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Frontispiece

Figure 1 -1
DuMont Type 274 Cathode-ray Qscillograph

| Section I

GENERAL DESCRIPTION

1. PURFPOSE

The Type 274 Cathode-ray Oscillograph is
designed primarily for analyvsis of electrical
circuits by a study of the wave forms of
voltage and current at various points. As a
general purpose instrument, however, it may
be eroployed to study any variable, within
the limits of its frequency response charac-
teristics, which can be converted into elec-
trical potentials. This conversion is made
poussible by the use of some type of trans-
ducer, such as a vibration pickup unit, pres-
sure pickup unit, photo cell, microphone, or
a variable impedance, which may be a car-
bon pile, varisble inductance or variable
eapacitor.

2. CIRCUITS

a. In a specific problem the vnknown quan- -

tity (which is usually plotted along the ver-
tical cr Y-Axis) is a function of some known
quantity, such as time, measured along the
horizontal oy X-Axis. Circuits are incor-
porated in this instrument which generate
a sawtooth-shaped voltage wave to be used
as a time-base. This time-base is applied to
the horizontal or X-Axis, so that the un-
known guantity may be plotted as a linear
function of time, »

b. Provision iz made so the intensity of
the trace may be modulated. A terminal is
provided on the front panel which is capae-
itively coupled to the conirol grid of the

eathode-ray tube for the introduction of an.

external signal. Positive pulses applied to
thig terminal will intensify the trace at time
intervals corresponding with the intervals
between pulses. Negative pulses of apprexi-
mately 15 peak volts will blank the beam.
¢. A self-contained power supply furnishes
the varicus voltages and currents for com-
plete operation of the instrument. Power is
also made available at the output socket on
the rear of the cabinet for the operation of
demonstration units, which will be available

- for use with this instrument.

3. PHYSICAL DESCRIPTION

Type 274 Cathode-ray Oscillograph is
shown in Figure 1-1. It is enclosed in a
green, metal cabinet provided with a plastic
carrying handle attached to the top. All con-
trols necessary for the operation of the in-

strument are lecated on the front panel, An -
octal socket, as a power take-off for the
demonstration units, is mounted in the rear
and alzo serves az a safety switch. A remov.
able calibrated scale, Type 216-C, for making

. relative and guasntitative measursments is

mounted on the face of the cathode-ray tube

4. FREQUENCY RANGE

a. TRANSIT TIME. - The cathoderay
tube is essentially an indieating device with
a pointer of neghgible inertia. For this rea-
som the only frequency Hmitation ccours at
deflection frequencies where the fransit time
of the electron beam across the face of
the deflection plates must be considered.
Since the electron veloeity through the de-
flection plate space has a finite value, it is
posgible to apply a deflecting potential which
reverses in polarity during the transit time
of the ejectrons.

For example: assume that a 1,000 mc sine
wave 18 applisd to the vertical deflection
plates. The period of one eyele will be 001 ps.
Assume further that the transit time of the -
electron beam across the face of the deflec-
tien plates is 001 us The beam will then
react to equal positive and negative deflec.
tion forces as it travels across the face of the
plates, with a resulting deflection of zero. In
the modern cathede-ray tube, thiz effect is
not apparent at frequencies below 100 mezga
cycles per second and may normally be dis-
regarded at the lower frequencies.

‘b, AMPLIFIERES, - The above frequency
limitations apply when the cathode-ray tube
beam is deflected directly from the signal
source without employing any type of
vacuum tube amplifier. Since = potentials
ranging from one hundred to oune thousand
volts may often be required for full secale
deflection of a cathode-ray tube, amplifiers
have been incorporated in this instroment %o
increase the sensitivity of the device so that
it may give nsable indicatidns from relative-
ly low potential sources. The frequeney re-
sponse of an amplifier imposes further lmi-
tations on the use of the cathode-ray tube.
this instrument to the majority of problems.

The amplifiers incorporated in the Type
274 have been designed {: give uniform re-
sponse within +20% over a frequency range
from 20 to 50,000 sinuseidal cycies per sec-
ond. The complete characteristics of the am-

1




TAEBLE 1—1
GUICK REFERENCE DATA

Cathode-ray Tuke

B 1S 5EP1A
Accelerating Potential ... ... ... ... ... .. ... ... ... . ..., 1200 volts
Vertical Axis
Deflection Factor
Direet ........ ... ... ... 18 r.m.s. volts/inch =+ 20%
Full Gain ............... ... ... ...... 0.85 r.m.s. volts/inch (max.)

Sinusoidal Frequency Response (full gain)-Uniform within =+ 20%
from 20 c.p.s. to 50 Kc., down not more than 50% at 100 Ke.
Maximum Input Potential ..........ooiiviieiei. 400 r.m.s. volts or 600 d-c
volts or 600 volts peak.
Input Impedance

Direct ............ ... L. S 5 meg; 50 ppf
Amplifier ... 1 meg; 40 uuf

Horizontal Axis
Defiection Factor
Direct . ... ... . .. L. I8 r.m.s. volts/inch 4 20%
Fall Gain ............. ... ... ... (.65 r.m.s. volts/inch (max.)
Sinuscidal Frequency Response (full gain)—Uniform within + 20%
from 20 c.p.s. to 50 Kc., down not more than 509 at 100 Kec.

Maximum Input Potential .....covevvvrveceniinnn 400 r.m.s, volts or 600 d-¢ |

volts or 600 volts peak.
Input Impedance

Direet ... 5 meg; 60 upf
Amplifier .. ... ... ... e 5 meg; 40 puf
Linear Time Base
Gas Triode . ... o 884
Sweep frequency range .. ..... ... 8 c.p.s. to 30 Kc.
Intensity-Modulation Circuit
Input Impedance . .......... .. ... ... ... ... .. A 470K ; 45 ppf
Sensitivity ....... e .10 r.m.s. volts to blank

Test Signal—A test-signal terminal is provided to furnish z test signal
of 6.3 volts at the power-line frequency.

Positioning. ... .......... ... more than 5 inches
Power Supply

Primary-Power Potential .......... ... ... . .. .. 115 ram.s. volts =10%

Frequency . ... ... e 50-60 cycles

Power Consumption ........... . ... ... . ... ... .. .. 50 watls approx.

Fuse Protection .. ........ ... ... ... ... ... . One ampere

Tube Complement
2—63J7 Amplifiers
1-—884 Sweep Generator
2—80 Rectifiers
1—BBP1A Cathode-ray Tube

Physical Specifications

Height oo e e 147

Width ... 854
Depth ... . e 19347
Weight ... e 35 lbs

8]

pﬁﬁers .are summarized in the quick refer-
ence table, Table 1-1, =~

5. TYPE OF INDICATION.

a. LIMITATIONS. - It should be empha-

sized that the cathode-ray oscillograph does
not offer the solution to a problem but that
it merely supplies information and data re-
garding the chardcteristics of the problem.
This information is meant to serve as a guide
in analyzing the phenomenon which is be-

ing studied. The cathode-ray oscillograph is
not designed for use as a corrective instru--

ment, which, in itself, performs a specific

-operation on an electrical signal or on its

source, It should rather be considered as an
auxiliary instrument which indicates visual-
ly the essential characteristics of a signal,

_thus enabling the operator to quickly make

2 check on correct functioning or to isolate
the causes of any malfunctioning of equip-
ment. SR - o

b. INTERPRETATION. - One of the most

important procedures used by the oscillo-

graph operator, and the one which prebably
gives the most trouble to personnel inex-
perienced in oscillograph work, is the proper
interpretation of the patterns traced on the
sereen of the cathode-ray tube. When inter-
preting the pattern obtained on the screen

of the cathode-ray tube, it should be borne
in mind that the unknown signal is always

plotted as a function of some signal whose
characteristics ars known. If the characier-
istics of the signal on one axis are not known,
it will be aimost impossible to identify the

characteristics of the signal under investiga--

tion on the other axis. For this reason it
is generally common practice to use for the
horizontal variable a sinusoidal signal of
known frequency, or a sawtooth signal
which has. been synchronized to the same
or some integral sub-multiple of the fre-
quency of the unknown signal. The sinusoidal

signal is often used in applicaticns such as
phase, frequency and rate determination.
The sawtooth signai gives horizontal defiec-
tion which is linearly proportiopal to fime,
and it therefore givas a2 plot of the wave.
shape of the unknown signal versus time,

c. APPLICATIONS, - The information
which may be gained from analyzing screen
patterns in the above manner is of grest
value in determining the characteristics of
a device which is under study. The path of
a known signal through an amplifier may be
followed, and the gain and distortion char-
acteristics of the amplifier may be quickly
and easily determined, as well as the point
at which the cireuit may be faulty, By use
of the linear time base as the known fune-

- tion, an unknown waveform may be plotted

and analyzed, or the dynamic charseteristics
of an unknown circuit may be studied. The
waveform of a signal shown plotied as a

function: of the linear sawtooth sweep, will

give indications showing the vresence of un-
desirable harmonics, parasitic osecillations,
or indication of the degree of faithfulness
with which a device is following a desived
cycle of operation,

" A familiar case of operation where a sinu-

' soidal standard signal is employed for hori-

zontal deflection is found in the application
of the cathode-ray tube for frequeney com-
parison of {we signals. The unknown signal
is fed into the vertical input and the known

~ signal standard frequency is fed inte the

horizontal input. In thiz way, the frequency
of the unknown signal may be measured by
the correct interpretation of  the resulting
Lissajous pattern, '
‘Another common practice is to impress a
modulated carrier upcn the wvertical input,
and the modulation voltage on the horizontal.
This results in the pattern known as the
modulation trapezoid pattern for the pur-
pose of studying percentage modulation.



~ Section 11
Y OF OPE

1. THE CATHODE-EAY TUBE

tal and vertical, and strikes th.e sereer;gnwhich
fluoresces at the point of impact. With no

a. FUNCTION. - As an indicating instru- potential applied to the deflecting plates the
ment the cathode-ray tube may he compared cathode-ray beam will appear as a bright
to the g:arévaneﬂmebteé‘? ﬁlth t?;ﬁeiﬁc%}"@gg ?ﬁ?{iﬁ spot on the center of the tube screen. If &
?h;fﬁiﬁgs Egﬁggg galvg'?g?nﬂter ne{;dlg How positive lvgltaggl isbpiacad G% i;l;f “i]:‘ t heri—

- o T - zontal plate; the beam, an us the spot,
ever, the cathode-ray or electron beam has will move to the right in proportion fo the

oreat advantages over the needle in that it

is practically without weight and therefore potential applied. Because the beam is a

stream of eleetrons (negative slectrical

possesses a inimum of inertia, * hich aﬁkes charges), it is electrostatically atiracted to-

e Eivas meghgible power for do.  ward on oppositely. charged plate. If  nega-
ek : i tive charge 18 applie £ 5am ,

fiection so that accuraie readings are obiain- spot will travel to the left due to electro-

%{;} ;ig;,ﬁtcéligai?iggsd Géii%iliaﬁ?dg ggii- static repulsion between Hke charges.

zontally or the vertical and horizontal move- (2) In the Type 274 Cathode-ray Os-

menis may be combined to produce com- cillograph one of each of the pairs of de-

posite patterns on the tube screen. Thus the fiection plates is connected to ground so that

block diagram, Figure 2-1, shows the CRT deflection voltages are applied to only one

as the recipient of signals from both the plate of each pair.

vertical and horizontal amplifiers, (3) An AC voltage applied to the hori-
b, OPERATION zontal deflection platé will, therefore, cause

(1) Figure 2-2 shows the internal de- the spot to move alternately to one side and
tails of the cathode-ray tube, Electrons emif- then the other. This motion will be continu-
ted from the cathode flow through the ously repeated until the voltage is removed.
control grid toward ancdes 1 and Z, are The vigual indication, except-at very low fre-
accelerated by the high positive potentials quencies, will appear to be a Stra;!g_ht ling,
on these anodes. The stream continuzes be- due to the effect of persistence of vision (see -
tween two sets of deflecting plates, hovizon- paragraph ©.) . :
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Figure 2-1
Block Diagram, Type 274 Cathode-ray Oscillograph
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. Figure 2-2 i
I Internal construction of the Type 5BP1-A Cathode-ray Tube

(4) Vertical deflection is obtained in
Pprecisely the same way when the voltage
is applied to the vertical plates. -

{56} As a general rulz the deflections
representing amplitude are produced by ap-

- plying voltage to the vertical deflection piate,
and the pattern resulting from these de--

flecticng is said tc be along the Y-Axis.
{6} Deflections representing time are
usuaily produced by applying a voltage to the

" horizontal deflection piate. The patterns re-

suiting from these deflections are said to be

(7) Another operation which may be

perfor_med upon the spot or trace is intensity
modulation. In this appitcation a voltage is

-applied to the grid of the cathode-ray tube

and its variations modulate the emitted
beam. This causes the spot or trace to be-
come brighter or dimmer in accordance with
the polarity of these variations, This prin-
ciple is used to provide timing demarkations
or reference points on the trace or pattern.
These timing marks may be provided by an
external source, the frequency of which is
known. Intensity modulation is said to be
performed on the Z-Axis of the CRT. A
further use of this grid conneection is to
intensify the béam owver portions of the

| ‘trace where the writing rate of the spot

is so rapid that the fluorescent sereen is not
sufficiently excited. Thus the intensity may
be made more uniform throughout the en-
tire trace. This feature particularly facili-
tates photographic recording of the patterns
formed. 1t should be emphasized that the
sereen excitation (and therefore the pattern
intensity) is a function of the beam eurrent

and the writing rate. The inténsity of the -

spot at any instant regardless of its position
on the screen may be controlled by a varia-

. tion of this control grid (modulating elec-

trode) bias. -

_ ¢. PERSISTENCE (OF VISION. - Any
image reaching the retina of the eye regis-
ters and persists there for an appreciable
peri_od of time even thongh the object pro-
ducing the image dizsappears almost at once
tfrom the field of vision. If an intermittent-
ly appearing image is reregistered at the
Trace of 16 or more times per second the
image will appesr continuous. Az an ex-
ample, “moving” pictures are really 2 series
of “still” pictures projected swecessively at
the rate of 16 or more per second. Similarly,
if a eathode-1ay spot is meved on the screen
at the rate of 16 or more cycles per second,
the movement or trace will appear to be con-
tinuous due to this persistence of vision.

d. CIRCUIT. - A 5BT'1-A cathode-ray tube
is used in this instrument. As shown in the
simplified schematie, Figure 2-3, the neces-
sary potentials for operating this tube are
obtained from.a voltage divider made up of
resistors R21 through E26 inclusive. The in-
tensity of the beam is adjusted by moving the
‘contaet on R21. This adjusts the potential on
the cathode more or less negative with re-
spect to the grid which iz operated at the
full negative voltage--1260V. Focusing to
the desired sharpness is accomplished by
adjusting the contact on R22 to provide the
correct potential for anode No. 1. Interda-
pendency between the focus and the inten-
sity controls is inherent in all electrostatical-
ly focused cathode-ray tubes. Tn short, there
1s an optimum setting of the focus eontrol
for every setting of the intensity control.
The second anode of the Type BBPlA is
operated at ground potential in this instru-
ment. Also one of each pair of deflectinn
plates is also operated at ground potential.

The cathode is operated at a high negative
potential (approximately 1200 volts) so that-
the total overall accelerating voltage of this
tube is regarded as 1200 volts since the

5
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.. Figure 2-3
Schematic of Cathode-ray Tube circuits

second anode is operated at eround potential.

The vertical and horizontal positioning con--

trols which are connected to their respectjve
deflection plates are capable of supplylpg
either a positive or negative DC 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 examined is applied to the términals
marked Vertical Input and Ground. These
terminals are connected through capacitor
C1 so that the AC compongnt of the signal
appears acrosg the vertical amplifier gain
control potentiometer R1. Thus the magni-
tude of the incoming signal may be con-
trolled to give the desired deflection on the
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Figure 2-4

Amplifier schematic

screen of the cathode-ray tube, Also, as
shown in Figure 2-1, 82 has been -made
available to by-pass the vertical amplifier
and capacitively couple the signal from the
input terminal to the vertical deflection plate
if it is so desired. .

b. - AMPLIFIER, - In the schematie, Fig-
ure 2-4, V1 is a 6SJ7 pentode vacuum tube
used as the vertical amplifier. As the gignal
variations appear on the grid of V1, varia-
tions in the plate current flowing through
V1 will take place. Thus signal variations
will appear in opposite phase and greatly
amplified across the plate load resistor R7.
The capaecitor 2 has been added across
vesistor R2 in the cathode circuit of the
tube to increase the frequency response of
this amplifier at the high frequency end.
This capacitor because of its low value serves
very little use as a eathode by-pass at low

- frequencies but operates more effectively as

the frequenev of the signal increases,

e. OUTPUT. - The signal applied to the
grid of V1 has been amplified by V1 and is
now applied through the second half of S2
and eapacitor C4 to the free vertical deflec-

- tion plate of the cathode-ray tube.

3. HORIZONTAL AMPLIFIER

The horizental amplifier cireuit and the
circuit of the vertieal ampiifier, described in

the paragraph above, are identical except

for the value of the gain control. A switch
in the input cirenit makes provision for
the input from the Horizontal Input ter-
minals to he capacitively coupled fo the grid

Figure 2-5
,Sawﬁooth wave form

of the horizontal amplifier or to the free
horizontal defiection 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

a. GENERAL

Investigation of electrical wave forms by
the use of the cathode-ray tube frequently re-
quires that some means be available to deter-
mine ‘the variation in these wave form am-
plitudes with respect to time. When such
a time base is used, the patterns presented
on the cathode-ray tube screen show the
variation in amplitude of the input signal
with respect to time. Such an arrangement
is made possible by the use of the time base
generator. In operation it moves the spot
across the screen at a constant rate from left
to right between selected points, returns the
spot almost instantaneously to its original
position, and repeats the procedure. This is
accomplished by the voltage output of the

Y SIGNAL TO

e+ DEFLEGTION PLATE

_ R7 120K

EXTERNAL
SYNG.

SYNC. AMP
CONTROL

sweep generator., The rate at which this
voltage repeats the cycle of sweeping the
spot across the sereen is referréed to as the
sweep frequency. The sweep voltage neces-
sary to produce the motion described above
must be of a sawtooth wave form such as
that shown in Figure 2-5, ‘

The sweep occurs as the voltage varies.
from A to B, and the return trace, as the
voltage varies from B to 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 signal 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 an external source
through the Horizontal Input terminals.

b. CIRCUIT. - The sawtooth voltage nec-

- essary to obtain the proper sweep is gen-

erated by means of the electronic cirenit
shown in Figure 2-6, which operates as fol-
lows. The gas triode used for this purpose
is the Type 884 (V3). The heater heats the
cathode which emits electrons as in the or-
dinary heater type tricde. This tube contains
an inert gas which ionizes when the voltage
between the ecathode and the plate reaches
a certain value. The voitage at which break-
down will oceur depends upon the bias wol-
tage which is determined by the voltage
divider resistors R12 and R17. With a speci-
fic negative bias applied to the titbe in this

"~ way, the tube will fire at a specific plate

voltage,
Capacitors C11 to C15 are selectively con-
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~ Figure 2-6
Schematie of sweep generator
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nected in parallel with this tube. Besistor
R11 iz added to limit the peak current drain
by the gas triode. The plate voltage on this
tube is obtained through resistors R28, R27,
and F11. The voltage applied to the plate of
V3 cannot reach the power supply vollage
bhecause of the charging affect thiz voltage
has upon the ecapacitor which is cennected
acrose the tube. This capacitor charges uatil
the plate voltage becomes high enough to
ionize the gas in the tube. At this time, the
tube starts to conduct and the capacitor

dischavges through the tube until its voltage -

falls to the extinction potential of the tube.
When the tube stops conducting, the capaci-
tor voltage bhuilds vp wuntil the fube fires
again, Ag this action continues, it results in
the sawtooth wave form of Figure 2-5 ap-
pearing at the junelion of R11 and R27.

c. SYNCHRONIZATION
(1) Provision has been made so the

sweep generator may be synchronized from .

the vertical amplifier or. from an external
source, The switch, 31, shown in Figure 2-6,
is mounted on the front panel to be easily
accessible to the operator.

(2) If no synchronizing voltage iz ap-

plied, the discharge tube will begin to con-
duct when .the plate potential reaches the
value of E,; (Firing Potential). When this
breakdown takes place and the tube begins
to conduct, the capacitor is discharged very
rapidly tirough the tube, and the plate vol-
tage decreases until it reaches the extinetion
potential E,. At this  point conduction

ceases, and the piate potential rises slowly .

as the capacitor begins to charge through
R27 and R28. The plate potential will again
reach a point of conduction and the circnit
will start a new cycle. The rapidity. of the

plate voitage rise is dependent upon the eir-

cuif constants R27, R28, and the capacitor

selected, C11-C15, as vsell as the supply vol-

tage I,. The exact relationship is given by:
—t

B, =Ep(1—e™)

Where E,—=Capacitor voltage at time t
Ep=—Supply voltage
(B} supply —cathode bias)
E,—Firing potential or potential at
which time-base gas triode fires
E; =Extinction potential or potential at
which time-base gas triode ceases
to conduct

e¢—Base of natural logantbms
t—=Time in seconds
r—Resistance in ohms (R27 -|- R2R)
c—=Capacity in farads
(C11, 12,183, 14 or 15)

The frequency of osciliation w111 be ap-
proximately :

E [ 1 1}
f— ' i
I Er—-Ex]

Under this condition (no synchronizing

signal applied) the oscillator is said to be

“free running.”

(3) When a positive synchronizing volt-
age is applied to the grid, the firing potential

of the tube is reduced. The tube therefore
‘ionizes at a lower plate potential than when

no grid signal is applied. Thus the applied
synchronizing voltage fires the gas-filled
triode each time the plate potential rises to
a sufficient value, so that the swesp recurs
at the same or an integral sub-multiple of
the synchronizing signal rate. A graphic rep-
resentation of this iz shown in Figure 2-T.

B+
_L
25K Tzopf 2opFT

5. POWER SUFPPLY

a. GENERAL.

Figure 2-8 shows the power supply to be
made up of two definite sections: a low vel-
tage positive supply which provides the
power for operating the amplifiers, the fime
base generator, and the positioning ecircuits
of the cathode-ray tube, and the high voitage
negative supply which pmv&des the p@tpnm
tials necessary for operating the various
electrodes of the cathode-ray tube and fur-
nishes a negative Vo?tag@ to the positioning
controls.

b. THE LOW VOLTAGE POWER SUP-
PLY. '

The low voltage power supply consists of
a full wave rectifier, V5. The output of this
rectifier is filtered by a capacitor input filier
consisting of C9, L1, and C3. It furnishes
B+ at approximately 400 volts at sufficient
current to supply the fubes of the insiru-

-ment as well ag to have approximately &0

milliamperes available at the output plug

~on the rear chassis for operating the dem-

onstration units.

Y

TYPE 80 6 3V

i

15V AC

(TOP VIEW)

Figure 2- 8
Schematic of power supply




¢. THE BIGH VOLTAGE POWER SUP-
BLY.

The high vo}tage power supply employs a
half wave rectifier, V4. The output of this
rectifier iz fillered by a resigtance-capacitor
filter consisting of €18, R29, and CI18. A

voltage divider network attached from the

output of this filter cbtaing the proper
operating vpotentials for the various elec-
trodes of the cathode-ray fube. ’

d. SAFETY SWITCH.

A standard octal plug, P2, is 1nserted into

the octal socket, X7, on the rear chassis of .

the instrument to act as a safety switeh.
The safety action occurs due to the fact that
this plug contains a jumper which' extends
from Pin No. 1-to Pin No. 2 and completes
the primary circuit of the power transformer.
Without this plug in position, this ecircuit
will remain open and no voltage can be ob-
tained inside the cabinet. The physical con-
struciion of the Type 274 is such that the
chassis cannot be removed from the cabinet

‘without removing the safety plug.

WARNING

OPERATION OF THIS EQUIPMENT INVOLVES THE
USE OF HIGH VOLTAGES WHICH ARE DANGEROUS
TO LIFE. OPERATING PERSONNEL MUST AT ALL
TIMES OBSERVE ALL SAFETY REGULATIONS. DO
NOT CHANGE TUBES OR MAKE ADJUSTMENTS IN-
SIDE THE EQUIPMENT 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 CONDITIONS DANGEROUS POTENTIALS
MAY EXIST IN THE CIRCUITS WITH POWER CON-
TROLS IN THE OFF POSITION DUE TO CHARGES RE-

TAINED BY CAPACITORS.

TO AVOID SHOCK AND

SEVERE BURNS ALWAYS DISCHARGE AND GROUND
CIRCUITS PRIOR TO TOUCHING THEM. NEVER SER-
VICE OR ADJUST THE INSTRUMENT WITHOUT THE
PRESENCE OR ASSISTANCE OF ANOTHER PERSON
CAPABLE OF RENDERING AID.
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Section III
OPERATING INSTRUCTIONS

1. INSTALLATION

In most instances, the Type 274 Cathode-
ray Oscillograph is shipped with all tubes in
place and ready for operation, including the
cathode-ray tube. However, in some in-

‘stances, the cathode-ray tube may be packed

sepa.rately.

To install the cathode-ray tube the chas-
sis must be removed from the eabinet, Two
serews near the bottom- of the rear panel
hold the chassis in place. Remove these two
screws, the screw at the top of the front
panel, and the octal plug from the rear panel
of the instrument, and unwind the power
eord from its bracket, If the edge of the
front panel is grasped with the fingers, the
front panel, and chassis may be slid forward
out of the cabinet. The power cord and iis
plug will conveniently feed through the hole
provided in the rear of the cabinet.

To install the cathode.ray tube it is in-
serted through the front panel and tube

~ shield as far as the socket. The socket prongs

are then inserted intc the correct position
in the socket. A gentle push, with one hand
on the face of the tube and the other hand
bracing the rear vertical chassis, will seat
the tube in the socket. _

 Before replacing the chassis in the cabinet,

. it will be well to see that all tubes are prop-
- erly seated in their sockets. All tube loca-
- tions are clearly indicated on the chassis. It
is also advisable to inspect for any mechani-

cal damage which may have oceured in
transit.

As soon ag these operations have been
completed, place the instrument back in its
cabinet, put back the screws then prepare
it for use by inserting the octal plug into
the socket on the rear chassis.

2. PRECAUTIONS

WARNING

IT IS INADVISAELE TO OPERATE
THIS CATHODE-EAY OSCILLO-
GRAPH WITH THE CASE RE-.
MOVED.DANGEROUS POTEN-
TIALS AS HIGH AS 1206 VOLTS
ARE EMPLOYED IN THIS IN-
STRUMENT AND SHOULD BE
TREIé&TEI) WITH PROPER CAU-
TION. '

a. MAGNETIC AND ELECTRIC FIELDS

Magnetic and electrostatic shielding has

been provided in this instrument., However,
operation of the instrument in strong fislds
such as are found near transmitters, trans-
formers, and power generating equipment,
etc.,, may introduce spurionz deflections.

Electrostatic pick-up may be minimized by
the use of shielded input cables and connec- |
tiong and with a good electrical ground on the
chassis of the jinstrument. Spurious magnetic
deflections may be eliminated or reduced o
an unobjectionable point by removing the
instrument from the immediate vicinity of
the disturbance; orieniing the instrument in
the field sc that spuricus deflection iz at a
minimum: or in extreme cases, by adding
additional magnetic shielding in the form of
a large iron or steel container in which the
entive instrument may be placed,

b. POWER REGULATION _
The Type 274 iz designed to operate at a
power line voltage of 115 wvolts a.c. at a
frequency of 50 to 60 ecycles ner second,
Steady variations of + 10% from the normal
eperating value of 115 volts will cause little
change in the operation of this instrument.
Greater changes than this may cause the
power supply to cperate erratically and the
operation of the instrument to become un-
satisfactory. The conditions where power line
variations are excessive, the manufacturer
recommends the use of constant wvoltage
transformers placed in the power line to the
instroment. I such 2 regulator is used, the
precautions of Paragraph 2a. should be

ohserved.

¢. 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
the beam is concentrated over o very small
area and the power input per unit screen area
is high. Under such conditions the screen is
susceptible to burning and discoloration.

It is well to note that burning of the

* screen, until carried to excess, will In no way

impair the operation of the tube, since the

- burning is localized to wmall areas, and the

burned area iz not completely msensﬂ:we

3. OPERATION OF CONTROLS

a. GENERAL

The operation of the various controls of
the Type 274 is presented in a brief tabular
form in Table 3-1. Figure 3-1 is available for
use with the table in locating these various
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TABLE 5 -t
TABLE OF OPERATING CONTROLS AND TERMINALS

Wame of Cireuit Component Function
Control Desig.
VERTICAL E19 1 megohm Changes the d-c¢ potential on the vertical de-
POSITION potentiometer flection plate and thus the vertical position of
the trace.
HGRIZONTATL R14 1 megohm Changes the d-c potential on the horizonta! de-
POSBITION potentiometer flection plate and thus the horizoutal position
of the trace.
INTENSITY RZ21 100,600 ohm Varies the voltage on the cathode of the cath-
potenticmeter ode-ray tube and thus the intensity of the trace.
FOCUS B23 500,604 ohm Varies the voltage on the focusing electrode of
potentiomoter the cathode-ray tube and thus adiugis the focal
point of the beam,
VERTICAL, Bi 1 megohm Varies the wvoltage of the input signal as it is
AMP potentiometer applied to the grid of the vertical amplifier,
thus controlling the amplitude of the vertical
signal,
HORIZONTAL R4 5 megehm Varjes the voltage of the input signal as it is
AMP potentiometer applied to the grid of the horizenial amplifier,
thus contrelling the amplitude of the herizontal
signal (whether signal is from the time-base
generator or an external source).
COARSE 83 2 gang, 4 pole Switches to the warious sweep capacitators as
FREQUENCY 7 position rotary well as fo positions for connecting an external
sywitch signal, capacitively to the deflection plates, or
threugh the horizental amplifier.
FINE Rzg 5 megohm Trovides # fine adjustment of the sweep fre-
FREEQUENCY potentiometer quency by controling the rate at which the
selected gweep capacitor is charged. :
QYN AMP. RiG 100,000 olun Varies the amplitude of the synchronizing vol-
potentiometer tage applied te the time-base genuvrator thus
enabling the operator to “lock-in” the signal
being viewed,
VERTICAL 32 Double pole double Switches the vertical input signat te the grid
INPUT throw togzie switch of the wvertical amplifier er capaeitively to the
i vertical deflection plate.
SYNC, a1 Single pole double Provides a means for the operator to select a
SELFCTOR throw toggle switeh synchronizing signal frem either an internal or
’ an external source.
VERTICAL Binding Dost Frovides a terminal for the ¢onnection of an
INPLT external signal to the vertical chaniel.
HORIZONTATL Binding Fost Provides a terminal for the connection of an
INPUT external signal te the horizontal channel.
INTENSITY Binding Pest Provides a terminal for the connection of an
MOD. external signal to the grid of the cathode-ray

TEST SIGNAL
FXT. SYNC.

GROUND

Binding Post
Binding Post

Einding Post (TWO)

tube for the purpose of modulating the inten-
sity of the trace,

Provides a terminal for a 60 cycle output vol-
tage of approximalely § volts a-c.

Provides a terminal for connecting 2n external
synchronizing signal.

These binding posts are available to ground the
chassis of the Type 274 to the ground of any
input signals.

Fignre 3-1
Front panel view of Type 274 Cathode-ray Oscillograph
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controls.

For the operator who is well acqguainted
with oscilliographs, this tabla will probabiy
furnish sufficient instructions to operaie
the instrument. To the new operator, how-
ever, the following discussien lists a step
hy step procedure for the efficient operation
of the imstrument, It is suggested that the
new operator follow this procedure in learn-
ing the use of each of the operaiing controls,

b. PREPARING THE EQUIPMENT FORE
OPERATION

Step 1. Locate the oscillograph on a level
table or bench so the screen of the eathode-
ray tube iz in full view and 3 minimum
amount of light is reflected from the face of
the tube. The Jocation must be sufficiently
near a 115 volt a-c power source to be reach-
ed easily by the line cord of the instrument,

Step 2. Set the conirols as follows:

VERTICAL POSITIONING — Egmtmg
EORIZONTAL POSITIONING — Egmtmg
INTENSITY — OFF
FOCUS — gt 50
VERTICAL AMP — at O
HORIZONTAL AMP — at 20
COARSE FREQUENCY — on the

line

" hetween :

30 and 1590
FINE FREQUENCY — at 100
SYNC. AMP. — at 0
SYNC SELECTOR switch — EXT
VERTICAL INPUT switch — AMP

Step 3. Plug the line cord into the power
source, 115 volts at H(-6G cyeles.

e. OBTAINING THE TRACE

Step 1. Turn on the equipment by rotat-
ing the INTENSITY econtrol clockwise and
set it at 50. The jeweled light lecated in the
lower center of the front panel glows green
when the equipment is turned on.

WARNING

NEVER ADVANCE THE INTEN-
SITY CONTROL TO A POUSITION
WHICH CAUSES AN EXCESSIVE-
LY BRIGHT SPOT TO APPEAR ON
THE SCREEN. A VERY BRIGHT
SPOT MAY BURN THE SCREEN
AND DECEEASE THE LIFE OF
THE CATHODE.RAY TUBE. FOR
THIS REASON A SHARFPLY FO-
CUSED TRACE OR SPOT OF HIGH
INTENSITY MUST NEVER BE PER-
MITTED TO REMAIN STATIONARY
FOR ANY LENGTH OF TIME. -

Step 2. Allow 30 seconds for the instru-
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ment to warm up.

Step 2. If no trace becomes visible near
the center of the ecathode-ray tube screen,
advance the INTENSITY control until a trace

is visible.

Step 4. Rotate the FOCUS control as re-
guired to the position where the trace is
clear and sharp (least “fuzzy”}. The irace
then is deseribed as being “in focug.” Once
in focus, both clockwise and counterclock-
wige movement of the FOCUS eontrol da-
focuses the spot. Having reached a clear
focus, the operater may decide that the trace
is too bright. If such is the case, reduece the
setting of the INTENSITY control and re-
foeus, Figures 3-2 and 3-8 show a trace re-
spectively *in focus,” and “out of focus.”

Figure 3- 2
Trace “in focus”

Figure 3-8
Trace “out of focus”

Note

The action of the INTENSITY and
FOCUS controls are inherenily de-
pendent on each other. Therefore, it
may be necessary, whenever varying
one eontrol, to adjust the other con-
trol to obtain the best definition of the
trace.

Step 5. Rotate the VERTICAL
POSITIONING control counter-clockwise
(DOWN) and clockwise (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 POSI-
TIONING control counter—clockwise (LEFT)
and clockwise (RIGHT). The trace moves left
an then right as the contrel is turned. Center
the trace in the horizontal plane. The trace is
centered horizontally when the ends of the
trace are equally distant from their respec-
tive edges of the tube screen.

d. CONTROL OF FREQUENCY OF THE
TRACE

The frace that has just been obtained and
positioned is actually a single spot which

is being caused to move rapidly and repeated-
ly across the screen from left to right. As
this beam moves across the screen the per-
sistence of the human vision plus the per-
sigtence of the screen, causes the movement
of this spot to blend inie a continuous line
as has been previously explained in Section
2, paragraph 1.c. The operator may prove
this point to his own satiszfaction by the
following procedure:

Step 1. Set the COARSE FREQUENCY
switeh to HOR INPUT AMP. A zpot, which
is approximately round and possesses a very
small diameter, should appear on the face of
the cathode-ray tube, This spot will remain
stationary. S

CAUTION

Immediately affer this spot has been
observed, turn the COARSE FRE-
QUENCY switch to the position be-
tween 8 and 30. This precauiion is
observed to aveid burning the tube
sereen by leaving a spot in one posi-
tion on the sereen. T

Step 2. With the COARSE FREQUENCY
switch set between 8 and 30, furn the FINE
FREQUENCY eontrel to 0. _

The operator will observe that the spot
which was obtained in the preceding step is
now being caused to sweep across the face

of the cathode-ray tube.

Step 3. By advancing the FINE FRE-

QUENCY control slowly towards 100, the

operator can observe that this spot is caused
to sweep more and more rapidly across the
screen, As the FINE FREQUENCY control
reaches about 50 or 60 this spot will have
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 negli-
gible because the freguency of the sweep
generator is now equal to, or above that
frequency which produces persistence of
vision, '

By means of the two controls, the FINE
FREQUENCY control, and the COARSE
FREQUENCY switch, the frequency of the
sweep generator can be adjusted to any fre-
quency between 8 and 30,000 cycles per see-
ond. (It is an inherent characteristic of this
instrument for the trace to become reduced
in length as the frequency is increased and
does not dencte trouble.) '

e. CONTROL OF LENGTH OF TRACE

The length of the trace is controlled by
the HORIZONTAL AMP control. For the
lower frequencies a maximum setting of the
HORIZONTAIL: AMP econtrol will cause the
sweep to extend beyond the limits of the face
of the tube. By setting the HORIZONTAL

Figure 3 -4
Hine wave
AMP control to 0, a spot is obtained on the
cathode-ray tube because the signal from ths
sweep generator which causes the displace-
ment of the spot from the center of the tube
iz at 0.
f. DISPLAYING A SINE WAVE
Preliminary Setting: VERTICAL AMP-20
Step 1. Connect a short wire from the
TEST SIGNAL terminal to the VERTICAL
INFPUT terminal. The test signal iz a 6.3
volt a« signal
Step 2. With the COARSE FREQUENCY
control set at the 30-150 positicn, 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

- FREQUENCY control is set towards the low

frequency end of its scale (0}, more cycles of
the sine wave should appear.

Step 8. Stop the drifting of this wave
as nearly as posgible with the FINE FRE-
QUENCY control. Regardless of this setting
there will always he a slight drift. '

Step 4. Bet SYNC SELECTOR switch 1o
INT. This setting permits part of the signal
which is passing through the vertical ampli-
fier to be impressad on the grid of the time-
base generator thereby synchronizing the
time-base generator to a submultiple of the
wave passing through the vertical amplifier.
The amplitude of the synchronizing voltage

-applied depends upon the setting of the

SYNC AMP control. The theory of synchron-
ization is explained more fully in Section 2.

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

CAUTION

Never use a higher setiing of the
SYNC AMP control than is necessary
or the image may be distorted.

g. MODULATING THE INTENSITY OF
THE TRACE
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Step 1. Obtain two complete sine waves

on the screen of the cathode-ray tube by the

method explained in the preceding para-
graph f.

Step 2. Connect a short wire between
the TEST SIGNAL and INTENSITY MOD.
termirals. (Do not remove the wire between
the VERTICAL INPUT and TEST SIGNAL
terminals).

Step 3. Reduce the intensity of the trace
with the INTENSITY control {while main-
taining focus with the FOCUS control) until
the bottom peaks of the sine wave disappear.
It will also be noted that as the bottom peaks
are blanked out, the upper peaks are inten-
sified. This is the result of using a sine wave
as the modulating signal. The result just de-
scribed is called intensity modulation and is
discussed more fully under Laboratory and

- Lecture Applications.

WARNING

NEVER APPLY AN INTENSITY
MODULATING BSIGNAL LARGE
ENOUGH TO SWING THE GRID OF
THE CATHODE-RAY TUBE POSI-
TIVE WITH RESPECT TO THE
CATHODE, THIS UNWANTED CON-
DITION MAY CAUSE A SERIOUS
REDUCTION IN THE LIFE OF THE
CATHODE-RAY TUBE. AN INDIC-
ATION OF THE GRID SWINGING
POSITIVE WITH RESPECT TO THE
CATHODE 1S RECOGNIZED BY
MARKED DEFOCUSING ON THE
SCREEN DURING THE POSITIVE
PHASE OF THE INTENSITY MOD-
ULATING SIGNAL.

Note

It is advisable to connect a short lead
from the INTENSITY MOD terminal
to GROUND when this terminal is not
in use. Such a connection results in a
trace of more uniform intensity.

h. CONTROLLING THE SIZE OF THE

' PATTERNS

1t is frequently desirable to examine more
closely a particular part of a pattern or trace,

In that event the pattern or trace may be

expanded both horizontally and vertically by
increasing the setling respectively of the
HORIZONTAL AMP and VERTICAL AMP
controls. These expanded traces may then
be positioned to any part of the screen
to obtain better definition of the part in
guestion. Care should be taken however, to
assure that the amplifiers are not overload-
ed by this procedure, or the wave form un-
der examination will be distorted.

HNote _
All signals applied to the oscillograph
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from external sources require iwo
wires {o complete the connection, One
wire carries the signal and the other
wire serves as a ground, This results
in all the signals, being observed or
performing a function in the oscillo-
graph, being referred to a common
ground.

i. THE USE OF EXTERNAL SYNC

In many cases, an external signal is more
suitable for synchronizing purposes than the
gignal applied to the wvertical channel. This
iz particularly true if varving amplitudes of

the same wave form are 1o be viewed in-

rapid succession. Since when using internal
syne, the amplitude of the wave form passing
through the vertical amplifiers alsc affects
the amplitude of the synchronizing voltage;
too much or ifoc little voltage will be ap-
plied to the sync generator with different
amplitudes of input signals. Thus the setting
of the SYNC AMP control will necessarily
require adjustment with sach different am-
plitude of signal applied.

When using an external synchronizing
voltage, eonnection is made from the exier-
nal seurce to the EXT, SYNC terminal and

the SYNC SELECTOR switch is thrown to

the EXT position. Once the SYNC AMP con-
trol has been adjusted to apply the correct
amount of synchronizing signal to the sweep
generator, it will not be necessary to veset
it as the various amplitudes of the signal are
applied to the vertical channel. It will be nec-
essary to use an external synchronizing volt-
age whenever the vertical amplifier is not
used and the signal is capacitively or direct-
Iy coupled te the deflection plates.

j- VERTICAL INPUT BIRECT

If the signal being viewed through the
VERTICAL INPUT terminals is of suffi-
cient amplitude to result in appreciable ver-
tical deflection without amplification, the
VERTICAL INPUT switch may be sel on
DIR. This connection capacitively eouples the
input signal to the vertical deflection plate
of the cathode-ray tube and permits the
signal {o be viewed without amplification,

k. HORIZONTAL INPUT DIRECT

For certain applications it is frequently
necessary to apply a signal other than the

time hase signal to the horizental deflection .

plate. When such an occasion arises, the
COARSE FREQUENCY switch should be
turned to the HOR INPUT DIR pesition

-and an external signal should be connected

to the HORIZONTAL INPUT terminal
and GROUND, When the COARSE FRE-
QUENCY swilch is set in this position, the
signal at the HORIZONTAL INPUT termi-
nal is capacitively coupled to the horizontal
deflection piate. :

. HOR INPUT AMP

If the signal applied to the HORIZONTAL
INPUT terminal in the preceding paragraph
iz not of sufficient amplitude to result in
satisfactory horizontal deflection, it may be
connected through the horizontal 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 horizoutal signal and the degired deflec-
tion iz controlled by the HORIZONTAL
AMP contrad.

m. DIRECT DEFLECTION

The rear terminal gtrip is designed to
provide means for eliminating the capacitor
input to the deflection plates when it is de-
eirable to conneet a d-c signal directly to the
deflection plate.

If it is desirable to connect such a signal
to the VERTICAL deflection plate, it should
be connected to the rear terminal marked D1.
It iz advisable to remove the jumper passing
between the terminal marked VERT and D1
as shown in Figure 3-5.

HOR. VERT.

AUX.

-Figure3-5 ' -
Rear terminal board

CAUTION

Connections te these terminals should
be made with the power turned OFF.

If it is desirable to connect the external
signal to the HORIZONTAL deflection plate,
the connection should be made to the ter-
minal marked D3. Likewise, the jumper be-
tween HOR, and D3 should be removed.

n. TURNING OFF THE EQUIPMENT
To turn off the equipment, rotate the TN-
TENSITY control counterclockwise to the
OFF position. When ths equipment is eperat-
ing but not in vse, turn the INTENSITY con-
trol sufficientiy counterclockwise to dim out

Figure 3 -6

Projection drawing of a sinewave applied to the
vertical axis and # sawtooth wave of the sume
frequency applied simultareousty on the horizenial
axis. :

the trace. This procedure will insure against
burning the screen of the cathode-ray iube
and increase its life. T

4. DISPLAY OF WAVEFORMS
Together with a working acguaintance of
the controls of the vsciliograph, an-under-
standing of how the patterns are traced on
the screen must be obtained for a thorough

‘knowledge of oscillograph operation. With

this in mind a earefu! analysis of two funda-
mental patterns is discossed under the foi-
lowing headings: :
a. Patterns plotted against time (us-
ing the sweep generator for horizon-
tal deflection) L
b. Lissajous Figures {(using a sine wave
for horizontal deflection) _
a. PATTERNS PLOTTED AGAINST
TIME
(1) Preliminary. - A sine wave is typieal
of and convenient for this study. The con-
nections necessary for producing a sine wave
on the screen were previously discussed.
This wave is amplified by the vertical am;;h-
fier and impressed on the vertical (Y-axis)
deflection plate. Simultaneously the sawtooth
wave, as discussed in Section 2, from the
time-base generator is amplified and impress-
ed on the horizontal (X-axis) deflection
plates.
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