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INTENSITY FLERD ADIUSTIMENT
CONTROL AND |
POWER SWITCH,

SWEEP FREQ.
RANGE
SWHCH ~

AMPLIFIER A7
SWITOH —

VERTICAL

PPLIFIER A7
GAIN CONTROL

SYRC, INPUT
COMNTROL

" AMPLIFIER 7B
GAIM CONTROL

EXTERNAL SYRIC,
YOLTAGE

SYNC. SWITCH

Frontispicce—Front Vicw of Cathode- Ray Oscillograph, Type TMV-122.1

sy

Tyvpe TMV.122.E

Part |
PERATING INSTRUCTI

WARNING — WHEN SAFETY SWITCH 15 (LOSED, 1300 VOLTS 15 PRESENT AT CATHODE.
RAY TUBE SOIKET AND OTHER POINTS ON THE CHASSS. ALWAYS DISCOMNECT POWER
CORD BEFORE REMOVING CHASSIS FROM CABINEL

Introduction

These instructions cover the mstallation, opera.
tion, muintenance and servicing of ithe Type THMV-
122.B Cathode-Hay Oscillograph, designed especially
for bigh-gquality servicing of radiv recelving sets and
other commupication dovices, Thiz Oscillograph pro-
vides a reliable instroment for the study of wave
shapes and trapsients, moasurement of medulation,
adjnstment of radic receivers and transmitiers, deter-

1o explain the operation of the equipment and aids
in analyzing fizures which appear on the sereen. The
sperator is urged o read this zection thoroughly so
that the numerous applications of the squipment may
be readily umderstosd and aiso that optimuam pere

formance may be obtained at all times,

minatien of peak voltsges, tracing of vacoum-tubs

characteristios and other similar apphications, Ite é

chief (although not the only) advantage over older sy vl RECUENTY £ gy

types of measuring instruments is its freedom from G = GUO B
inertia, allowing the ohservation of very rvapid ——y o3 CATHODE RAY
changes of current or volluge without appreciable dis ) R };“}%%m
iortion. The anit is entively portable, the dimensions e i
are approximately 14 inches high by 724 inches wids

L 2

by 1734 inches deep, and the weight is approzimatoly

3912 pounds. The lustration on the opposiic pa ]

shows the general appearance of the Instroment and

the operating conirols. It operates ontirely from an ! E

a-¢ source of 110 volis, 60-cvole corrent, an integrsl & i !
J * : J A N e

power amit sapplying al operating voliages regqutrad smr-w““”"‘:m@u@?; manEE o b nov a0~

for operation of the equipment. RO — EOU0

=

AER SUPPLY]
BT

The purpess of these instructions s 1o give the
fundamentals of operation. As the use of cathoderay
apparatus becomes more widespread many new ap-
plications will be found for this eqpipment so that a

Fipure 1-—IHock Disgram

thorongh nnderstanding of these fundamentals will Firure 1 shows the essential units of the mstia.
enable the operator to readily adapt the equipment ment, which include an RCA-D06 cathode-ray tube,

o his particular use. Sinece the equipment is built
around the cathede-ray tube, a discussion of nathode. |
ray tubes and images obtained follows, which serves

a vertical amplifier, a horizontal amplifier, a timing
axis oscillator (saw-tooth generator) and a power unii
for supplying 2l operating voltages reguired,

General Discussion of Cathode-Ray Tube

Tn the RCA.006 tube the electron sovree is a sub-
staptizl cathods, indirectly hoated. The cathode, con-
tro] electrode (grid), and focusing electrodes consti-
tute an electron gun, used to projsct & beam of slec.
trons (Fusetion 1), Two seis of alectrostatic plates at

Fundamentally, a cathode.ray tube consists of
(1) an electron-heam source, (2) provision for deflect-
ing the beam, (3) provision for focusing the beam on.
a sereen, and (1) a Fuorescent sevesn for visibly indi-
cating the positien of the beam.



right-anglos t9 each other are located within the neck
of the bulb 1o provide for deflection of the eleciran
beam (Function 2).  Focusing (Function 3) is ae-
vomplished by adjnsting the ratio hetwesn the volr-
ages om suodes Mo, 2 and Me. 1. This ratio is in the
weighborhood of 5:1 In practies, the suode No, 2
voltage is senorally held constant and the anode Me
I voltage is varled, since it is the smaller potenta!
to vomitesl. The sereen (Function 4) forms one snid of
the tube, It is three inches in diameter, and the
nstde iz coated with material which emits lighi
when struck by the electron besm.  The control
electrade (gridd) coustitutes a means of contrelling
ihe quantity of electrons admitted inio th

and ths allows control of spot intensity (alse e
“brilfianey ) the more negatively the grid is hia
the fewer eloctrons in the beam. the smaller the spot.
and the dess the fniensity,

Fhe BOA 806 requires a high polential between
vathode and anede Mo, Z {in the order of 1009 volis),
The voltage on anode No. 1 is usually around one-.
fifthy of the high woltage, amd is made varable to
provide a means of foousing. The bias supply to the
control electrode (geid) is also made variable 1o pro-
vide a means of conirelling intessity. Hince the
anode current is usually less than 0.1 milEamperes, it
is entirely satislactory to use a rectifier tobe in the
power supply rated at only a few miliamperes, and
o employ only capacity m the filier circuit, With
such g small curvent drain bmposed on this power
supply, a condenser of 0.4 mfd, or move will Gher
vory effectively,

The following few paragraphs constitute a very
slementary development of vathoderay tabe defloe.
tion, aod should be smitted by anvone familiar with
the basic theory of operation of cathodevay tubss,
Those desiring to make this cmission mar start at
TStudy of Lissajou’s Tigures.”

{ptical Analogy
—Three Flomenst Cathode Ravs

Figars 2—Fecusing Cathode Boys

The "Electron Gun’ in the cathoderay tube may
b comparved 1o a shnple optica! svstem az shown in
Figure 2.4, In this diagram the Yght eodtted from
the lamp, "1.7 is foonzed on the sereen, 9,7 In
means of a dooble lons system, "Ly, "L.,” and the
amount of Hehi is conirolled by the shugter, ,
which, when ciosed, shuis off the Hghi compleialy.
The brilliancy of the image on the sereen depends on
the size of open'ng in the shutter, "5 snd the
candls power or wattage of the famp, "L 1 the

candle power of the lamp is fized (that is if we select
a lump of a given wattage) then the brilfianey is
soledy comtrsiled by the shuiter, S The sive or
definition of the dmage on the soreen, ™8, is con.
trolled Ly adjusiing the pesition of the leuses, “L,”
and TL” i the eorrect distance, which is ealled
foenging, If the position of the lene, 7.7 is fxed,
then the forus will depend solely on the adjustment
of the position of lens, "L, Furthermore, with both
lepses, ©L, and 1.7 ad justed correctly, it wonld be
posaible 1o o} e the focus by seteally sabstitnting
fog the feps, "L, varicus lenses wntil the one having
the correci index of refraction is obtained. This is
ssseniially the method of contrallineg the foeas in the
vathode.ray pabe ‘

Figre 2B shows the olements constituiing the
“rleetron gun” previously mentioned. U7 is the
cathode which radiates slectrons when warmed by
the heater, “HL” The biss vohiage of the grid 67
comirols the namber of slectrons allowed 1o pass
theough i1, The distanee from the Tgoen™ a1 which
ihe electrons conve 1o a point, or “foows,” is
determined by the ratio of the veltages on the 1wn
anedes, Ay and A, Ghyviously then, there 3s 5 par-
ticilar ratio of these two voltages which will cavse
the beam 1o focns at the screen distance. Tn practics,
the A, voltage is wsually fized and she A, voliage i
muade variabde through sufficient range 1o assupe
thet the beam can be focused on the scoreen.

Figure 3 shows the addition of one pair of defles-
s plates, 1 and Do, to the previons Ggure, 1 these
two plates are i the seme polential, thas iz if oo
voltage difference exists hetween them, the clectron
stream bs uaaflected by their presence. However, i
a difference of poiential does exist betwesn I, and
i the electron stream will bhe deflected toward the
plute which is more positive (D in the figure). {A
positive charge atiracis electrons, which are nega-
tive, while a negative charge repels. Both pluies
therefors bead the eleciron beam np as shown.)

Assume that o cathode-ray 11:be has hoth paire of
deflecting plates connecied to a d-o source through
potentinmeters, as shown iz Figure 4A, The center
position of the “clectron spot” on the luminescent
sereen, with zero voltage on both axes, iz shown
at B, At €, E; has been raised from zero, and it can
be seen that the electron beam has bean deflected
upward and the spot vow appears near the top of the
sereen. At 1), B has been reivrened 1o zere, and F,
raised, A horizontal deflection is obtained. The
direciions of deflection, BC and BID are essentialiv at
right-angles, due to the physical position of the
elecirostatic deflecting plates in the cathode-ray tube.
Ar B, both B, and B, ave impressed simulanecosly,
aitd with defiections on hoth axes, the spot has
assiimed the position vesulting from the (Ez?p;a%‘ﬁw
meat in the two directions.,
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Figure 4 Application of Volinge o Defleci

It is yeadily apporent that by proper eholos (f'i'
., and E. the spot may be made 1o assume any pogis
tiom within the shaded area of B, M the supply 10
1, is reversed, the beam will move o 'iim feft of con-
ter position as the ¥, veltage is in{%ﬁ?asazﬁzi from zero,
and the shaded area of G applies. T and I need no
explanation. J shows in si:a(ie the arca the spot AT
be made to cover by chaaging polarity and valee of
the impressed voltages, B, and ;. Nma asTULE that
a Z-cyele a-e voltage is impressed at By (B, =0). The
spot will be zeen to fxaverse ihe sereen (see M) four
thmes a second, and if the voliage s sinmsoldal, the
spot will move rapldly In the center of its travel and
slowly at cach end. If the Z-cyele source is replaced
by a higher froequency (20 cyeles or more) the spet
will no longer be seen, but instead will canse a hori-
zontal Bne to appear as shown at K. A simmilar vfﬂ“i-—
age impressed on Fo. with #,=0, gives a _ﬁ*i‘ﬁmai
bne as o L. It should be borne i wind that the
electron stream is always cansing enly a small spot
to become Tuminous {assuming eorrect foous, ele)
but due solely 10 the Husion of persistence of vision
(neglecting screen retentivity) the course of the spot
appears as a lne or image, A i’:m"si!i{}r analogy is iiuj
motion piciure, in which a ropid series of srill
pietures gives apparent motion.

o W ¥ -
Study of Lissajou’s Figures

When varying voltages ave applied to the deffect-
g plates of a cathodeway tube, a patiern is obisined
on the fluoregeont screer, The shape of 1his naitern
depends spon the wave forms of the applicd voltazes,
their frequencies and phase reﬁai:ﬁnm:‘jﬁipf_@ Tha fol.
lowing stndy of these patterns, or Lissajon’s figares,
womgde with partienlar ationtion o their develop.
ment, their use in identifying frequency ratios, and
the effeet of phase shify,

Figwre 5 ropresonts a sine-wave voltage (4) ap-
plied to the wertical paiy of deflecting plates of
cothodeaay tube npd an ddentical voltage (1) ap.
phed 10 the borizoatal defleeting plates, The resuli-
g pattern. shown by (O, 45 a straight Jne baving o
A5-degres slope, The direction of the slepe of this huee
is determined by the phase relation of the two vaolie
ages a5 Hostrated 1o Pigores 104 a0d 100.% Figwre 6
Hlusiraies the case of two ideniresl voliages b
ihe same amplitude but 20 degrees, or 290 &

. the resulting Baure

oul of phase. In this cas 5
iwele, M one of the figores is of greater amplivade

¢
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than the other, the resulting figure will be an eilipse
as shown by Figure 10, If the phase relation is such
that one voltage leads by 45 degrees, or 315 degrees,
the resulting pattern will be that of Figure 10D; if
leading by 135 degrees, or 225 degrees, the resulting
pattern will be that of 10B. Figures 5 to 9 inclusive,
show a graphical method for determining the resulting
pattern, where the wave shapes, the relative ampli-
tudes, the phase relation, and the frequencies of the
two deflecting voltages are known. By means of the
cathode-ray tube, the resultant pattern is traced on
the fluorescent screen. Conversely, from this pat-
tern, the frequency, and the phase relations of the
two deflecting voltages can be determined, Where, in
addition, the wave form is known for one of the de-
flecting voliages, the wave form of the other can
readily be obtained by graphical analysis.

Figures 5, 6, and 10A te 10F are for a 1:1 fre.
qaency ratio. When a 2:1 frequency ratic of ibe
voltages aﬁp}ied to the deflecting plates is the case,
the wave shapes of Figures 10A to 10E become those
shown by Iigures 10F and 10].

As the ratio of the frequencies inereases, the pat-
tern becomes more complex, In Figure 7, A and B,
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AN
a— g FRECIUENCY RATIO 1.1
_ VOLTAGES A ARND 2
= IN PHASE
z C is the figuwre obtained on the

screen when sine-wave voltage B
;is appliedl to the ;:orimntal de-
N ecting plaies, and an identical
voltage A is applied to the

B vertical defiecting plates,
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Figure 6

FREQUENCY RATIO 1:4
VOLTAGES A AND B
900 QUT OF PHASE

Circle € is the resultant figure

wbtained on the scieen when a
sine-wave voliage A is applied to

B the vertical deflecting plates and
- an identical voliage B is applied
4 to the horizontsl deflecting piates.
This figure differs from Figure

g 5 only in that the voltage B lzads
1 the voltage A by 900,
i
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Figure 7
FREQUENCY RATIC 1:3
e VOLTAGES A AND B
itd PHASE

Pattern © is the resultant figure
when a voltage B is applied to the
hotizontal deflecting plates and 2
voltage A whose frequency i
three times that of B, is spplied to
the vertical deflecting plates.

in the pattern C, peak 10 is
directly behind peak 2 and peak
o 18 is at the right,

fl F 7;:
R e e e v

Fignre 8

FREQUENCY RATIO 1.3
TME VOLTAGES A AND B
i, o¢o OUT OF PHASE

Figure 8 shows the effect of
phase shift on the pattern of
i & Figure 7.

The voltage A is three times
the Frequency of the voltage B
and lzads it by 900,

in this patiern, all thres peaks
are vistble,

T

AT e e

are the voltages applied to the deflecting plates. In
this case, the frequency of A is three times that of B.
The resultant figure (C) shows a 1:3 pattern in which
both voltages start in phase. Figure 8 is the sams
as Figure T except that voltage A is started 90 degrees
out of phase with respeet to voltage B. Figure 9C
shows the resultant pattern obtained where B is a
saw-tooth wave and A 2 sine wave, This is of interest
because this type of wave form resolts when a linear
timing axis is used. Figures 11, 12, and 13 show
patterns of increasing complexity, Figure 13 being an
8:6 pattern.

When the cathoderay oscillograph is used for
calibration purposes, frequency ratios of less than
10:1 can be readily determined by visual inspection
of the image. For frequency ratios greater than
16:1, the complexity of the pattern makes visual
determination difficult and requires determination by
means of photography. In general, the standard fre-
quency selected should be one whose multiples and
submultiples will cover the desired range and provide
the simplest patterns.

in examining Lissajou’s figures, one should con-
sider thern as the side view or elevation of a picture
traced on a glass cylinder on which the observer may
view the wave as it travels around the cylinder. The
llusion is clearest when the whele figure rotates
slowly. Figure 14is a simple single-line pattern hav-
ing a frequency ratio of 6:1. With a base frequency
of 60 oycles, this pattern would be the picture for
360 cyeles, or with a base frequency of 100 cycles,
would be the picture of 600 cycles. The frequency
ratio is determined by counting the peaks C{su; in
number) of the waves in the horizontal plane and the
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Figure 9

FREQUENCY RATIO 1:2
YOLTAGES A AND 8
N PHASE

Fioure 9 shows & sine-wave
J, voliage A apolied to the vestical
deflecting pites and 2 saw-tooth
wave B applied to the horizontal
deflecting plates.
X Wave B is linear from O to 14
[N hznce, on the pattern €, the sine-
wave A appears undistoried, Dur-
ing the interval 14 to 16, the face
refums lo the starting point 16,
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aumber of end loops which for this case is one; hence,
a frequency ratic of 6:1. In ¥Figure 14, the fr(:mt
tracing has been made heavy and the back tracing
hight so that the two can be readily distinguished. H
the figure were to be shifted slightly, the front and
back waves might appear to be one. This condition
might mislead the observer to helieve that ihe fre-

A 8 i o €
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130° oR oR o4 o b PHASE
zza" 2707 CH RELATIGNS

G # I3 o+
HORIZONTAL TIRANG AXIG—
YERTICAL TIMING AXiS l

Figure 10

quency ratic was less than 6:1. Adjustment of the
nrknown frequency so that the pattern rotates very
stowly, or stands still with the rear peaks uncovered
by the front peaks, will make determination simplest.

Fig.

11 will be chssrved that the wave form of Figure 14
correspends io that of Figure 17,% a single-line pat-
tern whose back trace iz mot visible. Figwre 23
shows the simplest 2:1 wave or twedine fgure.
Figure 15 is a complete two-line figure illusirating a
ratio of 2:2, which again, is readily determined by
countting the number of peaks along the top of the
figure and the number of loops at the end.  Figare 16
has 16 peaks and is a three-hine pattern, indicaiing a

frequency ratio of 16:3.

*Figures 17 w0 25, incinsive, sdapied from e ’C_:gt’boc_ie Bay @%"‘llv
lograph su Badic Bossarch,™ H. Watson Wait. Fublished by His
Mujesey’s Statfonery Uthice, Loaden, England,
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Figures 14, 13, and 16 Hiustrate patierns as they
generally appear on the fuorescent screen, Figures
11 10 13, and 17 to 23 are shown as pictures whose
appearance suggests that the pattern has been devel.
oped on a plape. They have been shown in this fashinn
to facilitate study,

An optional method for determination of the fre.
quency rvatis js that of comparing the number of
peaks on a given figure with the horizontal lines of
intersections on the Ggure ingiead of with the namber
of loops at the end of the figure. A study of some of
the patterns will make this clear. In Figure 20, there
is a single line of intersections along the axes of the
figures. It can easily be seen that this is 2 two-line
figure by comparing it with the single line Figores
V7 and 23, Tiguves 16, 19, and 21 having two hori-
zomtal lines of intersections, each spaced approxi-
mately one-thivd from the top and hottom, are three.
fine patterns, In the same raanuer, the four-line pat.
terns of Figures 11, 18, and 22 are disﬁnguisht‘,{é by
three lines of mtersection, the fiveline pattern of
Figure 12 by four lines of intersection, and the six-
line pattern of Vizure 13 by five lines of intersection
wilh characteristic positions for these lines in each
case. Thus, the frequency ratio is also equal to the
muher of peaks on circumference divided by the
term, one-f number of horizonial lnss of intersection,

Of the patterns from 5 to 23, those of F iguves 17,
23 and 7 show stmple ratios of 1:1, 2.1, and 3:1, Both
ihese direct muftiples and fractional wnultiples of the
hase frequency are available io the user of the
cathode-ray oscillograph. For example, with 2 base
frequency of 60 cycles, the following tabulation will
serve Lo illustrate the sequence of relutively simple
patierns obiained as the frequency of the variable
unit is decreased from a 131 ratio of Irequencies to
a 3:1 ratie.

Froguemey Froguenay Hatis® Hluslrated
in Cyoles-See.  Whele Momber Fractioanr] By Figare
6} i3 | 17
5 54 1 1 18
&6 4:3 Pi:1 1¢
0 2:2 1 1 i
60 5:3 1 H 2zl
105 T4 13501 2z
121 Z:1 z a1 23
135 EEE ] 235:1
L4 7:3 23711
150 513 23711
164} Fr: 224:1 v—
165 11 25711 —
1810 3:1 3 1 7

Fihe froquency ratio s ospressed oither as 2 ratio of twe integers, the
first of which re 1ts the number of peaks and the second the mumbe
f lines o the patteras, or se & ratio of 3 whole pumber and 2 fraction 1o
unfty, The denvndastor of the fraction i squal 2o the ovmber of Jiees in
the fipnra.

il base frequeney b 1000 oyoles instead of 64,
the same ratios bold, Thus, instead of 80 1o 180
eveles, the frequendies for these patterns would be
those for 1000 16 3000 cveles with intermediate values
of 1250, 133334, 1500, 166624, 1730 cycles, 2000
aveles, 2250 eyeles, 233334 eycles, 266637 cycles,
and 2750 eycles,

When waves having frequenoy ratlos greater than
101 are compared, accurate determinations wmay be
difficalt with the front and back portionz of the

o
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J

figures in the same horizontal plane. To separate the
back and front portions, the figures can be displaced
o show either on an ellipse or a civele.

For an ellipse, a phusc.splitting device 25 shown
in Figore 28 is employed. Resistance (Hi) s oon.
ascied aoross one set of deflecting plates and capaci.
tanee ((1) 15 comnocted across the other pair. With
i, at maximam resistance the phase shift is almost
9 degrees. As R, is decreased, the phase shift de-
creases. Vigures 24 and 25 show the same single-line

pattern and were obtained by adjusting the cironit
of Figure 28 for difforent verticel amplitudes. Fig.

Figure 24

Figure 25

Figure 206

Figuere 27

PHASE - SPLITTING CIRCINT FOR OBTAINING
ELLIPTICAL OR CIRCULAR AXIS
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Figure 28

ure 26 is 5 twodine pattern having a2 frequency ratio
of 31:2. The froquency ratie of this fizore would be
wuch mors difficalt 1o determine without displace-
ment,

To produce the type of patiomn showe in Figore
27, a cirenlar axis is developed using the eireuit of
Figure 28, with the exception that the voltaee under
stady is introduced in sevies with ancde Wo, 2. It
will be fonnd that the peaks on this 1 yoi of patiern
will be somewhat blurred doe 1o the defocusing effect
caused by introduction of the voltage nader sindy
into the anode No. 2 cwowt, Defocusing can be
minimized by keeping this voltage a1 2 low amplitade.

Frowas pointed ont that the patteras of Figures 11
to 13, and 17 16 23 ave developed on a plane. The re-
sulting patierns are ynuch simpler than they wonld
be with their normal appesvames because the back
wave has been vemoved by soreading il owi in the
same plane with the front wave, The advantages of
this simplified appearance can be obtained in proctice
by wotal ebirmination of the back wave, Wherse theve i3
some doubt as to the umber of Bneg in 2 patiern be-
tise of the presence of the addivional lines of nter-
sections observed in the back wave, this method will
be of considerable asslstance, Figure 15, for instance,
i 4 Twodine paltorn, as is shown h}; the Two !{mg}:ﬁ at
the end of the figure. Howaver, beoause of the shift
of the figure, the intersection made by the lines of the
back wave with the lines of the front wave give it the
same appearance as the five-line pattem of Pigare 12,
Fo ehimnate the back wave, voltage of the same
fregueney as that wsed for the spreader, but 90 de
grees out of phase, 1s applied o the control grid of the
cathade-ray tube. Adjustment of this voliage will
permitt weakening the back wave and brightenmg the
frant wave, or the total elimdnation of the back wave,

General Apglications

The most universal method of emploving a
cathodo-ray tobe Is to tmpress the voliage 10 be ob-
served on the vertical deflecting plates and o impress
a veltage varylng Hacarly with time on the horizontal
axis. The latter voliage is wsaslly sbisined from an
oseiflator having a “saw-iooth” characteristio, as m
Figurs 378, The tree wave form of the siznal on the
verticsl azis can then be observed without distoriion,
since nore js Introduced by the hovizenial signal
source, The conventional procedure when observing
rocuirent phenomena s to operate the timing axs
supply at 2 sub-multiple of the observed frequenry, 5o
that several complete cycles will appear on i’!w SCTERTL
Since the tmage will drifi across the soreen soless the
ratio of the two frequencies remaing constant and of
a certain value, 1t is usually desivable 1o svachronize
the timing axis oscillator. For the observation of
transtent phenomnens the tming axis sapply fre-
quency i3, of cowrse, not oritical and syachronizing
iz often vseless. In some cases, however, it is de-
sirable to synchronize the start of the phenomenon
with a timing axis opulse,

Although use of a fnear timing axis 1s fairdy zen.
eral, thers are quite 2 fow applications of the tube
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which do not employ one. From the table on page
8 it can be seen that if a sine-wave source of known
frequency is impressed on one axis, a variable.
frequency source can be impressed on the other axis
and calibrated at a sumber of points other than the
known frequency. The phase shift in an elecirical
device can be observed by impressing the input on
one axis and the output on the other axis. I there
is 0 or 180-degree phase displacement in the unit, a
sloping straightline image will appear. Refer 1o
Figure 10 (A 10 E). If the above electrical device
happened to be a frequency doubler, Figures 10F 1o
10J would apply.

Either set of deflecting plates can be used as &
peak voltmeter. The impedance can be made very
high, and the input capacitanee very low, so that the
voltmeter will show no discrimination between d-o

. F. Modnlated at 1000 Cycles
Timing Axis Supply: 500-Cycle Saw-Tooth
EMax. — EMin.

Percent Modulation = — e 501 (3
EMaz. 4 EMin.

Figure 29

and reasonably high radic frequencies. Transients can
be observed almost as effectively with a sine-wave
timing axis sapply as with 2 linear one, as in this
case the supply functions purely as a “spreader.”

In order to illustrate the flexibility of such ap-
paratus, a desired measurement will be assumed and
several methods of obtaining the unknown gmantity
outlined. An rf oscillator is being modulated an un-
known amount with a 1000-cycle tone, and it is de-
sired to defermine the percentage modulation. One
methed is to observe the modulated r-f envelope by
impressing either a sine-wave or lincar supply on the
horizontal axis and impressing the moduolated r-f sig.
nal on the vertical axis. Figure 29 shows this method
graphically. Incidentally, if a linear fiming axis is
used, as shown, the true wave-shape of the envelope
will appear, and an appreciable lack of symmetry or
other frregularities will be immediately apparent, in-
dicating distortion. If no timing axis voltage is used,
the percentage ean be determined as shown at
Figure 30. This obvicusly necessitates removal of
modulation. A third method is shown at Figure 31,
The 1000-cyele andio voltage which is modulating
the r-f signal iz impressed on the horizovtal axis
(moduolated r-f remaims on vertcal). A trapezoid re-
sults which allows ready measurement of the peak
deflections. Symumetry of modulation can be checked

with methods of Tigures 29 or 31 by removing modu.
lation from the r-f oscillator and noting whether the
carrier height is mid.-way beiween the positive and
negative andio heights,
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“visnal” or curve-tracing device, This consists of an
v-f oscillator being varied at an audio rate between
two extremes of frequency, a means of displacing the
indicating device horizontally in synchronism with
the change of radio frequency, and a means of ob-
taining vertical deflection of the indicating device
proportional to the output of the unit whose per-
formance is to be ohserved. Ysually, a condenser is
arranged so that it “sweeps” the frequency of the
r-f {test) pecillator continually, and at the same time
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NOTE: s the resnltant curve when the signal of A is fod into a circuit with characteristics of D, With signal B
on the horizontal plates and € on the vertical plates, B is the resultant image on the soreen.
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an impulse generator, driven in synchronism wiih the b
re . ) A 3 * ye
sweep” condenser varies an oscillator providing : 436 490 PR

horizontal displacement of the mdicating devics in |
synchronism with the “sweep” condenser, Perhaps :
the greatest use of such a device is for the alignment
of the intermediate frequency stages of superhetero-
dyne receivers. A frequency-response earve of the
circuit under test is continually before the aligner,
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vhich allows rapid and very accurate adjustment of g
the stage in question. The greatest advantage from S
such a system is realized when the eirenit to be
aligned has sufficiently greater than critical coupling Figure 32
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to give a Hat-topped or double-peaked response. The
same result can eventually be obtained by manually
plotting a curve each time an adjustment on the
unknown is made. However, this latter method is
very laborious and requires considerable time.

A rather new development in such “visual” equip-
ment has been made. The system dispenses with the
conventional electrical or mechanical shutter and in-
stead of employing one series of curves corresponding

GELM
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¥

to a sweep through the r-f range in one direction, it
employs two series of curves, one corresponding to an
rf sweep in one direction, and the other to an r-f
sweep in the reverse direction. In other words, two
curves (except in one case to be described Ister).
appear on the screen, and the side of the seveen which
represents high frequency on one curve represents
low frequency on the other. 1f on the first, third,
fifth, ....... . “saw-tooth” pulses the left side of the
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sereen represents low frequency, then on the second,
fourth, sixth .. ... ... pulses the left side represents
high frequency. There is only one point on the screen
which represents the same frequency on alternate
“saw-tooth” pulses. This point is the calibration
point; it is also the point at which equal capacity 15
obitained on the sweep condenser at two powmts 180
degrees apart. All other poiats on the screen repre-
sent lwo frequencies, one above and one bhelow the
“periodic” frequency. The term “periodic frequency”
iz uzed to designate the frequency of the oscillator
when the sweep condenser is set at the poini at which
equal capacity would be obitained if the condenser
were votated 180 degrees. Sinece the condenser ro-
tates at constant speed, this value of capacity is the
only one which ocenrs at equal thme intervals (other
than the two exireme values, which repeat them.
selves half as frequently) and hence is termed the
“periodic™ capacity. The corresponding frequeney is
the pericdic frequency, and, of course, is dependent
upon the value of the periodic capacity and upon the
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remainder of the oscillator circuit, The value of
periodic capacity is determined by the physical con-
struction of the sweep condenser, and in a sizaight-
line-capacity condenser with low minimum is close 1o
half maximum capacity. Itis a fixed value for a given
condenser and will be affected only by physical
change of the condenser.

Figure 32A shows a corve of oscillator frequency
against iirme, demounsirating how the eoscillator is
periodically increasing and decreasing in frequency.
Figure 328 shows the herizontal displacement of the
indicating device. In the siring gatvanometer oscil-
lograph this is accomplished by the rotation of the
mirror; in the cathederay tube oscillograph by the
action of the “saw-tooth” oseillator ontput on the
pair of horizontal deflecting plates. Figore 32D
shows the frequency rvesponse of a tuned circuit
{very broad, for illustration). Figures 32F and 326
show how it may leck with conventional methed,
Figare 3ZE with “double-image” method. (For
explanation of Figure 32C, see note under disgram.)

DOUBLE ~ IMAGE
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In Figuve 33A is shown the response of au asvm.
metrical cirovit vesonant about 20 KO below the
“periodic’” frequeney,  Figaves 2338, O and D show
sereen images ohtained, Figure 34A shows response
of a symmetrieal circuit resonant at exscily the “per-
iodic” frequency.  In this case, Figuré 34E, the
image secn with the two systems iy identical, for
with the “double-mare” method the two curves
comeide and resolve nio a single cuwrve,  Figere
308 gives response of a closely coupled transformer,
shightly asvaumetrical, aud about 4 KO below the
periodic frequency. Figure 36A shows response of a
closely coupled transformer, symmerrically aligned
at the periodic frequency. Here again the two
curves of the “double-fmage”™ method resolve nto a
single mage. The only difference between 344 and
A6A Js in selectivity, A representing a sharp and
36A & relatively broad eivenis, )

The chief advaniages of the “double-image”
aver the conventional method are; ‘

r o < 3 i 3
L The superposition or “folding back™ of the

high and low-frequency sides makes sym-
motrical adjustuaents easy and very aconraie.

2. 'The probability of frequency error in aligning
is redueed 1o less than half. Yor a given fre-
quency error ihe separation between the two
eurves of the “doubledmage™ method s twice
the displacement of ihe vpe corve of the con-
veniional method. Alse any small ervor is
moch more cbvious with Lwo images on the
SOTEEIL.
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3. The necessity of employing an electrical or
mechanical shaiter is eliminaied.

4, Distortion in the detecior or andio amphfior
does not cause error bo aligning. H appreciable
audio distortion is present, the images on the
screen will not be troe vesponse curves of the
toned  civesit. HMevertheless, the actual
response is still traly symeneinical when the
twe curves are wade 1o completely coineide.

5. The necessity of wmarking a vertical reforence
Yine on the sereen for wse in frequency ealibra-
tion and alignment is avoided,

6. The advantage (1) above further aliows fve-
gquency calibration of the variable frequency
oscillator by zero-beating with a standard.
frequenicy  oscillater, withou! regard to dis-
placement of the curve by any audio distortion.

Abigrment of the radio frequency stages of

recetvers can be wmade psing the same method dis-
cussed above for i-f aligomeni. The single-freguency

Figure
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source and cutput meter method mav be used, if
destred, but from the standpoint of demonstrating
the performanes of the rd stages or explaining thelr
operation, the oscllographic method i prederable,

Ancther type of visual, commonly known as a
“universal” type, has 2s its primary fopction the
measacoinent of capacity and inductance,  Fun.
damentally it iz the same as the visual described
above for aligning 4 stages, but the i staze,
mstead of betug the part under test, is permanently
meorperated In the equipinent. In other words, the
outpnl of the r-f uscillator, Wmsiead of feeding the
grid of an i-f tube. i covpled to a toned rank circnii
which I8 acress the grid circuit of a detector tube.
Parts ave tested by comparing the resonani fre-
guency of this tank ciecult with s part of known
characteristics to the resonant freguency with a
part of voknown values. (Eo cither case the part

CONVEMTIONAL
oR

DOUBLE MMAGE

5 / %\\\

5

£

o

forms 2 portion of the tank eireuit.) The nniversal
visual iz chiefly applhicable for quantity testing of
woils and condensers.  Very rapid testing can bo
done, as there is only the necessity of connecting the
part 1o be tested and observing the posivon of the
carve on the soreen.  Swmall fixed condensers have
heon tested manually as rapidly as 2,000 per hoor
on euipment of ihis type, though this is somewhst
abwve average, The viseal also has ihe advantage
of affording a test at any vadio freguency, so that
dithicnloes from shin offect, distriboted capacity
and inductance can bo greaily lessoned by eznp]m:m
lng a frequency 2t or neas the one the part will be
sabjecied 10 in nse, '

The “double-timage™ method has a minor dis-
advantage when applied to the universal visual
whenever it is desived to segrezato the high and low
rejecis. Mo distinction can be made Letween them
by merely observing the sorsen, However, by add-
ing g small inerement of inductance or i:eag’mrii v and

Ry

i

e

noting whether the two curves move closer together
or farther apart, the divection from nowinal of the
part dnder test can be readily determined. Hines
ihis extra operation is necessary only in the case of
# rejected part, acrmally it i aot of much con.
seGuUeTIee,

In using eathode-rav tubes, guite often the volt-
ags to be observed s not of sutheient value 1o give

the desired amount of deflection. In this oas
voltage amplifier is amployed. The amplilier ¢
have an essentially fial cutput over 2 sw
gueney vange o avold appreciable distertion of the
obacrved signal.  For ordivary wse ¥ is noi objec.
tionable if the amplifier i3 nondinear above the
sixth Larmonte of the fregueory of ihe observed
woltage,

Installation

Uopack the instrument from the shipping con.
tainer and remove the sorews sccuring the front
paael to the case. Withdraw the chassis from the
case, supporting the panel at the botiom, and feed-
ing the power cable through the hele iz ihe back,
Make certain that all tubes are fimly in their
sockets and all grid cap conpections are lo place,
then replace the chasesis 1o the case and replace the
securing serews,  With “lntensity” contrel in ex-
treme counter-clotkwise postion (O, plug the
power supply cable into an dectrical outlet supply-

Controls

{Refer to the Schematie and Wiring Diagrame,
figures 37 and 38, for loeation of civeart uniis desig.
nated by symbols,)

1. Yintensity” control, B.17, is & potentiometer
i dow side of 1200-voli bleeder. Iis position con.
trols the bias on the grd of the cathode-ray tube,
which 1o turn determmines the quasntity of elpctrons
emanating from the “gun,” thos cootrolling spot
size. Fhe power switch 55 is located on thiy polen-
tivmeter. Inivial clockwise rotation of thiz control
turng on switch, additional rotation noreases spot
slze.

2. "Foous” sontrol, H-19, s a potentiometer in
the 1200.voht bleeder. 15 position controls the
anode Mo, 1 voltage, which (with constant A, volt-
age) determines the distance at which the electron
beam {ovnses. 7

In gesneral, for a given “Intensity
setting, the “Foeos™ control should be set for
maximurm distinctness of spot or image,

[%3

3. TAwpl. A7 switch, B, connects the " Yertical
binding posta either straight theongh 1o the vertical
deflecting plates on the cathoderay tobe or through
an amplifier to these deflecting plates.  In either
case there is 2 eondenser in the Input clrewdt,

4. “Awmpl. B switch, 5, has 3 positious:
“Piming.” "0, and “OH7 On “Timing” the “saw-
iooth™ or timing axis oscillator feeds through an
ampliffer 1o the horizontal defleciing plates on the
cathode-ray inke, When “On” the "Horizontal”
binding posts are connected throngh an amplifier 16
these deflecting plates. When “Of” the binding posts
are connecied straight through 1o the deflecting
plates. In either of the latter two cases thers is 2
condenger in the mput cironit,

G TAwmpl. A Gain” control (vertical), By, B &
potentiomeier on the juput civenit of the veritical
amplifier.  With “Amphiier 47 switch "On,” this
poientiometer controls the vertical deflection,
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ing 110-120 volt, 50-60 sycle alisrpain
The insiroment & thea ready for eperation.

rogereni,

WOTE: A safety switeh i Incorporated in the
imstrooaent, located at the rear of the chassis, This
breaks the power supply conuection when the chas.
siz iz withdrawn feom the case. M) NOT AT
TEMEPY TO OPEGATE TiHE KOIIFMIN
WHEN WITHDBAWN FROM THE
THE BIGCH POTENTIALS USED A
GEBROIS,

3

peration
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6. TArnopl, B Gain” eontrol thovizental), |
& potentiometer on the npoi crenit of the horzonial
amplifier. With "Amplifer 7 awitch on "Himing”
or "On” this potestiometer controls the hos ontal
deflection.

7. "Range” switch, 8., selects one of fovr tin
ing capacitors and on alternate positions it plac
resistor, H,,, in and out of the circuzt, it thus
changes the timing axis eselllator frequency in steps,
piving 8 ranges as follows: Mo, 1, 20-37; Na, 2, 37~
120 MNe. 5, 120-205; Mo, 4, 2056-70¢; Mo, 5, 700~
1106G; Mo, &6, 1L00-2700; Mo, 7, 3700-3700, and Me. 8,
FT00-15000 cvales,

8. "Freq.” control, His s s theosiat in series
with the timing condenser. It changes the timdng
axis oscillator frequency gradoaily as i is rotated,
and In conjunetion with "Rapge” switeh above gives
sontinuons rangs between the exiremss of fre.
gquensy (20-15,000 cyelos),

9, "Byne.” comirel, g, 38 2 polentiemeter eoms
trolling the amoun of syachroniing voltage fod G0
the goid of the BOASRS tube, Tn general it should
Ee st as far comnter-clockwise as s consisient with
a locked fmape, as oversynchronization caoss
wave-form from tho thudng axis oscillator,

18, “Byachronizing” switeh, By, has three post-
wons, Iut.,” o0 Cyele,” and “Ext” On “iat”
the voliage drop across resistor Ba W the plate
cirewit of the vertical amphfier 15 fod through the
Syne.” control and input transformer to the goid of
the BOA RS tube. Thus the thming axis oscillator can
be synchronized with the signal oo ths vertical axis
at fondamental frequency or any small sub-muoliiple,
such as 84, b4 . .., Synchronwzation is aot effective
i it is atiempied to operate the thsing axds oscillator
at & higher freguency than that of the syechrenizing

voltage, O "60 Cycle,”™ 2 2.5 V., 60 eycle sowree iz
impressed across the “Byae.” conirol, and can be

timing axis oscillator at 60, 50,

vsed for locking the
“Lst, Byne.” bioding

or 20 cycles. On “Ext” the




posts are eonnected aceoss the “Syne,.” control, This
allows the use of an external sowrce for synchronizing.

11, Dm the right-hand side of the cabinet, toward
the rear, there are iwo poteutiometers slovted for
serew-detver contrel.  These potentiometers control
the amount of d-¢ potestial between the two deflecis
ing plates of each pair, and thereby allow adjustment
of the position of the spot or bmage. The rear
potentiometer conirols the horizontal deflection and
the front one contrels the vertical deflection,

12, There are three paivs of binding posts on the
anit. Voeltage impmsgef on the “Vertical” posts will
give deflection vertically.  Voltage hmpressed on the
“Horizontal” posts will give deflection horizontally,
The “Hxt. Syne.” posts arc used when it is de-
sired 1o synchropize the thming axis osciflator with
some sxternal source. (Bee [10] above) The
binding posts marked "0 are all common ground
and the ones marked “HIGH” are insulated from
ground, which s the chassis.

Applications

Ceranrar. The following procedores sve imcluded
in order to familiarize the operator with the opera.
tions and econpections wvelved In the partieular
applications. All applications of the equipment are
not described, but analysis of the partioudar problem
invelved will show wherein it is stmilar 1o or differs
from those given, enabling the operator to wark out
his own sequenocs of oporation.

As has bheen previcasly poioted out, mosi
spphications of this instrament ave carried out with
tgﬁ outpei of the unit wnder test connected to the
vertical plates of the cathode ray tube, and the
wave shape stadied by application of koown con-
stanis on the horizontal plates of the tube. Delove
any measuremenis are aittempied, the operalor is
urged to go through the following procedurs in
order to familiarize hizosell with the controls and
their location and to got the “feel” of their operation:

1. Connect the power plug to an a-.c souwrce of
110 volis, 60 eycles. Turn "Intensity” control elock-
wise, causing a spot fo appear on the soreen, in-
creasing in size as the “lotensity” conirol is ad-
rameed farther clockwise.  The “Focus” control
should then be adjusted until maximuem distinctness
of spol or bmage occurs,

CAUTION. DO NOT ALLOW A SMALL
SPOT OF HIGH BRILLIANCY TG BEEMAIN
STATIONARY ON TilE BCREELEN FOR ANY
LENGTH OF TIME, AS DISCOLORATION OR
BURNING OF THE SCREEN WilL RESULT.

ka3

With the spot on the screen and with the “Inten-
sity” control retarded so that the spot is not ton
briliant, adjnst the position of the spot 1o the ¢ nLer
of the screen by rotation of the two serew-deiver
controls near the rear of the cabimet on the right.
hand side. The contrel at the vear adjusts the spot
hovizontally and the one nearver the front adjusts
the spot vertieally.  After initial adjnstment, these
controls will varely require re-adjustment, excopi
when the RUA900 tube s replaced.
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To turn the eguipment off, turn “{nienzity” con-
ol 1o ifs extreme comnter-clockwize position, wnuil
a distinet “soap”’ is heard.

2. Apply a source of 60-cyele emrent to the
“Vertieal” hinding posts.  To adjust the longih of
the resultant line appearing on the scrsen furn
“Ampl. A7 switeh "On” and adjust “Awmpl. A Gain”
control wntil the lenpth is as desred. The line will
be as shown in Figure 41, Application of the same
H0-cycle source i the “Horizontal” binding posts
with “Ampl. B” switch “0n” or "0 will simiblarly
show a horizontal line on the sereen, the length of
which may be varied (with “Ampl. B swilch ”0'{/‘1”)
by manipulation of “Ampl. B Gain”™ control.  See
Figure 4K,

3. To expand {2) further, have 60 cycles avail-
able at both “Horizonial” and “Vertical” terminals.

CAUTION, Since all “Ground™ or OV hinding
posts on the Oscillograph are comumon, it is advisable
io use an isclating transformer for ome supply, so
that theve is no eommnon connection beiween the two.

Apply the horizonial 60-cycle supply om ihe
sereen, preferably through ”‘Z—’%mi}L B” aﬁd s gain
control, then apply the Hl-eycle veriical supply
through “Ampl. A” and its gam contrsl. The r{jiaui}“.
will be a straight fine. (Hee Figore 5 and explanation. )

AL Vorrmerss wrimour Amvirme—For this
application, the characteristics Qf the um%t are as
follows: Inpui resistance—400,006 ohms, input ea-
pacity-—approximately 10 mmi; voltage range—
150 wolts (higher with external aitennator); ealibra.
tionr—approzimately 75 peak wvolts per inch o
27 r-m-s volis per inch.

Procedure—Make gomnectinons 1o the Oseilio.
graph apd turn controls to the positions specified in
Application Ne. 6 on the onclosed operating chart,
Measure or estimate the length of line appearing on
the screen in inches {(depending on accuracy desived)
and multiply by 75. This gives the approximate peak-
to-peak valne of the nnknown voltage. For approxi-
meate effective valoe, i voliage being messared is
sinusoidal, divide peak value by 2.8,

AC YVourmeess wirs Aprovsme—Vor this apphi-
eation, the chavacteristios of the unit are as follows:
Input reststanee— 500,000 ohms; input capasity—
approximately 20 imf.; frequeney range—20-90,000
eyeles; muximum voltage——700 volis (higher with
cxternal atlenuaior); calibration—(roughly) 2 peak
volis per uch, or §.7 r-a-s volis per Inch,

Provedure—hake connoctions and adjust con-
trols aceording io Application Ne. 7 on the chart.
Witk “Ampl, A Gain” contrel i the extreme clock.
wise position a e one inch long is _i)i.;minﬁd on the
sereen for abont 2 velts peek input, Intermediate po-
sitions of the gain control give diffevent calibrations,
of conrse, and if consdevable wse is made of this
feature it may be advisable to plot a ourve of the in-
puis required 1o give a onedach deflsction at various
intermediate positions of the gain control. 1 work.
ing al a feoqguency above 10000 eyeles, it wmust be
remembered that retarding the gain control from
maximum destroys the Hnecarity of the amplifier.

A particular application of operation as an a-c
voltmeter is in making hum measurements in a power
supply unit, fn this case the "0 hinding post
("Vertical™) is connected 1o the sommoen lead of the
tifier civcuit of 1he unit nnder test and a ahip lead,
connecied to the “High” hinding post, is used 10
check the a-c ripple present at the varicus eircuit
component terminals,

AL Awmmrer wiva Ampsrrss—For this apphi-
eaticn, the wait i used a5 an a-¢ volirneter with an
external shunt. The range with a one-megolm shunt
is. roughly, 3-2100 micreamperes, and the audio fra.
gquency impedance is about 330,000 oluns; with a
100G-obn shwot the range ia, roughly, 0.3-700 milli-
AHIDETES,

Procedure—The Oseillograph should be con-
necied 25 for the a.c voltmeter with amplifier, except
the circnit with the waknown corrent should be con-
nected to the “Vertical” binding posts across an ex.
ternal shimt of 1000 ohms or one megohim, depending
on the amplitude of the current. Variation of ihe
“Ampl. A Gain™ conteol will ad jizst the length of line
appearing on the sorsen, As when wsed 2z an a-c
voltmeter, 1t may be afvantageous to plot a carve of
inpuis vs. gain control settings for onedneh deflection
on the sereen o erder to obtam the values of waknown
currents more quickly.

Avmoe Quavery Mpasvamaenys — Use of the
“saw-iooth oscillator” feature of the Oscillograph
provides a check which cannot be mads with an ordj.
nary voltmeter. This is extremely helpful in discover-
ing the audio quality of 2 receiver or similar nstru-
ment and also in lovating causes of audin distortion.

Frocedure—Apply the sutput from a constant
frequeney record or audio escillator to the “Vertical”
binding posts, with controls set as in Application
No. 8 Turn “Range” switch to that tup giving a
range including the frequency of the input signal and
adjust “IFreq.” eontrol antil the saw-tooth oscillator
frequency is near that of the wmput signal, Tf the two
frequencies are identical, one eyele of the input signal
will be observed on the sereen: if the saw-tooth
oscillator frequency is ene-half that of the npui
signal, two cycles of the laiter will appear; if one.
third, three cycles: ote. Nexi, conncet this constarnt
fregency vecord or avdio oscillator owiput o the
andio nput of the aait under test and conmect the
sutput of the vait under test to the “Vertieal™ bind.
wg postz of thie Oscillograph, all adjnstments of
Whi«;ﬁ are as previously set. If the resoltant wave
doss not correspond to that obisined when the mput
was direct 1o the Oscillograph, zodie distortion is
present,

If 11 is desired to measure the overall audia
fidelity of a receiver, for insiance, the procedure ia
stmilar to that above exeept that the vohage modu.
lating an rf oscillator is fed fnto the Gsellograph,
adjusted as above. Then the madelated oscillator is
eonnoeted 16 the v-f input terminals of the receiver
and the loudspeaker voice coil conmected to the
Gaeillograph, Comparison of the two resultant waves
will indicate how much distortion oceurs in the ro-
ceiver under test, Ohserving the quality of the npo
to the receiver feom the test oscillator will alse show
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bow much distortion s being fed o the recsiver
from the test oseillator, This is desivable, givee it Ay
show that all the distortion presont in the receiver
ouiput may not be due to the recefver charaviesisties,
but to those of the test oseillator (assuming no dis-
tortion from modulation).

Mopuraron Ismesvon — (3) One method of
measuring the meodulation of 2 fransrmitter is 1o place
the modulated rf output of the yransmitier inte ihe
vertical plates of the cathode ray 1ube and the avdio
inpat signal o the tranemitier oa the horlzontsl
plates of the tube theongh the synchronons cireuit,

Frocedure—Connect 4 constant freqoency input
to the transmitter and connect 3 small pickup oo,
located near the tramsmitler tapk coil, 1o ihe
“Vertical” binding posts. The pickup on this
should be from 50-75 volts, Connert she
Syach.” binding posts of the Usciliograph to trans.
mitier audio amplifier at 4 point providing 2 24vol
signal. Turn conteols Lo positions given in Application
No. 30 on the chart, Turn “Range” switeh 10 tap
including the frequency of the input signal and adjast
“Freq.” control unuil the saw-tooth cscillaior joter-
focks with the signal on the vertical plates. Adjust-
ment of the “Syne.” control provides contral of the
voltage from the pick-ap coil to the grid of the
RCGA-BES tube. Adjustrment of “Ampl. B Cain® con-
trol varies the horizongal deflection,

(2) Another, semewhat similar, method of mode
lation aeasurement is to connect the pickap coil 10
the “Vertical” binding posts as befors, bul sonpect
the audio signal (frem the fransmitior audio ampli
fier} 1o the “Horizontal” binding posts. Tucn controls
to positions given in the ehurt for Application Mo, 11,
Adjust TAmpl. B Galn™ contrel antil desired bogi.
zontal deilection is obtained, The perc
lation can then be readily detsvmined. See

Figure 31,

Arscwment oF Inresmepiare Feoooesoy Sraces
—¥or alignment of the intermediate frequency
stages of a receiver it 35 essemiial that an aum.
ihiary apparaius be available o sweep the iniers
mediate frequeney for which the receiver iz desioned,
The Type TMV-128.A Frequency Muodulator §s de-
signed for this use. B1 consists of swoeep condenser
ard 2 synchronizing senerator rotated in synchye
by a driving motor. The condenser is arrar
“sweop” the frequency of the rdf mput o the recelver
{or i-f stages) and il synchronizing gooerator con-
nects o the "Byne.” blnding posts of the Oscilloaranh
8o as to synchronize the zaw-tooth oscillator with th;:
frequency variation of the test oseillator (such as ihe
TMY .87 input to the receiver, A switeh on the
panel of the Moduiator provides two anges of
apacity for “sweeping” the test oscillazor ountpird
frequency; on “Hi” the range is 26 65 smf., and on
“Lo” the vange jv 15-35 vund

The test vscillator omiput sheuld be enupled i the
grid of the tube preceding the 1-f stage under alion-
ment. ¥t is essential that this connection be made
wiithout altering any of the eperating characterisiics
of this stage. I the god of the ivbe 1o which connec
1o is 16 be made 15 at zore d-¢ potenzial with Fespect
10 ground, eonnect the oseillator to the erid of the
tobe and disconnect the lead novmelly on the ooid,
the low side of the 1est oscillator enlpul returning o




chassis ground, Tf the grid 2 not at zero doo potential
with respeet to gmimd cennect the high side of the
oscillator 1o the grid (@z&(‘{}mmcmw the lead on the
srid) and the m{u,r side 1o ihe T lead for this grid,
The *Vertical” binding posts of the Oscillograph
should be connsetad 10 the audio suiput of the gecond
deteator, ¥or a diode detector this connection may be
across ihe volome conteol alone or across hoth the vol-
wine eonteol and awtomatic volume coniro! vesistor,
if thiz connection is convenieni, When the second de-
tector is a tniode, fetrode or poniode, resistance-
wsu[}]é*ﬁ o the first audio stapge, the connection to the
‘Thgh” binding post may be 1o the plaie of the tube,
the 07 post h{‘mw connseted 1o geound, T the case
of a triode, tetrode or pentade, Em;nﬂmswr 6T 1T
;wddm e-coupled 10 the first audio stage, conaect a
vesistor of appreximately 20,000 olens m series with
the p!du’ of the tube and lM -pass the indectanee in
the plaie eircui En 2 10wdd, or lavger eapacitor. This
changes the bapsdance of the pm{‘ cironit in resis
ance rather than inductive reactauce: the “High™
Binding post should be conneoted to the plate of The
tube and the “O” post to ground in order to take the
awdio voltage off this res sigtor,
Procedure—Connect the test oscillator outpul
1o the grid of the 1ube preceding the & transformer
bein: d;h“*’ﬁ{"& and compect the “Vertical” hinding
posis i ii e second detector as pr@wmﬁi} ﬁxpiamvd
The test oscillator should be set at the 34 alignment
{z«‘qimrax‘s* with modulation ”'(}?‘m” Tarn jm@mit?’
contral “Un,” adjust “Foous” pmpé’iéy Turn Amp!
A switeh “0n” dmi adjusi the gain cmxsmi Tuari
“%‘a‘;pi B switch on "hmsﬂg,, turn “Synchroniz-
ing” switeh to “lut.,” ci{in‘jg Hange” switch to n-
s~me= 1%1@ froqueney of the m:yéuhmig audio swgmi
Adjust “Aropl. B Gain” conteol and set “Freq.” con.
trol to interlock the signal, fid}usﬁ the i-f transformer
teimmmers for maximurs output, 4. ¢, peak them as
much s possible. Bemove the moduolation on ihe
text nsciilator, conneet the sweep condenser to the vf
oseillator and connect the synchroniving generator o
the “Ext, Syne.” binding post. Tarn motor "’:‘{'}n,”
Tarr© b%n::hrwmzm'r switch 10 “Exi.” and readjust
the ﬁwp;w;ev of “!,hf‘ test oseillator until the forward
and reverse waves show on the screen of the tube,
Huise the ﬁm_;ueuw of the test oscillator unid] the
highest points of the two waves coincide. See Figure
19 (This re’u{gmm]pm is mecessary 0 mml}emaf@
for the added capacity of the cable and one-half of the
sweep condenser capartly.) Record the dial setuing
of the nscillator for futore reference. Adjust the
triouner condensers of the primary and secondary of
the 14 transformer until the two oavves 1“)1}5}.{}(!{‘
tl‘iz‘m:g}mui their entire length. Whea this ccours, the
yonmeirical with respoct o the if frequeney.
I}unnﬂ id shigoment, the receiver taning dial should
be set at a peist wheve varviation of its position has
ue effeet on the resuliant curve, 1 this polat cannot
b fmmi., short-ciredt the wnd or plate votl of the
recetver r-f oscillavor, The 34 stages should be
aligned in order, siarting at the last stage and work-
ing toward the Arst detecior,

Avicrment oF Banio Fazovrnoy Sraces—The
e‘qmprm‘m uaed for r- '“hxazmﬁ*m iz identical o that
for i-f alignament, except that the test sscillutor out-
put is copnected to the antenna lead of the receiver.

2

Procedure—Bet the test oscillator at the oof ailfnn
ment frequency of the reeeiver and set the receiving
tuning dial at this same frequency. Connect the
ond detector 16 the “Vertical” Mading posts and
iorn the test oscillator “Un™ was,h modulation “0n”
Turn “Iniensity” conirod “On” eod adjust the
"Hoous” controly tora “Awpl. BT *’Nﬂ{%%(‘ii i ""”"Tifs»
ing,” “Bynchromizing” switch ‘M Tat,” "Bange”
switleh 1o cover the pof sional, ﬁmz pl. A7 switeh
“Om,” adjust “Ampl, A and B Gain” controls prop-
erly, with the test cscillator disconuected from 1@
sweeping capacitor. Adjust the escillater and
trinmers of the receiver unti! mazimum possible mﬁ,w
put is obiained, Turs modulation of test oscillator
MY connest sweep condenser to tesi oscillazor and
synchronous generator 1o "Syne.” bindmg posts of
ihe (}scii!f}f*mpm twre “Svnchronizing” switch o
"Ext.,” Adjust the test osvillaier tuming wntil two
varves show on the sereen and readjust the vseillator
tundng wrtil the two carves coineide at their highest
points. Becord the dial setting of the test sscillaior
for future reference. Adjust the veeoiver osciilator
trimmer wuiil the forward and reverse cuyves colneide
as weill as possible and then adjust the v whmmers
until the curves colncide throughout.

Fuegueney Muasopemenrs—In using the Oseil
Tograph for frequency measurement, ither Lissaj Joi
Bpures {sine waves on both sxes) may be used, or the
Finear timing axis may be ewmployved on the imnzemmi
axis, The mnst flexible method for fr e’*quvnmf % T 10
106,000 evcles 15 the Boear timing axis method. The
frequency stability of the %@w—hmzh oacillator rig-
ning ff free ot wami enongh to depend on for accurate
e i"sll;éjh..ﬁ.é?!fﬂas, “but when this oscillator is synehro.
nized with a standard-freguency voltage its fu’qmwa{t

stability is the same as that of the standzrd, and it
van be syochronized at any sobacoliple of the
standard {r«,qu ency down io “about one temih. This
allows convenient calibration of a device at wmany
ga{sm?a hetwesn one-borndredih of —and ten times 2
single standard-froquency sotres, and overy point is
a5 avenrate as the standard. 12 1000-cvele standard
siuree is used, calibration poiots Be,,wﬁim G apd
16,000 cyeles are easily obtained. Using Lizssajou
figures, valibration polnts between 160 and 10,000
eveles can be obtained. A frequency standard which
s almest sibversally avadable is the 60-cyele a-c sup-
ply. Since the advent and rapid spread of eleciric
elocks the fregquency of nearly all commercisl power
iz held w0 a very i‘imn toloranoe. With the TSy e
chronizing” switch on “00 eyvele,” the saw-tooth os-
villator can be locked at 20, 30, or 61 cyeles, as de-
sired, This allows accurate i.“i'%lil;rdl‘ﬁf}il at froquencies
ap to about GO0 eycles. Hefer 1o the 1able on page 8
and Applcation . 14 on the chart,

Cuposane Puase Saey—To cheds phase shift of
a deviee with the Uscillograph, sct controls as
shown on Application Ne, 13 on eaclosed chart, oh.
BOTV ;;w the wrmn patiern with mpui io device on
“Horizental” binding posts and ouipat from device
on “Vertical.” 1If no phase shift evists, a sloping
straight.ine mage will appear. The internal amplh-
fievs in the ( ,Ji“f}gfi”ﬁp!s mirnduce some phase dis-
placement which must be constdered. I sufficient
vojtage is available, E]w bterial amplifiers should
wot be employed.
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art 11

SERVICE DATA

Electrical Specifications

Voliags. ...,

Power Supsly Hating ... ..., . Jireguency.

Watiage (Jmlsumpwm e

{¥use Protection

Opevating Limizs, .. ., .

I BHCAST.,

Deflection sensitivity st mpphifier inpuis 2 pes i volis er meh {max
Deflection sensitivity at cathodexay tnbe inpels.
Taput Charseteristivs:

(1) Through either amplifier. 500,000 ohrns approsimaiely 20 mmbd

(2) Without either 2 smplifior,
Freguency response range of amg}!if_nmn e e
Maximum signal input {with gnp! lf;ﬂ) ......... ce e T Volis (BN
Frequency range {sf tivndany sods or “Haw- i(;m
| Maximam d voh sge acress pui binding ¥

AE0-120 Valbis AL
ce o 5000 Cyoles
ol B0 Wargs

............ I - R

s peak ‘%mlm yf’s‘ Yok

AD0000 ol

, approsimately 10 mmfd
L 20-50,000 Oy

v 2} Lﬁ{?‘”& S

Htgnal amplifier for verticsl deflse

TBCAST, O L. oo Signal a???ipzﬁiéf*f for fumx(ym;x! de

Hadiotrons Used snd Funetions, . JVRCASRS .. .. . ... . CRawetenth™ oselilato
1READNG, ... .. .. e Caibodearuy tnbe {%vimjis.}
1RCAEIG, ... .. ... e Hizh voltage rectifier -
TECASG, ..., ... ... e .hmﬁus!w”e rectifier

Physical Specifications

Height Gncluding cavevingdandio) ., ...

Overall Dimensions. ... ..., .. ! Ve

[Depth. .

Weight Ews‘%m& for shipment, |
W e:ﬂht

Adth. ... L

Circuit Description

The schematic arrangement of the entire circuit
ks shown in B 7

(RN

An azhpufam consisting of a <6 n‘!@ BOA ST consti-
titles {he means of ﬂ!(!i,diﬁ!ﬂ“ P for the signal
applied 1o the veriical d@ﬁ“i’!zrw : mi»{,m The wmput
o this stage iz a hWh ?.i“*?-;‘?d’ic@ potentiomaeier con-

woeted o ;:amwdi- “gain® control.  An isolation
f*apau?f)r is made a part of the nput cirenit 1o
exclude any D which may he associated with the
oireait being ohserved, The plate, or suipat clyenit

of the BOALS i

57 is composed of Lwo elements in series,

# resistor and an mductance whose valnes are so de-
%!“‘ilml as to effect a broad and widorn frequency

-

vesponse in the amplifier stags. Coupling from the
amplifer plate 1o the i;ai;l«){}ﬁvi"d‘}" iube 1 made
through a capacitor,

The smplifier fov the signal gapgd =4 to the hon-
sental deflocting plates is identical to that described
above, Switches are provided to disconnect either or
both amplifiers, thereby applying the wﬁi“ge o he
stapchivnd {!il‘@(?ﬂ; i the deﬂwimw ph’f# , Fatra cone

54

tacis ave used on the xiﬁﬁi}!,l?i switch to the borizonial
asaplifier i{sr feading in the fiming o “Saw-tooth”
oscillatnr signal,

Asy m‘i.@z"{mimiifm sysiem is included, as shown in
the juput cirenit of the RCASE5, This s the
chronizing” switch sifi ihed ander “Operation.” The
timing agis oscifiator etagze, using the ROABES, is
desizned to have a frequenny ragge of 20 io 15,000
cyeles, eontrolled throngh the "Range” switeh and
“Frequency” control, T he sigmal from thig eseillator
bas a “sawtooth™ wave shape, obiained as fol
A sl ) g‘mmzzui 1 applied acress a ‘&i‘mi*%‘zsxr and
resistor in series in the plate eirecit of the BOASR5
tube. This voliage r%mrf?m the f*apw;inr until the 1onis
FRUIGT p»féﬁuuml {i}i'lif“‘ voltage at whish the pasinthe
BOCABE jonizes) f reached, When the RO 4.38%
imizes t!w capavitor is short-cirenited and the voltage

a’s o verg. Ehe BOASES o .
s and aliows the ’Lﬁéi}}@éﬁ’-iiﬁi" 10 stard
”.“iﬁ’f again. In this mannor, the V't's!?zz;;“t? zu'""f*!‘ iEm
vapacitor has 2 “saw-anoth”

v
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The De Liuxe RC,

The ideal antenna system for any home receiver of the all-wave type.
Poise reduction on standard brosdcast as well a3 on shotb-wave reception,
A, combination of all the desirable Sestures of RCA Shiclded Anienns
Systems for standerd brosdeast and the Smproved RCA Wordd-Wide
Fuotenna System for shorb-wave seception,

EFFICIENT-Utitizes the famows BUA “double-doublet” which is avic-
matically convered to "T' type antenns for standeid broadcast
reception. Provides the most efficient type of antenna for #l types
of reception. Mo switch on recpiver-coupling anstormer,

LESS NOISE—bAan-made “static’” can be ofiminated on aff types of
reception, insuling snjoyable domestic reception as well as foreign,
This kit has both a receiver-coupling transformer and an entenns
transformer, both specially desisned for this kit,

ATIRACTIVE appesrance. Mo bulky transposition blocks. Inconspicuous
transmission ling (80 feet) and antenna trassformar.

ALL ADVANTAGES of the regular RCA Worlld-Wide Antenna
System plus noise reduction on standard broadesst. Mo switch to
change kow standard broadcast to shorb-wave.

LORTEMTS OF KT

4 Strain nsulatons

2 Nail.on knabs

1 Entronce-tube insularor

1 Ground clamp

7 Yinks (for attaching coupling ransformer)
% Instruciion sheet

Gtook Mo, $555—List Price, $7.73

2 Rolls stranded antenna wire
{Eah 48 34 fzet)
1 Boll specially Impragnated transmission line
1 Antenne wansformer
% Improved receivercouping transformer
3 Crossover insulator

RCA BAUTO BOOE BNTENNAL

For wse in cars which have no builtin antenns or when the
factory-instalizd antenna does not give satisfaction. Pakes 2 neat
tob at small expence. Easily installed, being simple pinned to the
inside fabric of the car roof with six safety-pin type fastenes that
come with the antenna, Size 11 inches by 32 inches. Composed of
Mo, 23 gauge cotion-covered soft copper wire wound on heavy
Hat cardboasd, then covered with atiractive book-cover paper,

Stk MNo. 76T {Smy cover)—List Pdee, $1.50
Stock Mo, 7621 (Tan eoyes)—Lis Frice, $31.30

LOADING COILS

Loading coils may be wsed with any RUA Woild-Wide
Antenna System where space does nof permit the use of the
standard lengths of the “doubie-doublet” antenns. They provide
the tuning effect lost by cutting the Jonger doublet. The all-over
toss whesn using loading coils is not appreciable.  Not fumished
with the kiis.

Each loading coil consists of the proper number of tuns of
enameled wire wound on 2 high-grade porcelsin tube; entire
assembly dioped in weather-proof compound. Tinned soldering
lugs are provided for easy connection. Size of zach cofl 234 inches
tong and 7% inches in diamater,

Stock Mo, AP58—E1s8 Price, mev pal:, 56 Canbs

w2 B W

EETRAE TRANSMISSION LINE
for RCAR World-Wide Entenns Bits

Fach kit containg 80 feet of transmission line. When less than
80 feet is required, the exces line provided in kit should be
coiled behind the receiver. When more than 80 feet, and less
than 160 feet, of ransmission line is required, 2 second B0-foot
length should be purchased and spliced and taped to the Gt
lenath and excess coiled behind receiver. Above 160 feet,
transmission Jine may be cut ko exact length required. Only this
special fransmission rine should be used in order to secure proper
impedance matching between the “double-doublet” antzana and
the receiver-coupling transformes,

Siock No, 4728 1 Boll teasmission lins (80 featd List Price, 5348

26 -

orld-Wide Antenna System

RCA Shielded Antenna

For Standard Broadeast
S?Stemﬁ Reception Only

RCA Standard Shielded Aantenna Systems bring
stastlingly improved performance to the radic listener
accustomed to an ordinary make-shift antenna. An antenna
transformer matches the anienna impedance to the shizlded
transmissica-line impedance. A receiver-coupling trans-
former matches the receiver input impedance to the
shielded wansmission ling, This permits havixﬁ a shizided
transmission line of & low impedance value. Having 5 low
impedance value insures liztle or no eleckical noise pickup
in the lead-in.

COMTENTS OF K
F Antenna transtormer 1 Livhining aeresior
1 Pecewer-coupling manstormer 1 Instruction sheet
1 Fait of shizided transmission line (100 fzet)
For use with all standard brosdrast receivers, Mot rescmaendad for
allwave or shortowave reaaivars,

Biock Mo, TR {llvstated}—Lig Pdce, $5.00

RCA Wictor Model 280, and other receivers having
similar antenna input ‘krar-ss!fm'mcar,X de not veguire the
soceiver-coupling wansformer of the sbove kit, For such

“vocaivers use stock No. 7717 it {same a3 Stock Mo, 7718,

1ess the receiver-coupling fransformer).
Stmek Mo, TTET (oot Hustrateddllst Prics, $3.50

EB.E33459

)

he Improved RCA

RCA World -Wide Dealer Demon-
stration Antenna System

Think what it will mean to be sble to make convincing
demonsirations of short-wave or standard broadcast reception
from radio sets on the Hoor of vour store, when your prospeact’s
interest is high. With the nobse-reducing RCA Wodld-Widsz
Dezler Demonsitstion Antenna System you no longer need
io apologize for the poor reception conditions in your location,

Higher unit sales will result, because you can connact four
szts to the RCA World-Wide Dealer Demonstration Antenpa

System and swiich from one set to ancther instantly.

The RCA Dealer Demonstration Antenna System is the
samez as the standard RUA World-Wide Antenna Systam
except that it handles four sets which may be placed at
convenient points in the stors.

COMTENTS OF KiY
1 Four-positon switch campl ete with
switch box and Bush plate

T Transmission line (53 in

4 Szoondary transmbssion fine (87 ind
4 Kereiver-coupling transformess £ Links Far sttaching warsfurmer
1 Crossover insulator 1 fastruction sheet

Sock Mo, 9504 Aqw-blst Frice fo Dealars, §9.83

orld-Wide

This is an improved model of the famous Kit thet brought new relisbility
and Freedom from noise to shovi-weve reception. Mas all the advantage:
of the ofd Kit plus an improved receiver-coupling transformer that auto-
matically changes the system for mestest pickup efficiency on either
standard brosdcast or shott-wave reception. Mo switch on the franslormer,

ntenna oystem

LESS NOHSE—A twisted-paiv transmission line snd 2 recelver-counling
transformer eliminete alt noise pickup by tead-in,

BACRE STATIONS—Scientific “doubledoublet™ gives high sficiency
on aff the shor-wave bands,

STANDARD BROALGCASY rece
in c_:oupiing transiormer auto
for bigh efficizncy on requlsr by

EASY TO iSTALL—MNo byl
fenath and scldeting points marked,

ADAPTABLE 1o alt focations.  Many tyoes of in
tengih may be reduced 1o 34 fzet by loading coils,

prion improved, Flactrical hilter choot
. i FEES
acai?‘g comverts andenns o 1 byvpe

cadeasis. Mo switch fo fum.

frarsposition blocks, Wire cut to proper

stions,  Uiversil

ALL SETS—lmproves pedosmance of all shortweve reqeivers, |

il
¢

ECA World-Wide Antenna System
Kit of Eszentizl Parts

For deslens, service enginesss, or superimenters, who may
prefer to buy standard parts |oca[|y; the Kit of Essential Parts
of the RCA Wodd-Wide Aantenns System is pravided., All
the advantages of the standard Kit (Stock Mo, 9500.4) mey
be obtained by the use of this Kit plus antenna wire, insulator,
ete., purchased locally, A special instruction sheet discusses
yesults obtained with different lengths of antenne wive and
different dynes of instellefions,

. Aumateurs who desire to experiment with the RUA
Tdnuble-doublet,”” and deslers and service enginesrs who buy
wire, insulsfors, otc., in bulk, zan set the required special

parts for the ROA Wodd-Wids Asternz System by this Kit

The receiver-coupling tansformer included is the improved
type having no switrh, N avfomaticelly gives the adventages

of the “double-doublet” on short-waves sad of 3 7T typs
antenna on standard broadcast,

COMNTENTS OF KiT
ol sransmission ling (80 feer) 1 Besziver-coupding transformar
3 Crassaeey insulator

Tipclk Fo, PE50--Met to Dealers, $2.85

o
&4



Bound Service Moies

Five wolumes of
Bound Service MNotes are
available for Service Men
whe desire cheir Service
MNotes in a pormanent
form.  Each volame con-
tains the complete Seee
vice MNotzs for the
receivers manulactured
by the Radio Corporatinn
of America, the Vietor
Talking MachineCo. and
the ROA Vieror Company for the years indicated, The owo
older books contain approximarely 600 pages while the neweee
books contain approximarely 300 pages. The books alse con-
eafn additional informarion of general incerzst and complers
Ruadioizon dara sheers, The covers are an atracrive colored
cloth with gold lettering,

Met Price Each $1.00 (F. O.B. Comden, M. J)

Tuning Wand

Stock Mo, 6679 Met Price 1,90

The Seock No. 6679 Tuning Wand is 2 special aligrmen
tacl which makes possible the checking of zlignment in 2il-
wave receivers withour disturbing the adjustmens of the
wrimimer capacitors. The ool consises of a bakelite rod having
s brass cylinder at one end and a special Gaey divided izon
coze at the other end. Insercing the brass oylinder into 3 coil
lowers drs inducrance, while Inscrcing the irom ipcreases the
induceance, From this it is evident thar before adjuscing
erirmmers, the adjustment may be checked by inserting each end
of the wand inte the coil. Proper adjustment is evidenced by
2 reduction fa oucput with cither end of the wand insered ingo
the coil. The wand is 77 long and 5" diamever,

Alignment Tool

Stock No. 4160 Plat Price $0.60

The stock Mo, 4160 Aligament Too! is 3 bakelire shafc
combination screwdeiver and socker wrench. The meral scecw-
driver bit is so shaped chac the increase in capacity caused by
itz couching 2 trimmer screw s offier by the reducrion in fo-
duccance caused by ius shape. This is very bmportant when
mzking adfusiments on all-wave recivers where che scrzwr
driver musz be inserced through the 2ad of the coll. The socker
end firs the main suning capacitor wripmer adjuscment screws
ased on pumerous ROA Viceor Recsivers, The bakelire shafy
is 7/327 dameeer, which gives sntraner vo 37 holes, used on
older model Radiola receivers. The overall lengeh 5 6347,

RCA Full Range Osceillator

THV-97-B =
Stock No. 9050 MNet Price $99.50

The Seock Mo, 3030 Full Range Oscillator is 2 modulared
E. F. Oscillazor designed for servicing receivers of all evpes and
manufacture, ¢ covers the frequency range from 90 K. € w
25,000 K, €, contivunnsly with a divecr reading scale {239,
The outpur is comtrolled by means of an auwenuator and i3
modulared S0 ar 400 cycles. Weighs complere with bareeries,
% pounds. Size, 834" x 9347 x 4347, Complere individual
calibrarion $35.00 addizional.

Oscitlator Adapter

Stock No. 4316 et Price $0.45
The Srock Mo, 4318 Oscillator Adaprer is a desirable
arcesspry for wse with che TMV.97.8 Test Oscillator, The
adaprer is for inserzing in the modularor wube socker when
operation without meodulacion is desired.

RCA Qutput Indicator

The Swock Mo, 4317 Ourput
Indicazor is 2 neon lamp visual out-
out indicator designed for as in
conjunction  with the Swock Mo,
050 Test Oscillator. The indicaror
is very sensitive ta changes of volume
and  freguency. Under ordinary
conditions of oporation, it cannor be
burot our.  The instrument consises
of a tapprd eransformer {giving
three impedance inpus), 2 potenci-
omerer and 2 neon larap. Three bind-
ing posts and an attractive bakeliee
case complete the fnsrrwment. Do,
TMV-12i-A 2347 % 537 % 217 {wverall).

Steck Mo, 4317 Plet Price $4.00

EB-2334%




CATHODE-RAY OSCILLC

TYPE TMV-122-B
POSITION OF CONTROLS FOR VARIOUS APPLICATIONS

APPLIED VOLTAGES

SWITCH POSITIONS CONTROLS
w| o on RN - sorans
o 4dmpl. Aldmpl. B Sy??hr’o Range Intensity Focus Fradg. A?‘!P : - A AEP.I' B Synec, Bdg. Posts Bdg. Posts gﬁt' %Yﬂ‘:
mizang B ain {Vertical) {Horizontal) £+ L0518
] First cloek- | Adjust for Do not burn sereen; adjust the
1 | FIRST OBTAINING 5P0T Off O * * sg;z:e?éi::;: mﬁ':;’g:u& n * * * * None None None two beam shift controls to cen-
ngra |
- switch of electron ter spot on seveen.
Adjust for ( beaﬁs . Set for line ‘
s o pers : - " i il- smailes 5 -2 - 1 ine
2 | LOCATING TUBE POSITION of | Timing | Ext. desired bril- | 1. o of spot) * about 2 . None None None Rotute cathode-ray tube so lin
ima{;ﬂ after setting loag = ’
T Rﬁmem'ber f?;gﬁiﬁff 60 cycle i Pre-
APPLYING VERTICAL DEFLECT. . tube scresn Y 5 . - . LN ary
3| TNG VOLTAGE On O ® 5 lcan e r Vary * % . :tuwfgf;{ 5 None None Elementary Demeonstration Adjast-
burned i; and 150 velts . yneats
¥ ) 60 cy;:le
vy 7 : 5 ] 1 , .
4 SIPI%;YII:\;NGG"}{; ETﬂiégi\ TAL DE Off On % * v ® * Vary * None betiben 9 None - Elementary Demonstration
T T T T anid 150 vohis ) .
e T T 4 : ) 60 cycle . Guard against shorting 60 cycle
5 ig};g“g%ﬁg U%I}gfl [A%%ISENG YVOLT- On Ot * * = Vary Vary * 60;}2’_"!" a8 supply as None i sapply; 2ll “O” binding posts
- - ove above Are LOmTOoN.
AC VOLTMETER WITHOUT AM. - * Voltage to Set up is same for calibrating; use substitution
¢ | pLirier ox ; oOf ’ " * : be measnred None Nome | method.
AC VOLTME H ' e . Se for ealib b
- S VOLTMETER WITH AMPLI- : ather YVoltage to . Set np is same for calibrating; use su stitntion
‘ VIEY On of ’ * : calibrated * * be me;;sured None None mﬂtilﬂ&. ) "
poinl
ORYERVING & Depends on Dt&g}en{is ;m d B Just enough i
BSERVING WAVE.-SHAPE OF e fredq. of Yetg. Gl For desire For desired Voliage to 3 ' . s ents
¢ | AUDIO VOLTAGE On Timing tnt. Qbse:;ed ohse:!"‘veé amplitude spread ti‘l)n]:g: be obsgerved None None . Probably greatest application.
[AWLD 4D
OBSERVING WAVE.SHAPE OF Degpendern Dty Just crough | voege to iige NN BT fess than 100 KC, Ampl. A
’.“7 TRY > FAVY -5 PE . o req. of req, O For desired ’ “he ohserved more of ) ency i less than . iy ATIPL.
? | RADIOFREQUENCY VOLTAGE Off | Timing | Bt | uoiilating modulating : Ceproad | tolock (50 volts None andio from | cam be meed,
_— audio audio NAge of fnore) modulator )
MEASURING PERCENTAGE OF .Ejependsfou Dei[acndsgm Tost enough 1 volt or
LA NG PERCENTAGE ’ | - freq. o req. ¢ = For dssired Voliaze to, . more of
W] monoLaTioN o Timing Ext. mmi:f]aiiﬂg modulating ospr::]tll.e to lock beoo}:;?:rve d None audio frem Wave-shape method.
. andie audio image modulator
MEASURING PERCENTAGE OF Deomdes™ For desired Ehs
MEASURING PERCENTAGE OF . Yeq. of * : = Voltage to more of - s
L MOBULATION Off On . ol ating * spread at * o o | andia from the None Tiapezoid method.
audio /0 MOG. modufator _ . ~
' : . Bdg, posts ' . .
S ., o . . Tust encugh | Audio output 5 Cutpu: of TMV.97 impressed in erid circuit
12 :\/]}fﬂ" AL” L E.. RFCURVETRAG- | o, | Diming | Ext. Tag T2 For about | For desired For desﬁred to lockg of chassﬂi None Onlgg AV' of tube preceding stage to be aligned. Cable
ING = 51 cycles amplitude sprea image 2nd detector Freq ]E\.'Iod comnnects 'EMV-97 and TMVY-128-A
YT b i _ 2 volts or 2 volts or st i ineernal 1i-
14 | CHECKING PUHASE SHIFT OF . \ . | For desired | For desired . more of audio | more of Nome | Bl omt o D e e vailebla do Lot
2 I AMPLIFIER Gn Ou vertical defl. | horiz. defl. cutput of andio ipput y
: use Ampl. A and B.
amp. to amp. )
Saw-tooth oscillator in step at 1, 14, 14, =te
Just enongh 2 volts or 1 volt or timés standard fre For =
i e ; ' . : " queney. For froquencies
14 | FREQUENCY MEASUREMENT UP On Timing Fxr Depends on l)e‘pem!zs_ (3}3 For deslrefcll i;'l or “deslrgd 1o lock m?:e Oft sxgnal Noge ;:;orde a‘:-fi above 100,000 cycles use Lissajon figares; set
¢ 190,000 CYCLES freq. desired fred. desired| vertical defl. oriz. defl. image Ef;!a;guc;-e(f freql:lency ap as 13 with standard voltage on “Ampl. B”

binding posts, anknownr on ** * posts.

®

*Penotes position immaterial.
*Denotes frequency immaterial,

IB-23339%







