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Figure I—&ront View of Cathode-Ray Oscillograph No. 151 and 1514

Figure 2—Rear View of Cathode-Ray Oscillograph No. 151 and 1514
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Introduction

These instructions cover the installation, opera-
tion, maintenancs and servicing of the Mo, 151
Catbode-Bay Uscillograph, designed especially for
high-gquality servicing of radio receiving sets and
other communication devices. This Oscillograph
provides a relinble instroment for the study of
wave shapes, measurement of wodulation, adjust-
ment of radic receivers and transmitiers, deter-
mination of pesk veltages, and other similar appli-
cations. [is chief {alithough not the only) advan-
tage over slder types of meassuring instroments is
its freedom from inertiz, allowing the observation
of very rapid chemges of current or vdliage with-
out appreciable distortion. The unit i entively
portable, the dimensions are approximately 9%
inches high by 1283 mches wide by 74 inches deep,
and the welght s approximately 15 pounds, The
illugiration oo the opposite page shows the general
appearance ol the instroment and the opersting
controls. It operates entirely from an a.c sonrce of

General Discussion

Fundamentally, a cathodeaay tabe consists of
(1) an electron-beam souree, {2) provision for de.
fieciing the heam, (}) provision for focusing the
beam on a seveen, and (4) a fluoreseont sereen for
vizibly indicating the position of the beam.

In the RCA.913 tube the electron sonree i o sub-
gtantial eathode, indivectly heated. The cathode,
contral electrode (grid), and focusing electrodes
constitnie an electron gun, wsed 1o p!‘{}jef?t a beam
of elecirens (Function 1), Twe sews of ploctre-
static plates at right-angles to each other provide
for deflection of the eleciron beam (Fenction 2),
Foconsing (Funetion 3) i aceomplished by adjust-
ing the ratio between the voltages on anodes No. 2

1MW wolis, an integral power unit supplying all
operating voltages required for operation of ihe
sguipment.

The purpose of these instructions is 1o give the
fundamenials of operation. As ihe use of cathode-
ray apparaius becomes more widespread many new
appiications wili be found for this squipment so
that o thorough mwnderstanding of these funda-
mentals will ensble the operator to readily adapt
the squipment to his particulsr wse. Since the
eguipment 18 built arsund the cathode-ray tube, 2
discussion of cathodexay wwhes and images ob-
tained follows, which serves to explain the operva-
tivn of the equipment aod aids in apalyeing figures
which sppear v the sevesn. The operator is urged
to read this section thoroughly se that the nu-
merpus applications of the equipment may be

- vealdily wnderstood and alss that optimum per-

of
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formance may be obiained at ol times.

Catg}\ode-Ray Tube

and No. 1. This ratis is in ihe aeighborhood of
5:1, In practiee, the ancde Mo, 2 voliage i gene
erally held constant and the anode Wo. 1 voliage is
varied, sines it is the moaller potentisl to control
The seveen (Function 4) forins one end of the tobe,
It is one inch in diameter, apd the inside is ooated
with muterial which zmits light when struck by the
electron beara. The control elevirede (zrid) con-
stitutes a means of conirolling the gusntity of cleo
irone admitied into the streama, and thus sliows
conirol of spet inieneity (also called “hrilliancy™)
—ihe moze negalively the grid is blased, the fewer
electrons in the beam, the smailer the spet, and
the less the intensity.




—Upireal Analogy
B Three Blement Dathode Havs

Figure 3—+F ocusing Cathode Rays

The “Elesiron Gun™ in the cathoderay tube may
e eompared o o simple optical svstemn as shown
i Figure 3-A. I this diagram the light emitted
frow the lamp, L, is focnsed on the sereen, 8.7
by means of a double lens system, "1, "L,.)” and
the amount of light is controlied by the shutter,
=5, which, when closed, shuts off the light com-
pleiely. The brillizney of the tmage on the screen
depends on the size of opening in the shutter, ¥5)7
and the candle power or wattage of the lamp, “1."
H the candle power of the lamp is fized (ghat is if
we seleet o lamap of a given watiage) then the bul
liancy s selely controlied by the shutier, 8.7 The
size or definition of the image on the seveen, 57
s controlled by ad,
L7 and “L.7 to the correet distanmce, which is
called {ocusing, M the position of the lens, L7
iz fixed, then the foens will depend solely on the
adjustment of the position of lens, ¥L,."7 Further-
more, with both lenses, “L, and L..7 adjusted cor-
r{*cﬂw. it wounld be possible to change the {oons by
actually substituting for the lf*ﬂb, “L,." various
lenses uniil the one having the corvect index of
refraction 15 obtained. This is essentially the
method of controlling the focus in the eothederay
tube.

Figure 3-B f—'hows the elements constituting the
“eloctron gun” previowsly mentioned, “C7 s the
athode whi ich radiates cleetrons when warmed by

the heater, “H.” The hias voltage of the grid *G7
conirels the number of elecirons allowed to pass
through it. The distance {rom the “oua” at which
the electrons copverge to a point, or “foens,” is
determined by the ratio of the voliages on the two
anodes, “A, and A Obvicusly, ther, there is a
particalar ratie of these two voliages which will
cause the beam to foens a1 the sereen distancs,

Figare 4 cshows the addition of ons pair of de-
flecting plates, 13 and 12,7 to the previeus figure.
¥ these two plates are a1 the same potential, that
is if no vollage difference exists between them, the
electron stream is nuvaffected by their presence.
However, if a difference of potential does exist be-

ing the position of the lenses,
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Figure deBDeflection ia One Birection

tween “U, and 1,7 the eleciron stream will be de-
fected toward the plate which is more positive
(“D.” in the figare). ¢A positive charge atiracts
electrons, which are mnegative, while 2 negative
charge repels, Both p!aif\ therslore bend the elec.
tren beam up as shown.) A similar paic of plates
at right angles to the first pair would effeet 2 de-
flection at right angles to the frst deflection. By
applying w}!mw» of the proper value and polarizy
i cach pate of plates the spot may be wmoved to
any poiot on the sereen. I an alternating voltage
iz applied to one pair of plates the spot will move
in response thereto, the location of the spot at anv
instant of time respliing from the valpe of the
voltage at that instant. If the voltage alternates
more rapidly than about ten eyeles per second, the
retentivity of ihe screen und the observer’s eve
utige the spot to blend into s continuous line.

Py

In the No. 151 Oscillogzaph there are contrel
{rentering—V and H) for eflecting permanent djs-
plm‘@msg{si of the spot by applyving a direst voliage
to the deflecting plates. Thev are intended to cor-
reet any accidental eecenirieity of the cathedsray
spot iteelf, or as a means for centering those pat.
terns (such as that obtained in LF. amplifier align.
ment] having a greater deflection in one divection
than in the other. These controls move the axis,
or zero point about which the aliernating voltage
deflects the spot. Moving these controls simply
transfers the whole patiern’s physical position rela-
tive to the dimensions of the screen, and introduaces
no distortion, change in sensitivily, or other harm-

ful effect.

In order 14 study the wave shape of any voltage
causging a vertical deflection. it is nevessary to move
the spoi horizontally too, so that the patiern mav
be spread out, Since a curve of voliage vs, lime i3
wsually desived, a chrewit is Incorporaied giving a
voltage having the wnusual characteristie of a con-
giant, steady rise to a maximum valae and then a
sudden drop to itz starting value (2 “saw tooth”
shape}. Uuder influenee of this voltage the spot
moves horizvatally from one side of the tube to
the sther at a constani speed and then snaps back
suddenly 1o its starting position. By this means
the pattern on the end ‘of the tube is wade exactly
the same as a corve of the wnknown voltage ve
fime, and the escillograph operating in this man-
ner may be considered an automatic plotting ma-
chine wherein the seales may be changed hy merely
setting the vontrol knob, Examples of such curves
are shown in Figare 511, wherein the unkoown
voltage {vertical) is a sine wave, The ratios shown

4
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ave the ratio of snkaows voltage lrequency to “saw
tooth” escillator frequency,

When sinusoidal alternating voliages are spplied
to hoth deflection axes, the v iant patlern
closed continusns lines known as Lissaious Fignres,
I the two frmg!z(‘az(‘z& are {*qmﬂ the pallern will
be as shown in Figure 12 A-F de E?ﬂ“iid!ﬁ s of course
apon the phase. I the two {requencies are wvery
slightly diﬁmi’%w the phase angle is usmzﬁumsix
shdmf;!w and the patiern changes with 4, passing
'Ehymwh “the whele series of »h’ipm whe%% Frgare
12 5. ] shews the patterns obtained when the hori-
zonial frequency is twice the vertical frequeney.
Pigures 18, 14, and show the pai%mau obtained
with the marked frequency vatios, the vertieal fre.
quency being the higher in each ease. Whenever
sach a figure stands still, the two Irequencies ax
i oan exact ratio, any slight vasietdon from such
ratio betng indicated by motion of the paitern,

In thinking of any of these patterns 3t mast bs
remembered that the electrons sirike only one
point at a time, the apparvent line heing pansed
eutirely by the retentivity or “holding over” of the
seresn and the human oye,
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Figure 12

#Frigures 5-11, inclosive, sdapted from “The Cathode Bay decil-
tograph in Radie Besearch,” B, &, Watsen Watt, Tellished by
Bis Majesty’s #Hatienery Gifice, Loadean, Horgland.

tFigures 13 €6 13, inclusive, adapied fram CDreguemey deasmee.
ments with the Cathode Bay Oscillegeaph,” rederick JF. #Has-
mnssen, 4, F. K, B Transactions, Marvember, 1926, Yel, KLY,

. Pagres I256-6G3.



General Applications

The most universal method of emploving a
cathode-ray tube is to impress the voliage 1o be
sheerved on the vertical deflecting plates and to
impress 2 veltage varying Hnearly with thme on the
herizontal axis. The later voltage is usually oh-
tained frem an oscillstor having a “saw-tooth”
characteristic. The true wave form of the signal on
the wertical axis can then be observed withont dis-
tortion, since none is introduced by the horizontal
signal seurce. The conventional procedure when
chserving recurrent phenomena is 1o operaie the
timing axis supply at a sub.muliiple of the ob-
served freqoency. se that several complete cyeles
will appear on the acresn. Since the image will
drift across the sereen unless the ratio of the two
frequencies remains comstant and of a certain
valpe, it is uwsually desireble 1o synchronize the
timing axis oseillator. For the shservation of tran.
sieni phenormona the timing axis sapply frequeney
iz, of epurse, not critieal and synchronizing is ofien
useless. In some cases, however, it iz desirable to
synchromize the start of the phenomenon with a
biming axis impulse.

Although wae of a Hoear toming axis ia fairly gen-
sral, there are quiie a few spplications of the tube
which do not employ one. From the information
on Lissajous Figures ii can be seen that if a sine.
wave source of kpown frequency s bmpressed on
one axis, a variablefrequeney soures can be im-
pressed on the other axis and calibraied at a pume-
ber of points other than the known frecuency.
The phase shifi i an elecirical device can be ob-
sorved by impressing the inpat on one axis and ihe
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eoiput on the other axis. ¥ there iz § or 180-
degree phase displacement in the unit, 2 sloping
straighi-line image will appear. Refer 1o Figure
12 (A to B). If the above slecirical device hap-
pened o be a frequency doubler, Figures 12F 1o
12Y wounld apply.

The vertical set of deflesting plstes can be used
as a peak voltmeter. The impedance can be made
very high, and the npat capacitance very low, so
that the volimeter will show no diserimination be.
tween d-¢ and reasonably high radio frequencies
Transients can be observed almost as effectively
with a sine-wave timing axie supply as with a linear
one, as in this case the sapply funciions parely as
a “spreader.”

In order to illustrate the fexibility of such ap-
puratus, a desired measuzerment will be assumed
and szeveral methods of obtaining the woknown
gquantity suilined. An rf oscillator is being maodu-
jsted an uvaknown amount with a 1,000-cycle tone,
and it is desived 1o determine the percentage modn-
lation. {Ine method is to observe the modulated
r-f envelope bv impressing either a sine-wave or
finear supply on the borizental axis and impressing
the modulated rf signal on the vertical axis. Fig-
ure 10 shows this methed graphically, Incidentally,
if & linear timning axis is nzsed, as shown, the irae
wave-shape of the envelope will appear, and an
appreciabie lack of symwetry or other irregulari-
ties will be immediately apparent, indicating dis-
tortion. I no timing axis voliage s nsed, the per.
seniage can be determined as shown at Flgure 17,
This obviously necessitares removal of modulation,
A third method is shown at Fignre 18. The 1.000-
gycle andio voltage which is modulating the v4 sig-
pal is imipressed on the horizontal axis (modulated
rf remains on vertical). A ivapezeid results which
allows veady measurement of the peak deflections.
Symmetry of moedulation can be checked with
methods of Figures 16 or 18 by remaving modula-
tion from the rf oseillator and noting whether the

H.F. Modulated at 10006 Gyoles

Timing Azis Supply: 500-Cyele Saw-Tooth
EMax. — EMin. -

oo X 100

Percent Moduiation =-

Figure 16

carrier height is mideway between the postiive apd
negative modnlated heighis,

Ancther application of the cathode-ray tube is as
a “visnal” or eurve-tracing device, This consiste of
an o-f sseillator being varied st an andie rate be-
tween two extremes of frequency, a means of dis
placing the indicating device horizontally in syn-
chronism with the chapge of radie frequency, and
a means of chtaining vertical deflection of the indi.
cating device proportional 10 the snipat of the
unit whose pertormance is 10 be observed. Usually,
a condenser is arranged so ibat it “sweeps” the fre-
quency of the rf (test) osciliator contimually, and
at the same time an impulse generator, driven in
synchronism with the “sweep” condenser varies an
escillator providing hovizental displacement of the
indicating deviee in svnchronism with the “aweep”
condenser. (The Neo. 150 Uscillator performs all
these functions simunltapeously.) FPerhape the
greatest nse of such a device ia for the alignment
of the imtermedizie frequency stages of superhet-

Timing Axis Supply—None
EMax, — ECar.

X 100

Percent Modwulation — -
ECar.

Figure 17

erodyne receivers. A frequency-respense enrve of
the cireuit under fest is eontinually before the
aligner, which allows rapid and very aceurate ad-
justment of the siage in guestion. The greatest
advantage from such s system iz realized when the
civewii to be aligned has sufficiently grester than
eritical coupling to give a flatiopped or douhle.
peaked response. The same resuli can sventually
be obtained by manually plotting a curve each
time an adjusiment on the unknown is wmade.
However, this latter method is very laboricus and
requires conciderable thme.

A rather new development in such “visual”
equipment has been made, The system dispenses
with the eonventional electrical or mechanical
shutter and instead of emploving one series of
furves corresponding fo a sweep through the rf
range in one direction, it emplovs two series of
curves, one corresponding to an r-f sweep in ons
direction, and the other to an z{ sweep in the re-

-
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verse divection. In other words, two eurves {except
in one case to be deseribed later), appear on the
sereen. and the side of the sereen which rep
high froguency o one curve represents low fx
quency on the other. If an the Brer, third, fifth,

by

........ “saw-looth” pulser the left side of the
screen represenis low frequency, then on  the
second, fourth, sixth ... ... pulses the left side

represents high frequency. There
on the screen which represents the same frequency
on every “saw-coth” puise. Thiz point is the sali.
brazion poini. All other points on the screen rep-
resent two {reguencies. one shove and one helow
the calibraiing {resnency.

When a civeuit is incorrecily aligned it is net
symmetrical shout the calibrating frequency; that
is, its response at 1 KO, above the calibrating fre-
quency is not the same as the response at 1 KO
below. Since any point on the cathode-ray soreen
{except the calibrating paint) represents two fre.

pnly une poiot

quencies equally spaced above and below the csli

Figure 18

brating frequency, there wust appear twe cnrves,
one representing the circuit’s yespouse to high fre
quencies and the other the response io low fre-
quencies. The gain charscierisiic of such a cireuijt
and the resultant cathode-ray trace are shown in
Figure 19A and B,

If the circuit be properly aligmed, itz zeaponse
curve will be symmetrical about the calibrating
frequency; that is, its zesponse at a nomber of
kilocycles above the calirating frequency is the
zame as its response at the same pumber of kilo.
eycles below. Since the responses are equal the
heights of the two curves will be equal, the curves
will be superimposed and zppear as one. The olr-
cuit of Figure 19, after being properly aligned,
gives the response curve amd cathode-ray trace
shown in Figure 20A and B.

The chief advaniages of the “doubledmage”
over the conventional method are:

1. The superpositicn or “folding back” of the

high- and low-frequency sider makea syin-
metrical adjustments easy and verv avourate,
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Figure 19
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The probability of frequency error in align-
ing #s redoced 1o less than half. For a given
frequency errsr the separation between the
two curves of the “double-image”™ methed iz
twice the displacement of the sne curve of
the ronventional methad. Also any small
error is much more obvicus with twe images
on the sereen.

3. The necessitv of emploving an elecirical or

mechanical shutter 12 eliminated.

4. Distortion in the detector or audic amplifier
does not cause erroy in aligning. I appreci-
able audic distortion is preseni, the 1mages
on the screen will not be true response curves
of the tuned cirenir. Nevertheless, the actual
response is still truly symmetrical when the
two curves are made to completely coineide.

5. The necessity of marking a vertical reference
fine on the screen for use in {reguency cali-
bration and alignment I avoided.

6. The advaniage (4} above Tarther allows fre-
quency calibration of the variable frequency
oscillator by zero-beating with a standard-
frequency oseillator, without regard to dis
placement of the curve by amy audio dis
tortion.

Alignment of the radio frequeney stages of re-
ceivers can be made using the same method dia-
cussed above for if alignmeot. The single-
frequency source and outpnt meter method may
be used, if desired, but from the standpoiunt of
demonstrating the performance of the rf stages
or explaining their operation, the oscillographic
method is preferable.

Installation

Unpack the instroment from the shipping con-
tainer and remove the screws seeuring the fromt
panel to the case. Withdraw the chassis from the
case, supporting the panel at the buitom, and {eed-
ing the power cable through the hole in the back.
Make certzin that all tubes are firmiy in their
sockets and all grid cap connections are in place.
Should the deflecting plates in the cathoderay
tabe not be in the proper plane it will be necessary
to twist the tube to its proper position, However,
do not correct its position with the set in operation,

Next replace the chassis in the case and replace the
securing screws. With “Intensity’” comtrol in ex-
ireme counter-clockwise position (087, plug the
power supply cable inio an electrical outlet sup-
plying 110-120 volt, AC sepply. The instrument is
then ready for operation.

NOTE: DO NOT ATTEMPT T0 OPERATE
THE EQUIPMENT WHEN WITHDRAWN
FROM THE CASE A% THE HIGH POTENTIALS
USED ARE DANGEROUS.
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Operation

Q@ﬁtmis

tBefer 10 1%1» Bchematic and Wiring Dlegrams, Vigares 21
ard f atien of circoit wnits desighated) by serminis)

i “eontrel, B-23. s s potentiometer in the bhigh
side of ihe blveder. 1t position controls the biss en the
grid of the cuthoderay tube, which in iurn determines the
quantity of elecirons emanating from the “gua” thos cone
wrofling spot skze. The power switch 3y s located on thas
potentiometer.  [nitial  elockwise rotwtion of ihis conirel
wrns on the power; additions! rotmicn incresses the spoi
inten

Teontrol, B2IL iz 0 prientiometer in the blesdor,
Tis poﬂizmu contrels the snode Mo, 1 voltage, which {with
constant Ay volizge) determines the distance st which the
electron beam focuses. In gemersl, for a given “Tntensity™
setting, the “Focus” eontrol should be set Tor muximum Jis
thneiness of spot or image,

1omAwpl ¥ oswitel, Br, eonnects the T VYertical” binding
pusts either straigit dirvugh 1o the vevtical deflecting plates
en the cathode-ray tube or through oo amplifier o these do-
fleeting vlates. In either vase there i3 o condenser in the
gl cireuit,

4 TAwpl, 7 switeh, 5o baz two poesiions: “Thmiag”
sad "On” On “Tisming” the “Sawaeeth™ or tHiming axis oscil-
lator feeds throuszh an amplitier 1o the horizonal defleciing
plates on the cothoderay 1ehe and e “Horizonial” binding
post s the syachrouizing inpat terminall When “0m” the
“Hortzonal™ binding pest is connecled throngh s amplifier
15 these deflecting plates.

5 "Ampl ¥V Gain” renivol, By, i a potentiometer on the
input circeit of the vertival amplifier. Wl “Araplifier V7
switehy 005" this poteotiometer controls the vertical de-
flesticn,

“Ampl. H Gain” comtrel, B, iz a potentiometer on the
irpul eircwit of the horizeotal amphifter. With “Amplifier
H7 swihich on "Timing” or 00" this patentiomeler controls
the Borizental deflection, ue 1o the capacity load op this
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input pownumzwie& when operating on “Timing” st the
higher audio free[zwmn,:. linear sweep will not bL abiained
at zil sewtings of this conirel,

¥, “Bauge” switeh, By, selects one of siz timing capaciter
values, 1 thos changes the timing axiz sscillalor fregquency
in steps giving six ranges approximately as follows: Neo L
0134 No. 2, 50.300; Mo, 3, 100906, Mo, 4, 3563600, Na. 5,
1,160-10.000, and Ne. 6, 300012000 cyeies,

“Freag” eontrel, Bse, 5w cheosiot in series with the
timing conder Tr ehunges the timing axis escillater fre-
goeney groduslly ax it b orotated, and s conjusctoen with
“Range” switch above gives goniinuouns range betwsen the
sxtromas of froqueney,

“vne” control, Ky, 15 a potentiometer controlling the
ol of syiu‘hmnmmg voltage fed 1o the grid 4.a§ the
ROCA883 jube. In genmeral it should be st 35 far counier
ciockwise as 1s consistent with a2 locked image, as over
synehronization camses pooy wavelorm frem zh(, timsing ax
aseillator.

16, “Centering ¥ and B are poientiometers ie vonivol the

amount of de potentisl betwesn the twe deflecting ;;E ates -of
sach pair, aod ihberely allow adjustment of the pesiion of
il;{: spot or lneags.

e ,rz“o iwa pairs of §mdszw posts fabeled "Vert,
“Codo 0.7 “Heriz, High” and “Syne. High' 5 1ridie
cated by the wmi SHigh™ on the pests, the Vert, Hariz,
sl "‘»im‘ persis Al popnsat te interoal elrcuits, the saly
groond posts being marked “Gad, 0.7 To conaeet 1o the
vertical amplifier, connert 1o Yert, 2nd God To conneal o
the horizemtal amplifier, conneci s Horiz, and Gnd. Ta
conasct to the synchronizing civewit, conpeet to Horiz, and
Gaod. The Horiz binding post is controlled by the “Amp.-
H” switeh s that when the swiich iz "On” the post 200
aecis 1o the amplifier mg;ui and when the switeh 1 “Tim-
ing” the post eonnects to thie synchromizing elecuis. The
‘”nu{' post oarnies a fmrlum of the amplified vertical veliage
and is 1o he cennecied Lo the "Heriz” post whensver 3t s
esived to synchronize ou the signal being examined.
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Applications

Gupgnar, The following procedures ave included
in erder to familiarize the operaior with the opera.
tions and eoopections invebved in the p;“i.rtéviimz'
applications. All applications of the sgoipment are
gt described, but analyeis of the partienlar prob-
lemn tnvolved will show wherein 1t is stmilar to ox
differs from those given, snabling the operator 1o
work out his own sequence of eperation,

H
3

Aa bas been previously pointed ous, most appl-
eations of ithiz lnstrament are carried omt with the
output of the unit vnder test connected 1o the ver-
tical plaies of the cathoderay tube, and the wave-
shape sindied by application of knswn consiants
on the horizonial plates of the tabe. Before any
measurements are atiempied, ihe operator is l?ﬁ.rged
to go through the following procedure in order o
familiarize himself with the controls and their loca-
tion and to get the “feel” of their operution:

1. Connece the power plug to an a.c seurce of
110 volts. Torn “Intensity” contro! clockwise, cans-
ing a spot to appear on the soreen, increasing in
size as the “Intensity” control iz advanced further
elockwise. The “Focus” conirsl should then be
agdjusted until maximum diginetness of spot or
HBAZE DUCHEE,

CAUTION., BO NOT ALLOW A BMALL
SPOT OF HIGH BRILLIANCY TO REMAIN
STATHINARY ON THE SCBEEN FOR OANY
LENGTE OF TIME, AS COLORATION GR
BUBNING OF THE S5CREEN WILL RESULT,

Witk the spot on the soresn and with the “In.
iensity” control retarded so that the spot is not
too brilliant, adjust the position of the spot 1o the
center of the sereen by retation of the 1wo center
ing controls.

To tarn the eguipment off, torn “Intensity” con-
trol to s exireroe counter-clockwise position, untid
a digtinet “snap” is heard.

2. Apply 2 source of 6Gilevele current to the
“VYertical” binding posts. To adjust the lengih of
the resuliant line appearing on the screen turn
“Ampl. V7 switch “On” and adjust “Ampl, 'V
Gain” control until the length @5 as desived. Appli-
cation of the same 60.vele somres o the “Horie
ronial” binding posts with “Ampl. 17 switch “On”
will similarly show a hovizontal line on the sereen,
the length of which may be varied by manipula-
tiop of “Awmpl. H Gain” control.

3. To expand (2) fariher, have 60 cyeles uvail-
able st both “Herizenial” and *Vertieal” terminals,

Apply the heorizental 60-cyele supply on the
sereen through “Ampl. H” and itz gain conirel,
then apply the 60-cyvele vertical supply through
“Ampl V7 and s gain conirel. The result will be
a straight line, (See Figure 123

AL VYVourweren wrrsour Awmeursiws—For this
application, the characteristies of the unit are as
follows: Input resistance—2 megohms; input ca-
pacity——approzimaiely 40 mod.; voliage range-—
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85 rmes volts (higher with external attenuator);
calibration—-approximately 2530 peak-to-peak volts
per inch or B3 romes volts per inch. Insulated for
200 vplta d.e,

Procedure — Make connections to the Oseilio.
graph and tumm contrels to the positions specified
in Application No. 6 on the enclosed operating
chart. Measure or estimate the lengih of line ap-
pearing on the screen iu inches {depending on
aceuracy desived) and wuhiply by 250, This gives
the approximate peab-to-peak valoe of the un-
known veltage. For approximate effective value,
if voltage being measursd is sivusoidsl, divide peak
value by 2.8,

AC Yovrmurer witk Amreurisr—For this appli-
eation, the characteristics of the unit sre az fol-
lows: Ioput resistance—1 megohm; input capacity
—appreximately 30 pmnf.; {requency range—320-
16,000 eyeles: maximum voltage—500 volis (higher
with external attenuator); calibration— (ronghly)
3 peak-to-peak volts per inch. or 2 rmes volis pey
inch, Insulated for 100 volis d.c.

Procedure — Make connections and adjust con.
trols according to Application No. 7 on the charv,

- With “Ampl. V Gain” ecntrol in the exiveme clock-

wise position a line ope inch long is obtained on
the screen for about 2 volts romes impur. Inter-
medisie positions of the gain conivol give different
calibrations, of conrse, and if considerahle wse is
made of this featare it may be advisable to plot a
crarve of the inputs required to give a one-inch de-
flection st various intermediate pesitions of the
gain control.

A particnlar application of operation as ap a-c
volimeter is in making hum messvrements in a
power supply unit. ko this sase the “07 binding
post (“Vertical™) is connected to the common lead
of the filter civenit of the uoit voder test and a clip
fead, connected 1o the "High” binding post, is used
to check the a-c ripple present at the various cir
euil soappenent terminals,. When the divect poten-
tial exceeds 100 volis it will be necessary to add a
capaciter of .1 10 .5 mfd. in series, and 2 1 megohm
leak across the input terminals, to prevent damage
due re high divect potentials on the inpnt cen-
denser,

Avoio  Quavrry  Messvremtnivs — Use of the
“saw-tosth oscillator” featore of the Oscillograph
provides a check which cannot be made with an
crdinary veltmeter., This is extremely helpfol in
discovering the audio gquality of a receiver or simi-
lar instroment and also in locating causes of andie
distoriion,

Procedurs — Apply the ontput frem a constant
fregnency record or audio oseillator 1o the “Ver.
tical” binding posts, with controls set as in Appli-
cation Mo, 8, Tam “Range” switch to that tap giv-
ing a range including the frequency of the nput
signal and adjust “Freq.” control until the saw-
tosth oscillator frequency 1= near that of the input
signal, If the twoe {requencies are Identical, one

cycle of the input signal will be observed on the
sereen; if the saw-isoth escillator frequency is one-
half ithat of the input signal, two cyeles of the
latter will appear; if onehird, three cvelea; ete
Next, connect this constant frequency record or
andio escillator sutput to the audio input of the
umit vnder test and connect the output of the uniz
under test to the “Vertizal” binding poste of the
Oscillograph, all adjusiments of which are as pre-
viously set. If the resuliant wave does not corre-
spond to that shtained when the input was direct
to the Oscillograph, audio distortion is present.

If it is desived o measure the overall audio
fidelity of a receiver, for instance, the proceduse is
similar 1o that above except that the voltage modu-
lating an r-f oseillator is fed into the Oscillograph,
adjusted as above. Then the modulated oscillaior
is connected 1o the rf input terminals of the re.
ceiver and the londspeaker voice coil connected o
the Oscillograph. Comparison of the two resultant
waves will indicate how mueh distortion cecurs in
the receiver wnder test. Ohbserving the quality of
the input to the receiver from the test escillator
will alsa show how much distortion is being fed
into the recetver from the test oscillator. This is
desivable, since it may show that ail the distortion
present in the receiver outpat may not be due io
the receiver characterisiics, but to those of the test
oscillator.

Mopuraron Inpcaror — (1) One method of
measuring the modulstion of a transmitter is to
place the modulated rf output of the transmitter
mto the vertical plates of the eathode-ray tube and
the audio input signal to the transmitier on the
horizenial plates of the tube through the synchron-
Zing ciyenit

Procedure — Connect a constant {requency in-
put to ihe trapsmitter and connect a smail pickup
coil, located near the transmitter tank coil, to the
“Vertical” binding posts. The pickup on this coil
should be from 50-75 volts. Connpect the “Horig.”
binding post of the Oscillograph to transmitier
audio amplifier at a point providieg a 2-ivol
signal at low bopedance. Turn contrels to posi-
tions given jo Application No. 9 on the chart
Torn “Rauge” switch to tap including the fre.
quency of the input signal and adjnst “Freq.” con-
trol until the saw-lceth oscillator interlocks with
the signal on the vertical plates. Adjustment of
ithe “Syne.” control provides conirel of the voliage
to the grid of the RCA-885 tube. Adjustment of
“Ampl. H Gain” control varies the horizonial
deflection.

(2} Anocther, somewhat similar, method of mod-
ulation measurement is to connect the pickup enil
to the “Vertieal” binding posts as before, and eon-
nect the audio signa]l (from the irapsmitter sudie
amplifier) 10 the “Horizonial” binding posts. Turn
conttrols Lo positions given iu the chart for Appli-
ation Ne, 1. Adjust “Ampl. H Gain” coumtrol
wniil desired borizonial deflection is obtained. The
percentsge modulation can then be readily detex-
mincd. (See Figore 18.)
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AvicameNT oF Tvtersestare Freouency Staces
—For alignment of the intermediste frequency
stages of a receiver it is essential that san suxiliary
apparatus be available to sweep the intermediate
frequency for which the receiver is designed. The
Type TMV.128-4 Frequency Modulator is desiened
for this wee. It concists of sweep condenser wnd a
synchronizing generator rotated in synchronism by
a driving motor. The condenser is aveanged to
“sweep” the {requency of the of tnpat to the re-
ceiver {or i stages) amd the syvnchronizing gen-
erater conneeis to the “Horie.” bindiug post of the
Oscillograph sc as to syochronize the saw-tooth
oscillator with the frequency variation of the e
oscillator (such as the TMV.97.C} input to the re
ceiver. A switch on the pansl of the Modalator
provides twoe ranges of capacity for “sweeping” the
test oscillator cutput frequency: on “Hi” the rangs
is 20-65 mmf., and on “Le” the range is 135.35 momf.

The No. 150 Oscillator takes the place of both

~of these uaits, performing all the necessary fune-
“tions without moving narts,

The test oscillator outpu should be coupled 1o
the grid of the tube preceding the if stage under
abignment. It is essential that this conncction be
made without altering any of the operating charae-
teristics of this stage. If the grid of the tube o
which connection is to be made is at zero dec po-
tential with respect to ground, connect the oscil-
lator to the grid of the tube and disconnect the
lead normally on the grid, the low side of the test
oscillator outpur returning to chassis ground, If
the grid-is not at zero d-¢ potential with respect to
ground, connect the high side of the oscillator to
the grid (disconnecting the lead on the grid) and
the cther side to the *—C” lead for this grid.

The “Vertical” binding posts of the Oscillograph
shonld be connected to the audic ocmtput of the
second detector. For a diede detector this connen.
ton may be across the volome cenirol alone or
acvess both the volume comtrol and aatomatic
volume control resistor, if this connection is con.
vendent. When the second detsetor is a triode,
fetrode or pentode, resistanec-coupled to the first
audio stage, the connection to the “High” binding
post may be to the plate of the tabe, the “07 paost
heing connected 10 grovnd. T the case of 4 triode,
tetrode or pentode, transformer or impedance-
coupled to the fivst audio stage, connect a resistor
of approximately 26000 chins in scries with the
plate of the tube and by-pass the inductance in the
plate civenit by a LO mfd. or larger capasitor,
This changes the impedance of the plate cireuit io
resistance rather than inductive reactance; the
“High” binding post should be connscied to the
plate of the tube and the “07 posi to ground in
order 1o take the audic voltage off this resistor.

Procedure —Connect the test oscillator ontput
to the grid of the tube preceding the 34 trans
former being aligned, and connect the “Vertical”
binding posts in the seeond detector as previously
explained. The test oscillator should be et a1 the
if alignment freguency with modalation “On.”




Ture Intensity-conirel “On)” adjusl “Foeus™ prop-
eriy, turn “Ampl. V7 switch “0a” and adjust the
gain ennirol, Tarn “Awmpl H” switeh on “Timing.”
Adjust the if ansformer trimmers for maximumn
sulpwi; i e, peak them as much as possible. Re
move the modulation on the test gscillator, connect
the sweep condenser to the v ceciliator and con-
nect the synchronizing generator to the “Horie”
binding pest. Turo moetor *“0On” and readjost the
frequency of the test sscillator ungil the forward
and reverse waves show on the soreen of the ivbe.
Baise the {requency of the test oscillator vniil dhe
bighest points of the two waves commcide. (This
readjustment is mecessary to compensate for the
added capacity of the cable and epehalt of ihe
sweep condenser capacity when the TMY9T0 Test
Gseillator, TMVY-128 Frequency Modulator ave vsed.
This whele preliminary adjustient is unnecessary
with the Ne. 150 Fregueney Modulated Oscillaior.)
Hecord the dial setting of the oascillator for {uture
reference. Adjust the trimmer condensers of the
primary and secondary of the if trapsformer
until the twe curves coincide throughout their
entire length, When this ocours, the stage ia
symmetrical with respect to the if freguency,
Duaring £ alignment, the receiver tuning dial
shonld bhe set at a point where variation of iis
position has no effest on the resultant curve, U
this point cannot be Tound, short-cirenit the grid
or plaie coil of the receiver r-f oscillator. The 1
stages should be aligned in orvder, starting at the
Iast singe and working toward the first detecior.

Freouency Mussoezmenys —-In using the Oseil
lograph {or {requency measarement, either Lissa-
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Jou figores (sine waves on both axes) mayv be ased,
or the linear timing axis may be emploved ou the
borizontal axis. The frequency stebility of the
saw-iooth oscillator running free is not geod
enonugh to depend on for accuraie measnrements,
but when this oscillator ¢ synchronized with a
standard-frequency voliage its frequency stabibity
18 the same as that of the standard, and it can be
synehronized at any sub-multiple of the standard
frequency down te aboni one temih. Thiz allows
copvenient ealibration of 2 deviee at many points
between one-bundradil of —-and ten times a single
stundard-frequeney spurce, and every point is as
acearaie as the standard. If a 1.000-cyele standard
source is used, ealibraticn poiois between 10 and
10,000 eyeles are easily obtained. Using Lissajou
figures, calibration points between 100 and 10000
eyeles can be obtained. A frequency standard
which is abmest woiversally availabie is the 60-cycle
a-¢c supply. Since the advent aund rapid spread of
electric clocks the frequeney of nesrly all commer-
cial power is held te a very close tolerance. When
synchronizing on 60 eycles, the saw-tooth oscillater
can be locked st 30 or 60 cyeles, as desived.
Thie allows accurate calibration at frequencies up
i¢ about 600 cycles. Hefer 1o Applicazion Neo. 13
on the chart.

Crecring Paase Saivr-—To check phase ehift of
a deviee with the Uscillograph, set controls as
shown on Application Mo, 12 on enclosed chast,
observing the soreen pattern with input to device
on “Horizoutal” binding posts and owtpur from
device on “Vertical” U no phase shift exists, o
sloping straight-line image will appear,

Electrical Specifications

‘io]m;gge ..... R S AEG-120 Volis AC
_ o Yrequeney (Stock Mo, 151) e oo 5060 Croles
Power Supply Bating.......... (Stock No. 131A) . ... oo, 25460 Cyeles

Wattage Consnoiption.. . o.v.uusniaennennson . 35 Waits

Fuse Protection........... e 1 Amp

Deflection sensitivity at amplifier inputs.. 5 poak-io-peak volis per inch

) o (mmax. “gain.”)
Detlection sensitivity at cathode-ray tube
puts ... e, . -250 peak-1o-peak volts perinch

Input Characteristics: '

Operating Limits.. ..., . (13 Thedugh either amplifier... .1 megohm, approximately 3¢ muefd.

Fregquency response range of amplifiers, . ... . ... .. 20--15.,000 Gy cles
Maximum: signal input (with amplifier)........ ... .. . 500Vois {(EMS)
Frequency range of timing axds. ..., ... ..., v on B0 Croles

( (2) Without either amplifier. . .. 2 megohms, approximately 40 mmfd,

Maximum d-v voliage acvoss nput binding posts, 100 Volts with amplificrs

-

200 Y olis direct

TRCASGS. ..o o o Signal smplifier for vertical defleciion
5

o 7 I RCA6CH
Badiotrens Used and Funetions. {1 ROAR8S
. H :

gnal amplifier for horizonial deflection
“Baw-tooth” oscilistor

5 S e Cathoderay tabe (1-inch)
..... renveeeosHuilwave rectifier

Physical Specifications

) Height (including carrying-handle)......... | e
Uverall Dimensions.. ..., cevan A Widthe oLl g ceeaa g e ) T o ::;;g::j
» Depth................... e, 71 inches
Weight: 60 eyele. ... ... oo e ' 141 pounde
4 I I IR T IIA i - =
Woeyele. e e e i%  pounds

Circuit Description

 The schemaiic arrangemeni of the entive circuit
iz shown in Figure 21,

There is one nsual feature to this cirenit that
causes surprising voliage distribations but doesn’t
affect the operating theory. Since the sheil of the
cathode-ray tabe is connected to the second anode,
which must he at 2 positive potential from the
cathiode, and since the shell must be grounded for
safety, the positive side of the power sapply has
been connecied to ground. This is common prac-
tice in Cathode-Ray Oscillographs, but in this case
the power supply is common to the oscillograph
and amplifier tubes, so the cathode, grid,tj sitp-
pressor and screen grids of the amplifiers are all
at a high potential to ground and the plate is
nearly at ground. It may be argued that no im-
provemeni has been made since the grid clips are
at high voliage, but the grid clips cannot be

29

reached when the equipment is in the case, and
the resistance of the circuit is sufficiently high 1o
Emit the earrent to safe values at all but very Jow
settings of the galp eonirol. )
While the voltage distribution, as shows in Fig-
ure 24 ds quite wmsual, the method of eperating
the amplifier tubes has not been affected. The
grids are maimiained ahout iwe volis negative from
the cathode, the suppressor is connested to the
cathede, the screen grid is about 35 volts positive
from the cathode and the plate still more positive.
An waplifier consisting of a single RCA-508 con-
stitutes the means of obizining “gain” for the siy-
nal applied 1o the vertical deflecting system. The
input to ihis stage is a highesistance potenti
oiiteter conmacted o provide “gain” contrel. An
isolation capacitor is made a part of the input cir-
cuit to exclude any d-¢ which may be associaied
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with the cireuit being observed. The plate, or cur
put circait of the RCAGTG &5 2 resistor whaose
value 13 30 designed as 1o effect & broad and woi-
form frequeney response in the amplifier stage,
Coupling {rom the amplifter plate 1o the cathode.
ray tube is made through a capacitor,

The amplifier for the sigeal applied 16 the hori-

|3

zontal deflecting plates 3z ddentical to thar de-
scribed above, A switch is provided 1o disconnect
the vertical amplifier, ihereby applying the voliage
io be sindied directly 1o the deflecting plates.
There is an input switch to the horizonial amplifier
“saw-tooth” oscillator

for feeding in the timing or
sigual.

in the input civeuit of the HCA885. This is the
“Synchronming” cirenit described nnder *Opera-
A LT, ) ; . .

tion.” The thming axts oscillator siage, wsing the
RTCA-885, is destizued to have a frequency range of
30-10.000 cyveles, controlled through the “Range”
switch zud “Frequeney™ control. The signal from

this oscillator has a “saw-tooth™ wave-shape, ob-
tained as follows: A dwc poteniial s applied across
a capaciior and resisior in series in the plate cir-
cuit of the ROASS mbe. This veltage charges
the capasitor until the lonizatien potential (plate
voliage ai which the gas in the BUA-885 icnizes)
is reached. When ihe RCA-885 ionizes the capaci-
tor is short-circuited and the voliage across it drops
nearly to zere. The BCUA-885 imumediately de-
ionizes and allows the capacitor to start charging
again. In this manner, the voltage across the ea-
pacitor has 2 “saw-tecth’” characteristic. The capa-
citor referred to above in selected by the position
of the “Range” switch as deseribed in “Operation.”
With “Ampl. H” switch on “Timing,” the voltage
across this capacitor passes through the horizonial
amplifier to the plates of the RCA 913

Power required for operation of the instrument
is ebtained through the pewer unit from o 110-120-
volt, AC supply. Voltage rectification is avcom-
plished by an HCA-80 connected in the secondary
windings of the power transformer.

Maintenance

{1} Radiotrons

Under ordinary usage within the ratings speci-
fied for voltage supply, tube life will be consistent
with that ebtained in sither applications. The rec.
tifier, osvillator, and amplifier tubes will wear in
accordance with loss of emission; whereas the de-
termining factor in the life of the RCA-913
cathode-ray tabe is the deterioration of the fluce-
escent screen. It is thervefore advisable to aveid
feaving a bright, concentrated “spot” on the screen,

It is not erdiharily pessible 1o test the Radio-
trons i their respective sockets, due to the likeli-
hood of cirenit effects causing error. Their removal
and check with standard tubetesting apparatus is
therefore desivable. Replacement of the guestion-
able tube with one koown 1o be in good condition,
is ancther acceptable and definite means of tracing
tube troubles.

To remove the RCAD13, 0t i necessary to shide
the tube toward the hack of the chussis, then snap
ihe tube out of its clip. Replacement is the reverse
operation, shiding the 1abe into the pacel opening,

(2) Fuse Replacements

A small lampere carividge fuse is used in the
primary ecircuit of the power transformer. This
fuse 15 intended {or proteciion of the entive power
system of the Oscillograph, and should, therefore,
not be replaced by one having a higher rating, nor
be shorted out. A fuse fatlure should be carefully
imvestigated  before making s replacement, as
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wsually in the wse of fuses of accepted quality,
thers must be a definite cause for the fuse break-
down. The cause may originate from 2 surge in
the power-sapply line, but the greater percemtage
of causes may be ceniered in the apparatus pro-
tocted, such as shorted rectifier elements, and sc

forth.

{3) Resistance and Continuity Tests

The sehematie eivenit is shown in Figore 21, and
the acteal wiring layeut giving celor eode amd
physical relation of the parts is shown in the
chassis wiring diagram, Figore 22, All resisior and
capacitor values are given to facilitate a rapid and
sure test for continafty of cireuit and the condition
of same. Ceoils and transformer windings have
their d-¢ resistances shown.

In working on the chassis of the Oscillograph,
care must be ohserved to have the power supply
completely disconnected. The high voltages asso-
cimed with the circuits of the cathoderay tube
make it dangerous to mttempt to handle or work
on the chassis while the power 5 "On”

Care should be exercised in replacing any pant
that may be found faulty, Al wiring sssociated
with the part invelved must be taken off, and
especial sttention giver: 1o possibility of damage
te other wiring or parts. The relation of wiring
and parts should be the same as in the original
assembly,

RADIOTRON SOCKET VOLTAGE TABLE

120-Volt, Supply Line
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Figure 28

annot be eorrecily messured with erdinary volimeler.
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{é} v@kagg Measurements the Hadiotron Secket Veltage Table, In gemeral, Rﬁ?LAC%MEN? Pﬂ@?g
the values shown are measured from the socket . . . L e .
One means of learning the condition of opera- contacts to ground: however, the heater or fila losist on genuine factory tested parts, which are readily identified and may be purchased hrom suthodzed deales.
tion and fracing the circwit faulis of the Oscillo- ment veliages are a-¢ and appesr between the B.F
graph is by checking the correciness of the voltages or H-H clips. AN readings given are actusl operat ook Ma. Desoription Stock Mo, Theaoription
) N ¥ ” I R . . B
dﬁ.d Lurren}s at the Hadiotron ;Gi.ﬁiei:ﬁa e normal ing values, and do not aﬂﬂﬁ-&f for any ermrs_likfﬁly 11118 Power Transformer—110-120 V5060 ey (F-17 11726 | Hesistor—0800 Ohms (-4
values, which can be expected 10 be found when te he {:auser,i by current drain of the measuring in- 14119 [Svnehronizing Transfarmer (T2 11322 | Resistor1j W., 39.000 Olins (53
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cified power ratings, are :md;mied adjacent to ihej with ordinary tesi equipment; these have been 6552 |Fitter Reacior (L1 13915 | Resistor—1, W., 12,060 (s (R18)
socket positions in Pigure 24, and alsoe given by asterisked (*) in ths table. 1839 |Capacior 0.1 Md 400 ¥, (G, 65) 13596 | Rosistor 2 W.. 47.060 Ohms (R20)
005 |Capactior—G0035 Mid. (-2, .6} 14126 | Poieniiometor—10,000 Ohms with Swineh (B-21, 54
4841 [Capaciter—0.1 Mid. 200 V. (€1, €3, G4} 3078 |Resistor—1 W, 10,000 {hims (R-22)
1253¢  [Capaciter—320 Mmfd. (C.8) 14325 | Potentiometer—10000 Crhus (B-23)
107 [ Capacitor—0.0625 M. (G4 4756 | Switch—I3.P. DT, Togele (54, 5.2)
1858 L‘_am<ti}arw-~{i«'3}FMf@ f‘_j‘ie) 14137 Single Gang 6 Puesition (533
P19 (Capaciior —0.635 M. {ii) 14133 | Fuse—1 Amp. (855
Af4 x R 5} N -
H}Ei {:d[mm,l\w (LIEMML,EM ((: ﬁ} 4194 | Tube Socker4 Proug
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I ¥ = ; ¥ 1121 Bypass Condenser—4.10 M, (01, £15) - o
x l = B + : 14190 F e § N 48 MId 475 V. (018, C.16, £.17) £186 Tube Socket—6 Proag
u + 5 it = rd 14120 Filter Condenser—d.f 3id. 475 ¥, (CA%, €36, £.17 Tabe Phie. Ootal fae
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