SECTION il .

THEORY OF OPERATION

1. THE CATHODE-RAY TUBE

s FUNCTION.—As an indicating instrument the
cathode-ray tube may be compared to the galvanometes,
with the electron beam which is projected from the hot
cathode analogous to the galvanometer needle. However,
¢he cathode-tay or electron beam has great advantages over
the npeedle in that it is practically without weight and
therefore possesses a minimum of inettia, which makes for
infinitely greater flexibifity in operation. The beam re-
quires negligible power for deflection so that accurate
‘geadings - are obtained without loading the circuir under
test. ‘Ibe beam can be moved vertically or horizontally or
the vertical and horizonral movements may be combined
to produce composite patteens on the tube screet. Thus
ihe block diagram, Figure 2-1, shows the cathode-ray rube
as the recipient of signals from both the vertical and hori-
zontal amplifiers, :

b. OPERATION.

(1) Figute 2-2 shows the internal details of the
cathode-ray wihe. Flectrons emicted from the cathode flow
theough the control grid toward anodes 1 and 2, are accel-
erated by the high positive potencials on these anodes. The
stream continues between oo sets of deflecting plates, hosi-
.zontal and vereical, and strikes the screen, which fluoresces
at the point of impact. With no porensial applied to the
deffecting plates the cathode-ray beasn will appear as a
bright spot on the center of the mibe screen. If 2 positive
voltage is placed on the right horizontal plate, the beam,
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and thus the spot, will move to the rxight in proportion to
the potential applied. Because the beam is a stweam of
electrons {negative elecrrical charges), it is electrostatically
atiracted toward an oppositely charged plate. If a nega-
tive charge is applied 10 the same plate, the spot will wavel
to the left, due to electrostatic repulsion berween like
charges.

(2) In the Type 274-A Cathode-ray Oscillogtaph one
of each of the pairs of deflection plates js connected to
ground so that deflection voitages are applied to only one
plate of each pair. :

{3) An a-c voltage applied to the horizontal deflec-
tion plate will, therefore, cause the spot to move alter-
nately to one sidé and then the other. This motion will
be conrinuously repeated uneil the voltage is removed. The
visnal indication, except at very low frequencies, will appear
to be a stmight line, due to the effect of persistence of
vision: (see paragraph c).

(4) Vertical deflection is obtained in precisely the
same way when the voltage is applied to the vertcal plates.

(5) As a gencral rule the deflections representing
amplitade are produced by applying voltage to the vertical
deflection plate, and the pattesn resulting from these deflec-
tions is said to be along the Y-Axis.

(6) Deflections representing time are wsually pro-

duced by applying a voltage to the hotizontal deflection
plate, The patterns resulting from these deflections are
said to be along the X-Axis.
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BLOCK DIAGRAM, TYPE 274-A CATHODE-RAY OSCILLOGRAPH
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INTERNAL CONSTRUCTION OF A TYPICAL CATHODE-RAY TUBE

(7) Another operation which may be pecformed
upon the spot of trace is intensity modulation. In this
application a voltage is applied to the grid of the cathode-
ray tube and s variations modulate the emitted beam.
This causes the spot of trace to become brighter or dimmer
in accordance with the polarity of these varfarions. This
principle is used to provide timing demarcations or refer-
ence points on the trace ot pattern. These timing marks
may be provided by an external source, the frequency of
which is known. Intensity modulation is said to be per-
formed on the Z-Axis of the cathode-ray tube. A further
use of this grid connection is to intensify the beam over
portio_ns of the trace where the writing rate.of the spot is
so rapid that the fluoréscent screen is not sufficiently excited.
Thus the intensity ay be made mote uniform thronghout
the entire trace. ‘This feature particularly facilitates photo-
graphic recording of the patterns formed. It should be
emphasized that the screen excitation (and therefore the
pattetn intensity) is a function of the beam cutrent and
the writing rate. The intensity of the spot at any instant
regardless of its position on the screen may be controlled
by a variation of this control grid (modulating electrode
bias.

¢. PERSISTENCE OF VISION—Any image reaching
the retina of the eye registers and persists there for an
appreciable period of time even though the object produc-
ing the image disappears almost at once from the fizld of
vision. If an intermittently appearing image is reregis-
tered at the rate of 16 or more times per second the image
will appear continzous. As an example, “moving” pic-
tures are really a series of “still” picrares projected suc-
cessively at the rate of 16 or more per second. Similarly,
if a cathode-fay spot is moved back and forth over the
same path on the screen at the rate of 16 or more cycles per

second, the movement or trace will appear to be continy-

ous due to this persistence of vision.

.

d. CIRCUIT.~—A SBP-A cathode-ray tube is used in this
instrument. As shown in the simplified schematic, Figuse
2-3, the necessary potentials for operating this tube -are .
obtained from a voltage divider made up of resistors R21
through R26 inclusive. The intensity of the beam is
adjusted by moving the contact on R21. This adjusts the
potential on the cathode mote or less negative with respect

to the grid which is operated at the full negative voltage

—1200V. Pocusing to the desired sharpness is accom-
plished by adjusting the contact on R23 to provide the
cotrect potential for anode No. 1. Interdependency between
the focus #nd the intensity controls is inherent in all electro-
statically focused cashode-ray tubes. In short, there is an
optimum setting of the focus control for every setting of
the intensity controf. The second anode of the Type SBP-A
is operated at ground.potential in this instrument  Also
one of each pait of deflection plates is also operated at
ground potential

The cathode_ is opemted at a h1gh negative potentsial
(approx:mately 1200 volts) so that the total overall accel-

- erating volrage of this tube is regarded as 1200 volts since

the second anode is operated at ground potendial. The

. vertical and horizontal positioping controls which are con-

nected to their tespective deflection plates are capable of
supplying either a positive or negative d-¢ potential to the
deflection plates. This permits the spot to be positioned
at any desired place on the entire screen.

2. VERTICAL AMPLIFIER

a. INPUT.~The incoming signal which is to be ex-
amined is applied to the terminals marked Vertical Input
and Ground. These terminals are connected throngh capaci-
tor C1 so that the a-c component of the signal appears
across the vertical amplifier gain control potentiometer R1.
Thus the magoitude of the incoming sigual may be con-
trolled to give the desited deflection on the screen of the
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SCHEMATIC OF CATHODE-RAY TUBE CIRCUITS

cathode-ray mbe. Also, as shown in Figure 2-1, 52 has been
made available to by-pass the vertical amplifier and capaci-
tively couple the signal from the input terminal to the
vertical deflecdion plare if it is so desired.

h. AMPLIBIER ~~In the schemadc, Pigure 2-4, V1 is
a GACY pentode vacunm twbe used as the vertical ampli-
fier. As the signal variations appear op the grid of V]:
vdrfations in the plate current flowing through V1 will take
place.  Thus signal varjarions will appear in opposite phase
and greatly amplified across the plate load tesistor R7.
The capacitor C2 has bren added across resistor R2 in the
cathode circaic of the tube w flatren the frequeacy response
of this amplifier at the high frequency end. This capacitor
because of its low value setves very little use as a ecathode
by-pass at low frequencies buc operates more effcctweiy as

_ the frequency of the signal increases.

¢. OUTPUT ~The s;gnal apphed to the grid of V1

- has been amplified by V1 and is now applied through the :

second half of S2 and capacitor C4 to the free vertical de-
flection plate of the cathoderay tube.

QUTPUT .

FIGURE 2-4
AMPLIFIER SCHEMATIC

3. HORIZONTAL AMPLIFIER

The horizontal amplifier circuit and the circuie of the

vertical amplifier, described in the paragraph above, are
identical. ‘A switch in the input ciscuit makes provision
for the inpuc from the Horizontal Input terminals to be
capacitively coupled to the. grid of the horizontal amplifier
or to the free horizontal deflection plate thus by-passing
the amplifier, or for the output of the sweep generator to
be capacitively coupled to the amplifier, Figure 2-1.

4. TIME BASE GENERATOR
4. GENERAL.

Investigation of electrical wave forms by the use of the
cathode-ray tube frequendy requires that. some .means be
available to determine the variation jn these wave form
amplitudes with respect to time. When such a time base
is used, the patterns presented on the cathode-ray tibe
screen show the variation in amplitude of the input signal
with respect 10 time. Such an atrangement is made pos-
sible by the use of the time base generator. ' In operation
it moves the spot acxoss the screen at a tonstant rate from
fefe to right between selected points, rewurns the spot almost

instantaneously to its otiginal position, and repeats the

procedure. This is accomplished by the voltage output of
the sweep generator. ‘The rate atc which this voltage repeats
the cycle of sweeping the spot actoss the screen is referred
to as the sweep frequency. The sweep voltage necessiry
to produce the motion described above must be of a saw-
tooth wave form such as'that shown in Figure 2-5.




FIGURE 2-5
SAWTOOTH WAVE FORM

The sweep occurs as the voltage varies from A w0 B, and
the return trace, as the voltage varies from B o C. If AB
is a straight line, the sweep generated by this voltage will
be linear.

However, it should be realized that the sawtooth sweep
sigoal is only used to plot variations in the vertical axis
signal with respect to time. Specialized studies have made
use of signals of various shapes which are introduced from

ap external soutce through the Hosizontal input terminals.

b, CIRCUIT—The sawtooth voltage necessary to obtain

the proper sweep is generated by means of the electronic
circuit shown in Figure 2-6, which operates as follows:
The gas triode used for this puspose is the Type 884 (V3).
The heater heats the cathode which emits electrons as in the
ordinary heater type triode. This tube contains an inert
gas which ionizes when the voltage between the cathode
and the plate reaches a cettain valué. ‘The voltage at which
breakdown will occur depends upon the bias voltage which
is determined by the voltage divider resistors R12 and R17.
With a specific negative bias applied. to. the rbe in this
way, the tube will fire at a specific plate voltage.

- C apamtors C10 to Cl4 are selectively connected in paral-
lel with this ube. Resistor R11 is added to limit the peak
current drain by the gas triode. 'The plate voltage on this
be is obtained through resistors R28, R27, and R11. The
voltzge applied to the plate of V3 cannot reach the power
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supply voltage because of the (urging affece this volrage
has upon the capacitor which is cenoected across the whe,
‘This capacitor charges unsil the plate valtage becomes high

" enough to ionize the gus in the twbe. At this tive, the

tube starts to conduct and the capacitor discharges through
the wbe until is voltage fails o the exrinction potenrial of
the mthe, When the tube stops conducdng, the capécm)r
voltage builds up until the tube fires again, As this acrjon
continues, it results in the sawtooth wave formn of Figure
2-5 appearing ar the junction of R11 and R27.

c. SYNCHRONIZATION,

(1) Provision has been.made so the sweep generator
may be synchronized from the verrical amplifier or fromn
an external dource. ‘The switch, S1, shown in Figure 2-6,
is mounted on the front panel to be easily accessible to the
aperator, ‘ '

{2) If no synchronizing voltige is applied, the dis-
charge tube will begin to conduct when the plate potential
reaches the value of B (Firing Potential). When this
breakdown takes place and the mbe begins 10 conducr, the
capacitor is discharged very rapidly through the wbe, and”
the plate voltage decreases uniil it reaches the extincrion
potential E,. At this point conduction ceases, and the plare
potential rises slowly as the capucitor begins to charge
throngh R27 and R28. ‘The plate porendal will agun
reach a point of conduction and the circuit will stare a new
cycle. The rapidity of the plate voltage tise is dependent
npon the citcuit constants R27, R28, and the capucitor
selected, C10-C14, as well as the supply voltage ¥y The
exact relationship is given by:

Er;m-Eh( 1-*3:‘_'{)

Where Es—~Capacitor voletage at time t
Ey=Supply voltage (B sapply—cathode bias)
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SCHEMATIC OF SWEEP GENERATOR
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ANALYSIS OF SYNCHRONIZATION OF TIME-BASE GENERATOR

Be—==Firing potential or potential at which time-
base gas triode fires
E,~EBxtinction potential ot potential at which time-
base’gas triode ceases to conduct
e—=DBase of narural lpgarichms
=="Time in seconds
t==Resistance in ohms (R27 |- R28)
—Capacity in farads (C10, 11, 12 13, or 14)

"The frequency of oscillation will be approximately:
Ef 1

f___
IC lEf'—“Ex
Under this condition (no synchromzmg signal apphed)
the oscillatos is said to be “free running.”
(3) ‘When a positive synchronizing voltage is applied
to the grid, the fiting potential of the tube is reduced. The
tube therefore ionizes at a Jowei plate potendial than when
. no grid signal is applied. Thus the applied synchronizing

voltage fires the gas-filled triode each time rhe plate poten-
_ tial rises to a sufficient value, so that the sweep recurs at
the same or an integral sub-multiple of the synchronizing
signal rate. A graphic representation of this is shown in
Figure 2-7,

5. POWER SUPPLY
a. GENERAL.
Figure 2-8 shows the power supply to be made up of
two definite sections: a low voltage positive supply which

8

prowdes the power for operating the amplifiers, the time
base gencrator, and the positioning circnits of the cathode-
ray tabe, and the hxgh voltage negative supply which pro:
vides the potentials necessary for operating the varius
electrodes of the cathode-tay tube and furnishes a negarive
voltage to the positioning controls.

b. THE 1OW VOLTAGE POWER SUPPLY. -

The low voltage power supply consists of a full wave
rectifier, V5. ‘The output of this rectifier is filtered by a
capacitor input filter consisting of C7-C, L1, and C7-B. Tt

furnishes B-}- at approximately 400 volts at sufficient cur- ~

rent to supply the tubes of the instrument

¢. THE HIGH VOLTAGE POWER. SUPPLY.

The high voltage power supply employs a half wave
rectifier, V4. 'The output of this rectifier is filtered by 2
resistance-capacitor filter consisting of C15, R29, and CI6,
A voltage divider netwotk attached from the output of this
filter obtains the proper operating potentials for the various
electrodes of the cathode-ray mibe.

d. OPERATION EROM 230 VOLT POWER SOURCE.

A terminal strip inside the instruxient allows convenient

changeover of power transformer connections so that the -

Type 274-A may be operated from either 2 115 or 230 volt
power source. All instruments are connected for 115 volt
operation at the factory. Refer to the power supply sche-
mati¢, Figure 2-8, or to the circuit schematic at the back of
this mangal for proper transformer connections.

3
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SCHEMATIC OF POWER SUPPLY

WARNING
OPERATION OF THIS EQUIPMENT INVOLVES
THE USE OF HIGH VOLTAGES WHICH ARE DAN-
GEROUS TO LIFE, OPERATING PERSONNEL MUST
AT ALL TIMES OBSERVE ALL SAFETY REGULA-
TIONS. DO NOT CHANGE TUBES OR MAKE AD-
JUSTMENTS INSIDE ‘THE BQUIPMENT WITH THE
HIGH VOLTAGE SUPPLY ON. DO NOT DEPEND
UPON THE SAFETY SWITCH FOR PROTECTION,
BUT ALWAYS REMOVE THE POWER CORD FROM
THE LINE OUTLET. UNDER CERTAIN CONDI-
TIONS DANGEROUS POTENTIALS MAY EXIST IN
“THE CIRCUITS WITH POWER CONTROLS IN ‘THE
OFF POSITION DUE TO CHARGES RETAINED BY
CAPACITORS. TO AVOID SHOCK AND SHVERE
BURNS ALWAYS DISCHARGE AND GROUND CIR-
CUITS PRIOR TO TOUCHING THEM. NEVER SERV-
ICE OR ADJUST THE INSTRUMENT WITHOUT THE
PRESENCE OR ASSISTANCE OF ANOTHER PERSON
CAPABLE OF RENDERING AID.

J
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SECTIDN H1

OPERATING INSTRUCTIONS.

1. INSTALLATION

Tn meost instances, the Type 274-A Cathode-ray Oscillo-
graph is shipped with all wbes in place and ready for
operation, including the cathode-ray tube. However, in some
instances, the cathode-ray tube may be packed separately.

To install the cathode-ray .tube the chassis must be
removed from the cabinet. Two screws near the bottom
of the rear panct hold the chassis in place. Remove these
two screws, and unwind the power cord from its bracket.
If the edge of the front panel is grasped with the fingers,
the instiument may be slid forward out of the cabiget.
The power cord and its plug will conveniendy feed
through the hole provided in the rear of the cabinet.

Insert the cathode-ray tube through the front panel and
tube shield as far as the socket. The socket prongs are
then inserted into the correct position in the socket. A
gentle push, with one hand on the face of the tube and the
other band supporting the tube socket, -will seat the tube
in the socket. ‘ '

Before replacing the chassis in the cabinet, it will be
well ta see that all tbes are properly seated it their sockets,
"All wbe Tocations are dlearly indicaced on the chassis. It
is also advisable w inspect for any mechanjcal damage
which may have ocoured in transic *

As sonn as these operations have been completed, place
the instrument back in its cabinet, and replace the screws.

2. PRECAUTIONS

WARNING

II 1S INADVISABLE TQ OPERATE THIS
CATHODE-RAY OSCILLOGRAPH. WITH
'HE CASE REMOVED. DANGEROUS PO-
TENTIALS AS HIGH AS 1200 VOLIS ARE
EMPLOYED IN THIS INSTRUMENT AND
SHOULD BE TREATED WITH PROPER
CAUTION.

1. MAGNETIC AND ELECTRIC FIELDS.

Magnetic and electiostatic shielding has been provided
in this instrument. However, opetation of the instrument
in strong fields such as are found near transmicters, trans-
formers, and power generating equipment, etc., may intro-
duce spurious deflections.

Flectrostatic pick-up may be minimized by the use of
shielded ‘fnput cables and connections and with a good
. electrical ground on the chassis of the instrument. Spu-

10

rious magnetic deflections may be eliminated or reduced
to an unobjecrionable. point by removing the instrument
from the immediate vicinity of the disturbance; orienting
the instrument in the field so that spurious defiection is at
4 minimum;- or in extreme cases, by adding additional
magnetic shielding in the form of a large iron or steel
container in which the entire instrument may be placed.

" b. POWER REGULATION.

The Type 274-A is designed to operate at a power line
voltage of 115 or 230 volts a.c. at a frequency of 50 to 60
cycles per second. Steady variations of *10% from the
normal line voltage will cause little change in the opera-
tion of this instrument. Greater changes than this may
cause the power supply to opetrate erratically and the
operation of the instrument to become unsatisfactoty. For
conditions where power line vatiations are excessive, the
manufacturer recommends the use of constant voltage trans-
formers placed in the power line to the instrument. If such
a regulator is used, the precautions of Paragraph 2a. should
be observed. '

c. SCREEN BURNING.

When a small spot or line of high intensity is allowed
to remain stationary on the screen of the cathode-ray tube,
the entire energy of thé beam is concentrated over a very
small area and the power imput per unit screen area is
high. Under such condirions the screen is susceptible to
burning and discoloration. ‘

It is well to nete that burping of the screen, until car-
tied to excess, will in no way impair the operation of the
tube, since the burning is localized to small areas, and the
burned area is not completely insensitive.

3. OPERATION OF CONTROLS

a. GENERAL.

The operation of the vatious controls of the Type 274-A
is presented in a brief tabular form in Table 3-1. Figure
3-3 is available for wse with the table in locating these
various controls.

For the operator who is well acquainted with oscillo-
graphs, this table will probably furnish sufficient instruc-
tions to operate the instrument. To the new operator,

however, the following discussion lists a step by step pro-

cedure for the officient operation of the instument. It is
suggested. that the new operator follow this procedure in
learning the use of each of the operating controls.

iy
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b, PREPARING THE EQUIPMENT FOR
OPERATION.

Step 1. Locate the oscillograph on a level table or
bench so the screen of the cathode-say twbe is in full
view and a minimum amount of light is refiected from rhe
face of the be, The location must be sufficiently near a
115 or 230 volt a-c power soutce to be reached easily by
the fine cord of the instrament.

Step 2. Ser the controls as follows:
VERTICAL POSITIONING — pointing up
HORIZONTAL POSITIONING — pointing up
INTENSITY © — OFF
FOCUS — ar 50
 VERTICAL AMP —at 0
HORIZONTAL AMP - at 20
COARSE FREQUENCY - — on the line
between 30
and 150
FINE FREQUENCY — at 100
SYNC. AMP. — at {}
SYNC. SELECTOR. switch — EXT
VERTICAL INPUT switch — AMP

Step 3. Plug the line cord into a power source of 115
or 230 volts ar 50-60 cycles.
¢. OBTAINING THE TRACE.

Step 1. Turn on the equipment by rotating the 1N-

~ TENSITY conurol clockwise and set it at 50, The jeweled

light located in the lower center of the front panel glows
green when the equipment is turned on.

_ WARNING
NEVER ADVANCE THE INTENSITY CON-
TROL TO A POSITION WHICH CAUSES AN
EXCESSIVELY BRIGHT SPOT TO APPEAR
ON THE SCREEN. A VERY BRIGHT SPOT
MAY BURN THE SCREEN AND DECREASE
THE LIFE OF THE CATHODE-RAY TUBE.
FOR THIS REASON A SHARPLY FOCUSED
TRACE OR SPOT OF HIGH INTENSITY
MUST NEVER BE PERMITTED TO REMAIN
 STATIONARY FOR ANY LENGTH OF TIME.

_SreR 2. Allow 30 seconds for the insttument 1o
warm up.

Step 3. If no trace becomes visible near the center of

the cathode-ray tube screen, advance the INTENSITY con- -

trol until & trace is visible,
Step 4. Rotate the"FOCUS control as required to the-

‘position where the trace is clear and sharp (least “fuzzy”).

The trace then is' described as being “in focus.” QOnce in
focus, both clockwise and countetlockwise movement of
the FOCUS control defocuses the spot.  Having reached a

clear focus, the operator may decide that the wace is o
bright. If such is the case, reduce the serting of the IN-
TENSITY control and refocus.  Figures 3-1 and 3.2 show
a trace respectively “in focus,” and “out of focus.” '

FIGURE 3-1
TRACE "IN FOCUS"”

FIGURE 3-2
TRACE “OUT OF FOCUS”

Note
The action of the INTENSITY and FOCUS controls
are inherently dependent on each other. Therefore, it may
be fecessary, whenever varying one control, to adjust the
other control to obtain the best definition of the trace.

Step 3. Rotate the VERTICAL POSITIONING control
counterclockwise (DOWN) and dockwise  (UP). 'The
trace moves down and then up as the control is turned.
Center the trace in the vertical plane.

Step 6. Rotate the HORIZONTAL POSITIONING
cositrol counterclockwise (LEFT) and clockwise (RIGHT )., .-
The rrace moves lefr and then righe as the control is murned.
Center the trace in the horizontal plane. The trace is cen-
tered horizontally when the ends of the trace are equally
distant from their respective edges of the wbe screen.

d. CONTROL OF FREQUENCY OF THE TRACE.

The trace that has just heen obtained and positioned is
actually a single spot which is being caused to move rapidly

©and repeatedly across the screen from left wo righe. As

this beam moves across the screen the persistence of the
human vision plus the persistence of the screen, causes the
movement of this spot to blend into a continuous line as
has been previously explained in Section 2, paragraph l.c.
The operator ‘may prove this point to his own satisfaction
by the following procedure:

Step 1. Set the COARSE FREQUENCY swich to
HOR. INFUT AMP. A spot, which is approximately
round and possesses a very small diameter, should appear
on the face of the cathode- e-ray mbe.  This spot will remain
stationary. ' .

1"




-  TABLE 3.9 |
| TABLE OF OPERATING CONTROLS AND TERMINALS

VERTICAL
INPUT

HORIZONTAL
INPUT

INTENSITY
MOD.

TEST SIGNAL

EXT. SYNC.

GROUND

throw togele switch

Binding Post.
Binding Post

Biading Post

Binding Post

Binding Post

Binding Post (Two)

Name of Cireteit Componernt Function
* Coutrol Derie. .
VERTICAL - R19 t megohm Changes the d-c potential on the vertical.deﬂection plate and thus the
POSITION potentiomeres vertical position of the trace. i
HORIZONTAL ‘R4 1 megohm Changes the d-c potential on the hotizontal deflection plate and thus the
u POSITION - potentiometer horizontal position of the trace.
INTENSITY R21 100,000 ohm Vaties the voltage on the cathode of the cathode-ray tube and thus the
. potentiometer intensity of the trace.
FOCUS R23 500,000 obm Veries the voltage on the forusing clectrode of the cathode-ray tube and
potentiometer thus adjusts the focal point of the beam.
VERTICAL AMP Ri 1 megohm Varies the voltage of the input signal as it is applied to the grid of the
potentiometes vertical amplifier, thus conirolling the amplitede of the vertical signal.
HORIZONTAL R4 1 megohm Vasies the voltage of the input signal as it is applicd to the grid of the
AMP potentiometer horzontal amplifier, thus controlling the amplitude of the horizontal
signal (whether signal is from the time-base generator of an external
source). .
COARSE S3 ? gang, 4 pole Switches to the various sweep capacirators as well as to positions for con-
FREQUENCY 7 position rotary switch | necting an external signal, capacitively tw the deflecion plates, or
. . through the horizontal amplifier. .
PFINE R28 S megohny Provides a fine adjustment of the sweep '-Etequenqr by controlling the
FREQUENCY potentiometer rate at which the selected sweep capacitor is charged.
SYNC. AMP. R10 100,400 ohm | Varies the amplitude of the syncheonizing voltage applied to the time-
. potentiometer base generator thus enabling the operator 1o “Jock-in' the signal being
viewed. ) '
VERTICAL 52 Double pole double Switches the vertical input signal to the grid of the vertical amplifier
INPUT throw togale switch or capactively to the vertical deflection plate. ’
SYNC. SELECTOR] - S1 Single pole double Provides 2 means for the opetator 'to st:_iect a synchronizing signal from

gither an intetnal or an external source.

Provides a terminal for the connection of an external signal to the ver-
tical channel, :

Provides a terminal for the connection of an external signal to the hori-
zontal chanpel, .

Provides a terminal for the connection of an external signal to the geid
of the cathode-ray tube for the purpose of medulating the intensity of
the trace.

Provides a terminal for 2 60 cyele outpur voltage of approximately 6
volts ac. | . . - i

Provides a terminal for conpecting an extetnal synchronizing signal.

These binding posts are available to ground the chassis of the Type
274-A to the ground of any input signals. -
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FIGURE 3-3
FRONT PANEL VIEW OF TYPE 274-A CATHODE-RAY OSCHEOGRAPH
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CAUTION

Immediately after this spot has been observed,
wrn the COARSE FREQUENCY switch to the
pusition berween 8 and 30, This precaution is
observed 1o aveid burping the tabe screen by

leaving a spot in one position on the screen.

Step 2. - With the COARSE FREQUENCY switch set
betwr,f,n 8 and 30, turn the FINE FREQUENCY control
w 0.

‘The operator will observe that the spot which was ob-
tained in the preceding step is now being caused to sweep
across the face of the cathode-ray tube,

Step 3. By advancing the FINE FREQUENCY con-
trol slowly towards 100, the operator can observe that this
spot is raused to sweep more and more rapidly across the
screen.  As the FINE FREQUENCY coatrol.reaches abour
50 ot 60 this spot will bave blended into a solid line which
appears to be flickering (varying in intensity). As the
FINE FREQUENCY control approaches the 100, the flicker

of this trace becomes negligible because the frequency of

the sweep generator is now equal to, or above that fre-
quency whidh produces persistence of vision. :

By means of e two controfs, the FINE FREQUENCY.

control, and the COARSE FREQUENCY switch, the fre-

quency of the sweep generator can be adjusted to any fre-

quency between 8 and 30,000 cycles per second. (It s

‘an inherenr characeeristic of this insuument for the trace

10 become reduced in fengeh as the frequency 1 increased
and does not denote trouble.)

e. CONTROL OF LENGTH Of TRACE

The length of the trace is controlled by the HORIZON-
TAL AMP control.  For the lower frequencies a maximum
sétting of the HORIZONTAL AMP control will -cause the
sweep to extend beyond the limits of the face of the wabe. By
setring the HORIZONTAL AMP control to 0, a spot is
obtained on the cathode-ray tube because the signal from
the sweep generator which causes the displacement of the
spot from the center of the tube is as 0.

. f. DISPLAYING A SINE WAVL

Preliminary Setting: VERTICAL AMP-20. -

Step 1. Connect a short wire from the TEST SIGNAL
terminal to the VERTICAL INPUT terminal ‘The test
signal is an a-c signal of approximately 6 rms volts
amplirude. '

Step 2. With-the COARSE FREQUENCY control set

at the 30-150 position, rotate the FINE FREQUENCY
control until a sine wave (Figure 3- 4) of one or more
cycles can be identified on the screen. As the FINE FRY-
QUENCY control is ser towards the low frequency end of
its scale (0), more cycles of the sine wave should appear.
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_ FIGURE 3-4
SINE WAVE

Step 3. Stop the drifting of this wave as nearly as
possible with the FINE FREQUENCY control. Regardless
of this setting there will always be a slight drife.

Step 4. Set SYNC SELECTOR switch to INT. This
setting perxits part of the sigual which is passing through
the vertical amplifier 1o be impressed on the grid of the
time-base generator therehy syhehronizing the time-base
generator to a submultiple of the wave passing through the
vertical amplifier. "I'he amplitade of the synchronizing volt-
age applied depends upon the setting of the SYNC AMP
control. ‘The theoty of synchmmzqnon is explained more
fully in Section 2.

Step 5. Incredse the setting of the SYNC AMP control
until the trace can be seen to “lock in”

CAUTION !
Never use a higher setting of the SYNC AMP

control than is necessary or the 1mage may be
distorted.

£ MODULATING THE INTENSITY OF THE
TRACE.

Step 1. Obmin two complete sine waves on the screen
of the cathode-ray tube by the method explamed in the
preceding paragraph f.

Step 2. Comnect a short wire between the TEST SIGM
NAL and INTENSITY MOD. terminals. (Do not remove
the wite betveen the VERTICAL INPUT and TEST 3IG-
NAL terminpals.) .

Step 3. Reduce the intensity of the trace with the
INTENSITY control (while maintaining focus with the

" BOCUS control) tntil the bottom peaks of the sine wave

disappear. 1t will also be noted that as the bottom peaks
are blanked out, the upper peaks are intensified. This is
the result of using a sine wave as the modulating signal.
The result just described is called intensity modulation and
is discussed more fully under Laboratory and Lectire
Applications. '
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 WARNING
NEVER APPLY AN INTENSITY MODULAT-
 ING SIGNAL LARGE ENOUGH TO SWING
THE GRID OF THE CATHODERAY TUBE
POSITIVE WITH RESPECT TO THE CATH-
ODE. THIS UNWANTED CONDITION MAY
CAUSE A SERIOUS REDUCTION IN THE
LIFE OF THE CATHODERAY TUBE. AN
INDICATION OF ‘THE GRID SWINGING
POSITIVE WITH RESPECT TO THE CATH-
ODE IS RECOGNIZED BY MARKED DEFO-
CUSING ON THE SCREEN DURING THE
POSITIVE PHASE OF 'THE INTENSITY
 MODULATING SIGNAL. "

. MNote .
Tt i§ advisable to connect a short lead from the
INTENSITY MOD  terminal to GROUND
when this terminal is not in use. Such a con-
nection tesults in a trace of more uniform
© intensity.

h. CONTROLLING THE SIZE OF THE PATTERN.

It is frequently desirable to examine mote closely a pat-
ticular part of a pattern or trace. In that event the pattern
ot trace may be expanded both hotizontally and vertically
by itcreasing the setting respeciively of the HORIZON-
TAL AMP and VERTICAL AMP conuols, These ex-
panded " traces may then be positioned to any past of the
screen to obtain better definition of the part in question.
Care should be taken, however, to assure that the amplifiers
are not overloaded by this procedure, or the wave form
soder examination will be distorted.

Note

All signais applied to the oscillograph from exter-
pal sources require two wires to complete the
connection. One wire carries the signal aod the
other wire serves as a ground. This results in all
the signals, being observed or performing a func-
tion in the oscillograph, being referred to a com-
mon ground.

i. THE USE OF EXTERNAL SYNC.
In many cases, an ‘external signal is more suitable for

synchronizing purposes than the signal applied to the ver-

tical. channel. ‘This is particularly true if varying amphi-
tudes of the same wave form are to be viewed in rapid
succession. Since when using internal sync, the amplitude

. of the wave form passing through the vertical amplifiers

also affects the amplitude of the synchronizing voltage; 100
much ot too little voitage will be applied to the sync gen-
erator with diffecent amplitades of input signals, Thus the
setting of the SYNC AMP control will necessarily require

adjustment with cach different amplitade of signal applied.

When using an external synchronizing voltage, connec-
tion is made from the extersial source to the EXT. SYNC
terminal and the SYNC SELECTOR swirch is thrown 1o
the EX'I position. Once the SYNC AMP control has been
adjusted to apply the correct amount of synchronizing sig-
pal to the sweep generator, it will not be necessary to resct
it as the various amplitudes of the signal are applied to the
vertical chaonel. It will be necessary to use an external
synchronizing voltage whenever the vertical amplifier is
not used and the signal is capacitively or directly coupled
to the deflection plates.

. VERTICAL INPUT DIRECT.

1 the signal which is connected through the VERTICAL
INPUT terminals is of sufficient ampfitude to result in
appreciable vertical deflection without amplification, the
VERTICAL INPUT switch may be set on DIR. ‘This con-
nection capacitively couples the input signal to the vertical
defiection plate of the cathode-ray tube and permits the -

signal to be viewed without amplification.

k. HORIZONTAL INPUT DIRECT.

Por certin applications it is frequently necessary to
apply a signal other than the time-base signal to the hori-
zontal deflection plate. When such an occasion atises, the
COARSE FREQUENCY switch should be wrned to the -
HOR INPUT DIR position and an external signal should
be connected to the HORTZONTAL INPUT terminal and
GROUND. When the COARSE FREQUENCY switch s
set in this position, the sigoal at the HORIZONTAL -
PUT terminal is capacitively coupled to the borizontal
deflection plate. :

L. HOR INPUT AMP. .

If the signal applied w the HORIZONTAL INPUT
terminal in the preceding paragraph is not of sufficient
amplitade to result in satisfactory horizontal deflection, it
may be connected through the hotizontal amplifier by
switching the COARSE FREQUENCY switch to the HOR
INPUT AMP position, Under these circumstances, the

' horizontal amplifier is used to increase the amplitude of

the hosizontal signal and the desired deflection is obtajued
by the HORIZONTAL AMP control.

m. DIRECT DEFLECTION.

The rear terminal strip.is designed to provide means for
clicainating the capacitor input to the deflection plates
when it is desirable to connect a d-c signal directdy to the
deflection plate. ) ,

If it is desirable o copnect such a signal to the VERTY-
CAL deflection plate, it should be connected to the rear
terminal marked D4. It is advisable to remove the jumper

- passing between the terminal marked VERT and M4 as

shown in Figure 3-5.
15
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If it is desirable 1o connect an external signal w the .

HORIZONTAL deflection plate, the connection should be
made w the terminal Marked . Likewise, the jumper
berween HOR and D1 should be removed.

HOR. DI p2 ¢ D3

OO0 O—-C0—0

D4 VERT

FIGURE 3-5
REAR TERMINAL BOARD

CAUTION
Connections to these terminals should be made
with the power turned OFF,

n. TURNING OFF THE EQUIPMENT.

To turn off the equipment, rotate the INTENSITY con-
tol counterclockwise to the OFP positon. When the

equipment is operating but not in wse, turn the INTEN- -
- SITY control sufficiently counterclockwise to dim out the

trace. ‘This procedure will insure against burning the screen
of the:cathode-ray tube and increase its life.

!
4. DISPLAY OF WAVEFORMS

Together with a working acquainmnfé of the controls
of the oscillograph, an understanding of how the patterns
are traced on the screen muast be obtained for a thorough
knowledge of oscillograph operation. With this in mind
a careful analysis of two fundamental patterns is ‘discussed
under the following headings:

a. Patterns plotted against time (using the sweep
generator for hotizontal deflection)

b. Lissajous Figures (using a sine wave for hotizontal
deflection)

2. PATTERNS PLOTTED AGAINST TIME.

(1) Preliminary—A sine wave is typicel of and con-
venient for this stady. ‘The connections necessary for pro-
ducing a sine wave on the screen were previously discussed.
This wave is amplified by the vertlcal amplifier and im-
pressed on the vertical (Y-axis) deflection plate. Simul-

taneously the sawtooth wave, as discussed in Section 2, from

the time-base generator is amplified and imptressed on the

hotizontal (X-axis) deflection plates.

{2) Theoty—The :_efectron beam moves in accord-
ance with the resultant of the sine and sawtooth sighals.
The effect is shown in Figure 3-6 where the sine and saw-
tooth waves are graphically represeated on time and voltage
axes. Points on the two waves that occur simultaneously
are nambered similary. For example, 2 on the sine and 2
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on the sawtooth waves occur at the same instant. "There-
fore, the position of the beam at instant 2 is the resultant
of the voltages on the horizontal and vertical deflection
plates in instant 2. Referring to Figure 3-6, by projecting
lines from point 2, the position of the electron beam at
instant 2 can be located. If projections were drawn from
every other instantanecus position of each wave to intessect
on the circle representing the tube screen, the Intersections
of similarly timed projections would trace out a sine wave,

(3) Conclusion—In summetion, Figare 3-6 illus-
teates the principles involved in producing a sine wave trace
on the screen of a cathode-ray tube. Fach intersection of
similasly timed projections reptesents the position of the

‘electron beam acting under the influence of the wvarying

voltage waveforms on each pair of deflection plates: Fig-
ute 3-7 shows the effect on:the pattern of decreasing the
frequency of the sawtooth wave. Any recufrent waveform
plotted against time ean be displayed and analyzed by the
same procedure as used in these two examples.

{4) Other Patterns—The sine wave example just -

illustrated is typical of the method by which any wave form
can be displayed on the screen of the cathode-ray tube.
Such wave forms as square wave, sawtooth wave, and maoy

" other more irregular recurrent wave forms can be observed

by the same method explained in the preceding paragraphs.
b. LISSAJOUS FIGURES.

(1) Preliminary.—Another fundamental pattern is.
the Lissajous figure, named after the 19th cenwry French

scientist. This type of pattern is of particolar use in

determining the frequency ratio between two sine wave.

signals™ If one of these signals is knowsn, the other can

!
4 98€,

. - FIGURE 3-6
PROJECTION DRAWING OF A SINEWAVE APPLIED
TG THE VERTICAL AXIS AND A SAWTOOTH WAVE
OF THE SAME FREQUENCY APPLIED SIMULTANE-
OUSLY ON THE HORIZONTAL AXIS
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FIGURE 3-7
PROJECTION DRAWING SHOWING THE RESULTANT
PATTERN WHEN THE FREQUENCY OF THE SAW-
TOOTH IS ONE-HALF OF THAT EMPLOYED IN FIG-
URE 3-6

be quickly calculated from the ratio. Common practice is
to connect the known sigpal to the horizontal changel and
the unknown to the vertical channel. ‘The amplifiers may
or may not be used depending upon the amplitde of the
signals and their frequencies. A

(2) Theory—The presentation of Lissajous figures
can be analyzed by the same method a3 previously used for
sine wave presentation. A simple example is illustrated in
Figure 3-8. 'The frequency ratio of the signal on the hori-
zontal axis to that on the vertical axis is 3 o 1. M the
known signal on the horizontal axis is 60 cycles per second,
the signal on the vertical axis is 20 cycles.

FIGURE 3-8
" PROJECTION DRAWING SHOWING THE RESULTANT
LISSAJOUS PATTERN WHEN A SINE WAVE AP-
PLIED TO THE HORIZONTAL AXI$ 1S THREE TIMES
THAT APPLIED TO THE VERTICAL AXIS

‘The Lissajous pattern is traced by joining intetsections
of projections from like mimbered points on the signals.
The frequency relationship, determined by the ratio of the
numbet loops touching two mutually perpendicular sides,
is calculated most readily when the two signals are out of
phase. Por example, Figure 3-9 shows a complex Lissajous
figure. The vertical line, AB is touched by 5 loops and the
horizontal line BC is touched by 3 loops. The ratio of the
frequency on the horizontal axis is to the frequency on the

vertical axis as the number of loops which intersect line’

AB is'to the nember of loops which intersect line BC.
Algebraically:

Fregquency on horizontal Axis Number of loops intersecting AB

Fraequency on vertical Axis Number of Icops intersecting BC

(3) Obmaining a Lissajous Pattern on the screen.
Preliminary Settings: '

COARSE FREQUENCY—HOR INPUT AMP
© VERTICAL INPUT switch—AMP

B

A

METHOD OF CALCULATING FREQUENCY RATIO OF
LiISSAJOUS FIGURES

FIGURE 3-9

Step 1. Coonect a wire from the TEST SIGNAL
terminal to the HORIZONTAL INPUT terminal;

Step 2. Place an audio oscillator convenicntly near
the oscillograph, and connece its output and ground rermi-
uals to the VERTICAL INPUT and GROUND terminals
of the Type 274-A oscillograph.

Step 3. Switch the oscillog:éph and the audio oscilla-
tor into operation. '

Step 4. Locate a pattern of convenient size in the cen-
ter of the screen by adjusting the positioning and amplinide
controls. ’

Step 5. By adjusting the frequency of the audio oscil-
lator obtain a pattern that is nearly stationary. It is not
necessary to swop the pattern, bur merely tw slow it up
enough o count the loops at the sides of the pattern.
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FIGURE 3-10

OTHER LISSAJOUS PATTERNS

Step 6. Count thé number of loops which intersect an
imaginaty vertical line AB and the number of loops which
intersect the imaginary borizontal line BC as in Figure
3.9, The ratio of the number of loops which intersect
AB is to the number of loops which intersect BC as the
frequency of the horizontal signal is to the frequency of
the vertical signal

(4) More examples of Lissajous Patterns—Figure
3-10 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 axis.

(3) Phase Difference Patterns. : .
(a) Introduction.—Coming under the heading of
Lissajous figures is the method used to determine the phase

difference between signals of the same frequency. The'

pattetns involved take on the form of ellipses with different
degrees of eccentticity. '

PHASE DIFFERENGE O

PHASE D¥FERENCE 407

{b) Obrmining the Phase-Difference Pattern. To
obtain an accurate pattern from which phase difference can
be determined, the following procedure must be followed:

Step 1. Turn the VERTICAL AMP control and the
HORIZONTAL AMP control to 0 and with the calibrated

_ screen in place, center the spot on the screen of the cathode-
- ray tube. '

Step 2. Connect one signal to the VERTICAL INPUT

teeminal and the other signal to the HORIZONTAL IN-

PUT terminal. ‘

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

Step 4. If the frequency of the sighals is less than 100
KC set the COARSE FREQUENCY switch to HOR, INPUT
AMP and the. VERTICAL INPUT switch to AMP.

Step 5. If these frequencies are moge than 100 KC, set
the COARSE FREQUENCY switch to HOR INPUT DIiR
and the VERTICAL INPUT switch to DIR.

Step 6. Assuming the signals to be less than 100 KC,
the COARSE FREQUENCY switch is set on HOR INPU'E
AMP and the VERTICAL INPUT switch is set on AMP.

Step 7. Adjust the VERTICAL AMP control to give
approximately 3 inches of vertical deflection and adjust the
calibrated scale so that the vertical axis of the scale coincides
precisely with vertical deflection of the spot.

Step 8. Be exwemely careful not to chdnge the set- -

ting of the VERTICAL AMP control even the slightest
amousnt. Remove the signal from the VERTICAL INPUT
tesrminal and the trace will collapse to form a spot again.

Step 9. Increase the setting of the HORIZONTAL
AMP control to give a deflection exactly the same as that
o which the VERTICAL AMP control is adpuseed (3
inches}. _

Step 10. Again coonect the signal which was just re-
moved from the VERTICAL INPUT terminal.

PHASE INFFERENGE od PHASE DIFFERENCE 138

N

/

PHASE DIFFERENCE 180"

NN

PHASE  DIFFERENCE 270"

PHASE OIFFERENGE 315"

N

D £
O

. FIGURE 3-T11
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 SINE WAVES
45° OUT OF PHASE

‘The resulting pattern will give an accurate picture of
the exact phase difference between the rwo waves. If these
two patterns are exactly the same frequency but different
in phase and meintain that différence, the pattern on the
screent will remain seationary. If, however, one of these
frequencies is deifting slightly, the pattern will drift slowly
through 360°. The phase angles of 0°, 45°, 90°, 135°,
180°, 225°, 270°, 315° are shown in Figure 3-11.

{c) Presentation—FEach of the eight patterns in
Figure 3-11 can be analyzed separately 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 exttemely important: (1) that the spot
has been centered on the screen of the cathode-

ray tube, {2) that both the hotizontal and ver-
tical amplifiers have been adjusted to give ex-
actly the same gain, and (3) that the calibrated
scale be originally set to coincide with the dis-
placement of the signal along the vertical axis.
If the amplifiers of the oscillograph are not used
for conveying the signal to the deflection plates
of the .cathode-ray mbe, the COARSE FRE—
QUENCY switch should be set to HOR INPUT
DIR and the VERTICAL INPUT swiwch to DIR
and the outputs of the two signals must be ad-
- justed to result in exactly the same vertical deflec-
tion as borizontal deflection. Once this deflection
has been set by either the oscillator. output con- -
trols or the amplifier gain coatrols in the osciflo-
graph, it should not be.changed for the duration
of the measurement, '

(d) Determination of the Phase Angle——The rela-
tion commonly used in determining the phase angle berween
signals is:

Y intercept

Sine # = —————
Y maximum

== phase angle between signals

Y intercept — point whete ellipse crosses vertical axis
measared in tenths of inches. (Calibra-
tions on the calibrated screen)

¥ maximum== highest vertical poinr on ellipse in tenths of

‘ inches

where @

Several exan'lples of the use of the formula are given in
Figure 3-13. In each case the poitts Y intercept and Y
maximum are indicated together with the sine of the angle
and the angle itself. :

{¢) Phase Shifters—For the operator o observe
these various patterns with a single signal source such as
the test signal, there are many types of phase shifters which

¥ MAXIMUM = |
¥ INTERCEPT=0.0 Y INTERGEPT = 5
SINE 8:=8
0:=0"
¥ INTERGEFT » ¢ ¥ MAXIMUM = £

(1

SINE B+
8-90"

W

¥ MAXIMUM 21 .

A

/sms e:%
A B=30"

Y MAXIMUM 51

81504

" FIGURE 3-13

¥ INTERCEPT = V

Y INTERCEPT=S

Y MAXIMUM = |

5

L

/&NE oul
B=44"

Y INTERGEPT=.T

SINE B 2L

B=135"

¥ MAXIMUM =1

EXAMPLES SHOW[NG THE USE OF THE FORMULA FOR DETERMINATION OF PHASE DIFFERENCE
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can be used. Circuits can be obtained from & number of
radiv rext books, ‘The procedure is to connect the origi-
naf signal to the horizontal channel of the oscillograph and

" the signal which has passed through the phase shifter to.
* the vercical channel -of the oscillograph, and follow the

procedure set forth in this discussion 10 observe the various
phase shift patterns.
¢«. OTHER TIME BASES.

Numerous new applications have been developed and
ate being developed daily. Many of these applications

require time bases- which are different from either the
* suwtooth time base or the sine wave time base just dis-

cussed. These applications are too numerous 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. o :

5. LECTURE AND LABORATORY APPLICATIONS

a. INTRODUCTION.

The cathode-ray osciflograph is an ideal instrurnent for
lecture demonstration and laboratory experiments in con-
junction with the subjects of light, sound, electricity, and
electronics. ‘The Du Mont Fype 274-A Cathode-ray Oscil-
lograph was developed with this futcrion being one of the

primary design considerations. It is suggested that instroe-

tors and lecturers in the field of electronics prepare a series
of demonseration units 10 aid in the explanation of the
theoty of the various electronic circuits. If these cirouits
are designed so that the critical components are variable,
the effects on the waveforms at various points in the cir-
cuit can be demonstrated very clearly with the Type 274-A
cathode-ray oscillograph. 7

In addirion to its use with the demonstration units, many
further uses ¢an be found when the instmument is available
in the. laboratory and the operator becomes familiar, with
its versatility. For instance, it setves as: (1) an excellent
null-indicator for inductance-capacitance bridges, (2) as a
means for viewing voltage wave forms in various electrogic

circuits, (3) a5 an output mmeter, (4) a means for meas-’

uring time and amplitude of electrical inupulses, (5) as an
indicator in studies pertaining to sound and lght, and
many other applications.

b. DEMONSTRATION UNITS.
- As an example of the use of a typical demonstration uni,
the following demonstrations and experiments ¢an be con-
ducted with a single-stage andio-amplifier: mmeasurement of
frequency response versus gain; effect of screen and cath-
are impedances, measnrement of pentode and triode chat-
acteristics; phase distortion; square wave testing; and

20

microphone operation. A demonstration unic which is pre-

pared on 4 typical power supply would derive its power.

directly from an a-c power line. Such a unit s very con-
venieat to demonstrate the following: full-wave rectifica-
tion, half-wave rectification, the various filtering networks,
and voltage regulation by means of bleeders.

The demonstrations suggested herein are merely to pre-
sent ideas as to how the 274-A may be used as 2 demon-
strator. [t is lefr to the individual instructor to incorporate
this instrument into his conrse of study as he sees fit.

¢. NULLINDICATOR EOR INDUCTANCE-
CAPACITANCE BRIDGES.

" (1) General—Precise measurements by the bridge
method require a sensitive null-indicator.  Since bridges for
measurements of inductance and capacitance utilize an a-c
signal, the oscillograph is probably the most sensitive pull-
indicator. With the Type 274-A amplifier at full gain
approximately one inch deflection on the cathode-ray tube
screen resules with a signal input voltage of 020 volt.

(2) Procedure.
Prelimninary Seftings

COARSE FRIQUENCY ~— on the line be-
' tween 8 and 30

FINE EREQUENCY — at

HORIZONTAL AMP — to give approxi-

mately 3" hori-
zontal deflection

SYNC AMP — at 0

VERTICAL, INPUT switch - AMP

SYNC SELECTOR switch — INT

Step 1. Connect VERTICAL INPUT" a0d GROUND
across the terminals provided at the bridge for the noll-

* indicator.

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

Step 3. Turn on the bridge signal source.

Step 4. Obrain a patrern. of convenient size by adjust-
jng the VERTICAL AMP control (this pattern need not
be stationary because amplitude is the only measurement
concerned ). '

Step 5. Adjust the bridge controls ‘to achieve balance
indicated by minimum vertical deflection of the pattern
on the screen.

Step 6. As the balance point is approached, the deflec-
tion on the cathode-ray tube will become less. It will prob-
ably be necessary. to increase the seuing of the VERTICAL
AMP control as the balance point i's‘approached so that
the oscillogreph gives 2 positive indication as the bridge
dial is rotated through the null-foint.




Note

Some individuals find it desirable to set the HOR-
IZONTAL AMP control at 0 in using the oscillo-
graph as 2 null-indicator. The pattern resulting
is merely a vertical line which is of minimum
length as the bridge dial passes through the null-
point. Be sure to keep intensity low if this
‘tethod is used, in order to avoid burning the
screen.  Frequency setting is a matter of choice
in this case, but some individuals prefer to set the
sweep high enough to ger a raster and collapse it
down by balancing the bridge.

d’ PRECISE MEASUREMENT OF ELECTRICAL
IMPULSES.

(1) Preliminary:—In many cases the wave form of
i signal’of unknown frequency prevents the use of a Lis-
sajous figure for frequency determinatiops. For example,
it may be desirable to measuse the frequency of a series of
pulses. In addition, it may be desirable to measure pre-
cisely the duration of a pulse, or the time it sequires 2

pulse to reach its pesk amplimde. Measurements such 4s

this may be made by wtilizing intensity modulation. Inten-
sity modulatiof is the result of applying a-signal of vary-
ing potential o the control grid of the cathode-ray tube
thereby varying the intensity of the trace at the frequency

of the signal applied.
{2) Procedure for Frequency Measurement by Inten-

sity Modulation, .
Preliminary Settingr

COARSE FREQUENCY — on the line hetween
30 and 150

FINE FREQUENCY e at 0

SYNC AMP — at 0

HORIZONTAL AMP , — to give approxi-
mately 3" deflec-
tion

VERTICAL INPUT switch — AMP

SYNC SELECTOR switch — INT

Step 1. Tocate a calibrated audio oscillator, whose out-
put voltage is at Jeast 10 rms volts, conveniently near the
oscillograph.

Step 2. Connect the output of the oscillator between
INTENSITY MOD and GROUND,

Step 3. Connect TEST SIGNAL to VERTICAL IN-
PUT with a shost lead.

Step 4. Tumn on the audio oscillator and the oscillo-
graph.

Step 5. Set the calibrated audio oscillator on a mul-
tiple of 60 cycles, for example, 480 cps.

Step 6. Locate a pattern of convenient size on the
screen,

Step 7. With the FINE FREQUENCY conwol abtain
a trace of two complete cycles and advance the SYNC
AMP control sufficiently o “lock in” the pattern.

Step 8. Adjust the INTENSITY control and the volt-
age output control on the audio oscillator simultaneously
until dark spaces ate 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 cps., and the frequency on the verzical
channel is 60 c.ps.; therefore, eight dark spots should occur
on each cycle of the pattern being observed as shown in
Figure 3-14.

FIGURE 3-14
EXAMPLE OF INTENSITY MODULATION WITH
SINE WAVE SIGNAL '

Note

To obtain more precise timing markers with 2
sharp definition of intensity modulation, it is
“more desirable to use 2 squate wave as the inten-
sity modulating signal. This example was chosen
for the instruction book because it is felt thac
more users would have an oscillator of sine wave
cutput than one with square wave output.

e. USE AS AN OUTPUT METER.

(1) Preliminary.—Among the many important appli-
cations 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 to indicate the signal strength
of signals of all frequencies. ‘The cathode-ray oscillograph
is extremely useful in this capacify up to the Iimits of the
frequency response of its vertical amplifier; and the cath-
ode-ray tube itself, can go far beyond this pomt as dis-
cussed in Section 1.

"In additfon to the fact that the output meter must re-
spond to all frequency signals, another requirement is rhat
the output meter should not act as 4 load to the cricuir jt is
measuring. The cathode-ray oscillograph also fulfills this
requirement in view of the fact that it possesses extremely
high input impedances. An example of the use of the
oscillograph for indicating sxgnal strength s given in the
following procedure,
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(2) Procedure for Measuring Gain of an Amplifier.
{a) Obuin an audio amplifier which may be a
homemade “single stage” amplifier, the audio section of a
radio receiver, or an audio amplifier demonstration unit,
(I} Set the controls of the Type 274-A Oscillo-
graph to the following positions:

COARSE FREQUENCY ~— on.the line between

30 and 150
SYNC SELECTOR switch we INT
VERTICAL INPUT switch — AMP

Step 1. Assuming that an audio amplifier demonstra-
tion unit is used, connect the TEST SIGNAL terminal of
the oscillograph 1o the input grid of the audio amplifier.

Step 2. Conpect the VERTICAL INPUT of the oscil-
lograph rothe input of the amplifier and connect GROUND
o{_ the oscillograph to GROUND of the amplifier.

Step 3. Turn on the oscillograph and the audio
amplifier,

Step 4. 'With the HORIZONTAL AMP and VERTI-
CAL AMP controls, obtain 2 partern on the screen of the
cathode-tay tube which gives abour 3 inches of horizontal
deflection and about 2/10” verrical deflection” (the cali-

. brated screen can be used for this measurement).

Step 5. Remove the connection between the VERTI-
CAL INPUT terminal of the osc:lh}é,laph and the INPUT
terminal of the amplifier,

Step 6. Connect the VERTICAL INPUT of the oscil-
lograph to the OUTPUT of the audio amplifier.”

Step 7. With the. calibrated screen measuze ‘the num-
ber of inches of vertical deflection,
~ Step 8. I the vertical deflection is now 3. 0" the gam
of the amphﬁer just measuzed is 13,

output voltage 3.0
gain = —— o — —— = 13
input voltage 0.2
Note

The gain of this amplifier can also be measured
without using horfzontal deflection since the

input and- outpur signals are both measured on-
the vertical channel and amplitade is the only

measutement being made” It is extremely impos-

tant, however, that the setting of the vertical am-

plimade should not be changed berween measure-

ments of the input voltage and the output volt-

age. All voltage measurements under these cir-
_cumstances are made as peak-to-peak voltage.

f. USE OF THE OSCILLOGRAPH FOR LECTURE
DEMONSTRATION.

In explaining electronic and electrical theory, the in-
structor will find numerous demonstrations for illustrating
his lectures which require the use of the cathode-ray oscil-

lograph, For the discussion of such electronic cirouits as
multivibravors, integrating and differentiating circuits, delay
citcuits and.others, the instractor will find the oscillograph
o be an jnvaluable tool. Maggetic properties of metals
and hysteresis can also be investigated. Utilizing the oscil-
lograph in conjunction. with the photo-electric cell, offers
many more interesting experiments in the study of light.
By employing a microphone in conjunction with the oscil-
lograph, phenomena such as resonance and beats will pro-
vide other demonstrations. “The details of these and other
applications are left to the ingenuity and resourcefulness of

the instructor, Specific questions pertaining to the use .

of the oscillograph should be referred to the Manager of
Instrument Sales, Allen B. Du Mont Laboratories, Inc., 1000
Main Avenue, Clifton, New Jersey.

6. RADIO TRANSMITTER APPLICATIONS
2. INTRODUCTION.

The Type 274-A Oscillograph s a useful tool for oper.
ating and servicing radio transmitters (which procedute,
incidentally, can be used as 2 separate demonstration or
experiment}. ' This discussion concerning radio transmit-
ters is direcred o the radio instructor, amatenr, and com-
Inercial transmitter operator and includes instructions for
aligning or adjusting, monitoring, and trouble shooting an
amplitude-modulated transmitter, ,

The discussion of the use of the oscillograph for radie
transmitters requires familiacity with a basic amplitude-
modulated ttansmitter.  Briefly, this type of transmjrtes
consists of two sepafate channels: the cartier wave, or r-f
chanvel, and the audio frequency, or a-f channel. The
catier wave channel includes: an oscillator, genesally crys-

sl controlled; a buffer amplifier, to isolate the oscillatos;
and an output stage, generally a push-pull, power amplifier. -

The audio frequency channel generally'is made up of: a
voltage amplifier; a phase invester, to obtain two voltage
wave-forms 180° out of phase; and a modulator stage,
generally push-pull in design. The modulator stage in
smali transmitters generally feeds jnto the output stage of
the carrier 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 employed to operate the transmitter ac a higher car-
tier wave frequency than that of the crystal, the push-pull
feature can be replaced by single amplifiets, or modulation
can be introduced into a lower-level stage rather than the
output stage.

In maintaining an amplitude-modelated transmitter at
optimum pecformance; there are tank circuits, consisting
of a capacitor and coil, which must be adjusted 10 resopate
at the crystal frequency, or a harmonic of that frequency
{taning the carrier wave channel). Also, interaction be-
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VERTICAL INPUT and GROT

tween grid and plate tank circnirs must be minimized (neu-
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 transmitrer must
be monitored. Finally, a quick, efficient method of trouble
shooting must be developed.
b. ALIGNING THE TRANSMITTER.

{1) Introduction—The object in aligning the trans-
micter is to adjust the tank circuits to resonance at the
fequited frequency. A

(2) Procedure—

Preliminary Sertings:

SYNC SELECTOR — EX'F
COARSE FREQUENCY — between 750 and 5500
FINE FREQUENCY 50
TSYNC AMP _ — 0
HORIZONTAL AMP — 20
VERTICAL AMP — 0
VERTICAL INPUT switch — DIR

Step 1. Connect a pick-up loop of two o three trns
of wire, equipped with shiclded leads long encugh tw
extend from the oscitlograph to the transmitter, between
INTD

- FIGURE 3-15 _
R-F CARRIER WAVE OF A TRANSMITTER
WARNING
CLOSE COUPLING BETWEEN TANK COIL
AND PICK-TUJP LOOP ALTERS THE RESO-
NANT CONDITION OF THE TANK CIRCUIT.,
THEREFORE, THIS COUPLING SHOULD
NOT BE CLOSER THAN NECESSARY TO
OBTAIN SUFFICIENT DEFLECTION ON
THE CATHODE-RAY TUBE '

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

Step 3. Turn on the oscillograph and transmitter.

Step 4. Obtain a pattern similar 1o Figure 3-15 by
adjustitig the coupling between pick-up loop and the tank
coil. o '

Step 5. {(Optional) * In the evenr that the signal
picked up is too,small to achieve sufficient vertical deflec- -
tion, construct & high Q tank circuit to resonate at the
crystal frequency. Connect the tank circuit in parallel
with VERTICAL INPUT and GROUND and adjust its
tuning to obtain maximum vertical deflection. If the re-
sulrant signal produces more than full scale deflecrion on
the CRT, loosen the coupling between the oscillator coil
and the pick-up loop. )

Step 6. Adjust the setting of the oscillator tank cirenit
capacitor uaril the pattern on the screen reaches maximum
vertical deflection. Maximum vertical deflection  indi-
cates correct adjustment of the oscillator tank cireuit to the
crystal frequency.

Step 7. Proceed in order to adjust all other tank cir-,
cuits of the transmitter with the same method as de-
scribed above. Frequency mudltiplier stages are aligaed
in the same manner cxcept the vertical deflection will be
less than that achieved at the preceding fundamental fre-
quency. Remember, however, that as the signal is further
amplified, the signal reaching the oscillograph becomes
greater and the coupling of the oscillograph can become
less in the higher-level stages,

¢. NEUTRALIZING THE TRANSMITTER,

(1) Introduction—The object in neutralizing a
transmitter stage is to permit a minimum of signal trans-
fer between the grid and plate rank circaits within any sin-
gle stage. Neutralization is performed with the trans-
mitter i operation but without plate voltage at the stage
to be peutralized.

{2) Procedure—

Step 1. Capacitively couple the oscillograph to the
stage to be neutralized as shown in Figure 3-16.

Step 2. ‘The signals from these two sources are con-
nected to the binding post on the front panel of the oscil-
lograph and the VERTICAL INPUT switch js ser to DIR
and the COARSE FREQUENCY switch is set to HOR
INPUT DIR.. .

Step 3. Tune the grid tank citcuit for maximum hoti-
zontal signal.

Step 4. ‘Tune the plate tank cireuit to produce a hori-
zontal elipse as shown in Figure 3-17A.

Step 5. Tune C, (the neutralizing capacitor) to obtain
a straight horizontal line as shown in Figure 3-178B. 'The
waveforms shown in Figures 3-17C and 3-17D may also
be observed. The legend on this figure explains these
patterns. :
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SHALL MEK-UP LOOP
TAM SUBSTITUTED
FOR A CAPATITOR IF
DESIRED.

TO X-AXIS

FIGURE 3-16
CAPACITIVE COUPLING FOR NEUTRAi.iZATlON
PROCEDURE

d. CHECKING THE A-F CHANNEL.

{1) Introduction—The a-f chaonel of 2 wansmitter
should have a frequency response which is flat at all audio
" frequencies in order to faichfully reproduce the audio inpur
signals which it is fequired to amplify. Since the aging
of comporients may change the frequency response of audic
amplifiess, the frequency tesporise of the a-f channel of a
trensmitter should be checked at regular intervals for the
true reproduction. _

A customary quick check on the frequency response of
an amplifier is accomplished with an audio oscillator.  The
cutput of the audio oscillator is first fed into the vertical
channel of the oscillograph, bur is shunted around the
vertical amplifier and capecitively coupled o the vertical
deflection plates. The frequency of the sudio oscillatos
* is set to the low frequency limir of the a-f chapnel of the
transmitter as set forth in its specification, The frequency
of the audio oscillator is then slowly advanced in the direc-
tion of the upper frequency }mit of the a-f channel of the
transmitter.  Any deviation in the amplitude of the signal,

lAjﬁ HOT  NEUTRALIZED
; — )

i
8} 8 HEUTRALIZED
L] (><D NEUTRALIZED BUT
QUTPUT  GORTAINS
. SECOND  HARMONKG

FLATE TANK DE-—
TUNED & HeT
HEUTRAUZED

He

FIGURE 3-17
PATTERNS OBSERVED DURING NEUTRALIZATION
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as shown o the screen of the cathode-ray tube, should be
noted along with che frequency ac which that deviation

occars.  This deviation indicates a change in the outpur -

voltage of the audio oscillator at that frequency. If the
audio oscillator hes a built-in cutput meter, the output of
the osciltator should always be maintained at 2 constant
fevel and the deviation previously observed on the cathode-
ray tihe will no longer be apparent. However, if there is
no means for controlling the output voltage of the audio
oscillator, these deviations should be poted so that the
pperatot will nor blame them on the a-f channe] about to
be tested,

After the output of the audio oscillator has been checked
for the frequencies which are to be used, the audio oscil-
lator is connected to the iriput‘te-rminals of the a-f chan-

nel t0.be tested, ‘The oscillograph is connected across the

output of this channel. The same procedure is followed
again but at this tite the a-f channel is being checked for
frequency tesponse. Any deviarions from the deflection
originally produced on the oscillograph should be noted.
If these deviations are outside the limits set forth in the
specification for the a-f channel, the a-f channel should
be investigated fo correct the trouble.

(2) Procedure—
Preliminary Seitiiigs

COARSE FREQUENCY — between 30 and 150

© SYNC SELECTOR — INT

VERTICAT INPUT — DIR

Step 1. Connect the output terminal of the audio oscil-
lator to the VERTICAL INPUT terminal of the oscillo-
graph and ground of the oscillator to GROUND of the
oscillograph.

Step 2. Turn on the oscillograph and the audio oscil-
lator and set the audio oscillator at the low frequency limit
of the a-f channel of the transmitter.

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

Step 4. Ineresse the frequency of the andio oscillator
noting any deviation in the deflection produced on_the
cathode-ray oscillograph.

Step 5. Turn off the audio oscillator.

Step 6. Connect the output of the audio oscillator to
the input términals of the a-f channel of the transmittet.

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

Step 8. Connect a common ground between all three
units: the oscillograph, the a-f channel, and the audio
oscillaror,

Step 9. Turn on the a-f channél 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 oscﬂlator to resuit in the szme verrical
deflection).

Step 11. Increase the frequency of the audjo oscillator
to the upper limit of the a-f channel noting any change in
amplitude of the pattern on the oscillograph.

Note

Since a low secting of the gain control on the
oscillograph may attenuate the signal unevenly,
the amplifier in the oscillograph is shunted in
this procedure and the cutput of the a-f channel
is capacitively coupled to the deflection plates.

(3) Trouble Shooting—If the output signal is not
comparable to the input from the andio oscillator, trouble
within the a-f channel is.indicated. To localize this trou-
ble, the operator should remove the connection from the
output terminal of the a-f channel and connect it o the
input of the last stage. If the itregalarity in the wave form
clears up at this point, the trouble is locahzed to the ampli-
fier output stage.

If the distortion still appeass, the operator should con-
tinue working backwards through the channel uatil he
finds the point where distortion is no longer in evidence.
At this time, he can be assured that the circuit causing this
distortion is the following stage and he should, therefore,
check that stage carefully.

e. MONITORING THE TRANSMITTER OUTPUT.
(1) Inwoduciion——Once the transmitter is aligned

- and adjusted the oscillograph may be wsed as an indicator
of the overall performance of the transmitter output signal,

and a5 a modulation monitor.

FIGURE 3-18
TRAPEZOIDAL MODULATION PATTERN

FIGURE 3-19 ‘
MODULATED CARRIER WAVE PATTERN

(2) Waveforms—There are - rwo types of patterns
that can serve as indicators, the trapezoidal pattern (Fig-
ure 3-18) and the miodulated wave pattern (Figure 3-19).

“The trapezoidal pateetn is presented on the screen by im.

pressing a modulated catrier wave signal on the vertical

deflection plates and the signal that modulates the car-

rier wave signal {the modulating signal) on the horizontal

deflection. plates, The trapezoidal pattern can be analyzed

by the method used previously in anaiyzmg waveforms. .
Figure 3-20 shows how the signals cause the electron beam

to trace out the pattern.

The modulated wave pattern is accomplished by pre-
senting a modulated carrier wave on the vertical deflection
plaies ind by using the time-base geherator for horizontal
deffection. The modulated wave pattern also can be ana-
lyzing waveforms. Figure 3-21 shows how the two signals
cause the electron beam to trace out the pattern.

(3) Procedure for Obuining the Trapezoidal Pattern.

Preliminary Settings
SYNC SELECTOR
VERTICAL INPUT switch
COARSE FREQUENCY

— EXT
— DIR
— HOR INPUT DIR

Step 1. Construct a monitor circuit in the output
{modulator) stage of the a-f channel. The circuit in Fig-
ure 3-22 is satisfactory, .

Step 2. Connect the output from the monitor circuit
across HORIZONTAL INPUT aad GROUND.

Step 3. Looser couple a pick-ap Joop (see the pre-
ceding patagraph b. for description) to the modulated
stage of the £-f channel of the transmitter.

Step 4. Connect the leads from the pick-up Joop to
VERTICAL INPUT and GROUND,
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FIGURE 3-20

PROJECTION DPRAWING SHOWING TRAPEZOIDAL
PATTERN '

Step 5. Using a sine wave oscillator for the a-f (modu-
lating ) signal, tweer on the transmitter, sine wave oscillator
and the oscilograph. . ]

Step 6. If the vertical sive of the pattern is inconveni-
ently small r_ufer to paragraph b. Step 5 for instructions.

Step 7. Control the size of the partera on the vertical

plane by adjusting the coupling and in the horizontal plane

by adjusting the volume conerol in the monitor cirenit
{Figure 3-223. "
(4} Procedure: Modulited Wave Patrer—
Preliminary Settings .
SYNC AMP control )
SYNC SELECTOR — X7
. VERTICAI INPUT switch — DIR

Step . Follow Steps L through 4 of the preceding
paragriph. S i .

Step 2. Remove the lead from the HORIZONTAL
INPUT and place it on the EXT $YNC terminal.

Step 3. Set the COARSE FREQUENEY switch to in-
clude the frequency of the modulating sine wave signal.

Step 4. Set the HORIZONTAL AMP control to result
in convenient horizontal deflection.

Step 3. Adjuit the FINE FREQUENCY control to ob-
tain'2 or 3 eycles of the modularing frequency on the screen
of the cathode-ray tube, -

Step 6. Add enough SYNC AMP to “lock-in” the
pattern. . :

Remarks—The trapezoidal and modulated wave pat-
terns show 2 pictute of the overall performance of the

transmitter. By changing the degree of modulation of the

catrier wave the shape of the pattern changes. Figures
3-23 through 3-28 show the trapezoidal and modulated
wave patterns in various degreées of modulation.
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FIGURE 3-21 . _
PROJECTION DRAWING SHOWING MODULATED
CARRIER WAVE PATTERN

Modulation percentage may be determined by the fol-

+ lowing formula:

Modulation percentage == Bonax — B, BULE

Em:u: + Emiu

Funax 20d Eugn ate defined in Figures 3-23 and 3-24.
£ TROUBLE SHOOTING.

The teapezoidal and modulated wave patterns can serve
as indicators for trouble shooting the transimitter. The
method employed is fo observe the pattern and note any
distortion. Then the shape of the pattern reveals the posi-
tion of the trouble. This method of trouble shooting ze-
quires @ cerrain anount of experience, but proves 1w be
Highly saisfactony.

AF .POWER
AMPUFIER

. """""—"“_"'.’ MODANL ATIHG
E—«—M/Lf B o
FIGURE 3-22

MONITOR CIRCUIT FOR THE MODULATING SIGNAL




FIGURE 3-23
TRAPEZOIDAL WAVE PATTERN {(LESS
THAN 100% MODULATION}

FIGURE 3-24.
CARRIER WAVE PATTERN (LESS THAN
' 100% MODULATION)

7. ALIGNING A-M RADIC RECEIVERS
2. INTRODUCTION.

" To complete the discussion of the use of the oscillograph
in aligning ampliude modulated radlo systems there re-
mains the subject of radio receivers. Included in receiver
servicing is the adjustment of the radio frequency (x-f)
and intermedjate frequency (i-f), in supethetradyne type
radio receivers, and the servicing of audio frequency (a-f)
amplifiers. - . - o0 ' S

FIGURE 3-25
TRAPEZOIDAL WAVE PATTERN (100%
MODULATION)

FIGURE 3-26
CARRIER WAVE PATTERN (100% .
MCODULATION)

b: A-F AMPLIFIERS.

The object of the a-f amplifier of a receiver is to provide
amplification for the detected signal which has uniform
response throughout the desired frequency limits. The

- equipment necessary for checking audio amplifiers con-

sists of:  An andio oscillator of sine wave output in com-
bination with an oscillogtaph. The procedure for checking
an audio amplifier with a sine wave oscillawor is identical
with that used in checking the audio frequency channel of
& transmiteer a5 described earlier in this section.
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FIGURE 3-27 ,
TRAPEZOIDAL WAVE PATTERN (OVER
MODULATION)

¢ I-F SYSTEMS.

(1) Inuodocrion—The alignment of the i-f ampli-
fiees of a receiver consists of adjusting all the tuned circuits
to resonance at the intermediate-frequency and gt the same
time to permit passage of a predewrmined number of side
bands. The best indication of chis adjustment is a reso-

nance curve representing the response of the i-f circhit to

its particular radge of frequencies.

- As & rule medium and low-priced receivers use i-f trans-
formers whose band-width is about 5 kc on each side of the
fundamental frequency. The response curve of these i-f
transformers is shown in Figure 3-29. High Adeliry re-
ceivets usually contain i-f transformers which have a
broader band-width which is usually 10 kc on each side of
the fundamental. The response cutve for this type trans-
former is shown in Figure 3- 30.

Resonance curves such as these can be dlsplayed on the
screen of an oscillograph, For a complete understanding
of the procedare it is important to know how the resonance
carve is waced.

Bug  4KC 4G 8K
FIGURE 3-29
FREQUENCY RESPONSE CURVE OF THE I.F OF A
LOW PRICED RECEIVER
28 ‘

FIGURE 3-28
CARRIER WAVE PATTERN (OVER
MODULATION)
>
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&
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FIGURE 3-30 .
FREQUENCY RESPONSE CURVE OF HEGH-FIDELITY
' I-E. STAGES

(2) 'The Resonance Curve on the Screen—To pre-
sent a resonance curve on the screen, a frequency-miodu-
Iated signal source must be available. This signal source is
a signal generator whose outpur is the fundamental if
frequency which is frequency-modulated 5 to 10 kc each
side of the fundamental frequency. A signal generator
of this type generally takes the form of an ordinary signal
genetator with a rotating motor driven taned circuit capaci-
tor, called 2 wobulator, or its electronic equivalent, a react-
ance tube.

fhe method of presenting a resonance cutve on the

screen is to connect the vertical channel of the oscillograph

across the detector (demodulator) load of the feceiver as
shown in the detectors of Figure 3-31 (between point A
and ground) and the time-base generator output to the
horizontal channel. In this way the d-c voltage across the
detector Joad varies with the frequencies which are passed
by the i-f systemn, Thus, if rhe time-hase generator is se(




~_ TRIODE DETEGTOR

FIGURE 3-31

TO AUDIO
AMP

DIODE DETECTOR

CONNECTION OF THE OSCILLOGRAPH ACROSS THE DETECTOR LOAD

at the frequency of rotation of the motor driven capacitor,

or the redctance mbe, a pattern resembling Figure 3-32, a
double resonance curve, appears on the screen.

Figure 3-32 is explained by considering Figure 3-33.
In half a roration of the motor driven capacitor the fre-
quency increases from 445 ke to 465 ke, more than covet-

iig the range of frequencies passed by the if system.

Therefore, a full resonance curve is presented on the screen
during this half cycle of rotation since only half a cycle of
the voliage producing horizontal deflection has transpired.
In the second half of the rotation the motor driven capaci-
tor takes the frequency of the signal in the reverse order
through the range of frequencies passed by the i-f system.
In this interval the time-base generator sawtooth wave-
form completes its cycle, drawing the elecrron beam fur-
ther across the screen and then returning it th the start-
ing point. Subsequent cycles of the miotor driven capacitor
and the sawtooth voltage merely rerrace the same pattetn.
Since the signal being viewed is applied through rhe ver-
tical amplifier, the sweep can be synchronized iaternally.
Some signal generators, parsiculatly those employing a
reactance tube, provide a sweep output in the form of a
sine wave which is synchronized to the frequency with
which the reacrauce wbe is swinging the fundamenual fre-
quency through its limits, usvally 60 cycles per second, If
such a signal is used for hotizoatal deflection, it is alteady
synchronized, Since this signal is a sine wave, the response
curve is observed as it sweeps the spot across the screen
from left to right; and it is. observed again as the sine
wave sweeps the spot back again from righe to lefr. Under

FIGURE 3.32
DOUBLE RESONANCE CURVE

these conditions the two response curves are supefimposed
on each other and the high frequency responses of both
curves dre at one end and the low frequency tesponse of
both curves is at the other end. The i-f timmer capacitors
are adjusted to produce a response cuve which is sym-

_'meu-ical on each side of the fundamental frequency.

When using sawtooth sweep, the two response curves
can also be superimposed. If the sawtooth signal is gen-
erated at exactly twice the frequency of rotation of the
motor driven capacitor, the two resonance curves will be
supernnposed (Figure 3- 34} if the if transformers sre
properly wmned. If the two curves do not coincide the i-
trimmer «capacitors should be adjusted. At the point of
coincidence the tuning is correct. It should be pointed
out that rarely' do the two curves agree perfectly. As a
result, optimum adjustment is made by making the peaks
coincide. ‘This latter procedure is the one generally used
in if adjustrment. . When the two cuives coincide, it is
evident that the i-f system responds equally to signals
higher and lower:than the fundamental i-f frequency.

Note
Before correcting the setting of the trimmer
-capacitors, it is necessary o adjust the FINE FRE-
QUENCY control to make the two peaks of the
frequency response curves coincide. After these
two cusves are thus superimposed, the opérator '
should then proceed with the adjustment of the
trimmer capacitors to achieve coincidence of the

445 455 465 455 445
¥G . K XG KG KG

- FIGURE 3-33
DOUBLE RESONANCE ACHIEVED BY COMPLETE ROTA-
TION OF THE MOTOR DRIVEN CAPACITOR
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WO Curves as ‘aearly as possible. It will prob-
ably be nccessary 10 use a high seiting of the
SYNC AMP control to maineain this Pattern in
syachroniztion, ’

FIGURE 3.34 :
SUPER-POSITION OF RESONANCE CURVES

(3) Procedure—Since most if systems contatin sev--

eraf stages the number of variables must be decreased by
starting the alignment at the st i-f circuit and working
backward from the detector.

Preliminary Settings
SYNC SELECTOR ~ — INT
*VERTICAL INPUT — AMP

Step 1. Join the antenna and ground conpections of
the receiver together with a 0,001 mid, capacitor,

Seep 2. Short out the raok circuit of the receiver beat -

frequency oscillator with a wire lead cofinecting the rotor

and swtor of its variable capacitor (seeps 1-and 2 prevent

unwanted signals from cotering the i-f system). |

Step 3. Connect the outpur of the frequency-modu-

fared signal generator between grid and ground of the
lase i-f amplifier tabe, :

Step 4. Connect VERTICAL INPUT and GROUND
across the detecror load. impedance {Figure 3.31),

Seep 5. Set the frequency dial of the frequency-modu-
laved signal generator to the intermediate-frequency o be
passed by the i-f systern, ‘

Step. 6. - Turn on the sigoal generator, oscillograph, and
radiv receiver, ‘ .

Seep 7. Assuming that the time-base generator of the
oscillograph is used, set COARSE FREQUENCY to jnclude

twice the frequency of rotation of the motor driven capaci- -

tor (or the reactance tube) and adjust the FINE FRE-
QUENCY and SYNC AMP-controls to obtain stationaty
superimposed resonance curves,

' Step 8. Adjust HORIZONTAL AMP and VERTICAY.

"AMP CONTROLS for a conveniéntl}r sized pattern,

Step 9. Adjust the i-f trimmer capacitors in the plate
citcuies of this i-f stage nntil the two response curves are
superimposed on each other,

Step 10. Move the input of the signal genegator from
the grid of this wbe to the grid of the preceding i-f am-
plifier. (On small receivers having only one i-f tube, the

signal is placed on the grid of the mixer of the converter

tube, )
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Step 11. Turn on thé receiver and adjust the trimumer

capacitors in the i-f transformer for this stage as in Step 9..

The receiver ontput 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 reduce
the output of the signal generator.

CAUTION
Once an if transformer has been aligned, do not
change the setting of jes i-f trimmer capacitors,
ot the alignment will have been changed.
d. R-F SECTION.

Following the alignmenr of the if amplifiets in the
superhetrodyne receiver, the next section of the circuit to
be adjusted is the r-f section,

(1} Introduction-—The main objects in aligaing the
r-f systerns of 2 receiver are:
cigcuits to resonance at the frequency indicated by the
receiver dial setting and, (2) to adjust tank ciscuit of the
local oscillator in the receiver to resonance at the frequency
indicated by the dial setting plus the intermediate fre-
quency of the receiver. " . '

(2) Equipment—Together with the oscillograph, the
necessary equipment is a frequency-modulated signal gen-
erator, similar to the one used in aligning i-f systerns,

(3) Operation—As in i-f alignment, the - signal
is fed into the circuit tinder examination. and the response
of that circuit tested by observing the signal voltage across
the receiver detector load. ‘The rf stages are in align-
ment when the normal, i-f responise curve is at maximum
amplitide. . ‘

(4) Aligning the R-F.Section.—For r-f alignment the
frequency modulated signal is capacitively coupled into
the antenna. Both the signal genetator and the receiver
dial ate set.foi the same fandamental frequency approxi-
mately 650 ke. The local escillator padding capacitor is
then tuned 10 result in the correct if frequedcy. The i-f

cutve which appears on the screen of the cathode-ray tube -

varies in amplitude as the local oscillator is tuned. Cor-

rect 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 kc. ‘The timmer capacitor, in parallel with the local
oscillator tuning capacitor, is then adjusted to result in the
maximum ampliwde of the i-f frequency response curve.

This procedute of adjusting the dial at approximately -

1/4 maximum and 1/4 minimum range insures reasonably
good tracking of the oscillator over the entire broadcast
band. Of conrse, the adjustment of the high end after that

of the low end requites a reserting of the low end again,
. These two settings affect each otber and they are balanced

as closely as possible after two or three settings.

(1) to adjust the r-f tank-

St




ik,

After the oscillator has been alighed; the final step in
aligning the r-f section is the trimmer capacitor on the r-f
tuning capacitor. ‘This is adjusted to the optimum setting
for maximum amplitmde of the i-f response curve over the
entire band. ‘This capacitor will naturally have more effect
on the high frequency than that on the low frequency end

of the band. Sets having one ot more r-f stages have other -

wimmers on their tuning capacitors which should be ad-
justed similarly. The alignment of seceivers with the
oscillograph permits ‘the serviceman to observe the overall
petformance of the receiver.
(5) Procedure.

Step 1. Connect the oscillograph across the detector
load resistot as explained in the alignment of i-f circuits.

Step 2. Set the receiver tuning dial at approxunately
650 ke,

Step 3/ Set the fandamental frequency of the f-m sig-
nal generator to 650 k.

Step 4. Connect the output of the signal generator
through & capacitor of about 1000 puf to the anteana term-
inal and ground of the signal generator to ground of the

receiver. {Naturally the capacitor connected between the

antenna and ground and the shorting wire ‘across the fe-
celver oscillator capacitor should be removed, . These spe-
cial connections were made for i-f alignment only.)

Step 5. 'Tuzn on the signal generator, the receiver, and .

the oscillograph.

Step. 6. Adjust the local oscillator padder capacitor (in
some cases the oscillator inductance) to obmin the maxi-
mump amplitade of the if tesponse curve which appears
on the oscillograph. '

Step 7. Set the receiver tuning dial at 1400 ke and the
fundamental frequency of the sxgnal generator also ar
1400 ke

Step 8. Adjust the trimmer capacitor in parallel with
the oscillator tuning capacitor 1o result in maximum ampli-
tude of the i-f response curve.

Step 9. Then turn to the settings for aiigning the low
frequency end of the dial and adjust the oscillator padder

capacitor again to result in maximum amplitude.

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

Mote

Probably two or-three setrings 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 response curve at about

1000 ke If this amplitade is approximately the seme as

that at each of the other two settings, good U:ackmg is
practically assured.

Step 12, After the osciilaror has been uligned for
tracking, the trimmer capacitor in parallel with the - am.
ing capacitor should be adjusted to result in optionmum wn-
plitude of the i-f rcsponsu curve throughour the diul
range. ‘

Note

In the cheaper models of the a-c—d-c sets it is
extremely difficolt to align the receiver by this
method because 60-cycle pick-up is prevalent
throughout the chassis with practically the entire
receiver operating above ground potential. Such
prevalence of G0-cycle pick-up may make it very
awkwatd to align a teceiver by this method. In
this case it is possible to capacitively couple the
incoming signal to the adtenna with a very small
capacitor. The output to the oscillograph is taken
across the two terminals of the speaker coil. The
i-f signal is fed into the antenna with the local
oscillator shorted out while the i-f amplifiers are
being adjusted. This shunt should then be re-
maved for the zlignment of the r-f section.

8. ALIGNING F-M RADIO RECEIVERS
a. INTRODUCTION.

(1) Purpose of E-M—The natrow. channel pefraic- . -

ted a-m broadcasting Hmits the modulating signal to the
lower audio frequencies, but with a top audio frequency
of 15,000 cycles, f-m broadcasting adds overtones and thus
more perfect reproductions to music and speech. There- ..
fore, f-m receivers are designed to offer listeners an outpue
signal of higher fidelity than is possible with a-m receivess.
To achieve this high fidelity, f-n is operated with broad
channels on a high frequency band. |
(2) B-M vs. A-M.—The essential difference berween
f-m and a-m receivers lies in the method of detection. An.
a-m detector receives an r-f 3i uuai amplitade modulated at
an audio rate, strips off the r-f carrier, and delivers the
audio signal to the andio amplifiers.. An f-n detector re-
ceivesa vety high frequency, (v.hf} signal, frequency modo-

" Jated at an andio rate, removes the vh.i. carrier, and

delivers an audio signal, directly proportional to the aracunt
of frequency modulation, to the audio ainplifiers. The
f-m cirenit compamble to the a-m detector is called the
discriminator. :

The equlpmem necessary for f-m receiver alignment is-

 an oscillograph end a frequency modulated signal genera-

tor, similat to the equipment requited in a-m receiver
servicing. Also, in f-m Servicing the nature of the system
demands that the signal generator frequency be in the f-m
range and frequency modulated over a 200 kc band.
Aligning the i-f amplifiers of f-m receivers with an oscil-
lograph is similar to the procedure for a-m except that ail
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FIGURE 3-35
OSCILLOGRAPH CONNECTION TO OBTAIN I-F
CURVE IN F-M RECEIVERS

f-m amplifiers are high fidelity circuits and therefore have
. broad-band i-f transformers resnlting in a broad-band i-f
response curve. '

b. I-F and R-F ALIGNMENT.

{1} Procedure—The procedure for aligning the i-f
and r-f sections of an f-m receiver is identical with that
of aligning the a-m receiver ‘exCept that the oscillograph is
connected to a different section of the circuit and the fre-
quencies are much higher,

(2) Connecting the Oscillograph—The oscillograph

is connected across the grid resistor R1 of the first limiter
. stage as shown in Figure 3-35. If the load across this
resistor is used for a.v.c, however, it is necessary to remove
the connections from one of the cathodes of the discrimi-
"pator as shown in Figure 3-36. This results in the dis-
criminator becoming an a-m detecror and the oscillograph
is connecred across the diode load which is still connected

in the circuit, The transformer in the discriminator stage -

then must be runed first as 2 regular i-f transfoimer,

c. DISCRIMINATOR ALIGNMENT,

(1) General-Thete are. several f-m discriminator
circnits, but they all depend on approximately the same
output circuit to the audic stages. This output has oppo-
site polarity for frequencies on either side of resomance of
the discriminator tank circuit and becomes greater in am-

SEGONDARY,
oF DISGAI~
MR
TRARSFORMER
A4 -]
- A querpur

El

L

_ FIGURE 3-36 -
ALTERNATE METHOD OF OBTAINING I-F CURVE IN
F-M RECEIVERS
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FIGURE 3-37
- CHARACTERISTIC DISCRIMINATOR CURVE

plitude with deviation from the resonant frequency up to
a certain point. Diagrarnmatically, Figure 3-37 shows a

characteristic curve of a typical discriminator. Then, on-

the screen of the oscillogaph, with a complete cycle of the
output from the frequency modulated signal generator, two
curves similar to the one-shown in Figure 3-37 result if the
time base of the oscillograph is set at the frequency of the
fotating capacitof‘ If, hawever, the time-base is set to twice

the frequency of the output cycle from the signal generator, .

a pattern resembling Figure 3-38 can be obtained. ‘This
latter type pattern is the one genetally used in discrimina-
tor servicing.

(2) Factors Affecting Correct Adjustment—The pri-
mary and secondary of the discriminator ransformer gen-

-erally contain parallel rimmer condensers which can be

adjusted. In most cases the ptimary trimmer affects the
symmetry of the pattern and the secondary trimmer the

position where the curves cross. It must be remembered

‘ RESONANT

" FREQUENGY

FIGURE 3-38 _
SUPER-IMPOSED DISCRIMINATOR CURVES




that if the cross-over point of the two curves is not at the
center of the pattern, the gircuit s not tuned to the correct
resonant frequency.

(3) Procedure.

Step 1. Reconoect R2 and C2 into the disciiminator -

circuit if they were removed for i-f alignment.

Step 2. Connect the oscillograph berween grid and
zround of the first audio stage.

Step 3. If the alignment of the i-f and -f sections of
the circuit has alrezdy been petformed, the inpuc signal
may be fed into the antenma. However, if the preceding
circuits have not been aligned, the input signal should be
connected berween grid and ground of the limiter stage
preceding the discriminator.

Step 4. Obtain a partern which is symmetrical and ap-
proaches as closely as possible that shown in Figuze 3-37.

33



