{Z) Theory, - The electron beam moves
in aceordance with the resultant of the sine
and sawtooth signais. The effect is shown in
Figure 3-8 where the sgine and sawtooth
waves are graphically represented on time
and voltage axes. Points on the itwo waves
that occur simultaneously are numbered
similarly. For example, 2 on the sine and 2
en the sawiooth waves oecur at the same
instant. Therefore, the position of the beam
at instant 2 is the resultant of the voltages
on the horizontal and vertieal deflection

plates at instant 2. Referring to Figure 3-8, .

by prejeciing lines from point 2, the position
of the electron heam at instant 2 can be lo-
cated. If proiections were drawn from every
other instantansous position of sach wave to

interseet on the circle representing the tube

TIHE —=
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Figure -7
Projection drawing showing the resultant paitern
wher the frequency of the saw teoth is one-haif
of that employed in Figure 3-8,

screen, the intersections of similarly timed
projections wounld trace out a sine wave.

(%) Conclusion. - In summation, Figure
3.6 illustrates the principles involved in pro-
ducing a sine wave trace on the screen of a
cathode-ray tube. Each intersection of simi-
larly timed projections represents the posi-
tion of the electron beam acting under the
influence of the varying voltage waveforms
on each pair of deflection plates. Figure 3-7
shows the effect on the pattern of decreasimg
the frequency of the sawtooth wave. Any
recurrent waveform plotted against time can
be displayed and analyzed by the same pro-
cedure as used in thess two examples.

(4) Other Patterns. - The sine wave ex-
ample just illustrafed is typical of the method
that any wave form can be displayed on the
screen of the cathode-ray tube. Such wave
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Figure 3-8

Projaction drawing showing the resultant Lissajous

pattern when a sine-wave applied to the horizontal
axis is three times that applied to the veriteal axis,

forms as square wave, sawtooth wave, and
many other more irregular recurrent wave
forms ean be observed by the same method
explained in the preceding paragraphs.
b, LISSAJOUS FIGURIES

(1} Preliminary. - Another fundamental
pattern is the Lissajous figure, named after
the 19th century French scientist. This type
of pattern iz of particular use in determining
the frequency raltic between two sine wave
signalg, Tf one of these signals iz known, the
other can be quickly caleulated from the

Figure 3-9

Method of calculating frequency ratio of Lissajous
figures.

i
]
i

Figure 3 - 10
Other Lissajous patterns

ratio. Common practice is fo connect the
known signal to the horizontal channel and
the unknown to the vertical channel. The
amplifiers may or may not be used depending
upon the voltage of the signals and their
frequencies. ‘

{2) Theory. - The presentation of Lissa-
jons figures c¢an be analyzed by the same
method as previcusly used for sine wave
presentation. A simple example is illustrated
in Figure 3-8. The ifrequency ratio of the
signal on the horizontal axis to that on the
vertical axis is 3 to 1. If the known signal

PHASE DIFFERENCE 0 PHASE DIFFERENGE 45"

D

on the horizontal axis is 60 cycles per sec-
ond, the signal on the vertical axis iz 20
cycles.

The Lissajous pattern is traced by joining
intersections of projections from like pum-
bered points on the signals. The frequency
relationship, determined by the ratio of the
number loops touching twe mutually per- -
pendicular sides, is caleulated most readily
when the two signals are ocut of phase. For
example, Figure 3-9 shows a complex Lissa-
jous figure. The vertical line, AB is touched
by 5 loops and the hoerizental ling BC is
touched by 38 loops. The ratio of the fre-
quency on the horizontal axis is to the fre-
quency on the vertical axis az the number
of loops which intersect line AR is o the
number of loops whick intersect line BC.

Algebraically: '

Frequency on horirontal Axis Number of loops interzecting AB

Frequency on vertical Axis T Nomber of igops intersecting BC

{3) Obtaining a Lizsajous Pattern on
the screen : '
Preliminary Settings: ,
COARSE FREQUENCY--HOR INPUT
AMP
VERTICAL INPUT switch —AMP

Step 1. Connect a wire from the TEST

SIGNAL terminal to the HORIZONTAL IN-
PUT terminal. .
_ Step 2. Place an audio oscillator con-
veniently near the oscillograph, and connect
its output and ground terminals to the
VERTICAL INPUT and GEOUND termi-
nals of the Type 274 osciilograph.

Step 3. Switeh the oscillograph and the
audio oscillator into operation. :

Step 4. Locate a pattern of convenient
size in the center of the screen by adjusting

PHASE DIFFERENGE 94" PHASE DIFFERENGE 135°

W

4

PHASE DIFFERENGE 180" PHASE DIFFERENGE 225"

N
NI

N
" |

PHASE DIFFERENCE 3I5

// /)
/
/

PHASE DIFFERENGE 270"

A
/

1N

Figure 3-11
Lissajous patterns obtained from the major phase difference angles
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Figure 3-12

Projection drawing showing the resultant phase

difference pattern of two sinewaves 45° out of
phase.

the positioning and ampiitude controls.

. Step 5.° By adjusting the frequency of the
audio oscillator obtain a pattern that is near-
ly stationary. It is not necessary to stop the
pattern, but merely to slow it ap enough to
count the loops at the sides of the pattern.
- Step 6. Count the number of loops which
intersect an imaginary vertical line AB and
the number of loops which intersect the
imaginary horizontal line BC as in Figure
3-9, The ratio of the number of loops which
intersect AE is to the number of loops which
intersect BC as the frequency of the hori-

zontal signal is to the frequency of the
vertical signal. .

{4) More examples of Lissajous Pat-
terns. - Figare 8-10 shows other examples of
Lissajous figures. In each case the frequency
ratio shown is the frequency ratio of the
signal on the horizontal axis to that on the
vertical axiz.

{5) Phage Difference Patferns

(a} Tntroduction. - Coming under the
heading of Lissajous figures is the method
tsed to.delermine the phase difference be-
tween signals of the same frequency. The

patterns invoived take on the form of ellipses

with different degrees of eccentricity,

{b) Obtaining the Phase-Difference
Pattern. To obtain an accurate pattern from
which phase difference cin be determined,
the following procedure must be foilowed.

 SBtep 1. Turn the VERTICAL AMP control
and the HORIZOWNTAL AMP control toc ¢
and with the calibrated screen in place, cen-
Eell; the spot on the screen of the cathode-ray
ube,

TICAL INPUT terminal and the other signal
to the HORIZONTAL INPUT terminal.

Step 3. Connect a common ground between -
the two frequencies under investigation and

the oscillograph.

Step 4. If the frequency of the signals is
less than 50 KC set the COARSE FRE-
QUENCY switech to HOR INPUT AMP and
the VERTICAL INPUT switch to AMP.

Step 5. If these freqguencies are more than
50 KC, set the COARSE FREQUENCY
switch to HOR INPUT DIR and the VERTI-

¥ MAXIMUM = | Y MAXIMUM = | Y MAXIMUM = |
Y INTERGEPT=0.0 Y INTERGEPT = .5 ¥ INTERGEPT = 77
_0 / 5
SINE @ =T SINE © = T, SINE 8 TT
8=0 - 9:30 0-45"
Figure 3-18 Figure 3 - 14 ‘Figure 3-15
YINTERGEPT = | | Y MAXIMUM =1 v oy Mum = 1 Y INTERCEPT=.7 | Y MAXIMUM =1

\\ (\ QTERCEPT&S

N

ol 5 \ ,
SINE® = T sive 19-="r\ SINE & =_‘1\
6-90 . - @=150° ©=135°

Figure 3- 16

‘ Figure 3-17

Figure 3-18

Examples showing the use of the formula for determination of phase difference

20

Step 2. Connpect one signal to the VER-

CAL INPUT switeh to DIR.

Step 6. Assuming the signals to be jess
than 50 K, the COARSE FREQUENCY
switch is set on HOR INPUT AMP and the
VERTICAL INPUT switch is set on AMP.

Step 7. Adjust the VERTICAL AMP con-

trol to give approximately 3 inches of ver-

tical deflection and adjust the calibrated scale
8o that the vertical axis of the scale coincides
precisely with vertical defieetion of the spot.

Step 8. Be extremely careful not to change
the setting of the VERTICAL AMP control
even the slightest amount. Remove the sign-

- al from the VERTICAL INPUT terminal and

the trace will eollapse to form a spot again.

Step 9. Increase the setting of the HORI-
ZONTAL AMP control to give a deflection
exactly the same as that to which the VER-
TICAL AMP control is adjusted (8 inches).

‘Step 10. Again conneet the signal which
was just removed from the VERTICAL IN-
PUT terminal. _

The resulting pattern will give an ac-
curate picture of the exact phase difference
between the two waves. If these two pat-
terns are exactly the same frequency but
different in phase and maintain that dif-
ference, the pattern on the screen will re-

main stationary. If, however, cne of these

frequencies is drifting slightly, the pattern

will drift slowly through 260°. The phase

angles of 0°, 45°, 90°, 135°, 180", 225°,
270°, 315" are shown in Figure 3-11.

{c) Presentation. - Hach of the eight
patterns in Figure 3-11 can be analyzed sepa-
rately by the previously used projection
method. Figure 3-12 shows two sine waves
which differ in phase being projected on to
the screen of the cathode-ray tube. These
signals represent a phase difference of 45°.

Note

It is extremely important: 1. that the
spot has been centered on the screen
of the cathode-ray tube, 2. that both
the herizontal and vertical amplifiers
have been adjusted to give exactly
the same gain, and 3. that the cali-
brated scale be criginally set to cein-
cide with the displacement of. the
signal along the vertical axis.

If the amplifiers of the oscillograph
are not used for conveying the signal
to the deflaction plates of the cathode-
ray tube, the COARSE FREQUENCY
switch should be set to HOR INPUT
DIR and the VERTICAL INPUT
switeh to DIR and the outputs of the
two signals must be adjusted to result
in exactly the same vertical deflection
as horizontal deflection. Once this de-
flection has been set by either the
oscillator output controls or the am-
plifier gain controls in the oscillo-

graph, it should not be changed for
the duration of the measurement.

: (d) Determination of the Phase
Angle, - The relation commonly used in de-
termining the phase angle between signais is

Sine ¢ Y intercept
Y maximum

where ¢ = phase angle between signals
Y intercept = point where ellipse crosses

vertical axis wmeasured in

tenths of inches

(Calibrationz on the ecali-

brated scrsen)
Y maximum = highest vertical point on

7 ellipse in tenths of inches
Several examples of the use of the formula
are given in Figures 3-13 through 3-128. In
each case the peints Y intercept and Y
maximum are indicated iogether with the
sine of the angle and the angle itaelf,
(e) Phase Shifters. - For the opera-

tor to observe these various patterns with a
single signal source such as the test signal,
there are many types of phase shiffers, -
which ean be used. Circuits can be obtained
from a number of radic fext books. The
procedure is to connect the original signal to
the horizontal channel of the oscillograph
and the signal which has passed through the
phase shifter to the vertical chamnel of the

. oscillograph, and follow the procedurs set

forth in this discussion to observe the vari-
ous phase shift patterns.

¢. OTHER TIME BASES

Numerous new applications have been de-
veloped and are being developed daily. Maoy
of these applications require time bases
which are different from either the sawiooth
time base or the sine wave {ime base just
discussed. These applicaticns are too numer-
ous and too specialized to be considered to
any great extent.in this instruction book.
However, some special types of time bases
are listed as follows: 1. Circular sweep 2.
Spiral sweep 3. Radial sweep 4. Delayed
sweeps 5. Expanded sweeps.

5. LECTURE AND LABORATORY
APPLICATIONS

a. INTRODUCTION
_ The cathode-ray oscillograph is an ideal
instrument for lecture demonstration and
laboratory experiments in conjunction with
the subjects of light, sound, electricity, and
electronics. The Du Mont Type 274 Qathodg-
ray Oscillograph was developed with this
function being one of the primary design
considerations. It is suggested that instruc-
tors and lecturers in the field of electronics
prepare a series of demonstration umits to
aid in the explanation of the theory of the
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various electronic circuits. If these circuits
are designed so that the critical components
are variable, the effects on the waveforms at
various points in the circuit can be demon-
strated very clearly with the Type 274
cathode-ray oscillograph.

In addition to its use with the demonstra-
tion units, many further uses can be found
when the instrament ig available in the
laboratory and the operator becomes fami-
liar with its versatility, For instance, it
serves as: (1) an excellent nul-indicator on
inductance-capacitance bridges, {(2) as a
means for viewing voltage wave forms in
various electronie cirenits, (3) as an output
meter, (4) a means for measuring time and
amplitude of elecirical impulses, (5} a3 an
indicator in studiss pertaining to sound and
light, and many other applications.

b. DEMONSTRATION UNITS

(1) CENERAL. - Since B} and heater

voltage is available at the octal plug on the
vear of the Type 274, the series of demon-
stration units, which was previcusly sug-
gested, can be designed to derive their power
from this source.

As an example of the use of a typieal
demonstration unit, the follewing demon-
strations and experiments can be eonducted
with a single-stage audic-amplifier: measure-
ment of frequency response verspys gain; ef-
feet of screen and cathode impedances;
measurement of pentode and triode charac-
teristics ; phase distortion; square wave test-
ing: and microphons operation. Naturally,
any demonstration unit which is prepared on
a typical power supply would not derive
" its power from the Type 274 but rather from
a_ 115 volt 50-60 cycle line. Such a unit is
yery convenient to demonstrate the follow-
ing: full-wave rectification; half-wave recti-
fication, the various filtering networks, and
voitage reguiation by means of bleeders.

The demonstrations suggested herein are
merely to present ideas as to how the 274
may be used as a demonstrator, It iz left
to the individual instructor to incorporate
this instrument into his course of study as
he sees fit,

c. NUL-INDICATOR FOR INDUC-
TANCE-CAPACITANCE BRIDGES

(1) General. - Precizse measurements by
the bridge method require a sensitive nul-
Indieator. Since bridges for measurements of
inductance and ecapacitance ntilize an a-e
signal, the oscillograph iz probably the most
zensitive nul-indicator. With the Type 274
amplifier at full gain approximately one inch
deflection on the cathode-ray tube sereen
results with a signal input voltage of 12 volt.

(2) Procedure
Preliminary Settings :
COARSE FREQUENCY— on the' lin

between 8
and 30
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FINE FREQUENCY -~ ato

HORIZONTAL AMP  — to give approxd-
mately 3" hori-
zontal deflection

SYNC AMP — at 0

VERTICAL INPUT switch— AMP

SYNC SELECTQOR switch — INT

Step 1. Connect VERTICAL INPUT and
GROUND across the terminals provided at
the bridge for the nul-indicator. _

Step 2. Prepare the bridge for testing an
unknown quantity.

Step 3. Turn on the bridge signal source.

Step 4. Obtain a pattern of convenient
size by adjusting the VERTICAL AM? con-
trol (this pattern need not be stationary be-
cause amplitude is the only measurement
coneerned).

Step 5. Adjust the bridge controls to
achieve balance indicated by minimum verti-
cal deflection of the pattern on the screen.

Step 6. As the balance peoint is ap-
proached, the deflection on the cathoderay
tube will become less. It will probably be

necessary to increase the seiting of the
VERTICAL, AMP control as the balance

point iz approached so that the oscillograph

_ gives a positive indication as the bridge dial

is rotated through the nul-point.
Note

Some individuals find it desirable to
get the HORIZONTAL AMP control
at 0 in usipg the oscillograph as a nul-
indicator, The patiern resulling is
merely a vertical line which obtaing a
minimum length as the bridge dial
passes through the nul-point, Be sure
to keep intensily low if this method
is uged, in order fo avoid burning the
screen, Freguency setting is a4 matter
of cheice in this case, but some in-
dividuals prefer to set the sweep high
encugh to get a raster and collapse it
down by balancing the bridge.

d. PRECISE MEASUREMENT OF ELEC-
TRICAL IMPULIES
(1) Preliminary. - In many cases the
wave form of a signal of unknown fregueney
prevents the use of a Liszajous figure for fre-
quency determinations. For example, it may
be desirable to measure the frequency of a
geries of pulses. In addition, it may be de-

sirable to measure precigely the duration of -

a pulse, or the time if requires a pulse to
reach its peak amplitude. Measurements
such as this may be made by utilizing in-
tensity modulation. Intensity modulation is
the regult of applying a signal of varying
potential to the control grid of the cathode-
ray tube thereby varying the intensity of
ﬂll‘e dtz'ace at the frequency of the signal ap-
plied. ' : _

(2) Procedure for Frequancy Measure-
ment by Intensity Modulation, :

Preliminary Settings :
COARSE FREQUENCY —- on the line

between 30
: “and 150
FINE FREQUENCY — at 0
SYNC AMF — at @
HORIZONTAL AMP — to give ap-
proximately

© 3" deflection

VERTICAL INPUT switch— AMP
SYNC SELECTOR switch — INT _

Step 1. Locate a calibrated audic oseil-
lator, whose output voltage is at least 10
rms volts, conveniently near the oscillograph.

Step 2. Conneet the output of the roseil
lator between INTENSITY MOD and,
GROUND, a

Step 3. Connect TEST SIGNAL to VER-
TICAL INPUT with a short lead.

Step 4. Turn on the audio oscillator and
the oscillograph. ‘

Step 5. Set the calibrated audio oscilla-
tor on a multiple of 60 cycles, for exampie,
430 e.p.s.

Step 6. Locate a pattern of convenient

" size on the screen.

Step 7. With the FINE FREQUENCY
control chtain a trace of two complete cyeles
and advance the SYNC AMP control suf-
ficiently te “lock in” the pattern.

Step 8. Adjust the INTENSITY control
and the voltage output eontrol on the audio
oscillator simultanesusly until dark spaces
are observed on the pattern. ,

Step 9. Count these dark spots as they
appear on the pattern. In this case, we have
adjusted the intensity modulation to 480
cp.s., and the frequency on the vertical
channel is 60 c.p.s.; therefore, eight dark
spots should occur on each cycle of the pat-
tern being observed as shown in Figure 3-19.

Note

To obtain more precise timing markers
with a sharp definition of intensity
modulation, it is more desirable to use

. a sguare wave as the intensity modu-
Iating signal. This example was chosen
for the instruction book because It
iz feit that more users would have an
-oscillator of sine wave output than
one with square wave output,

e. USE A5 AN OUTPUT METER

(1) Preliminary. - Among the many im-
portant applications of the oscillograph, is
its use as an output meter. An output meter,
in addition to being merely a voltmeter,
must be singular in its ability fo indicate
the signal strength of signals of all frequen-’
cies. The cathode-ray oscillograph is extreme-
ly useful in this capacity up to the limits
of the frequency rasponse of its vertical
amplifier; and the cathode-ray tube itself,

can go far beyond thiz peint as discussed
in Section 1.

In addition to the fact that the output
meter must respond to all frequency sig-
nals, another requirement is that the oui-
put meter should not sct as a load to the
circait it is measuring. The cathode-ray
oscillograph alse fulfills this requirement in
view of the fact that it possesses extremesly
high input impedances. An example of the
uge of the oscillograph for indicating signal
strength is given in the followlng procedure.

(2) Procedure for Measuring Gain of an
Amplifier,

(a) Obtain an audio amplifier which
may be a2 homemade “single stage” amplifier,
the audio section of a radio receiver, or an
audic amplifier demonstration unit.

(b) Bet the controls of the Tvpe 274
-Oscillograph to the following pogitions:
CCARSE FREQUENCY — on the line

' between 30
and 150

SYNC SELECTOR switeh — INT

VERTICAL TNPUT switch — AMP

Figure 8 -19
Example of intensity modulation with a sine wave
signal.

Step 1. Assuming that an andio amplifier
demonstration unit is used, commect the
TEST RIGNAL, terminal of the oscillograph
to the INPUT jack of the demonstration unit
(this is the grid of the audie amplifier),

Step 2. Connect the VERTICAL INPUT
of the oscillograph to the input of the ampli-
fier and connect GROUND of the oscillograph
to. GROUND of the amplifier.

Step 3. Remove the plug from the socket
on the rear chassis of the Type 274 Oscilio-
graph and insert the plug crn the power cord
of the amplifier demonstration unit.

Step 4. Turn on the oscillograph {(thus
the audio amplifier}.

Step 5. With the HORIZONTAL AMP
and VERTICAL AMP controls, obtain a pat-
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b

tern on the screen of the cathode-ray tube
which gives about 3 inches of horizontial
deflection and about 2/10" vertical deflection
(the calibrated screen cap be used for this
measurement}.

Step 6. Remove the connection between
the VERTICAL INPUT terminal of the oscil-
lograph and the INPUT terminal of the
amplifier. |

Step 7. Connect the VERTICAL INPUT
of the oscillograph to the QUTPUT of the
audie amplifier.

Step 8. With the calibrated screen
measure the number of inches of vertical
deflection.

Step 9. If the vertical deflection is now
2.0, the gain of the amplifier just measured
is 15,

i = outputj‘o_ltz_‘mgg e 2.0 - == 15
Bl = npul voltage 0.2
Nole

The gain of this amplifier can alse be
measured without using heriz{_)ntal de-
flection since the input and cutput sig-
nals are both measured on the vertical
channel and amplitude is the only
measurement being made. it 18 ex-
tremely important, however, that the
setting of the vertical amplitude
should not be changed between mea-
surements of the input voltage and
the output voltage. All voltage mea-
surements under these circumstances
are made as peak to peak voltage.

f. USE OF THE OSCILLOGRAPH FOR
LECTURE DEMONSTRATION o

In explaining electronic and electrical the-
ory, the instructor will find numerous dem-
onstrations for illustrating his lectures which
reqitive the use of the cathode-vay oscil-

" lograph. For the discussion of such elec-

tronic circuits as multivibrators, integrating
and differentiating circuits, delay circuits
and others, the instructor wili find the esc;_l-
lograph to be an invaluable tool. Magnetic
properties of metals and hysteresis can als?
be investigated. Utilizing the oscillograph
in conjunction with the photo-electric cell,
offers many more interesting experiments
in the study of light. By employing a micro-
phone in conjunction with the oscﬂiograph,
phenomena such as resonance and beats W}H
provide other demonstrations. The details
of these and other applications are left to
the ingenuity and resourcefulness of the in-
structor. Specific questions pertaining to the
use of the oscillograph should be referred
toc the Manager of Instrument Sales, Allen

" B. Du Mont Laberatories, Inc., 2 Main Ave-

nue, Passaic, New Jersey.

24

6. RADIO TRANSMIT’I‘ER APPLI-
- CATIONS
a. INTRODUCTION

The Type 274 Oscillograph is a useful tool

for operating and servicing radio transmit-
ters (which procedure, incidentaily, can be
used as a separate demonstration or sxperi-
ment). Thiz discussion coneerning radio
transmitters is directed to the radio instrue-
tor, amateur, and commercial transmitter
operator and Includes instructions for align-
ing or adjusting, monitoring, and irouble
shooting an amplitude-modulated transmit-
ter.

The discassion of the usge of the oseillo-
graph for radio transmitters reguires fami-
Harity with a basic amplitude-moduisted
transmitier. Briefly, this type of transmit-
ter consists of two separate channels: the
carrier wave, or r-f channel, and the audio
frequency, or a-f channel, The earrier wave
channel includes: an oscillator, geperally
crystal controlled; a buffer amplifier, to
isolate the oscillator; and an output stage,
generally a push-pull, power-amplifier. The

audio frequency channel generally is made

up of: a voltage amplifier; a phase inverter,
to obtain two voltage wave-forms 180° out
of phase; and a meodulator stage, generally

~push-pull in design. The modulator stage in
small transmitters generally feeds into the . -

cuiput stage of the carrvier wave channel.
There are many variations of this type
of transmitter. For example, several stages
of amplification can be used in the a-f and
r-f channels, frequency multiplier stages are
often emploved to operate the transmitter
at a higher carrier wave frequency than
that of the crystal, the push-pull feature

‘¢an be replaced by single amplifiers, or

modulation can be introduced inte a lower-
level stage rather than the output stage.

In maintaining an amplitude-modulated
transmitter at optimum performance; there
are tank circuits, consisting of a capacitor
and coil, which must be adjusted to resonate
at the crystal frequency, or a harmonic of
that frequency, {tuning the carrier wave
channel). Also, interaction "etween grid and
piate tank circuits rmust be minimized (neo-
tralizing the transmitter). Then, the audio
frequency channel must be investigated for
faithful reproduction of the input signal.
(Checking or trouble shooting the audio
channel), Next, the output signal of the
transmitter must be monitored. Finally, a
quick, efficient methed of trouble shooting
must be developed,

b, ALIGNING THE TRANSMITTER

(1) Introduction. - The object in align-

‘ing the iransmitter is to adjust the tank

circuits 1o resonance at the required fre-
quency. .

(2) Procedure”
“Preliminary Settings: :
SYNC SELECTOR - — EXT

COARSE FREQUENCY  — between 750
_ - - and 5500
FINE FREQUENCY = — 50

SYNC AMP —0
HORIZONTAL AMP - — 20
VERTICAL AMP — 0

VERTICAL INPUT switch — DIR

Step 1. Connect a pick-up loop of two or
three turns of wire, equinped with shielded
leads long enough {o extend from the oscil-
lograph to the transmitter, between VERTI-
CAL INPUT and GROUND.

) Figure 3 - 20
R-F Carrier wave of a transmitter

Step 2. Loosely couple the pick-up loop
to the tank coil of the oscillator stage of the
transmitter. :

WARNING _

CLOSE COUPLING BETWEEN

TANK COIL AND PICK-UP LOOP

ALTERS THE RESONANT (CONDI-

TIONS OF THE TANK CIRCUIT.

THEREFORE, THIS COUPLING

CSHOULD NOT BE CLOSER THAN

NECESSARY TO OBTAIN SUFFI-

CIENT DEFLECTION ON THE

CATHODE-RAY TUBE.

Step 3. Turn on the oscillograph and

~transmitter.

Step 4. Obtain 2 pattern similar to
Figure 3-20 by adjusting the coupling be-
tween pick-up loop and the tank ecoil.

Step 5. (Optional) In the event that
the signal picked up is too small to achieve
sufficient vertical deflection, construct 4 high
Q tank circuit to resonate at the crystal
frequency. Connect the tank circuit in par<
allel with VERTICAL INPUT and GROUND

and adjust ite tuning to obtain maximum
vertical deflection. If the resultant signal
produces more than foll zcale deflection on

- the CRT, loosen the coupling between ihe

oscillator coil and the pick-up loop.

Step 6. Adjust the setting of the oscilia-
tor tank circuit capacitor until the pattern
on the screen reachss maximum vertical de-

‘flection, Maximum vertical deflection indi-

cates correct adjustment of the oscillator
tank circuit to the crystal frequency,

Step 7. - Proceed in order to adjust all
other tank circuits of the transmitier with
the same method as described above. Fre-
quency multiplier stages are aligned in the
same manner except the veriical deflection
will be less than that achieved at the pre-
ceding fundamental frequeney. Remember, -
however, that as the signal is further amphi-
fied, the signal reaching the osciliograph
becomes greater and the coupling of the
oscillograph can become less in the higher-
level stages,

~¢. NEUTRALIZING THE TRANSMIT-
TER .
(1) Introduction, - The object in neu-
tralizing a transmiiter siage is to permit a
minimum of signal fransfer between the grid

and plate tank circaits within. any single

stage. Neutralization iz performed with the
transmitter in operation but without plate
voltage at the stage to be neutralized.
(2)" Procedure “ _
Step 1. Capacitively couple the oscillo-

‘graph to the stage to be neutralized as shown

in Figure 3-21. _

Step 2. The signals from these two
sources are connected to the binding post on
the front pansl of the oscillopraph and the
VERTICAL INPUT switch is set to DIR and
the COARSE FREQUENCY switch is set to
HOR INPUT DIR. , '

Step 8. Tune the grid tank circuit for
maximum horizontal signal.

Step 4. Tune the plate tank cireuit to
produce a horizontal elipse as shown in Fig-
ure 3-22A. o
_ Step 5. Tune Cp (the neutralizing capac-
itor) to obtain a straight horizontal line as
shown in Figure 3-22B. The waveforms
shown in Figures 8-22C and 8-22D may also
be observed. The legend on this figure ex-
plains these patterns. -

d. CHECKING THE A-F CHANNEL

(1) Introduction. - The a-f channel of a
trangmitter should have a frequency re-
sponse which is flat at all audio frequencies
in order to faithfully reproduce the audio in-
put signals which it is required to amplify.
Since the aging of components may change
the frequency response of audio amplifiers,
the frequency response of the a-f channel
of a transmitter should be checked at regu-

25




(2) Procedure

== T0 Y.AXIS

SMALL PIGK-UP LOOP
CAN BE SUBSTITUTED
FOR A GAPACITOR IF
DESIRED.

v TO X-AXIS

. . Figure 3 - 21
Capacitive coupling for neutralization procedure

lay intervals for the true reproducfion.

A customary quick check on the frequen-
cy response of an ampiifier is accomplished
with an audio oscillator. The ocutput of the
audio oscillator is first fed into the vertical
channe! of the csecillograph, but is shunted
around the vertical amplifier and capacitive-
ly coupled to the vertical deflection plates.
The frequency of the aundic oscillator is set
to the low frequency limit of the a-f channel

of the transmitter as set forth in its speci- -

fication. The frequency of the audic oscil-
lator is then slowly advanced in the direc-
tion of the upper frequency limit of the
a-f channe! of the transmitter. Any devia-
tion in the amplitude of the signal, as shown
on the screen of the cathode-ray tube,
should be noted alomg with the frequency
at which that deviation occurs. This devia-
tion indicates a change in the cutput volt-
age of the audio ogeillator at that frequency.
If the audio oscillator has a built-in cutput
meter, the output of the oscillator should al-
ways be maintained at a constant level and
the deviation vreviously observed on the
cathode-ray tube will no longer be apparent,
However, if there is no means for controlling
the output voltage of the audio oscillator,
these deviations should be noted so that the
operator will not blame them on the a-f
channel about to be tested,

After the output of the audio oscillator
hag been checked for the frequencies which
are to be used, the audio oscillator is con-
nected to the input terminals of the a-f
channel to be tested. The oscillograph is con-
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nected across the output of this channel.
The same procedure is followed again but
at this time the a-f channel is being checked
for freguency response, Any deviationg from
the deflection originally produced on the
oscillograph should be noted. If these devia-
tions are outside the limits set forth in the
specification for the a-f channel, the a-f
channel should be investigated to correct the
trouble. '

) Q NOT NEUTRALIZED

(B) NEUTRALIZED

{6) C>Q NEUTRALIZED _BUT
: QUTFUT  CONTAINS

SECOND  HARMONIC

PLATE TANK DE—
Ay
ALIZED
(D) OR

Figure 3 - 22 i
Patterns observed during neutralization

Step 1. Connect the output terminal of
the audio oscillator to the VERTICAL IN-
PUT terminal of the oscillograph and ground
of the oscillator to GROUND of the oscillo-
graph. : :

Step 2. Turn on the oscillograph and the
audio oscillater and set the audio oscilla-
tor at the low frequency limit of the a-f
channel of the transmitier. '

Step 3. - Synchronize several cycles of the
sine wave and note deflection produced on
the cathode-ray tube. o

Step 4. Increase the frequency of the

audio oscillator neting any deviation in the

deflection produced on the cathode-ray os-
cillograph. o

Step 5. Turn off the audio oscillator.

Step 6. Connect the cutput of the audio
oscillator to the input terminals of the a-f
channel of the transmitter,

Step 7. Connect the VERTICAL INPUT
of the oseiliograph to the output terminal of
the a-f channel of the transmitter.

Step 8 Connect a common ground be-
tween all three units: the oscillograph, the
a-f chaonel, and the audio oscillator. -

Step 9. Turn on the a-f channel of the
transmitter and the audio oscillator. :

Step 10. Synchronize the same number
of waves at the same amplitude as that used
in Step 2 (adjust the output of the audio
ogcillator to result in the same vertical de-
flection). '

. Figare 3-23 -
Trapezoidai modulation pattern

W Preliminary Settings '
- COARSE FREQUENCY — between 30 N
.~ and 150
SYNC SELECTOR . — INT
VERTICAL INPUT -- DIR

Figure 3
Modulated zarrier wave paticrn

Step 11. Increase the frequency of the
audio oscillator to the upper limit of the a-f
changpsl noting any change in amplitade of
the pattern on the oscillograph,

Mote

Since a low setting of the gain control
on the oseillograph may attenuate the -
signal unevenly, the amplifier in the
oscillograph is shunted in this proce-
dure and the cutput of the a-f channel
is capacitively coupled to the defiec-
tion pilates.

(3) Trouble Shooting. - If the ontput
gignal is not comparable to the input from
the audio oscillator, tirouble within the a-f
channel is indicated. To localize this troubls,
the operator should remove the connection
from the output terminsl of the a-f channel
and connect it to the input of the last stage.

I the irregularity in the wave form clears up

at this point, the frouble ig localized to the
amplifier output stage,

If the distortion siill appears, the opsrator
should continue working backwards through
the channel until he finds the point where
distortion is no longer in evidence. At this
fime, he can be assured that the cirenit
causing thig distortion iy the following stage
and he should, therefore, check that stage
carefully. '

e. MONITORING THE TRANSMITTER
OUTFUT

(1) Introduction. - Once the transmit-
ter is aligned and adjusted the oscillograph
may be used as an indicator of the overall -
performance of the transmitter output sig-
nal, and as a modulation monitor.
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Figure 3 - 25
Frojection drawing showing trapezoidal pattern

(2} Waveforms. - There are two types
of patterns that can serve sas indicators, the
trapezoidal pattern (Figure 5-23) and the
modulated wave pattern (Figure 5-24). The
trapezoidal pattern iz presented on the screen
by impressing a moduiated carrier wave
signal on the vertical deflection plates and
the signal that meodulates the carrier wave
signal (the modulating signal) on the hori-
zontal deflection plates, The trapezoidal pat-
tern can be analyzed by the method used
previously in analyzing waveforms. Figure
3-25 shows how the two signals cause the
electron beam to trace out the pattern,

The medulated wave pattern is accompligh-
ed by presenting a modulated carrier wave
on the vertical defleciion plates and by using

the time-base generator for horizontal de- |

flection. The modulated wave pattern also
ean be analyzed by the method used pre-
viously in analyzing waveforms. Figure 3-26
shows how the two signals cause the electron
. beam to trace out the patiern.

{3) Procedure for Obtaining the Trape-
zeidal Pattein.

Preliminary Settings

SYNEC SELECTOR e BET
VERTICAL INPUT switch — DIR
COARSE FEEQUENCY— HOR INPUT DIR

Step 1. Construct a monitor circuit in
the output (modulator) stage of the a-f
channel, The circuit in Figure 3-27 iz satis-
factory. ‘

Step 2. Connect the output from the
monitor eircuit across HORIZONTAL IN-
PUT and GROUND.

Step 3. Loosely couple a pick-up loop
(see the preceding paragraph b. for descrip-
tion) to the modulated stage of the r-f chan-
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MODULATED
CARRIER

SAWTOOTH
SWEEP

FIME—s

&

’ Figure 3 - 26
Projection drawing showing modulated carrier
wave pattern, '

nel of the transmitter.

Step 4. Connect the leads from the pick-
up loop to VERTICAL INPUT and GROUND.

Step 5. TUsing a sine wave oscillator for
the a-f (modulating) signal, turn on the
transmitter, sine wave osecillator and the o8-
cillograph.,

Step 6. If the vertical size of the pattern
is inconveniently small refer to paragraph b.
Step 5. for instructions,

Step 7. Control the size of the pattern
on- the vertical plane by adjusting the ecou-

- pling and in the horizontal plane by adjust-

ing the volume control in the momtor cireuit
{(Figure 3-25).

{(4) Procedure: Modulated Wave Pat-
tern
Preliminary Settmgs
SYNC AMP control i Q)
SYNC SELECTOR — EXT
VERTICAL INPUT switeh — PIR

AL

RE POWER
AMPLIFIER

LT

B+

!

MODULATOR

STAGE >

- MODULATING
g SIGNAL
SAMPLE  oUTPUT

Figure 3 - 27
Monitor circuit for the modulating signal

M{(:‘

I - Figure 3-28

Trapezoidal wave pattern (less than 100% mod-
ulation)

Figure 3 - 30
Trapezeidal wave pattern (1009% modulation)

Figure 3-32
Trapezoidal wave pattern (over modulation)

\ Figure 3-29 ‘
Carrier wave pattern (less than 100% modulation)

Pigure 3-31
Carrier wave pattern {100% modrlation)

Figare 3-33
Carrier wave pattern (over modulation)
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Step 1. Follow Steps 1 through 4 of the
preceding paragraph.

Step 2. Remove the lead from the HORI-
ZOWTAL INPUT and place it on the EXT
SYHNC terminal.

Step 8. Set the COARSE FREQUENCY
switeh to include the freguency of the modu-
lating sine wave signal.

Step 4. Set the HORIZONTAL AMP con- |

trol to result in convenient herizontal de-
flection,

Step 5. Adjust the FINE FREQUENCY
eontro}l to obtain 2 or 3 cycies of the wodu-
lating frequency on the sereen of the cath-
ode-ray tube,

FREQUENGY

iF

ks Gug A BEC

Figure 2 - 34 g
Freguensy respense curve of the i-f of a low
priced receiver

Step 6. Add encugh SYNC AMFP to
“lock-in” the pattern. '

Remarks, - The trapezoidal and modulated -

wave patterns show a picture of the overall
performance of the transmitter. By changing
the degree of medulation of the carrier wave
the shape of the pattern changes. Figures

3-28 through 3-33 show the trapezoldal and

modulated wave patterns in various degrees
of modulation.
Modulation percentage may be determined
by the following Tormula:
Modulation percentage :%m“ Egin X 100
max T rain
Bmax and Epin ave defined in Figures 3-23
and 3-24,

f. TROUBLE SHGOTING

‘The trapezvidal and modulatea wave pat-
terng can serve as indicators for trouble
shooting the transmitter. The method em-
ployed is to observe the pattern and note
any distortion. Then the shape of the pat-
tern reveals the position of the trouble. This
method of trouble zhooting requires a cer-
tain amount of experience, but proves to be
highly satisfactory.

7. ALIGNING A-M RADIO

RECEIVERS . T
a. INTRODUCTION : :
To complete the discussion of the use of
the oscillograph in aligning amplitude modu-
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lated radio systems there remains the sub-
ject of radio receivers. Included it receiver
servicing is the adjustment of the radic fre-
quency (r-f} and intermediate freguency
(i-f,} in superhetrodyne type radio receivers,
and the servicing of audic frequency {(a-f)
amplifiers.

b, A-F AMPLIFIERS

The object of the a-f amplifier of a receiver
is to provide amplification for the detected
signai which has wniform response through-
oui the desired frequeney limits. The equip-
ment necessary for checking audio amplifiers
consists of 1 An audio oscillator of sine wave

-output in combination with an oscillograph.

The procedure for checking an aundie am-
plifier with a sine wave oscillator iz identical
with that nsed in checking the audip fre-
quency channel of & transmitter as deseribed
earlier in this section.
c. I-F SYSTEMS
{1} Introduction. - The alighment of the

i-f amplifiers of a rvecetver consists of ad-

justing ali the tuned circuits to resonance

at the intermediate-frequency and at the
.same time o permit passage of a predeter-

minad number of side bands. The best in-
dication of this adjustment is a resonance
curve representing the responze of the i-f
cireuit to its particular range of frequencies.

As a rule medium and low-priced receivers
use i-f transformers whose band-width is
about 5 ke on each side of the fundamental

1F_FREQUENGY

BHG 8K
Figore 3- 35
Fregquency response curve of high-fidelity
' +f stages
frequency. The response curve of these i-f
transformers is shown in Figure 3-34. High
fidelity receivers wvsually contain i-f trans-
formers which have a broader band-width
which is usually 10 ke on each side of the
fundamental. The response curve for this
type transformer iz shown in Figure 3-35.

Fesonance curves such as these can be dis-

. plaved on the screen of an oscillograph. For

a complete understanding of the procedure
it is important to know how the resonance
curve is traced.

{2) The Resonance Curve on the Sereen.

- To present a resonance curve on the screen,.

a frequency-modulated signal source must he

4

+—i
|
F

DIODE DETECTOR

Connection of the oscillograph acrogs the deteector load

available, This signal source ig a signal gen-
arator whose cutput is the fundamental i-f
frequency which is frequency-modulated 5 to
10ke each side of the fundamental frequency.
A sigpal generator of this type generally
takes the form of an ordinary signal genera-
tor with a rotating motor driven tunsd cir-
cuit capacitor, called a wobulator, or its elec-
tronic equaivalent, a reactance tube.

The method of presenting a resonance
curve on the screen is to connect the vertical
channel of the oscillograph across the de-
tector (demodulator) load of the receiver
as shown in the detectors of Figure 3-36
(between point A and ground) and the time-
base generator output to the horizontiai chan-
nel. In this way the d-c voltage across the
detector load varies with the freguencies
which are passed by the i-f system. Thus,
if the time-base generator is set at the
frequency of rotation of the motor driven
capacitor, or the reactance tube, a pattern
resembling Figure 3-37, a double resonance
curve, appears on the sereen.

Figure 3-87 is explained by congidering

Figure 3-3%
Double resonance curve

g O g

AMPLIFIER

~ TRIODE DETECTOR

Figure 3-36

"

Figure 3-38. In half a rotation of the motor
driven capacitor the frequeney increages
from 445 ke to 465 ke, more than covering
the range of frequencies passad by the i-f
system. Therefore, a full resonance curve is
prasented on the screen during thiz half
cycle of rotation since only half a cyele of
the voltage producing horizontal deflection
has transpired. Tn the second half of the
rotation the motor driven capacitor takes
the frequency of the signal in the reverze
order through the range of frequencies pass-
ed by the i-f system. In this interval the
time-base generator saw-tooth waveform
completes its cyele, drawing the electron
beam further across the screen and then
returning it to the starting point. Subseguent
cyeles of the metor driven capacitor and the
sawtooth veltage merely retrace the same
pattern. Since the signal being viewed is
applied through the vertical amplifier, the
sweep can be synchronized internally.
Some signal generators, particularly those
employing a reactance tube, provide a sweep
output in the form of a sine wave which is

445 455 465 455 445
G KG Ko ®C KC
Figure 3 - 88

Double resonance achieved by complete rotation
of the motor driven capacitor

31




gyvochronized to the frequency with which
the reactance tube is swinging the funda-
mental freguency through its limits, usually
60 cycles. If such a signal is used for hori-
zontal deflection, it is already synchronized.

Figure _3 -39

- Super-pesition of resonance curves

Since this signal is a sine wave, the responge
curve -is ochserved as it sweeps the spot
acrosg the screen from left to right; znd it
is observed again as the sine wave sweeps
the spot back again from right to left. Under
these conditions the two response curves are
“superimposed on each other and the high fre-
quency responses of both curves are at one
end and the low frequency response of -both
curves iz at the other end. The i-f trimmer
capacitors are adjusted to produce a re-
sponse curve which is symmetrical on each
gide of the fundamental frequency.

When using sawitooth sweep, the two re-
sponse curves can also be superimposed, If
‘the sawtooth signal is generated at exactly
twice the frequency of rotation of the motor
driven capacitor, the two resonance curves
will be superimposed (Figure 3-38) if the
i-f transformers are properly tuned. If the
two curves do not coincide the i-f trimmer
capacitors should be adjusted. At the point
of coincidence the turing is correct. It should
be pointed out that rarely do the two curves
agree perfectly. As a resull, oplimum ad-
Justment is made by making the peaks coin-
eide. This latter procedure is the one gen-
erally used in i-f adjustment. When the two
curves coineide, it s evident that the i-f

gystem responds equally to signals higher |

cand lower than the fundamental i-f fre
quency. .

Note

Before correcting the setting of the
trimmey capacitors, it is nhecessary to
adjust the FINE FREQUENCY con-
trol to make the two peaks of the
frequency response curves coincide.
After these two curves are thus sup-
erimposed, the operator should then
proceed with the adjustment of the
trimmer capacitors to achieve coinci-
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dence of the two curves as nearly as
possible. It will probably be necessary
to use a high setting of the SYNC
AMPF contrel to maintain this pattern
in synchronization, . : :

(3) Procedure. - Since most i-f systems
contain several stages the number of vari-

ables must be decreased by starting the

alignment at the last i-f circuit and working
backward from the detector.

Preliminary Settings: ,
SYNC SELECTOR -— INT
VERTICAL INPUT — AMP

Step 1. Join the antenna and ground con-

nections of the receiver together with a

0.001 mfd capacitor. - :

Step 2. Short out the tank circuit of the
receiver beat frequency oscillator with a
wire lead connecting the rotor and stator
of its variable capacitor (steps 1 and 2 pre-
vent unwanted signals from  enterihg the
i-f system) - : '

Step 3. Connect the output of the fre-

quency-modulated signal -generator between.

grid .and ground of the last. i-f amplifier
tube. R '

Step 4. Connect VERTICAL INPUT and

GROUND across the detector load impedance
(Figure 3-36) : :

“Step 5. Set the frequehcy dial of the fre-

guency-modulated signal generator to the in-

termediate-frequency to be passed by the i-f

system. . . ‘

Step 6. Turn on the signal generator, os-
cillograph, and radio receivar.’

Step 7. Assuming that the time-base
generator of the oscillograph is used, set
COARSE FREQUENCY fo include twice the

Arequency of rotation of the motor driven

capacitor (or the reactance tube} and ad-
just ths FINE FREQUENCY and SYNC

AMP controls to obtain stationary super-

Impesed resonance Curves.

Step 8. Adjust HORIZONTAL AMP and
VERTICAL AMP contrels for a convenient-
ly sized pattern,

‘Step 9. Adjust the i-f trimmer capaci-
fors in the plate circuit of this i-f stage un-

til the two response curves are superiroposed

on each other, _

Step 10. Move the input of the signal
generator from the grid of this tube to the
grid of the preceding i-f amplifier. (On small
receivers having only one i-f tube, the signal
is placed on the grid of the mixer or the
converter tube). : :

Step 11. Turn on the receiver and ad-
just the trimmer capacitors in the i-f trans-
former for this stage as in Step 9. The
receiver output to the oscillograph is still

taken at the same point, across the detector
load resistor. Because of the gain of this
stage, it will probably be necessary to re-
duce the output of the signal generator.

CAUTION
Once an i-f fransformer has been
aligned, do not change the setting of

its i-f trimmer capacitors, or the
- alignment will have been changed.

d. R-F SECTION

Following the alignment of the i-f ampli-
fiers in the superhetrodyne receiver, the
next section of the circuit to be adjusted is
the r-f section. :

(1) Introduction. - The main objects in
aligning the r-f systems of a receiver are:
(1) to adjust the r-f tank cirenits to reson-
ance at the frequency indicated by the re-
ceiver dial setting and; (2) to adjust tank
circuit of the local oscillator in the receiver
te resepance at the frequency indicated by
the dial setting plus the intermediate fre-
quency of the receiver.

(2) Equipment. - Together with the os-
cillograph, the necessary equipment is a fre-
quency-modulated signal generator, similar
to the one used in aligning i-f systems.

(3) Operation. - As in i-f alignment, the
r-f signal is fed into the circuit under exam-
ination and the response of that circuit test-

ed by observing the signal voltage across the-

receiver detector load. The r-f stages are
in alignment when the nermal i-f response

~curve is at maximum amplitude,

(4) Aligning the r-f Section. - For r-f

alignment the frequency modulated signal is-

capacitively coupled into the antenna. Both
the signal generator and the receiver dial
are set for the same fundamental frequency
approximately 650 ke. The local oscillator

“padding capacitor is then tuned to result in
: the correet i-f frequency. The i-f eurve which

appears on the screen of the cathode-ray
tube varies in amplitude as the local oscilla-
tor is tuned. Correct tuning is indicated by
maximum amplitude of the i-f response
curve,

The signal generator and the receiver dial
are both set at the same high fundamental
frequency, approximately 1400 ke. The trim-
mer capacitor, in parallel with the local os-
cillator tuning capacitor, is then adjusted lo
result in the maximum amplitude of the i-f
frequency response curve,

This procedure of adjusting the dial at

approximately 1/4 maximum and 1/4 mini--

mum range insures reasonably good track-
ing of the oscillator over the entire broad-

cast band. Of course, the adjustment of the
high end after that of the low end requirss

" a resetting of the low end again. These two

settings affect each other and they are bal-
anced as closely as possible after two or
three settings.

After the oscillator has been aligned, the
final step in aligning the r-f section iz the
trimmer capacitor on the r-f tuning capaci-
tor. This is adjusted to the optimum set-
ting for maximum amplitude of the i-f res-
ponse curve over the entire band. This capa-
citor will naturally have more effect on the
high frequency than that on the low fre-
quency end of the band. Sets having one
or more r-f gtages have other trimmers on
their tuning ecapacitors which should be
adjusted gimilarly. The alignment of re-
ceivers with the oscillograph permits the
serviceman to observe the overall perform-
ance of the receiver.

(5) Proceduré

Step 1. Connect the oscillograph across
the detector load resistor as explained in

~ the alignment of i-f circuits.

Step 2. Set the rvecelver tuning dial at
approximately 650 ke,

Step 3. Set the fundamental frequency
of the FM signal generator toc 650 ke,
Step 4. Connect the output of the signal

-generator through a capacitor of about 1006

upf to the antennz terminal and ground of
the signal generator to ground of the re-
ceiver. ‘(Naturally the capacitor connected
between the antenna and greund and the
shorting wire across the receiver oscillator
capacitor should be removed. These special
connections were made for i-f alignment
only). . : . '

Step 5. Turn on the signal generaior,
the recéiver, and the oscillograph.

Step 6. Adjust the local oscillator padder
capacitor {in some cases the oscillater in-
ductance) to obtain the maximum ampiitude
of the i-f response curve which appears on
the oscillograph.

Step 7. BSet the receiver tuning dial at
1400 ke and the fundaraental frequency of
the signal generator also at 1400 ke.

Step 8.  Adjust the trimmer capacitor in
parallel with the oscillator tuning capacitor
to result in maximum amplitude of the i-f
response curve. ' :

Step 9. Then turn to the sattings for
aligning the low frequency end of the dial
and adjust the oscillator padder capacitor
again to result in maximuom amplitude.

Step 10. Return to the high frequency
position on the dial and adjust the trimmer
capacitor again te maximum amplitude.
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Note

Probably two or three settings at both
of these points will determine the
optimum setting for good tracking
over the entire band.

Step 11. A final check of tracking is
determined by checking the amplitude of the
i-f responge curve st about 1000 ke, If this
amplitude is approximately the same as that
at each of the other two seltings, good track-
ing is practically assured.

Step 12, After the oscillator has been

“aligned for tracking, the trimmer capacitor

in parallel ‘with the vr-f tuning capacitor
ghould be adjusted to resulft in optimum

amplitude of the i-f response curve through-
- out the dial range, :

Mote

In the cheaper models of the a«< - d-¢
setg it is extremely difficult to align
the receiver by this method because
60 cycle pick up is prevalent through-
out the chassis with practically the
entire receiver operating above ground
potential. Such prevalence of 60 cycle
pick-up may make it very awkward
to align a receiver by this method. In
this ease it is possible to capacitively,
cauple the incoming signal to the an-

. tenna with a very small eapacitor, The

. output to the oscillograph is taken
across the two terminals of the speak-
er coil. The IF signal is fed into the
antenna with the local oscillator
shorted out while the IF amplifiers
are being adjusted. This shunt should
then be removed for the alignment of
the RF section.

8. ALIGNING F-M RADIO
RECEIVERS

a. INTRODUCTION

-{1) Purpose of F-M. - The narrow chan-
nel permitted a-m broadcasting limits the
modulating signal t¢c the lower audio fre-
quencies, but with a top audie frequeney
of 15,000 cyeles, f-m broadeasting adds over-

tones and thus more perfect reproductions

to music and speech. Therefore, f-m receivers
are designed to offer listeners an output
gsignal of higher fidelity than iz possible
with a-m receivers. To achieve this high

fidelity, f-m is operated with broad chaanels.

on a high freguency band,

. (2) F-M vs. A-M. - The essential dif-
ference between f-m and a-m receivers lies
in the method of detection. An a-m detector
receives an r-f signal, amplitude modulated
at an audio rate, strips off the r-f carrier,
and delivers the audic signal to the audio am-
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chﬂiﬂgl"dph connection to obtain i-f curve in F-M
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~ plifiers. An f-m detector receives a very high

frequency, (v.h.f.) signal, frequency modu-
lated at an audio rate; removes the v.h.f.
carrier; and dehvers an audlo signal, direct-
1y proportmn 4l to the amount of frequency
modulation, to the audio amplifiers. The f-m

- ¢ircuit cnmparable to the a-m detector is

called the discriminator.

The equipment necessary for f-m receiver
alignment is an oscillograph and a frequen-
cy modulated signal generator, similar to
the equipment required in a-m. receiver ser-
vicing. Also, in f-m servicing the nature of
the system demands that the signal genera-
tor frequency be in the f-m range and fre-
quency modulated over a 200 ke band.

Aligning the i-f amplifiers of f-m re-
ceivers with an oscillograph is similar to the

‘procedure for a-m except that all f-m am-

plifiers are high fidelity circuits and there-
fore have broad-band i-f transformiers re-
sulting in a broad-band i-f response curve.
b, I.LF AND R-F ALIGNMINT
(1} Procedure. - The, procedure for

aligning the i-f and r-f sections Of an f—m re-

SECONDARY
OF DISGRI-
MINATOR o™
TRANSFORMER
R& ¢§5
P '““"VV\'I—ﬁPourm

cl :
RI
Figure 3-41

Alternate method of obtaining i- f curve in F-M
receivers
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Cha_r.actenst;e discriminator curve

ceiver is identical with that of aligning the
a-m receiver excepi that the osciliograph is
connected to a different section of the cir-

cuit and the frequencies are much higher. -

{2) Connecting the Oscillograph. - The
oscillograph is comnected across the grid ve-
sistor R1 of the first limiter stage as shown
in Figure 3-40, If the load across this resis-
tor is used for a.v.c., however, it is neces-
sary to remove the connections from one of
the cathodes: of the discriminator as shown

in Figure 3-41, This regults in the diserimi-

nator becoming an a-m detector and the
ogeillograph is connected across the diode

‘lodad which is still connected in the cireuit.

RESONANT

- FREQUENCY

Figure 3-43 .
Super-imposed discriminator curves

The transfermer in the discriminator stage
then must be tuned first as a regular 1-f
transformer.

¢. DISCRIMINATOE ALIGNMENT

{1) General. - There are severat f-mn dis-
criminator circuits but, they all depend on
approximately the same outpul circuit to
the audio stages. This cutput has opposite
polarity for frequencies on either side of
resonance of the discriminator tank cireuit
and becomes greater in amplitude with de-
viation from the resonant frequency up fo a
certain point. Diagrammatically, Figure 3-42
shows a characteristic curve of a typical dis-
eriminator, Then, on the screen of the ogeilio-
graph, with a complete eyele of the oulput,
from the fregueney msodulated signal gen-
erator, two curves similayr to the one shown
in Figure 3-42 result if the time base of the
oseillograph is set at the frequency of the
rotating capacitor. If, however, the time-
basge is set to twice the frequency of the
output cyele from the signal genevator, a
pattern resembiing Figure 3-43 can be ob-

“tained. This latter type pattern is the one

generally used in diseriminator servicing.,

(2) Factors Affecting Correct Adjust-
ment, - The primary and secondary of the
discriminator transformer generally contain
parailel trimmer condensers which can be ad-
justed. In most cases the primary trimmer
affects the symmetry of the pattern and the
secondary trimmer the posilion wheve the
eurves cross. It must be remembered that
if the cross-over point of the two curves
is not at the center of the pattern, the cir-
cuit is not tuned to the correct resonant-
frequency.

{3) Procedure.

Step 1. Reconnect R2 and C2 into the
discriminator circuit if they were removed
for i-f alignment,

“Step 2. Connect the oscillograph be~
tween grid and ground of the first audio
stage. ‘

Step 3.. If the alignment of the i-f and
r-f sections of the circuit has already been
performed, the input signal may be fed inte
the antenna. However, if the preceding cir-
cuits have not been aligned,. the input sig-
nal should be connected -between grid and
ground of the limiter stage preceding the
discriminator. _

Step 4. Obtain a pattern which is sym-
metrical and approaches as closely as pos-
gible that shown in Figure 3-42.
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Section IV
MAINTENANCE

1. GENERAL

The compenents used in the Type 274 '

Cathode-ray Oscillograph have been selected
and tested to provide long, trouble-freé
operating life. It must be recognized how-
ever that trouble may he expected at some
time during the life of the instrument. This
section is includad to provide useful informa-
tion for the location and correction of such
trouble.

2. DRAWINGS

The schematic of the circuit located just
inside of the rear cover and the component
parts diagram located at the center fold
give the complete information as to how

the varicus components are connected and

their physical location. A list of parts with
their descriptions is given on the page ac-

" companying the schematic diagram.

WARNING

DANGERQUS POTENTIALS, AS
HIGH AS 1200 VOLTS, ARE FOUND
IN THIS INSTRUMENT. BSINCE
THESE POTENTIALS MAY BE
DANGERQUS TO HUMAN LJFE,
THEY SHOULD BE TREATED
WITH PROPER CAUTION,

3. CIRCUIT VOLTAGES

Table 4-1 is included to give the various
voltages and resistances that are found be-
tween the socket connections of the various
tubes and ground. The meter used for these
measurements has an internal resistance of
20,000 ohms per volt. Naturally veltages or
resistance measurements taken with a meter
having a lower internal resistance will dif-
fer from this table, :

It should be remembered that the values
given are nominal and congiderable varia-
tion may be experienced due to various line
voltage conditions and component tolerances.
Generally, a variation of +=10% is to be ex-
pected and 20% may not be uncommon.
Judgement is often reguired to defermine
if a particular deviation is indicative of
trouble,
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WARNING

EXERCISE EXTREME CARE
WHEN HANDLING THE CATH-
ODE-RAY TUBE. IT IS EASILY
SCRATCHED AND THEREBY
WEAKENED 7T¢ THE POINT
WHERE 1T MAY EASILY BE BRO-
KEN. THE BREAKING OF THIS
TUBE MAY CAUSE AN IMPLOSION
AND RESULT IN PERSONAL IN.
JURY FROM FLYING GLASS PAR-
TICLES.

4. WARRANTY

Al inztruments mannfactured or sold by
the Allen B. Du Mont Laboratories are
guaranteed against defective workmanship
and materials for a period of one year from

date of =ale., Guarantee cards, which are

shipped with the instrument or cathode-ray
tube, must be returned to us upon receipt
of the equipment in order to make this
guarantee valid, since we maintain a perma-
nent file of all equipment sold for the con-
venienee of our customers., All cathode-ray
tubes manufactured by us are gudranteed
for a life of 1,000 hours, or six months,
which ever expires first. Guarantees, in ad-
dition to the statements given above are to
be defined by the specifications of equip-
ment as given in our current advertising
information and catalog, and they are sub-
jeet only o specific modification

5. RETURNS TO FACTORY

in some cases, or for major repairs, it
may be desirable te return the instrument
to the factorv. Under no circumstances
should ihe instrument or the ecathode-ray
tube be returned ic {he factory without
preper returm agthorization and shipping
insfructions, In any correspondence with the
factory concerning repairs, the type and
serial number of the instrument must be
given together with a description of the
trouble enccuntered. Letters pertaining to
repairs should be addressed to Allen B. Du
Mont Laboratories, Inc., National Service De-
partment, Passaic, New Jersey.

g

TABLE OF VOLTAGE AND RESISTANCE

Resistance

Pin No. , I ! D-C Voltage I Control Affscting
to Ground in Ohms | ts Ground Resding
V-1 Type 68J7—Vertical Amplifier
1 0 B 0
2 ¢ 0
3 0 0 .
4 0 to 1 meg. 0 VERTICAL AMP
5 2K 4
5 200K 100 .
T 0 6.5 ac
3 150K 170
V-2 Type 6337-—Horizontal Amplifier
1 0 0
2 0 0
3 S | 0
4 0 to 5 meg. 0 HORIZOWTAL AMP
b 2K 4
6 200K 100
7 0 6.3 ac 7
8 150K 250 - 150 COARSE AND FINE
1 FREQUENCY CONTROL
: V-3 Type 884—Sweep Generator
1 0 o 100K 0-2 FINE & COARSE
{(cnly SYNC. Amp.) FEEQUENCY & 8YNC AMP
2 G -0
3 500K to & Meg. 25 - 45 FINE & COARSE
FREQUENCY SYNC AMP
4 NC NC
. b 10K to 110K 25 - 15 SYNC AMP
{only SYNC. Amp.)
6 NC NC
T 0 - 8.3 ac
8 is5 K 5
: V4 Type 80—High Voltage Rectifier
1 3K 900 ac
2 2 meg. —1200
3 -2 meg. | ~-1200
4 3K 900 ac
V-5 Type 80—Low Voltage Rectifier
i 20K . 400
2 540 chms 300 ac
3 540 ohms 300 .ac
4 20K 400
_ V-6 Type 5BP1-A—Cathode-Ray Tube
1 2 meg ©—1200 '
2 NC NC _
3 5 meg. —~T75 to —50 VERTICAL POSITION
4 1 to 1.5 meg —600 to —950 FOCUS
g 1 1(:)0 1.5 meg. —600 to —950 FOCUS
0
7 0 0
8 0 0
9 5 meg —75 to —50 HORIZONTAIL POSITION
10 3 meg —1200 : ‘ .
11 3 meg —1260
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DU MONT

CATHODE-RAY TUBES

Mechanical Characteristics

Overall Length .............
Maximum Diameter ......... '

.........................

The baging is such that:

— Types 5BP1A, 5BP4A, 5BP1TA ———

The Type 5BP-A Cathode-ray Tubes are degigned for
oscillographic and television-picture applications. The
three types differ only in the characteristics of the
fluorescent screens. The gun is designed to draw neg-
ligible focusing electrode current.

CHARACTERISTICS

Heater

Voltage, ac.orvde. ..o uas. 6.3 volts

+10%

Currvent .......0iiiiiernnreenns 0.6 ampere
Deflection .. ...t Electrostatic
Focus....ooivnen.. e eiaaaeaaa Electrostatic
Screen

RMA Type Number ..5BP1A 5BP4A  5BP11A

Fluorescence ........ Green White Blue

Persigtence ......... Medium Medium  Short

-------------------------

.........................

.........................

16%" i%” ‘ .
514" +-1/18", —-3/32"
Medium Magnal

RMA Basing Demgnatmn 1IN

1. The direction of the trace produced on the screen by deﬁectmg electrodes D, and D,
will not deviate more than =2=10° from a plane through pin No. 1 and the axis of the
tube while the angle between the direction of this trace and that of the frace pre-
duced on the screen by deflecting electrodes D, and D, will be 90° +3°,

2. With deflecting electrode Iy {pin No. 9) positive with respect to D, (pin No. 6) the
spot will be deflected approximately toward pin No. 1; while with deflecting elec-
trode D, (pin No. 3) positive with respect to D. (pin No. 8) the spot will be deflected
approximately toward pin Ne. 4,

Direct Intérelectrode Capacitances (Nominal)

Control Electrode {grid) fo all other electrodes ... ... .. . it iiirinniiinnens 9.0 ppf.
Deflection Plate I, to Deflection Plate D, ... ... ... . i it 1.2 puf.
Deflection Plate D, to Deflection Plate D, ... . ... i ittt i, 0.8 puf.
D, toall otherelectrodes . ... ... i i i ittt et e it e 14.0 ppf.
‘Dytoall other electrodes oL ... . i i i i s et i 8.5 ppf.
D, to all other electrodes exeept Dy .o o oo iiiie i e be e ieaeaaean e 13.0 ‘ppuf.
D, to all other electrodes except D, ............. e eraraaeeea w e el 12.0 ppf.
D, to ali other electrodes except D, ... ... il Peeie e 8.0 uuf.
D; to all other electrodes except Dy .. oiv ittt ol T puf.
Raotings (Design - center values)
Anode No. 2 (Accelerating Electrode) Voltage (Ep.) ........ 2000 volts (max.)

Anode No. 1 (Focusing Electrode) Voltage (Eyy) .. ... ..... 100y volts (max.j
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Grid (Control Electrode) Voltage (B} +vvveevenaeneanan. .. Never positive
Peark voltage between Anode No. 2 and any Deﬁectmg Electrode 5503 volts {max.)
Grid Cireuit Beslstante ... ...t iive e eocnennenrenaanns 1.5 megohms {max.)
Impedance of any deflecting electrode circuit at heater supply
B0 1012 £ 1, xS 1.0 megohm {(max.)
Bereen Badius ... i 2.26" (min.}
Typical Operation .
Heater Voltage ... il 6.3 6.3 volts
Anode No. 2 Voltage (Epz) «ovvvennrennnanas R, . 1500 2000 volts
Anode No. 1 Veltage (E.,) for Focus when
E.isT5% of cut-off value . .................. ... 337 450 volts +=20%
Grid voltage, E,,, for beam cut-off; i.e., ' : - .
visual extinction of undeﬂected focused spot ...... 30 —40 volts +=50%
Light Qutput: _
BB LA . e . 2.0 — Ft. L. (min.)
BBP4A ........... e e e e aniea e 1.0 — Ft.L. (min.)
BBP11A ........... S — “Ft. L. (min.}
Grid Drive (from cut-off} at minimum specified
Light Output .. ... it e i 35 — voits
Deflection Factor:
L 1 63 %4 d.c. volts/inch -=17%
I BT 78 d.c. voltg/inch =17%
Deﬂectlon Sensitivity: '
DDy e 0.40  0.30 mm./d.c. volt (av.)
D D o e e e 0.45 0.33 mm./d.c. volt {av.)

*Measured with type 3 photronic cell without eve correction.

Spot Position

When the tube is operated at (1) normal heater vollage; {2) E,. — 1500 volts:

(3}

adjusted for focus; (4) E. set at such a value as will avoid damage to the screen and with
(5) each of the deflecting electrodes connected to Anode No. 2; and (6) with the tube shielded
against external influences: the spot will fall within a 15 mm. square, the center of which
coincides with the geometiic center of the tube face and the sides of which are parallel to
the traces produced by deﬂectmg electrodes D, and D; and by deflecting electrodes D. and

D, respectively.

BOTTOM VIEW OF BASE
Pin No.

1
2
3
4
b
L33
7
8
9
0
1

erg

Heater

MNo Connecticn
Deflection Flate D,
Focusing Blectrode
Internal Connection
Deflection Flate D.
Aceelerating Flectrode
Defiection Plate D
Deflection Plate D,
Countrol Electrode -
Heater and Cathode
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PATENT NOTICEH

HANUFACIURED UNDERB ONE OR MORE
OF THE FOLLOWING U, 5. PATENTS

1844117 1,360,333  1.999,407 2,000,014
2014108 5,06?,382 2,082,327 2,085,576
2,087,280 2,098,231 2,153 840 2,157,749
3.162,009 2,163,256 2,164,176 2,135,705
2,186,634 2,186,635 2,190,020 RE.21,326
2,201,309 3,307,048 . 3,208,254 2,209,507
2,521,398 2,225,045 2,827,822 2,229,556
2,245,409 2,245,428 2,249,942 2,249,943
2,265,115 2,269,129 2,280,700 2,280,738
2,296,593 2,397,742 2,987,753 2,299,471
2299510 2,315,848 2,319,891 2,321,149
2,325,269 2331401 2,337,930 2,338,336
2,338,648 2,343,630 2,245 549 2,346,509
2,647,933 2,355,263 2,358,738 2,364,687
2,365,476 2,373,455 2,372,901 2,373,114
2,378,488 2,354,931 2,389,025 %,391,082
2,390,090 3,381

OTHLR PATENTS PENDING

ALLEN B. DU MONT LAB_ORA’I‘ORIES, INC.
PASSAIC, N.J.,,T. 8. A.

2 /,;?fsm/mvwmm%"
|
i

|

BYMBOIL
DESIGNATION

Cis

R25

R26
R27
R28’
R29
R30
-R31

REFERENCE
DRAWING OR
FPART NO.

3152
CM35B362J
3-1140
3-1195

. 3-1160

3-1082
3-1138
3-1139
CM30B272)
CM20B221K

46-108
9-294

1-287
RC21B¥182J
REC21BF4T4E
1-421

RC31BFiZ4]
RC21BF105K
RC21BF103K
1-388
RC31BF471K
RC21BF152K
RC21BFAT5K

RC31BF473K

2-257

1463

1-288
RC31BF274K

RC31BTF824K

RC21BFi04K

5-10
5-12
5B-4647

20D-4641

25-68J7

25-884
25-80

25-5BP1A

- RESISTOR, fixed: composition; 1500 chm: % W,

DESCRIPTION

CAPACITOR, fixed: paper; wax; 0.25 mid; 600 ¥ Ti@—lﬂ%
CAPACITOR, fixed: mica; 3860 mmfd 509 V: mb%
CAPACITOR, fixed: paper; wax; 001 mfd; 1600 “f +20-10%
CAPACITOR, fixed: paper; wax; 0.3 mifd; 600 ¥ i‘30~lﬁ%
Same as C4-

Bame as C1 T

CAFACITOR, fized: electrolytic; 20+20+Z0 mid; 456 V
Part of CF -

Part of C7

Same as 4

CAPACITOR, fixed: paper; wax; 0.5 mfd; 600 V; +20-10%

CAPACITOR, fixed: paper; wax; (6.1 mid; 600 V; +25%
CAPACITOR, fixed: paper; wax; 002 mfd; 600 V; +-20%

- CAPACITOR, fixed: mica; 2700 mmfd; 500 V; +5%

CAPACITOR, fixed: mica; 220 mmfd; 500 V; 410%

Same as Cil1
Same as C2
CAPACITOR, fixed: paper; 0.5 mfd; 1500 V; +20-10%
Same as C18

FUSE, cartridge: 1 amp.

"LAMP, incandescent: miniature bayonet base

INDUCTOR, fixed: filter; 8 hy.

CABLE, power: copper; 2 418 ga, stranded conﬂuctc}z"ﬁ; w2
prong male plug one end
CONNECTOR, male contact: 8 pin

RESISTOR, variable: composition; 1 megohm; % W; 4+ 20%
RESISTCR, fixed: composition; 1800 ohm; % W :
RESISTOR, fixed: composition; 470,000 chm; 1 W; o
RESISTOR, variable: compdsition; 5 megohm; 2 W; 4204
Same as RZ

EESISTOR, fixed: composition; 120,606 chm; 1 W
Same as R6

RESISTOR, fixed: composition; 1 megchm; %% W; +-10%
RESISTOR, fixed: commposition; 10(}00 uhm' ¥ OW; +10%
RESISTOR, variable: composition; 100,000 0hm i, W; —-20%%

BESISTOR, fixed: composition; 479 chm; 1 W;

'RESISTOR, fixed: composition; 4.7 megohm; % W*‘+m
Same as R1 y .
RESISTOR, fixed: composition; 47,000 ohm; 1 W; +10%

Same as K6 . .

RESISTOR, fixed: compogition; 100,000 obhm; 3 W; 4-10%
Same as R13 . : .

Same as Rl

Same as R3

REBISTOR, variable: composmon 100,000 ohm; 1% W; 4209
with SPST switch' 84

Same as R6

RESISTOR, variable: compeosition; 500,000 ohm' Y W; = 20%

" RESISTOR, fixed: composition; 270 OOO ohm; 1 W; +10%

Same as R24

RESISTOR; fixed: composition; 820,000 ohm; 1 W; -+10%
Same as RS

Same as R4 ’
%

RESISTOR, fixed: composition; 100000 obhm; % W; 410
RESISTOR, fixed: ere Wound 25090 ohm; 10 W; 4-5%

Same as R9

SWITCH, toggle: SPDT

SWITCH, toggle: DPDT

bWITCH 2 gang 4 pole: 7 pos. (formerly 5-198)
Part of R21 )

TRANSFORMER,' plate and filament: (formerly 20-329)

TUBE, electron: Triple-grid detector amplifier
Same as V1 ’

TURE, e¢lectron: Thyratron

TURE, electron: Full wave hlgh—vacuum rectifier
Same as V4

TURE, electran: ('aﬂmde«-Ray



Vi +30-10%

+30-10%
+30-10%

u.<‘
wr

150 V

; T20-10%
: 255
V: +20%
= 5%

10%

10-109

conductors; w/2

W +20%
W20

W; 5%

vy +10%

W; —+—109%

i W; +20%
+10%

= 10%

Wi 4-10%

v +10%

W +10%

e W; +209%;

e Wi 4-20%
Wi +10%
W, - 10%

W, +10%
W; +5i%

20-329)

TEEmaa

ITENSITY WOD
g
FL B .
2.01 MFD.
470K . v :
p v D.BOT
= 10% Vs O // “—‘L‘: 4
VERT iwPu T v o
‘ ; L] A uor. 03 |4l
ca "8 : s |
. C.I WFD, 4.7 e J_ VERT 01 D2
- 4 00V 172 W A
Fi0% <
: 2 Rox
GND. - v lpos.
+5%
RI9
| MEG.
POT.
RE - A" YNV
I NEG. > R 24 R 23
2w 2ToK 500K
tio% K _POT. ¢
% -
EXT. SYNC. S.4
O SRDT
s e o A——cnr Tr— — — ———— i3 s e Y -—-—»-———---.—————.——-——u—-—————-m——/
Y
___B20 WMMFD
500 ¥ )
HOR.INPUT  # | :gc;o:mm’
}0
o]
[l SN y ) 002 MFD.
035D, "‘"“""_*)
oY © éoovjf 800 V
2 GANG
7rost 28 U YETEy d S
3 - . v
TPOSITION tW 5% €00 ¥ 1257 K COARSE Ry
i X Ada X
7 . 4 s R 0.5 MED. %] Gii
32 - | MEG. €00V 7
g H b § g il ¥ = . -
= FROW \ Shee. @) g A 3
Y
i o R 15 % 1p 2
i GTH 47K 0% =
zowrn. - BV
450V 110% A3
: 4TMES
] 1
TEST SIGNAL A
x v
" 31 GH i <0
(14 : : 3600 MiFD. 0.1 MED.
i7% b : €00Y
110%

NOTE
When ordering replacement parts, always give the Type number and Serxal
number of the instrument and refer to the part by its symbol designation
and Itz description on the schematic.

| SCHEMATIC OF CIRCUIT
TYPE 274 CATHODERAY OSCILLOGRAPH
Ref: DD—4652-C-5
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