soope is by checking th the voltages at
the tabe sockets. Th 1 values, which
can he expected to be fol when the instrwment
is working properly under ‘the specified power rat-
mmg (117- volt, T0 i}{if‘)ﬂ are indieaied adjacent to
the secket positions in Figare 4. In general, the

values shown are measured from the wsm’lwt COTE-

iacts to ground; however, the heater or filament -

voltages are a-c and appear between the ¥.F or
H.H clips. All readings given are acinal operat
ing valves, and 3o not allow for any errors likely
ts he cansed by corrent drain of the measuring
mstrament. Some of the vellages are not measnr-
able with low resistance volimeter,

REPLACEMENT PARTS

Tnsist sa genuine factory-tested parts, which are readily identified and may be purchased from autherized dealers.

Srack Stock
Na. DESCRIPTION Na, DESCRIPTION
47068 | Capacitor—Silversd waies, 91 memfd. (C.28) 47862 st-Binding post (mse with 47063) ... ... ...
319652 | Capacitor--Silvered mica, 1000 mefd. (C-33) ... 2308 | Poteniiometor—“Centering”  or oems™
37617 | Capacitor 001 wmdd., (C-27) ... .o il (B.16, R
33806 | Capaciter—0015 mfd. (C-3, O3 ..o o0, 171063 | Potentiometer—*F
36474 | Capacitor--- {302 mid, (C32) ... - 31892 | Potentiometar-
47067 | Capacitor— 008 mfd. (C26) ............ ... .. 31897 | Potentiometer " rontrel (B14) .......
11315 | Capacitor-- 015 mid, (G331} .- 50953 § Petentiomelar Rzmwz, Ad;mlmem contvel (R-30)
47066 | Capacitor—06 mid. (C23) ... .............. .. 31894 | Potentiometer— “Synt Adjusi™ control (R8) ... ..
47070 { Capacitor—015 mfd. (C30) ................. . 13111 | Reactor-Filter reaetor ... ... ... .. .. e
12484 | Capacitor-0.25 mid., 350 volis (C- 3381 | Resistor—-200 ohms, % watit (R29) ......... ...,
1 €7, €18, €237 ... e feees 3073) | Besistor-~1200 ohms, 34 watt (B2, K1) ..........
15943 -Caf"‘}‘.;}‘” SRR paper 035w, 800 v (GI2 | Jotic | Remtur 12000 ohe, B wait (B2 oL
T VA g A 13669 | Besistor—22,000 chms, 2 watts (K20, R.21, K34) ..
47069 | Capacitor 1 mtd. 300 volis (£ . oooeo o 50431 | Resistor ~39.000 shms, 1 wait (BA3) ............
46705 | Capaciter—Electrolvtic, § mfd., 250 velts (C-16) 14148 8 it (RS
32342 | Capacitor—Elecivelviie, comprising twa sectd : 38 ~68,000 ohms, by watt (B-31) ...
10 mfd., 450 volts each (C19, C21Y ... ...... . 30679 sAstor.. 68,000 ehus, ¥ wan (B3 R6Y ...
47052 | Clamip—Tube clamp for 3APLA twhe ... ... ..., 3252 | Besistor-—100,009 akms, 3% warr (R-15) ... ... .,
4367 | Coil—Plate cheoke eoil {l.ﬂ | I 5 31899 | Beslsior -270.006 ohms, 1 watr (B37) ... ces
086 | Cord—Pewsr cord L L0 Lo e 30648 | B 2.2 megohms, ¥ owan (R-24, B-25) ... . :
14133 { Fase—1 ampere (F1) ..o TR 1(0-60 Sereen-—Calibrated scereen and support ring ... ..
30?23 Handle—Case cavrying handle ...l Shieid--Light shield for esthede-ray mbe ... ...
13526 | Holder—Fuse h;older ““““““““““““““““““““ 7| Backei—Cathode-ray tabe sovket ... ... ... ...,
7061 | Yack—Binding jack .. ... e 33054 | Socke: Tube secket
7960 | Bnob—Bar kask ... .. .. e 20627 _ﬁ e *l o R T
47059 | MountingComprising 1 felt ring snd 1 feli liner =0 Ppring-—raned monating TP
te meunt tmbs ... e drz ﬁ?w]tuh forizonial - Inpwt” sw
47053 | Not— £ 832 hex nat 1o held twbe clamp ... ... 11051 | Switels FERTE Emnge“ switch (54" ~~~~~~~~~~~~~
47089 | Plug Selderless locking pin plug (use with 47061 47664 | SBwiteh- Selector™ switch (523) ..., . ...

(rxot supplied with fnstramenty ... ... ...

AL56E laxmsfarm spe-Bawer transformer (Y Lo 0L,

Replacersent parts supplied may not necessagily be identical te those in the ivstrument, becinse of nocessavy substiioe

thons, bt are within Enginsecing Specification Tolerance,

Trademark Veoltibmys
Printed in 11, 3, A,
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WARMING-.A POTENTIAL OF 1000 VOLTS

I PRESENT AT THE CATHODE-RAY TUEBE

SOCKET AMND AT OTHER POINTS ON THE THASSS,  ALWAYS DISCOMNNECT THE POWER
CORD BEFORE REMOVING THE CHASSIS FROM THE CABINET.

i

{ Ao awidely known oz CothodeRoy Dscillogreph )

Type Mo, 155C
TECHNICAL SUMMARY

Power Supply
Rating ........... 116G-120 volts, 50-60 cyeles

{Specifications based on. 117 volts, 60 cycles)
Power Consumption .............. 5 walts
Fuse Proteetion ... ... v vvinenats 1 ampere

verall Dimensions

Height (includiog handle) ... 1434 inches
Width ... ... 8 inches
Pepibh ... oo 1417 inches
Wet Weight ... ... ... L. 21 pounds

Operating Data

Tube Complement
HCALYT (GF/GY ... Vertical Ampiifier
RCA65)7 (GT/6) ... Hovizental Amplifier
BCAGCEG ... ... Timing Axis Osciliater
ROA3AFLA .| Cathode-Bay Tube (3-inch)
BCASYRGCT & ... .. Low Voltage Reotifier
RCASYSGY /6 .. Hizh Voltape Hectifier

When Amplhifiers are used
{Gain eontrels max.)

Direct connection to Deflecting plates
{through external DG Blocking Ua
pacitor)

Defiection sensilivity

2t I ke

per inch*

2.4 peaketo-pesk volis {1 woli vomes) |77 peak-to-peak volts (27 velts r-mis)

per inch™

Polarity of deflaction

Pasitive direction is DOWN for vert-| Positive divection is UP for vertical
wal impui, to the RIGHT for horizontal| inpat, to the LEFT for horizenial inpmt

isput
Sine-Wave Response— |[Uniform =£10% ... 7 cps. te 40 ke®|Low frequency limit  determined by
Vertical and Horvizental | Uniform 2209 .......... 1 80 ko.* { value of Blocking Capacitor weed. High
Amplifiers Usefol Range ............ to 200 ke.* | freguency limi: determined by length

of connecting leads and external cirenit

Input Impedance

0.5 megohm in parallel with 22 womfd. |2.2 megobums in paralle]l with 24 woodd.

Sweep Direction—ULeft 1o night,

Enput Impedance at Exiernal Byne. Terminals 0.1 megohm,

* Average values,

DESCRIPTION

The Type No. 155C Cathode-Ray Oscilloscope i3
a reliable instrument for the ohservation of zlec.
trical cireuit phenomenz.  Althoungh practicaily
unlimited in application, some of its more com-
mon uses include the study of wave shapes and
trapsients, measurement of medulation, adjess
meni of radic receivers and transmitters, deter-
mination of peak voliages, and tracing of vacoum.
tuhe characieristics. It facilitaies the shservation

L

of very rapid changes of current oy voltage without
appreciable distortion. The instrument is entively
pariahle, as shown by the cover illustration, and
operates from an a-c source of 110 1o 120 volts,
50 1o 50 cveles, an integral power supply unit
furnizhing all veltages required for opevation
Construciion is of rogeed design, making an in-
strament ideally suited for field service, labors-
tory, industrial, and school requirements.




The type 155C feamives i following improve.
ments over the previond madels:

The image on the tube sereen may be observed
through normal viewing angle with lower inten-
sity das lo an improved, permanently monnied
deep lighichield,

The graph sereen is ruled in divisions of one-
tenth inch and is readily vemovahle.
The deflection plates are aceessible through zn

opening in the cage, permitiing conunectisns of
very low input capacity,

Terminals are new combination pin-jacks and
hinding posis which afford greater flexibility in
making vonnections 10 the instrument.

The timing axis oscillator circuit is of an fim-

proved design, allowing the oscilloscope o he”

synchronized with low voltages in the andio, super-
sonic, and low B-F ranges. Livearity is practically
uniform threughont the range of 10 gps to 60

ke

A 6.3 volt, 60 eycle supply s broaght out to 2
binding-jack for convenien: gemeral wse in oscil
loscope observations, :

Both the Vertical and [Horizontal amplifiers
have improved response chavacteristics.
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Figure [~ Block Degram

Figure 1 shows the essential units of the instro.
ment in block diagram form.

For a comprehensive discussion of the funda
mentals of cathode-ray tubes apd an analysis of
the figures which appear on the scréen, see A
General Dhscossion of the Cathede-Bay Tube,”

ECA ¥B.26453,

PREPARATION FOR USE

Unpack the instroment from the shipping con-
tuiner and remove the sorews at the rear. Withe
draw the chassis from the sase, feeding the gower
cable through the hole in the back, Make certain
that all tubes are firmly in their sockets and tha:
the gridcap conmection is in plave, then replace
the chassis in the case and replaee the sscuring
serews. With the INTENSITY control in the ex.

CONTROL FUNCTIONS AND

Befer to cover illustration for location of con-
trels and the schemaiie diagram (Figure 2) for
the locatien of cirenit wnits desionated hy syme
bals. N S

L INTEMSITY control, turned in a cloek.
wise rotation from the OFF position, closes the
power supply switch.  Additional reiation in.
creases the hrilllaney of the image on the tube
serees.  This control (R-14) is a potentiometsy
in the Tow side of ihe high voliage Bleeder. Iis
position controls the hias on the srid of the
cathode-ray tube, which in turn dz’;i;zn‘nim_‘:éﬁ the
quantity of electrons ewanating from the “gun.”
thus zoniroliing the spot brilliancy, S

CAUTION. DO NOT ALLOW A SMALEL
SPOT OF UICH BRILLIANCY TO REMAIN
STATIGNARY ON THE SCEREEN FOE ANY
LENCTH OF TIME, AS DISCOLORATION OR
BURNING OF THE SCREEN WILL RESULT,

2. FOCUS conirol determines the distinet.
ness of the spol or tmage on the fabe sereen

treme counierclockwise (OFF) position, plog the
power-supply cable into an elocirical ontles sapply-
ing 110-120 volta at 50-60 cycles. The instrument
is then ready for operation.

NOTE: DO NOT ATTEMPT TG OPERATE
THE EQUIFPMENT WHEN WITHDRAWN
FROM THE CASE AS THE HIGH POTENTIALS
USET} ARE DANGEROUS.

TERMINAL CONNECTIONS

and should be varied 10 correspond to changes
in INTENSITY. The contral (R-16) &5 a poten-
tiometer in the high-voltage hleeder and it con-
trols the first anode voltage, which with constant
seeond anode vollage, determines the distance at
which the electron beam focuses,

3. VER., CENTERING and HORK. CENTER.
ING. 'These centering contvols govern the -
sition of the apot or image on the twbe sereen
and should he adjusted in comjunction with
INTENSITY and FOCUS controls. Siart with
hoih comirols ml about mid-position, ae it is
possible for spot 3o be completely offsereen,
The controls are potenitiometers (H-23, R.22)
that conirel the amount of d-e potential briwesn
ihe two deflecting plaies of each pair, and therely
allew adjnstment of the position of the spot or
image.

i VEB. AMP., INPUT. Voliage impressed

an these terminals will give vertical deflection,

it

R -

i,

5. YEH., GAIN. This conirel governs ihe in.
pui veltage 1o the amplifier, thus controlling
vertical defleetion. It consists of & poteatiometer
(B-1) in the inpud civcuit of the vortical amiplificr,

6. HOR, AMEP. INPUT. Voltage impresssd
on these ferminais will give hovizontal defles.
tiom,

7. HOR, GAIN, This conirel governs the in.
pwi volisge e the horizontal amplifier. thus
comiroliing horizonial deflection. It constats of a
petentiometer (1-3) in the inpat eienit of the
horizontal amplifice and 15 effective with the
HOR, INPUT ewiteh in either the BWEEF or
AMP. position.

4. HOR. INFUT switeh. Horizonial fapuoi
switch (5.1} has two positions: _

AMP. (amplifier) position which connecis the
HOR. AMY. IMNPUT terminals to the fapui of
the horizontal amplifier,

SWEEF positton which sanses the interaal
timing axis sseillater volisge to be applied to the
vathode-ray tuhe through the horisontal avapli-
fiev. Lo thie position the HOR. AMP. INPUT
terminals are discennected but the HOR. GAEIN
control iz siill efective.

4, RAMGE. Sweep rangs switch (5.4 seleats
one of four timing crenits. §e thus ehanges the
timing-axis oscillator Ireguency o steps giviag
four raszf approximately as shown en the front
panel.  As the frequescy ranges averlap, the
switch zeiting giving the highesi freamency should
be wsed.

10, FREQUENCY. This control changes the
ilming-axis oscillator froquency gradusily as it
is rotated and should be psed in conjunciion
with the RANLGE switeh is ghve continnous
rangs helween the extvemes of fvegueney, The
conirel iz a dual polentiometer {H-32) Iocated in
the lming cirogite,

1L EXT. SYMNL, terminals sre used when
it is desired to synchvonize the thmingaxis os-
cillator with some externsal souree (gee SYVHC
ADFUSTY,

12, BYNC, SELECTOR switch (8542 has
three positions:

EXY.din external position the EXT
binding jack i conpected 1o the SYNC AD-
FJUST, contral. This allows the use of an exteroai
souree of evnehronizing he applie

voltage

cehronized with the ::ig.:;ml on the vertiesl ax

LINE.—On line position the SYNT, ARJUST.
contral is connected te 2 power line frequency
sowree.  The acraal frequen dependont on
that of the power line itseM, vanally 56 or B0
cveles. The lne syne. sowrcs is oup by ihe
fvolt heater cirenit.

ENT el iniernal pesition, the SYMNOC, ALk
JEIET, eowirel locks the fmage with the fre
grieney of the spplied vertical input voltage.
1t derives 2 signel from the suiput of the vertieal
congecied to the cathed

amplificr by be
6537 mbe, The i xis nseillator cop be

1 @t
the Impdamenis! {requency oy 21 any small suh.
multiple, such a5 172, 175 ete, Sy
is mot efective i i s sttempied o
thming axis osciltator st a higher frequer
that of the synchronizing volts

5. SYMC ADJUST, This contrsd should be
got as fnr esanierciockwise ns b consisiont with
a locked Dmage, sinee oversynchroenization
canses poor wavefoem from  the timing-axes
oseillulor, The contrel {(H.-8) i a potentlemeter
controlling the amonnt of svnchronizing volls
fod 10 a geid of the 6080 tnbe.

4, GHE The termimnals marked GNIEL are

common gronnd and are connecied to the ohasais,

15 &Y. A, 'Thizterminal and G supplies
approximatedy & volts at the froquency of the ﬁlsa#t«-
trical powe i The seunree may be wsod an

synchroniz or a8 5 HBlament for an
extarnal diee ’

6. BEFLECTING PLATE.  fhvect cons
Hons o the vertical and horvizontal deflec
plates of the caihoderay imbe may be made |
removing the "™ shaped wmper sonnecting the
iwo binding jacks in the amphf

werdo-plale elrenit
(aceezsible through a door iu the side of the case).

The mput voltag
the wpper binding jack an inig
jack on the righthand = facing the terminai
board s the hoerizontal plaie conncetion and that
on the lefy, the verties] plate conne b oape

¢ must he eonneeted between
I around. The binding

plications using low froquencies, a iing ca-
pacitor of 25 mid. should be we with

the deflecting plates, For high fr 5 H-1}
a L0 mdd, or smaller, capacitor should be
uzed, the exact value beiog velative 1o froguency.

OPERATION

GCEWNERAL., The following procedures are ia-
eladed in order 1o familiarize the operator with
the eperations and cosneciions invelved in par
ticular applicaiions, All applications of the equip-
ment ave not described, b analysis of any other
problem will show wherein it 1s similar to or differs
from those n, enabling the aperator to work
out hiz own sequence of operation,

Maost applications of this instrument are per-
formed with the oniput of the unit woder test
eonnected to the vertical inpwt ierminals of the
oseilloscope, and the wave shape studied by ap-
plication of the sawtooth timing voliage hetween
the horizontal plates of the tabe. Before any
mieasurements are al 3{11}}17@(;,, the speraior i3 ur;‘gé-*(i
to go through the following proce in order 1o




familiarize himaelf with the controls and their lo. pearing on the
cation and te get the “feel” of their vperation: conirel until the la

i
el —N:) !
9 %& 1. G 1 she powsr plag to ap ac sonree of of the same Hb-cyele son
Z g eORIe C POWEE Piag ra v =l ENPUT with the HOR
= 0120 volis, 50760 eyveles, Turn the INTENEITY T i g g e B
: . ; 2 will simnilarty show 2 herizens: 3
: i L control elockwise, causing a spot (o appear on the U e
e N ole ke — o cdes o o g in b a laney as the INTENSITY the length of which may be varied l=
A Fe I B ello] A i sereen, inereasing in hrilliancy as the INTENST] G of HOR. GAIN conirol
Z ARC AP ufu 5 olP oo conirel iz advanced further  olockwise,  The i
g a 2 T T o FOCUS conteol should then be adjosted nntil inax. 3. To expand (2) further, apply 60 cyele volts
£ 3 - - N a 4 > 3 ) e = - B
- & ol - Z r%I o B imurm distinetness of the spet or image oceors. The age to both HOR, AMP. INPUT and VEH, AMP.
i i sl g oL B3 aw | 1 e p oy i JEp OF SRS e ) : e
o Z £¢ 9 g 8% 8 L , centering conlrols should he set ahour wid-pesi- INPUT termingls.
8 3 it e o i1 o T
| u-d oo o '}%Eé i o, Bipee all grownd hinding jacks ave sommmen. i
E 7z o T g CAUTION., DO NOT ALLOW A SMALL it only nees sary Lo eoane the higheside (jack
& 4 : o SPOT OF HIGH BRILLIANCY TO REMAIN marked 6 V. 4-C) of the 6 voli supply 1o the VER,
%““—' o STATIONARY ON THE SCREEN FOR ANY AMP.ENPUT or BUR. AMP. INPUT when mark-
o S kT i b . e the tent
& s ) LENGTH OF TIME, AS DISC ng the above test
03 R BURNING OF THE SCREEN &“’ﬂfi'i@iﬂ When using the 6 volt aupply
i) . With the spot on the sereen and with the IM- ) 1 Hoscope, ! slrould hz rememberes :
EC?, N & TENSITY ecoptrol retarded so that the spot is no :H- : “i al {E rassis growad and that "“‘;”ﬂ
. crounding the somree may camse serions dam
o o 2y |, d i too brilliant, adjust the position of the spot 1o the Er :";" lug the source may cawse serioms dam
; >$ 3 _ z % u o4 senter of the screen by rotation of the two centor te the instrument,
: (‘9 . }f’ ) k,} g{lf: igjg contiols. ;‘3.';'?}3‘!}" the horizonlal e }&’E T wﬂﬂ%}l‘s’ e ihe ii'f
. " _ i ) A Jeciing plates. pre \ ,
. NS P 4 N To tarn the cquipment off, wn the INTEN. ?“"fi?ﬁf plates, i"i]“}ii?h thre '“’}i‘ the *ﬂ?l‘i ifier
j _ N " SETY conirol to its extreme comterclockwise po- ane ing}‘ # fgmtmg thes mz&;m the Gl-eyele ver
._m{m {} Vit sition, until & distinet “snap” is heard. tical supply through the other AEi.épi}iEfiiﬁ ..gmi‘ 183
9z gg YVoo0a %3 gain ﬁiiliifi”().%.z ) Tk seidi will he g di e.uE :_i:;.m:.,
ug 06 DL/Q%"E Z. Apply a sovurce of G0-evele voliage 1o the HOR, INPUT 5 ened 1o AMP. 1o
A VER. ’iMF INPUT terminal. The 6 V. AC ter- do this. | _ wssion of  the
m . minagl may be used as this souree of volinge. To Cathode-Ray iu e, Ht % 1. ?‘M 53, Figure 5 apd
i " TQ D05 ©n : . ' i i i ion, N
i Y PRV o X g chué ol adjusi the length of the resultant vertical line ap- explanation. )
i E i | URE meizd uUg ) ’
: g 92 Yo || &8 b= :
; a8 o 2 LRy N- Yu @E ¢ i
i iLi 9 i L
; | - ! ‘
ol s |on e | APPLICATIONS
[y e .
Al azt] e
o U 8%&. " A AC Vorrmersr witaouy AMPLIFIER--For give differeni {';ﬂihmf}sm' ﬁf cougse, and i con.
U3 do’isg ;S'ﬁ this applicaiion, the charasteristics of the wunit siderable wee is made of this featnre, 1t mw
i By b are as follows: Iopui resistancs— 2,200,000 chms, isabile 10 plot a corve of ihe inputs requive
> 0 input capacit: wappmmm;ﬁt*h 24 mmi., voltage a one-inch deflection a1t variovs inlermedi
. mH!’ range—-80 volts r-m-s (higher with external ar ste positions of the gain contrel. I working st a
9 < _sloslas ®o . . tennalor) : calibration—approximately 77 vols frequency ahove 10,000 eyeles, it mmst be v
a8 gg g Eé‘j D vy 2 g 2 Z T per inch peakdo-peak or 27 rom-s volts per inch. heved that retarding the gain contrel from n
5 oLl . . )
= i . L. mum impairs the fregueney response of the ampli-
FHE A WW"""“NE“’V‘ ' 47 Procedars—Make counections to the Qaeillo- feer ! 1 FEpense of he ey
Gk 3¢ 3§§ rfég e scope and turp controls te the proper prsmmunw o
— " U= ea aﬂj o B Measure or estimate the length of line appearing A particnlar applestion of operstion a3 an ac
0 el fa‘ { on the screen in inches (depe meding on acouracy voltmmeter is In makmfr hum measurementa in a
[5 W\~T-jiv 38 e @ desived) and wmuliiply by 77, Thie gives the ap- powsy supply unit. In this case, the GHIL bind-
2 s o L0 Jut U }g pmmmata; peak-to-pesk walme of the wnkaows ing post (VEE. AMP. INPUT) 15 connected to the
g"i an 09 | @5 voltage. For d}ihrem%mdh reaies value, if voliage common lead of the filler cirenit of the wnil uns
W 0g 8 0% b%‘m” measured is sinmsoidal, divide pesk-to-pesk test and 2 test lead, connected o the VER. AMP,
0 i z{w_’}; value by 2.8, IHPUT bdiog pest, & veed o cheek the e vip-
wy : [ 5 " . ple o 1 a1 the varicos poinis i B0 RILE
ik T AC VorrmueTeR Wik AMPLIFIEE -~ For this ap- ple present at the varions points in the eremit
" o plication, the characteristies of the unit ave as fol A-Co Ampveras wirs Ameraass-For ihis appli
o e ¥ i}t ‘ Meeris p . Sy .
T} g 30 i 9 10‘“’"‘ Input vestitance—500.000 okms:  mpus eation, the wunit s used ps an a.c velimeler with
e / capacity-—approximately 22 mmfy  frequency ap external showt, The range with a epe-megobm
! LELLEEEIETAYLS range—2-40.000  cveles;  ealibration- (zmwhf)) shunt s, roughly, yoamperes, and the
U ) ﬁ;’* e o3 : 28 'ml;» Pﬂi inch pezk- mqsmi‘, or L0 ran-s volis audiodrequency mapedanes Js about 330000 olms.
o -4 : ok per inch with gain contre! at maximun : .
Z (O[;'i’ g - ﬁg .f'{«/hngé i Frocedure—The esetlioscope  chould be con-
& 5 Ou ! m g Procedure—Make conmertions and adjust con- nected as for the s-e volimeter with amplifier, ex
’\')?\ trols. With the VER. GAIN rontrol in the extreme cept the eircuit with the unkoown current shonld
- clockwise position, a five one inch Yoneg is obiained be commected o the VER. AMP. INPUT binding
: on the scresn for about 2.8 voliz pesk- Ao-peak in- posts aeross an externs] shant of 1000 obas or one
. - C e e s , e i, Intermediate position: T - . Jemerdine on the steniimnds of the eope
Figure 2 Schematic Cirewit Diagram, Type No. 135 pus, i s of the sain eontrol megobm, depending en the ampliinds of the cur




reat. Variation of phe AN comtral wilt
adjost the length of line a2 twy on the sereen,
As when wsed as an C vOImeter, i omay he ad.
vanlageous in plot 4 cuarve of ioputs v, F2I0 oo
tred settings for one-ineh deflection o e BOrenn
i order 1o obigin the values of unknown currents
more quickly,

ATBID  Quarsry MEessvrenig s tse of the
“sweep  oseillarn,” feature of the oscilloseope
provides a chock which cannot be made with un
sridinary voltmesor. This s extremealy helpfyl iy,
df?if._%iﬁmiﬁis:ag the audig Guatity of a receiver op
similar mstroment gy also Incating causes of
andie distortion, \

Procodupe— Apply the euipil from a consiap
freguency record or audiv oseillstor 1o the YER.
AMP. INPDT bindingjuck.. Tura the RanNGE
switch to thag iap giving 4 range including e
frequency of b Wput signal  and adjust the
FREQUENCY conirol untl the sweep ascillator
frequency s near that of the nput sigazl, IF the
twe freguencios arg ddentieal gpe eyele of the in.
Put signal will he observed on the sereen; i the
weep oseillator frequesncy is onedalf that of 1he
mpal signal, iwe cyeles of the latiey will appear:
if ane-third, fhres eyeles: pee Newt, copnect 1his
constant drequency record or atdio oseillator guj.
put io the audie inpui of the unjs under test agpd
commect the sutput of yihe anit under test 19 ihe
VER., AMP. IvPTT binding posis of 1he ascille.
scope. I the resaliam wave does not corvespond
to that ohlained when the inpur was direct to the
vseillosenge, audio distortion is Dresont,

ot s desired g measure the overall gudin
fidelity of » receiver, for mstanee. the procedn
similar o that above eEeEpt that the volts i
lating an r.f oscillator is fod ijpn, the ascilloseaye
adjusied as aboye, Then the piodulaed ascillatoy
is conmected to the rf mpnt terminady of the re-
ceiver and the leudspeaker voipe eoil copnertad
to the oscilioscope, Lomparison of the two re.
sultant waves will indicate how pusol, distartion
verurs in the recejver snder (es, Observing the
gaality of the nput to ihe vecetver from the res
oseillaior will alio shae how muck distortion i
being fed into the receiver from the tes paeile
Lior. 'This is desivable sines jt way show thar a1y
the distortion Prosent i the roopives bulpal may
%ot be due 1o the recever chavgete stics, hm 1o
those of the test oscillatoy ( WTMIng no distor
iion from modulation) . '

Moburavion Imicaron A1) e method of
measiring the moduiation of a transmitter i o
Place the modulated e4 outpr of e bransmitier
mte the verties) plates of e cathoderay tihe and
the audio pui signal o the transmirier ot the
SYNC binding posa.

FProcodyre ... {onnest 4 tonsiani-frequency iy
PEL {0 the transmitter and CenGect g sppall p.fr!;a!p
eoid, located noar (ha trassmittor lank coil 10 the
DEFLECTY FRE ey binding  jueks iacressible
through a dooy in the side of the cosel ws oy,
vlatned in itew 35 opagze 5 The pickup on this

eot! shonld ke from S0.7% volts, Capmecs the BXT

15

SYN, bimding post of the ascilloseope 1y the
transmitier andie amplifier ai 4 poinut providing 4
2t deval: signal. Turn the RANG) tawitch 1o the
fap which includes the frequency of the inpai sl
nal and adjuss PR EQUENCY control uniil the
sweep oseillator mrerlocks with the signal op the
vertical wlages, Adjustment of the BYNG, AD
JUBT. conieni provides control of the vollage from
ﬂw. Pk coil vy (he goid of the RCA.6( 817 tube,
Adjustment of HOR, Aty sonlrol varies jhe
WTizsnial deflection,

{2) Another ang somewhat siwdiay method of
modulatiog MERUrOment s to copnect the pickap
eoil 1o the DEFLECTORS @y inding jacks (e
vessible thegualy 4 door in the side of the Casel as
explaived jn jren 16 on page 5, a5 before, but con.
Beel the auadi, sigual (from the fransmitier autdin
amplifier) w, (4, HOE, AMP. NPT bindip,
Posts. Adjust HOK, CATN Contvol until desired
hosrizoniai defiection is vitained, The pereentage
m-miula:%e‘..sn”(:;m then ke readily determined. {Sen

Figure 31, %5 Leneral Discassion of the Carhgde.

Ray Tabe,” ROA 18-26453.)
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For alignment  of the intermoediaie.fre juency
~tm§§\- of 3z 1'{'?(=a?.iw-?_r., it is wrential thae an gy
iliapy apparaius, a Troguency modubitor, be avail-
ai..s-.!a':_ o sweep the intermediate fmqiamm}’ for
which the Feceivor g designed,  Ope oy pe of fre.
Greney wodnlatoy consisie of swoep condenser and
2 sviehronizig, gEnerator rotated ip SYHCNTORnisgm
hy 4 deiving gotor, The condenser 1o area nged o
Tsweep” qhe trequency of the ~f fnput 1o the pe.
CEIVEr Ao iof stages) and the synchroniving goner-

A10T connects 1o the RET. SYNC, binding poste of
! 1

the TPE 0 23 te synchronige the sweey
vseidlater with the frequency variation of the teg
aseiliatoy mpat wothe receiver. Oy ap electronic
SWoel test pseillap, s may be wed 1o provide Loih
El ‘i":ﬁé!‘iéiﬁ}i?}'ml!!€$§1i§2_51}f.{_id slgnal and 4 synchronizing
sgnal, so thas e other frequeney modalator i re-
gpitired, “ )

The teq asciliazor suiput should b, coupled jo
E.i,i..a‘:* geid of the tuhe Preceding the .8 Bage under
PrEnment. I ois esgenigl that this conpeezion he
made withoy altering any of the Pperating char
acteristics of this fage. If the spigd of the tahe
o which connection 5 10 be made js 4 zewvt dee
potential wirh Fespect o ground, eoapec the oseil
Ator 1o the erid of ihe vhe and dizconneot the
lead aormally on the grid, the low side of the kest
oseillazor CUlpUt retwrming to chassic grownd.  §f
the grid is not g zero dee potertial wigl respeat to
grovad, conpect 1he high side of the oscillator 1o
the gyid ['-.ﬁ;«:{:vm‘afrzcténg the Jead on the wrid) and
the siber side 10 the “ 07 Joud for this grid. O,
s cither cage, cotiple the test oseillyror to the grid
thrawel s small rapaviior withoni déaf’rlz!neei&iﬂg
the lead avrnially on the grid. and counect the low
side of ihe tou oscillator jo chassie ground,

The VER. amp, INPUT bindingjack of the ow
cilloscope shonld be consected 1o the andie pur.
Put of ihe secopd detector, For o diede detectay,
this connection may e across the vohyme eonirel

f

alone or across both the volume control and auto-
matic volmme contrsl resistor, if this connection is
sonvenient. When the sceond detector is triode,
tetrode or pentode, resistance-coupied o the first
audic stage, the connection to the VER AMP.
INPUT binding jack may be to ithe plaie of the
tube, the GND. post being connecied 1o ground,
In the case of 3 iricde, tetrode or pentode, traps-
former- or impedance-coupled 1o the first andio
siage, connect a rvesisior of approximately 20,000
ohaus in series with the plate of the tbe and by-
pass the indusctanes in %he";f?aie cireuit i'»}:' a 1.0
mid. or larger capacitor. This changes the imped.
ance of the plate civenit to resisignce rither than
inductive reactamee: the VER. AMP. INPUT
binding jack should be connected to the plate of
the tube and the GND. post to ground in order to
take the audio voliage off this resistor,

ALicHMENT OF Hamo.¥aeguency Sraops. The
eqiipment used for rd alignment s identical io
that for if alignment, except that the test ascilla-
tor ontput is connected to the antenna lead of the
receiver, and different frequencies are exiployed,

Figure 3 Effect of Marker Freguencies on an b
Response Curve

A marker can bhe inserted at any peint on the
trace by applying an additiona) unmodulated sig-
nal o the B.F ar LF cironits of the receiver, By
varying the frequency of this signal, the point a1
which the marker sppears can be moved 1o any
point on the vscilioscope trace, thus serving to
identify or mark thai point on the curve. The fre.
imeacy corresponding to thai point on the trace
2 the frequency of the oscillasor providing the
marker signal, This bermits a very aceuraie check
to be made of hand width, peaks, and important
Points of the TCLPOEIE Cilrve,

FruQuency MesstrEMENTS-—In ming the oseil.
loscope For froquency measarement, cither Liggy.
jou fignres (sine waves ont hath axes) may be wsed,
or the Lnear tming axis may be emploved on the
herizontal axis, The most flexible meathod for
frequencies up te 100,000 cyeles is the linear tim.
ng axis method, The frequency stability of the
sweep sscillator vauning free is por good enough
0 depend ugon for accurasie measirements, b

when this oscill pehronized with 2 stand.
ard-frequency voliage. its frequency stability s
the same as thay of the standard, aud $ can be
synchronized a1 any subwaultiple of the standayd
frequency down 1o about ope-tenth, This aliows
convenient calilivation of » device at many points
between sne-hundredih of——and ten thmes g sipgle
standard-frequency source, and every peint is as
acenraie as the standard, If 1000-cvele standarpd
souree is used, calibration P0G between 10 and
13000 eyeles are easily shiained. Using Lissajou
figures, calibration pointz beiween 100 ang 19.000
cyeles can be ohiained, A drequency standard
which is almest wniversally available 55 the 66.
eyele ac sipply.  Since the advent znd rapid
spread of electyie clocks, the frequency of nearly
all commercial power is held {0 5 very cloze toley.
ance, This allows aconraie calibration at frequon.
cies of from 6 o 600 CLA.

CHEckIve Prasg SHET--To eheck phase it
of a device with the oscilloscope, observe the
sereen pattern with the inpw o ghe deviee on the
BORIZONTAL binding posts and the outpui from
the device on the VERTICAL posts. It ng phass
shift exists, 4 sloping straight-line tmage will ap.
pear. The internal amplifiers in the ascilloseope
wtrodnce some phase displacemen: which mnst
be considered. M sufficient veltage iz availahle,
the internal amplifiers should oot he smploved,

Tae Fivorssceny Parysrn—The Auoreacent
sereen used in the type RCABAPY-A cathode.
ray tube has very good visaal and photographic
Properiies, as well a3 high Juminous efficiency.
The phosphorescent effest is of medinm persist-
ence which is an aid in visaal work and has ng
undesivable effect on the photographing of cath.
ode-ray tuhe patterns, With the new “deep light.
shield,” the pattern appearing on the sercen may
be observed with lower intensity.

To further aid iy viewing ihe pPaitern, a light
flter, sich as the Wratten No. 61N made by the
Eastman Kodak Co., may be wsed. This gresy
filter transmiis Yight of approximately the sgene
frequency as thai of the pattera, allowing the teace
to be viewed with greater conirast,

H it i desired o photograpl the image, the
following hinge may be helpfal:

The sereen of the by i made of No. I phes-
phor, which emins light peaking a1 4 wave-lengih
of 3 Fprovimately 525 millimicrons, Therefore, the
photographic emelsion wsed showid be sensitive
to blie and green Tight, Film of the panchromatic
type “B” or “07 g recommended,

The camera nsed should he sharply focused on
the fluorescent Fattern and have a lops speed of
I 4.5 or betrer. Exposure time will, of course, de-
pend upon lens agd photographic emulsion spesd,
the magnification, brillianee and steadiness of the
pattern,




The schematic arrangement of the entire cir
cwit is shown in Figore 2.

An smplifier consisting of a single RCA63J7.GT
constitutes the means of obtaining gain for the
signal applied 1o the vertical deflecting system.
The input to this stage is 2 high-resistance poten-
tiometer connected to provide gailm eomirel. An
isolation capacitor iz made a part of ihe input ¢ir-
cnit to exclude any direct current which may he
associated with the circuit heing observed. The
plate, or output cireuit of the RCAGSIT-GT is
compesed of two elements i series, a resizior and
an inductance whose values are so designed as lo
effect a broad and uniform frequency response in
the amplifier stage. Coupling from the amplifier
plate o the cathode-ray tube is made through a
capacitor.

The amplifier for the signal applied to the hor-
jzonial deflecting plates is identical to that de-
seribed above. Jumpers are provided to discon-
nect either or hoth amjplifiers, therehy allowing
the voltage to be studied to be applied directly
to the deflecting plates. When the HOR. INPUT
switch is in the SWEEP position the sweep oscil-
lator signal iz fed into the horizontal amplifier.

A sypchronization system is included, as shown
in the input eircuit of the BCA-6CEG. The timing
axis osecillator stage, using the RLCA.HCEG, is de-
signed to have a frequency range of approximately
10-60,000 cycles, conivolled through the HANGE
swilch and FREQUENCY contrel. The signal

from this oscillator has a “saw-tooth” wave shape.

The purpose of this timing axis oseillator
(6C8-G), is to provide a saw-tooth voltage whose
{frequency and phase may be synchrenized with
any desired signal. The ciremt employed, which
is known as the “Potter Qseillator cirewit,” iz a
form of multi-vibrator. The twe triode wnits of

CIRCUITS

the 6U8-0, are coupled together by 2 common
cathode resistor, B-29, and alse by an adjnstable
capaciter (025, G286, €27, C28). The second inde
seetion is blocked off during mest of sach eycle
of oseillation; plate curcent Howing in the form of
a pulse of extremely short duration. These pulses
of current periodically discharge the plate
capacitor (C25, €30, C31, C32) which is charged
through resistor K31, B3Z hetween pulses. The
plate veltage of this tube has, therefore, the re
guired “sawiooth” shape, and may be applied o
the horizontal deflecting vlates after amplifica-
tion, to provide a thoing axis

The first seotion of the SCEG draws plate cur-
rent during the entive cyele, cxcopting the “pulse
mierval,” aeting as an amplifier Tor syachronizing
voliage applied to #ts grid. '

The advantages of this type sweep oscillater
over the gas triode {884} type formerly msed, in-
clade its ability tc operate at higher sweep fre
quencics, more stable operation, and abiliiy to
synchronize on extremely small input signals.

The RCA-3AP1-A  cathedevay tube iz de.
seribed i “A General Diseussion of the Cathede-
Ray Tuhe,” BCA IB-26453. Contrels used to aller
the intensity, focus and zero adjustmenis are de
seribed ander “Operation.”

Power required for operation of the instrument
is obtained through the power unil from a 110- 1o
28.voli, 50- 1o S0-cycle supply. Voltage rectifica
tion is aecomphished by twe RCASYIG rectifier
tahes, ome being nsed fullwave and the other half-
wave, Une of these tubes supplies plate voliages
for the amplifier stages and sweep oscillator, fil-
tered threugh a reactor-capacitor sombination.
The other supplics the high voltage to the sathode-
ray 1ube for polarization purposes.

MAINTENANCE

Tubes

Under ordinary usage within the ratings speci-
fed for veltage supply, iube life will be consiztent
with that obtained in other applications. The am-
plifier. oscillator and rectifier iubes will wear in
accordance with loss of emission; whereas the
determining factor in the life of the RCA-3APLA
cathode-ray tube is the deterloration of the fluor
escent screen. It is therefore advisable 1o avoid
leaving a bright, concentrated “spot” on the sereen,
Alse, the image of the phenomena under ohserva.
tion should he removed from the screen when not
actnally being sindied or measured; this item of
care will emable a long and wseful Hle to be ob-
tained from the tube.

It 15 ordiparily net pessible it¢ tesi the tuhes
in their respective sockets, due to the likelihood

1

of circuit effects, cansing error. Their removal
and check with standard tube-testing apparatus is
therefore desirable. Replacement of the gquesticn-
able rube with one known te be in good condition
is another acceplable and definite means of tracing
tube troubles.

1f the 6C8G twbe is replaced, it may be necessary,
beeause of differing tube characteristics, to adjust
E-30. This adjusiment should be made as follows:
Set SYNC, SELECTOR o INT,, and HOR, JNPUT
to SWEEP.,  Advance FREQUENCY conirsl to
maximon clockwize position.  With a2 beat fre-
gquency oscillator connecied to the VER. AMP. IN-
PUT, apply a frequency fen per cent greater than
the maximum frequency shown on the BANGE
control seale for the RANGE setting im mse. For
example, if the first position of the control is
chosen, apply a frequency of 110 plus 10 per cent,

S——

or 121 cps. Then adjust 030 wniil 2 single eycle
i observed on the serpesm. Gheek other positons
of the BAMNGE contrel to insure coirecl coverage
of each range.

On the BROA-3APL-A, excessive wear and ap-
proach to its it of lide 1 indicated by mability
to obiain a safistaciory foems, and slso by the
sereen herowming streaked and spotted. When it
becomes necessary to ipstall a new RTA3APLA
some rotational adjnstmacot may be yeguired o
bring the axes of deflection inlo their proper hori-
zontal and vertical planes. This is aceomplished
by loosening the serew on the cathode-ray lube
socket clmmp, rotating the socket as desived, and
then tightening the serew.

Fuse Replacements

A small l-ampere cartridge fuse 15 wsed in the
primary circeit of the peower trapsformer.  This
fuse is intended for proiection of the entive power
system of the cscilloscope, and, therefore, should
not he replaced by one having a bigher rating, Hor
be shorted out. A fuse failure shonld he carefully
investigated before making a replacement, since
with Fuses of accepled guality, there usaaliy wrill
be a definiie canse for the breakidown., The cause
may originate from a surge in the power-supply
Line, but the grester percentage of causes may be
centered in the apparatas proiected, such as
shorted rectifier elements, and so forth. Oocasion
ally, & fuse may open from heat generated at ope

of its chip contacts: s points should therefore
he kept clean and insecire contact with the fuse.

Resistance and Continuity Tests

The schematie diagram giving valoes of the
paris is shown in Figare 2. Hesister and capaciior
values are given fo facilitate a rapid apd sare test
for eontinuity of cireuit and the condition of same.
Coils and trapsformer windings have their dc re
sistances showe,

In working on the chassis of the oscifloscope
care must be observed to have the power supply
completely disconnecied. The high voltages asso-
cigted with the circuits of the cethoderey tube
make it especiaily dungerous to attempt io hondis
or work on the chassis while the power is ON.

Care should be ewercized in replacing any part
that may be found faulty., All wiring asoctaied
with the part invelved must be removed, and es
pecial attention given 1o the possibility of dam.
age 1o other wiring or parts. The relation of wir
ing aud parts should be ithe same as in the original
assembly. The insulation and spacing of the high-
voltage leads is very nscessary and an wmportant
item to be adhered to In serviciag of the instru-
ment,

Yoltage Measurements

“{Ine means of learning the condition of cpera-
tion and tracing the cireunit faults of the oscillo-
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Figure 4 Approximate Tube Sockes
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