sin 4
(¥G/AB). The magnitude of the impedance vecior is

If the frequency and magniude of E are vacied, ve-
sulting variations of impedance and power factor can
be determined.

ki
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AUDIO AMPLIFIER
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Figure 16. Audio-Amplifier Test Setup

Awudio Quality Measuremenis

The W0-56A Oscilloscope is helpful in determining
the quality of audic amplifiers, and in the gualitative
analysis of amplifier distortion. A suggested test set
up is shown in Figure 16, and ihe procedure is as
follows:

1. Set the audio oscillator to the frequency at
which the test i to be made,

2. Set the H GAIN selector and H 'GAIN vernier

for a convenient horizontal defleciion.

Yyl

NG AMPLITUDE DISTORTION AMPILITUDE DISTORTION
NQ PHASE SHIFT WO PHASE SHIFT

o

NO AMPLITUDE DISTORTION AMPLITUDE DISTORTION
PHASE SHIFT PHASE SHIFT

Figure 17, Distortion and Phase Shift in Audie Amplifier

3. Set the V GAIN selecior and V CAIN vernier

for a convenient vertical deflection.

Figure 17 shows some of the traces that may be seen,
together with an explanation of the effects which pro-
duce them.

If it is necessary to study irregulacities in waveshape
on a linear time axis, proceed as follows:

1. Set the SWEEP selector on “INTH7 or
‘ﬂINT_’B.

2. Adjust the SWEEP selector and SWEED ver-
nier controls until fonr or five cycles are ohserved
on the screen.

3. Advance the SYNC vernier control until the
patiern is stationary. NOTE: Do not advance this
control any further thap necessary,

4. Compare the wavelorm eniering the amoplifier
with that leaving it 1o determine whether the amphi-
fier is distorting.

The procedure for checking the overall fidelity of a
receiver is similar to the foregoing method,. except
that the audio oscillator is used to modulate an rf
signal generator. The modulated =f output of the
signal generator is connected to the antenna terminals
of the receiver, and the V INFUT and GND terminals
of the oscilloscope are connected across the loudspeaker
voice coil.

.24 -
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Industrial Applications

Use of the cathode-ray oscilloscope with & few pieces
of auxiliary apparatus has solved many perplexing
problems both in the laboratory and in the shop.
Obvicusly, it is impractical Lo attempt to describe in
this book al!l the important applications of the oscillo-
scope. However, a {few of its uses which are considered
to be of current imterest or which are particularly
adaptable to the WO-56A are briefly described,

Resistanee-Welding Applications

Because of iis low-freguency response and the iden-
tical phase-shift characteristics of its vertical and
horizontal amplifiers, the WO-36A is unigquely suited
to the operational analysis and servicing of resistance.
welding devices. The oscilloscope can be used to check
the waveforms and phase relationship of the control
and supply voltages. A typical test set-up with associated
waveforms are shown in Figure 18. The time-consum-

LINE YOLTAGE INPILIT

PHASING
CHRCINT g LINE  VOLTAGE iuPLET
) . FHASING CIRCUIT
pe ) OUTPUT

SHAPING CIRCUIT QUTPUT

E

"THYRATRON
5 PLATE VOLTAGE
IGNITRON
:f) = PLATE VOLTAGE
WELDING
TIME

Figure 18. Waveforms in Resistance Welder

ing process of readjustiog the welding instroment for
correct operation can be eliminated with the WO-36A
Oseilloscope. It iz merely necessary to record the
wayveforms at the time of initial adjustment (for any
particular operation), and later quickly resetting the
instrument by adjusting it for the same pattern on the

“osctlloscope screen. The oscillescope can also be used

to jnsure that the correct seliings are maintained
throughout the welding operation.

Indusirial Applications

Engine Pressure Analysis

When the WO-364A is used wilh auxiliary squipieent
such as iz shown i Figure 19, variations in pressurs
developed by a cylinder of an internal-combustion
engine or any type of machine can be displaved on the

PRESSURE TRANSDUCER
INSEATED iiN
CYLINDER CHAMBER

/ /’”\\
O N o nm . k\j
. 0= AMPLIFIER

LRO
INTERNAL COMBUSTION Wii-hE s
ENGINE

ﬂ%—-hé

Figure 19, Engina-Pressyre Analysis

oscilloscope screen. The oscilloscope has proven very
wseful in the development of internal-combustion
engines when used with engine pressurc-messuring
devices.

The exceptional low-frequency response of the
WO-50A enables it to puriray graphically on its screen
both static and dynamic pressures of engines, pumps,
pneumatic and hydraulic systems. Transient pressures
which are not recorded on conventional indicating de-
vices can be observed on the oscilloscope screen. Ab.
normal pressures of extremely short duration can be
viewed. The W(-56A will prove a valuable instrument
for observing dangerous transient or pesk pressures.

Vibration Measurements

The WO-56A can be used with a piezo-electric trans-
ducer for measuring vibration. Figure 20 illustrates g
setup for obtaining vibration waveforms, indicating
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Figure 20. Vibration Analysis
relative amplitudes and other characterisiics of vibra-
tien, on the oscilloscope screen for chservaticn or

ing straing and similar phenomena may be portrayed
for study of their effects.

&25&



Maintenance

Caution: Sece “Dafery Precautions”.

eneral

The WO-56A has been properly aligned and adjusted at the
faciory; ne fuwrther servicing is normally required. However,
afier long coniinued use the instrument may require servicing,
¥or the proper adjusiment and slignment of the instrament,
an audio oscillater, a signal gensrater, and a square-wave
generator are required. Refer 1o Figure 21 for the physical
location of all adjustable paris in the WO-36A.

To gain access to the chassis for replacement of tubes or
servicing, remove the three serews at the rear of the case. The
chassis should never be removed from the case by palling the
front panel of the instrument, or the panel will be damaged.
Pressure should be applied to the rear apron of the chassis
through the hole provided for the power cord st the rear of
the case.

The safety interlock switch 56, located on ths rsar aproen
of the chassis ( Figure 21 ), opens as the chassis Is with-
drawn and removes power from the oscilloscepe. Short this
interlock switeh if it is necessary te apply power io the insira-
ment when the chassis is removed from the case. CAUTION:
See “Safety Precautions”.

The performance of the WO-36A, like that of any other
precision instrument is dependent upon the rating and gualizy
of s components. If it should become necessary to replace
a component part, And the stock number of ihe pari in the
Replacement Parts List in this book. Only RCA replacement
paris, or parts having equivalent specifications, should be used,

Amplifier-Balance Adjustinent

Vertical movement of the spot on the face of the cathoderay
tube when the V GAIN vernier is rotated indicates that the
vertical balanece contrel B-11 is jmproperly adjusted. IHeri-
zontal movement of the spot when the H GAIN vernter is
rotated indicztes that the herizonial balance contrsl R-51 is
improperly adjusted.

Adiust R-11 and B-51 for minimum vertical and horizental
movement of the spot when the assoclated gain verniers are
rotated through their range. B-11 and R-5] are located behind
the rim of the retractable light shield; they are acesssible
when the light shield is withdrawa. NOTE: It is noi necessary
ts remove the chassis from the case for ihis adjustment,

Adjusiment of WG-2164 Low.-Capacitance Probe

Apply the output of a square-wave generator which has been
tined to 10 ke scvess the ¥V INPUT terminal and the GND
terminal of the oscilloscope, using the Direct Probe and Cable
and the Geound Calde, and adjust the proper controls to give
a sqeare wave of ronvenlent amplitede on the escilloseope
sereen.  Attach the WG-216A Low-Capacitance Probe to the
Direct Probe and Cable, and connect this probe to the sutput
of a sqnare-wave generator. I the square wave now obizined
is distorted as compared te the square wave previously viewed,
adjust the Lew-Capacitance Probe as indicated helow, {See
schematie diagram for the schematic of this probe.)

1. tpscrew the probe tip.
2. Place a small screw driver to fit in the slot of the

capacitor tuning stud C-435.

3. Botate the stud for the best square wave on the screen
of the cathode-ray tube.

4. Replace probe tip,

Sweep-Oscillater Adjustments

The procedure {or adjusting the sweep oscillator is outiimed
below,

1. ERemove the chassis from the case, plug in the power
cord to an ae outlet, and short the imterlock switch 56,
CAUTION: Ses “Bafety Precautions™.

2. BRotate the INTENSITY control to turn the instrument
on, and set the ¥V GAIN selecter to position “307 on the
A range.

3. Fune an aundio oscillator to approximately 10 ke and
apply the oscillaior output aeress the V INPUT and GND
terminals wsing the Direct Probe and Cable and the Lround
Cable,

4. Set the V GAIN vernier for a convenient vertical de-
flection, the H GAIN selector to “SWEEY™ position, and the
W GAIN vernier for a convenient herizontal deflection.

5. Set the SWEEP selector to position “300-3K" and ihe
SWEEP vernier counterclockwise. Het the S5YNC selector
to “INTH" or “INT—" pesition and the SYNC vernier for
a stationary patiern.

8, Adjust C-30 for an undistorted sine wave on the face
of the cathederay tube, This adjustment contrels the line-
atity of the sawicoth oniput of the sweep esciilator,
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Verticab-Amplifier Adjustments

The general provedurs for adjusting the vertica! amplifier i
cuthned below. See Figurs 21 for the physical locatiens of
the adjestable parts

invelved,

H 2oy of the adjustable parts is replaced. it &5 NECESSATY
aely to make the adjustments associated with the replaced
party it is not necessary to follow the entire procedure for
readjusting the vertical amplifier,

1. Bemove the chassis from the case as indicated shove in
the “General” section.

2. Connect the power cord o an ac ocutlet supply 105-125
volts at 30/60 cycles, and short the interlock switch 5.6
located on the rear apron of the chassis. CAUTION: See
“Safety Precautions™.

3. Hotaie the INTENSITY contrsl to turn the instrument
on, and allow at least fifteen minwes for ihe instrument to
warm up.

4. Set the V GAIN salector and H GAIN selecior to
position “30” en the AC range. and rotate the ¥ GAIN and
H GAIN verniers 1o their exireme counterclockwise position.
A spot should appesr on the oscilloscope screen. CALTHON
Do vot allow a small spet of high brilliancy to remain on
the screen for an appreciable lengih of time because dis-
coloration and burning of the screen may result. The spot
may be weskened in intensity by means of the INTENSITY
conirol,

3. Cenier the spot with the H CENTER and V CENTER

controls.

6. Hotate the adjustable screws of capaciters G110, C-11,
C-12, and C-i3 completaly counterclockwize. CAUTION:
High voltages are present at the adjustable serews C-10,
11, €12, and €33 whei the power is applied to the
ingtrument.

7. Set the ¥V GAIN selector to “.3” on the AC range, and
apply the voltage available at the 3V PP terminal io the
V INPUT terminal.

8. Adjust B9 for maximum vertical gain. Remove the
voltage applied to the V INPUT terminal.

9. Readjust R-11 end B-51, if necessary. (See “Amplifier-
Balanee Adjastment” above.)

10, Set the H GAIN selsctor to “SWEEP” position, and
adjust the H GAN vernier for a herizontai-sweep width of
appreximately four inches.

1. Tune the squars-wave generator for a 100ke QP
of approximarely 1.0 volts peak-to-peak. Apply this outpui 1o
the oscilloscope with the Direct Prebe and Cable and the
Grouad Cable,

12, Set the SWERP sclaetor and the SWEEP vernier for
A square-wave patiern of a convenient number of oyele
the oseilic

5 an
cope sereen, and adjust the V CAIN vernier o
s extreme counterclockwise position. et the V. CAIN
selector o pesition 03" on sither the AC or DC FANgE.

13, Adjust 12 and €3 by egual amounts oatil the
square wave on the osciliescope seresn just begins an over
showt condition.

1. Botate the V CAIN vernier clockwise and Tower the
ountgat from the sare-wave generator to give a verticai de-
flection of approximately four inches on the sc

o111

15 Adjust C-10 and C.11 by equal amecunts unill the

corner of the square wave jnst begins io round off,

s T e
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16, Tune the square-wave generator for 2 104« mstpuz;w
set the V GAIN selocior 1o 37 position on the AL range;
gud adjust the sutpur of the spuares

goneratoy Lo pro-
vide approximately three inshes of vertical deflection on the
iace of the cathode-ray tobe.

Y7, Adjust C-3 for the best sqouare wave,

18 Bepeat steps 16 and 17, setting the ¥V GAIN selecior
first to position “37 and then 16 position “507, and adjusting
C-5 and €3, respectively,

Horizontal-Amplifier Adjustinents

The general procedurs for adjusting the borizontal amplifier

iz oulined below. See Figure 21 for the physicel locationg of
the adjustable parts involved.

replaced, It s necessary only

H any of the adjustable parts iz

to make the adjustmenis associated with the replaced part; it
is not necessary to follow the entire procedurs for readjusting
the horizenial amplifier,

1. Follow the procedure outlined in steps 1 theough 5
under “Vertical Amplifier Adjusiments” above.
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2. Retate the adjustable serews of capaciters (C-24, .25,
C-26, and C-27 completely counterclockwise, CAUTION:
High voltages are present at the adjusiable strews €24,
C-25, €26, and €-27 when the power iz applied 1o the
1nstrument,

3. Bet the H CAIN selector to “LINE” pesition and the
H GAIN verpier completely counterclockwise, Adjust B-47
for maximum hovizontal gain,

4. Set the I GAIN selector to “.03” pesition on the DC
range and the H GAIN vernier fully counterclockwise.

5. Apply a M0-kc square wave from a square-wave gen-
erator to the H INPUT terminzl, uvsing the WG-Z18 Dirsce
Probe and Cable, and apply 3 100ke, 10-voltsrms signal
from a signal generator to the ¥V INPUT terminal, These
two inputs may be synchrenized by applying a syne voltage
to the syne terminal of the square-wave genevakor from the
output terminal of the signal generator.

6. Adjust C-26 and C-27 by equal amounts until the
afuare-wave paitern just begins ar overshost condition,

7. Set the H GAIN vernier to itz maximam clockwise

- position, and reduce the ourpat voltage of the sguare-wave

generator, to produce a comvenient horizontal defleciion.

8. Adjust £-2¢ and €25 by eqoal ameunts until the
corner of the square wave just begins to round off,

9. Replace the signal generater with the audio ascillator
and tune the square-wave generator and the audio oseillater
w0 10 ke, syochroniving the iwo owiputs for a staifonary
square wave on the oscilloscope soreen,

16. Ser the H GALIN selector te .57 on the AC range.

L Adjust C-18 {or the best square-wave response.
NOTE: It may be necessary to increase the cutput veltags
of either the square-wave generator or the awdio oseillator for
this adjustment,

L. Bepeat steps 10 and 11, setting the H GAIN selector
first 1o position “37 and then 10 position “307 on the A
range, snd adjusiing €-20 and -22, respectively, for the best
SQUATE-WAYE TESPONSE,



