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INTRODUCTION

® The Cathode Ray Tube and associated apparatus has opened the
way for further study of the higher frequencies. This booklet
describes the Hickok Model RF0O-4 Osclillograph, developed in our
own laboratories,

® The Cathode Ray Tube acts very much 1like any indicating
Voltmeter: the beam (or ray), when influenced by a voltage or
voltages, will move in proportion to the impressed voltage or
voltages.

® The beam of the Cathode Ray has no weight and, therefore,
can move very rapidly; 1t has negligible inertia, therefore, it
can follow changes very quickly.

@® The ray (or beam) in rapld motion throws patterns on the
flourescent screen and these patterns appear as continuous

lines due to retentivity or persistence of vision.

® Keep in mind that the normal =2zero 1s in the exact center
of the screen; that a voltage applied to the horizontal plates
will cause the beam to move horlzontally, that a voltage appli-
ed to the vertical plates will move the beam vertically. This
forms the beginning of your study and complex patterns will be
more easlly understood.

® Very low voltages are often encountered. Therefore ampli-
fiers are provided for each of the sets of deflector plates.
The insertion of the amplifiers reverses the polarity of the
input.

@® The ensuing pages descrlibe the various sections into which
the completed Instrument 1s divided; the operation is explain-
ed, and a few popular and useful applications are given.

® The Hickok Cathode Ray Oscillograph has countless uses.
Some of these will suggest themselves; some will be discovered
by you, others may be found by study of available text books.

THE HICKOK ELECTRICAL INSTRUMENT COMPANY
CLEVELAND, OHIO

January 15, 1940

Lithographed in U.S.A.
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DESCRIPTION OF THE HICKOK RFO-4
CATHODE RAY OSCILLOGRAPH

¥1 The instrument panel is sub-divided into six functional
panels. Each panel is blocked off separately to simplify
the operation of the panel.

Y2 These s8ix panels are:

l.

Tube focus and intensity
Horizontal Control

Vertical Control

Synchronization Control

Sweep Circuit Oscillator

Radio Frequency Modulator (Wobbler)
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1. Tube Focus and Intensity Panel
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Figure 1

Y3 This panel section contains the face of the Cathode Ray Tube,
the Focus Control and the on-off switch. Turning the Intensity
Control clockwise switches the A.C. line current on. When the
tubes are fully heated, the intensity or brilliance of the spot
or line 1s governed by this control. The Focus Control regu-
lates the diameter or size of the spot (or line).

Y4 These two controls should be set for minimum readable bril-
liance and amallest spot thus obtalning long tube life.

95 Speclal Precaution: Never leave the beam iIn one spot for

long periods of time. If you do, the screen may become streaked
or burned. -

® Tube Life

96 With intelligent average use the tube supplied with this
equipment should give many months and In some cases evel many
years of satisfactory service,

97 There are three common causes of tube fallure:

First: Mechanical breakage of the glass envelope, or intern-
al parts due to rough handling.

Second:Burning of the screen as previously mentioned.

Third: Loss of Emmission of the cathode.

g8 The first two of these, of course, are not covered Dby the

tube manufacturer’s guarantee and so no adjustment can be ex-
pected. The third, however, will generally occur within the
first two or three hours of operation 1f 1t 1is going to occur
at all and an adjustment may be expected.
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2. Horizontal Control Panel.

¥9 This section contains the main controls for the horizontal
sweep of the cathode ray.

910 The selector switch has four positions:

a. égg. Out. In this position the Horizontal Input
and Ground binding posts are directly connected through a

gﬁgcking condenser to the horizontal plates of the Cathode Ray
e.

b. Amp, In. When the switch is turned to this posi-
tion an amplifier 1s introduced between horizontal plates and

the horizontal input circuit from the Horizontal Input and
Ground binding posts.

c. 60 Cycles. This position connects an internal 60
cycle voltage to the horizontal plates of the Cathode Ray Tube.

d. Sweep Cir. Osc., With the switch in this position,
the Sweep Circu OscIITator is connected to the horizontal
plates of the Cathode Ray Tube through the amplifier. The Sweep
Circuilt Oscillator will be explained later.

911 Gain Control. This knob increases the amplifier gain on the
horizontal plates when the selector switch is on Amp. In or
Sweep Cir. Osc. It 1s otherwise out of the circuit.

Y12 Positioning. This control moves the horizontal trace to the
left or right and is used mainly to center the pattern.




3. Vertical Control Panel.

¥13 This section contains the maln controls for the vertical
plates of the Cathode Ray Tube,

14 The selector switch has Four positions-

1 Standard Amplifier In, In this position a high gain
low frequency amplifier iIs In the vertical 1nput circult, am-
plifying any voltage connected to Vertical Input and Ground

binding posts,

2 Video Amplifier In, In this position a low gain wlde
band video amplifier is In the vertical input circult, ampllify-
ing any voltage connected to Vertical Input and Ground binding
posts,

3 [Demodulator. In this position radio frequency volt-
sges applied to the vertlical 1nput binding post may be fed to
the demodulator tube, and the demodulated output will be ap-

plied to the 1Input of the vertical amplifler and thru this to
the vertical plate,

4 pmplifier Out. With the switch in thls position, the
amplifier Ts cut out, thus making direct connections to the
Vertical Input and Ground binding posts (through a blocking
condenser).

115 Gain Control, This knob controls the gain through the ver-
tical amplifier and is in circult only when the amplifier 1s
connected,

$15 Positioning. This control serves to position the vertical
trace and 1s used to center thls trace.

® Vertical input and ground binding posts are also Incorporat-
ed in this panel.
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4. Synchronization Control Panel.
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Flgure 4

918 This section controls the synchronization of the horizontal
sweep with the vertical. The theory belng that a small voltage
taken from the vertical plates or some other desirable source
will tend to keep the pattern stationary on the screen. This
will be explained in detail later on.

919 The rotary switch logated 1in the lower part of this section
has three positions:

External. In this position the synchronization cir-
cuit 1s connected to binding posts External and Ground.

Return Eliminator, In this position the return trace
will be eliminated when using a 60 cycle sinusoidal voltage for
horizontal sweep. This will be found particularly useful for
AF and RF response curves as explained later, -

Internal. When the switch is turned to this position,

the horizontal sweep <frequency may be synchronized with any
vertical frequency. —

920 Locking Control. This controls the locking voltage applied
to the horizontal plates in respect to the position of the sel-

ector switch connections. Advancing this control increases the
locking,

%21 The controls on the synchronization panel will be effective

only when the sweep clircult oscillator 1is being wused for the
horlzontal deflection of the beam.



5. Sweep Circuit Oscillator.
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Figure 5

422 This section 18 interconnected to the Horizontal Control

Panel. The Oscillator 1s so arranged that it builds up slowly
to the crest of the positive polarily and returns to negative

crest almost instantaneously. The explanation of this circuit
will be givenh later.

123 The selector switch in the lower half of this section has
elght posltions or Steps. These are the rough adjustments for
frequencies from 15 cycles to 15000 cycles. The Vernler is for
fine adjustments between steps and has sufficient overlap to
cover frequencles over each step.

724 A sweep circulit oscillator is commonly known as a "linear"
or "sawtooth" oscillator. The names are derived from the fact
that 1ts function is to produce a l1inear or uniform motion of
the beam across the screen so that voltages applied to the ver-
tical plates may be spread out and viewed as voltage (plus or
minus) vertically with respect to time horizontally. Since the
frequency of the linear oscillator can be adjusted through wide
limits, audio frequencies of almost any order can be studied

and analysed.

926 The binding post

6. Radio Frequency Panel.

925 This section of the panel contains the controls for the fre-

quency modulator. The circult is an electronic controlled os-
cillator, frequency modulated from /O to 30 kilocycles. This
action 1s sometimes referred to as a "Wobbler".

Output 1s the oscillator output; the
Ground being the customary chassis connection. The binding post
in the Dbottom center of the panel is for connection to an ex-
ternal oscillator for beat-note or heterodyne purposes.

727 The control knob Output serves as an output attenuator and

aﬁg; combines an off-on switch for the Radio Frequency Section
0 .

928 The %,c,swaen Control Knob 1s used to regulate the frequency
modulation and can be varied from O to 30 kilocycles. When ro-
tated completely counter clockwise until switch action 18 ob-

talned, the rate of sweep changes from 60 to 120 cycles. In
this position the width of sweep is fixed at 30 K.C.

¥29 This section 18 ordinarily used only for the alignment of

Radio Frequency or Intermediate Stages or component parts, and
may also be used for development of ¢ and static Audio
Frequency outputs as will be explalined later,

Y30 The operating frequency of this oscillator is 665 K.C. un-

less otherwise noted and may be used for visual alignment at
this frequency or any harmonic thereof up to approximately 5
megacycles without the use of an external oscillator.

9



7. The Cathode Ray Tube.

§35 Similarly, 1f a cathode ray spot 1s moved on the screen at
the rate of 16 or more cycles per second, the movement -or trace

931 The cathode ray tube may be compared with a galvanometer. will appear to be continuous.

The cathode ray can be moved vertically or horizontally, or
vertical and horizontal movements can be combined to produce

ersistence of vision.
patterns on the tube screen. The ray is without welght and 136 This 1s due to p

possesses very little imertia. Thus, it 1s faster and more 937 Vertical deflection 1s precisely the same with a voltage
flexible than a galvanometer. It requires a negligible amount applied to the vertical plates.

of power for 1ts operation, thus permitting accurate readings

without loading of the circult under test. 938 Note: The Hickok RFO-4 Oscillograph is wired with a block-

ing condenser in the circulits to the deflecting plates as a
safety measure,

® Setting up the Oscillograph.

939 The Hickok Oscillograph 1s shipped complete, but, to prevent
damage to the tube, the Cathode Ray Tube 1s removed before

shipping.

940 To install the Cathode Ray Tube, remove the top and side
screws from the front and rear of the case cover, loosen the
nuts holding the tube socket and insert the tube. Tighten the
nuts sufficlently to hold the tube securely and then replace

\\ the cover.

\
GRID \ ANODE \

\ﬂl
CATHL OF AN‘bDE ~e HEAE n;m:-;m 941 Caution: Never turn on the 0Oscillograph wilth the %mirertﬁ—
" OEFLECTING PLATES moved. very high and dangerous voltages are present in S
PLATES apparatus.
Figure 8
942 Unless otherwise noted, the oscillograph is to operated from
® How It Works: 110-120 volts, 50-60 cycle A.C. supply.
932 Fig. 8 shows the detalls of the Cathode Ray Tube. Electrons 943 The power consumed 1s approximately 50 watts.
emitted from the Cathode flow through the control grid toward .
Anodes (Plates) 1 and 2, due to the higher positive potentials ‘?ﬁmééiggzlpilggvéé%Tga%g %ﬁz %ET§Ewiigft cormer does not llgat
on these Anodes. The stream continues through two sets of de- . Y =
flecting plates, horizontal and vertical, to the flourescent (a) Be sure the supply line 1s A.C. Not D.C,
screen. One of each of the horizontal and vertical plates 1s (b) Check the voltage.
at ground potential. With no potential appllied to the deflect- (c) Check the fuse mounted on the resistor support be-
ing plates the cathode ray will appear as a spot on the center neath the chassis. -
of the tube screen, If a positive voltage 1s placed on one - (d) Check the pilot lamp to be sure it has not become
horizontal plate the ray or spot wlll move to the right in pro- loosened in transit or is not burned out.

portion to the potential applied; 1if negative, then the spot
will travel to the left.

="

133 Thus an alternating voltage would cause the spot to move to
1ts one extremity and then to the center and then to the other

extremity and to center, which movement would be repeated until
the voltage 1s removed.

® Persistence of Visglon:

134 Any image reaching the retina of the eye registers and per-
sists there for a period of time even though the image dis-
appears. If the Image 1s registered at the rate of 16 or more
times per second the image appears continuous. As an example,
"moving" pictures are really a series of "still" pictures pro-
jected progressively at the rate of 16 or more per second., AsS
such the motion appears continuous.

1N 11



® Operating the Oscillograph.

945 1. Turn Horizontal and Vertical ntrol Selector
switch to OUT and the Synchronization Selector Switch to er-

nal.

146 2. Turn Intensity Control to slightly over half ro-
tation. This action turns on the a,c., current and 1lights the
pllot signal in the lower left corner. Walt for cathodes to

heat.

47 3. AdJjust the spot on the screen. This is done by
increasing or decreasIng the Intensity Control until the mini-
mum desired brilliance is obtained. Next, rotate the Focus

control until the spot 1s brought down to a point.

148 4, During the foregoing, the spot might not be in the
screen center, The spot may be positioned horizontally by ro-
tating the horizontal Positioning Control, vertically by rotat-
ing the vertical Positioning Control.

Caution: Do not leave the spot 1n one place for a
very long period of time. To do so will burn that
part of the tube screen. (When the spot 1s once ad-
Justed, you can turn the horizontal selector switch
to 60 Cycles position, which action will sweep the
spot across the screen and prevent damage) or the In-
tensity Control may be rotated counter clockwise un-
til the spot disappears.

149 o. To test the Horizontal Deflection: Turn the hor-
izontal selector switch to Amp. Out. Connect any low a.,c. vol-
tage seurce to Horlizontal Input and Ground. This can well be
done by using a potentiometer as i1llustrated. A voltage of 75
will sweep almost across the screen. A correspondingly lower
sweep wlll be accomplished by applying a lower voltage. Next,
turn the selector switch to Amp. In. This interposes a voltage

12

amplifier and, by means of the Gain control, the width of the
sweep may be moved from a spot to a complete sweep. This ex-
plains the use of the amplifier which may be used when the vol-
tage to be measured 1s too low to glve ample sweep for your
purpose.
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M
TESTING HORIZONTAL DEFLECTION P
Figure 10 A
~ YevoLT
150 6. To Test the Vertical Deflection: Turn the vertic-

al selector switch to Amp. Out. Connect low a.c.

source to Vertical Input and Ground. Thisaggﬁ well be ggigagg
illustrated. A voltage of 75 will sweep almost across the
screen. A correspondingly lower sweep will be accomplished by
applying a lower voltage. Next, turn the selector switch to
Amp. In. This interposes a voltage amplifier and, by means of
the Gain control, the width of the sSweep may be moved from a
spot to a complete sweep. This explains the use of the ampli-
fier which may be used when the voltage to be measured is too
low to give ample sweep for your purpose.
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6. The Sweep Circuit Osclllator.

3111
)

Y

4
Eid
i

Flgure 12

951 In studying varlous phenomena 1t 1s frequently desired to
follow the trace with respect to time and to keep the traces
running in one direction only. The sweep circult oscillator

makes this possible.

¥52 In a pure sine wave the voltage starts at zero,-reaches max-
imun positive, returns to zero, reaches maximum negative, and
then returns to zero potentlal at a regular rate of speed. If
a sine wave were used to sweep both the horizontal and vertical
axis the pattern would double back at the same rate and be dif-

ficult to study.

9153 The desirable sweep for the horizontal plates 1s one that
starts at maximum negative (left side of screen), approaches
maximum positive (right side of screen), at an even rate and,
just as 1t reaches maximum positive returns instantly to maxi-
mum negative., Such a wave form 1s practically all iIn one di-
rection and repeatedly moves the trace from left to right a-

cross the screen.

154 This wave form 1s generated by a relaxation osclllator, Fig.
12A, in which a capacitance is charged until the charge 1is suf-
ficiently great to reach the ionization point of the oscillator
tube, then it discharges. Several such condensers are connected
to the Steps Selector Switch on the panel. These steps roughly
adjust the frequency of the oscillator. The reslstance marked
Vernier gives the finer regulation between the coarser steps.
In this manner frequencies from 15 to 15000 may be generated.
Thus the sweep can be adjusted in step wlth the frequency ap-

plied to the vertical plates.

Y55 Fig. 12 B. 1llustrates the potentials applied <to the hori-

zontal plates during two cycles operation of the sweep circult
oscillator. Figs. 12 C.,- D.- E. 1llustrate the resulting pat-

tern with 60 cycles arplied to the vertical plates and with the
horizontal sweep adjusted to 60, 30 and 15 cycles respectively.

14
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956 In order to use the Sweep Circuit Oscillator for horizontal
deflection, the Horizontal Selector Switch mst be turned to

Sweep Cir. Osc. The Gain Control is effective to regulate the
width of the sweep.
3
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Figure 12B

Figure 12A
SWEEP CIRCUIT OSCILLATOR

Figure 12D

Figure 12C Figure 12E

Sweep Circuits.

Y57 As any one of the condensers "C" is charged through resistor
"R", the potential of point "E" above ground is gradually in-
creased to a value at which the gas in the tube 1ionizes, caus-
ing a rapld discharge of condenser "C" through the tube from
cathode to plate. The voltage between "E" and ground will then
be equal and opposite to the voltage that existed just prior to
the discharge of "C®". See figure 12 B. On the oscillograph
panel, the "step control"” connects in various values of con-
densers "C" and the Vernier "control” adjusts "R".

7. Synchronization,

§58 If there were no means to synchronize the horizontal sweep
with the vertical deflection, the pattern would "crawl" or tra-
vel across the screen. Therefore syr.chronization is made pos-
gible In two different ways: (See Fig. 4 - page 7).

15



a. External. With the switch 1n this position a
small voltage from any source applied to the vertical
plates may be connected to the External Binding Post

and after a close adjustment on the Sweep Clircuit Os-
cillator a sufficient locking voltage can be imposed
on the sweep by advancing the locking control to re-
tain the i1mage or pattern stationary on the screen.

b. Internal. This switch position Imposes a voltage
from the vertical plates on the sweep circult and
synchronizes the horizontal sweep with the vertical
deflection, thus making 1t possible to lock the hori-
zontal sweep in step at any frequency belng studied.

159 The Locking Control permits the adjustment of the proper
locking voltage to the sweep circuit oscillator. Always operate
with as little locking voltage as possible.
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8. Frequency Modulation.

960 In making R.F., and I.F. alignments, and for some other pur-
poses, 1t 1s necessary to vary the carrier frequency a definite
number of kilocycles each side of the fundamental. Frequency
modulation has heretofore been accomplished by motor driven
condensers or inductors, In the Hickok Oscillograph, the fre-

_Quency.modulatlon i1s accomplished electronically and without
the use of any mechanical moving parts.

§61 The modulated frequency may be connected to the antenna and
ground posts of the Radio Recelver or to the Intermedliate Fre-
quency Stages as explained later in these instructions.

962 The second detector (load side) is connected to the Vertical
Input Binding Post. As the carrier 1s frequency modulated the
voltage from the second detector load 1s impressed on the vert-
ical deflection plates. By sweeping the beam with a 60 cycles
sinuscldal voltage 1in step with the rate of frequency modula-
tion the output at wvarious <frequencies above and below funda-
mental is shown on the screen.

® Use of the Radio Frequency Section:

g63 Figure 13 1s a graphic representation of the principles in-
volved In producing a radio frequency response. For convenience
of explanation 1000 K.C. has been chosen as the Basic frequency
rather than the R.F.0.& Fundamental of /@68 K.C. or any other
frequency which could easily be generated, Also the width of
sweep has been taken as 40 K.C. rather than 30 K.C. which is
standard accepted practice, The frequency of the oscillator
shown 1s determined bx the effective capacity between stator
plates and rotor plate "R", For convenience of explanation,
rotor plate "R" is 1llustrated as moving directly toward "S
and always parallel to it, rather than rotating into mesh with
the stator plate in accordance with conventlonal practice. The
output from the oscillator is connected directly to the antenna
and ground posts of a receiver which i1s tuned to 1000 k.c. An

output indicator of the receiver is 1llustrated as moving ver-
tically from O to 100 along the "per cent output" scale.

Y64 The movement of rotor plate "R" 1s conceived to move the el-
ectron stream horizontally across the face of the cathode ray
tube In accordance with its position. The movement of the out-
put indicator establishes control of the vertical displacement
of the electron beam. Starting the cycle with the rotor plate
in position 1, the frequency generated by the oscillator is es-
tablished at 1020 k.c. by virtue of the low capacity existing
between "3" and "R". The position of "R"'establishes the hor-
izontal dilsplacement of the electron beam somewhere along the
line "A-Al1", Since the receiver is tuned to 1000 k.c. and the
applied frequency is 1020, the output will be practically zero.
This establishes the vertical displacement of the beam at point
"A", opposite zero In the % output scale. As rotor plate "R"
1s moved to position 2, the capacity between "R" and "S" is
Increased., This results iIn a decrease In the frequency of the
osclllator from 1020 to 1015. The horizontal displacement of
the beam is then established somewhere along the line "B-Bl1".
The recelver, being tuned to 1000 k.c., will show little if any

17



output when the impressed frequency is 1015. Therefore, point
"B* is established. A change of "R" to position 3 likewise re-
sults in the establishment of point *C*. This is based on the
assumption that the receiver will deliver 10% of its maximm
output when the impressed frequency 1is 10 k.c. above the fre-
quency to which it 1is turned. |

965 By moving "R" step by step, over to position 9, the remain-
ing positions "DEFGH & I®" can be located. In actual practice,
the path of the beam travels from "A" through this series to
"I® 30 rapidly that persistance of vision makes 1t appear to
the eye as a.continuous line.

9. Radio Frequency Modulator.

§66 This panel controls and, provides connections to an R.F. 0s-
cillator having a basic frequency of approximately 666 kilo-
cycles. The exact frequency of your instrument i1s stamped on
the plate for this purpose.

967 The Output Control attenuates the R.F. signal from approx-
imately I volt to 2 microvolts. Care should be taken to Keep
this output below a.v.c. action when used as a driver for a
radio receiver.

§68 The K.C. Sweep Control modulates the basic frequency of the
self-contalned osc ator according to the setting. The numbers
refer to the %otal modulation. When turned to 30 k.c. the sig-
nal is modulated to 15 k.c. each side of the basic frequency.

¥68A When this control is turned to a complete counter~clockwise
rotation, a switch action will be obtained which will change
the rate of sweep from 60 to 120 cycles per second, Either

rate of sweep may be used and should be determined by the pre-
ference of the operator.

§69 The screen supplied with the Oscillograph has five vertical
lines each side of center. The screen is calibrated at S K.C.
per line when the K.C. Sweep Control 18 get at 30.. By position-
ing the horizontal sweep lower, 1t is possible, 1in some cases,
to observe the pattern more accurately.

® The binding post marked External Oscillator is used to con~
nect an unmodulated external oscillator to the internal oscil-
lator to produce a “beat-note” equal to the difference of the
internal oscillator and the external oscillator and to frequen-
cy modulate this beat frequency. For example, if 1t 1s desired
to obtain an I.F.Signal of 262 kilocycles and your Oscillograph
frequency is 665, then 1t would be necessary to set the exter-
nal oscillator at 665 plus 262, or 927 kilocycles, or 665 mlnus
262, or 303 k.c. Beating thils signal against 665 would produce
262 kilocycles. See Fig. 25, page 24.

® This same action may be used to produce & variable audio
frequency by adjusting the K.C. sweep control to zero and ad-
justing the external oscillator to t desired audio frequency
above or below the internal frequency of 665 K.C. For example:
1f & KC or 5000 cycles of audio frequency were desired, the eX-
ternal oscillator should be adjusted to 5 KC above or below the
internal frequency of 665 KC wnich would result in an adjust-

ment of 670 or 660 KC.
18

® *‘Dynamic audio <frequency response curves may be obtained by
advancing the K.C, sweep control to the desired width of sweep

after the foregoing connections for audio frequency output have
besn made,

® Uses of the Osclllograph,

971 The Oscillograph has so many uses that it would be impracti-
cal to attempt to explain them all in these Ilnstructions.

Y72 However, the description and instructions glven above serve
to give you the fundamental Information and many uses will

suggest .themselves to you as you become more familiar with the
instrument and 1ts operation.

Visual Alignment

- e

RECEIVER

Figure 13B

173 This instrument at once becomes of great value 1n Intermed-
late Frequency Alignment. Patterns observed will permit im-
provement in sensitivity, selectivity, and quality of reproduc-
tion, so that the receiver will operate 1n accordance with the
manufacturer’s specifications. Detection of a.c. hum and many

other irregularities may be found by observation and analysis
of the oscillograph pattern,

19



Figure 14

174 Fig. 14 shows a typical receiver circuit simplified to in-
clude only essential parts for this discussion.

75 Turn on the Oscillograph and the R.F. Oscillator. It is now
set to produce the pattern resulting from frequency modulating
a R.F, signal and impressing this signal on the antenna circuit
of the receiver.

Setting_un Oscillograph

Horizontal: Selector Switch to 60 Cycles.

Vertical: Selector Switch to Std. Amp. In.
Gain Control half advanced,

Radio Frequency: Output half advanced.
K.C. Sweep at 30,

Connections:
Oscillograph - Recelver
R.F. Output to tenna
Ground to Ground :

Vertical Input to Second Detector Load (J)

¥76 Now turn the receiver tuning dial to the basic Osciilograph
frequency (approximately qggg and observe the screen of the
/

cathede ray tube.

177 Advance or retard the Vertical Gain Control so that image is
of proper size or helght. In all of this procedure the Radio
Frequency Output must be kept as low as is possible,

978 Now let us check up on what we are doing. We are driving the
Receiver with an R.F. Signal at approximately/66S K.C. with 30
K.C. modulation. We are picking up the output at the second
detector_ 1load. We are placing this resulting voltage on the
vertical cathode ray tube plates while the beam is being swept
horizontally to right and then to left by an internal €0 cycle
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voltage. There are actually two traces being made. If they are
identleal, they would appear as one, This 1Is known as the
"double trace” method. The resulting curve from a normal re-
celver operating properly should resemble Fig, 15A or 15B, Fig.
154 would result from a receiver of rather nigh selectivity
whereas Fig. 15B would be that from a receiver of less selec-
tivity. Filg. 15C 1s that obtained from flat topplng a high
fildelity recelver,

Flgure 15A Figure 15B Flgure 15C

Allgnment at Wrong Frequency.

179 Fig. 16 shows a normal receiver with intermediate frequency
stages tuned lower than the correct frequency. Flg. 17, the
intermedlate frequency stage 1is tuned higher than the proper
frequency. Note that the response curve 1s symmetrical but
that its peak has been displaced three Kllocycles below (Fig.
16) and above (Fig. 17) proper resonance frequency.

Flgure 16 Flgure 17 Figure 18

Overload.

¥80 Fig. 18 illustrates the condition in which the receiver had
been overloaded, The remedy in this case 1s to reduce the in-
put to the receiver,

Hum,

¥81 Hum, generally due to improper flltering will show up in one
of two ways. Flg. 19 1llustrates hum in a receiver using full
waveé rectirfication., Flg. 20 illustrates hum as it will show up
In a recelver using half wave rectification,

| La | TS

Figure 19 Flgure 20
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Misalignment.

982 Fig. 21 1llustrates the case of misalignment of the I. F.
Stages as it would appear when using a 30 cycle sweep. Fig. 22
i1lustrates the same condltion when using a 120 cycle sweep,
Note the almost vertical slope of the curve on one side of res-
onance while the other side has a gradual or lesser slope. Thils
1{s due to the IF transformers being aligned at different fre-
quencies.

Figure 21 Figure 22
Regeneration,

983 Fig. 23A 1llustrates regeneration which 18 generally caused
by open by-pasc condensers, especlally on the screen clrcuits
in the intermediate frequency stages.

T T

Ficure Z23A Figure 23B
Oscillation.

(84 When regeneration becones extensive osclllation as 111us-
trated In Fig. 23B may resul..

Using the 120 Cycle Sweep,

¢85 If the KC sweep control 1is retarded to the 120 cycle posi-
tion correct alignment will be effected when the two curves
overlap as 1llustrated 1n Fig. 24A. As the frequency 1s
changed the two curves wlll separate as illustrated 1in Filg.

248,

Ppase Distortion.

Y86 Fig. 24C illustrates the condition of phase distortion. A
certain amount of this may be found in most recelvers, however,
excessive phase distortion may be traced to lmproper connection
from the vertical plates to the second detector load or insuf-
ficient by-pass or coupling capacitors in the intermediate fre-
quency circults.

Phasing Control.

987 Phasing control 1s 1incorporated 1in the oscillograph and
properly adjusted at the factory. It is accessible for future
ad justment, 1f desired, and will be found protruding upwards
through the chassis directly underneath the center of the cath~
ode ray tube,

Linear Sweep.

988 The internal sweep circuit oscillator may be used for horil-
zontal deflection 1n lieu of the 60 cycle sweep. The use of
this has no advantage and several disadvantages and therefore
its use 1s not recommended for visual alignment of intermediate
frequency stages.,

Heterodyne Interference,

¥89 If alignment 1s attempted at the same frequency on which a
strong local broadcast station 1s operating the 1nterfering
signal may give a response curve similar to Fig. 23B. The rem-
edy in this case, of course, 18 to select a different Ire-
quency for alignment,

Return Eliminator.

990 The use of the return eliminator has little advantage 1n
I.F. and R,F. alignment., It may, however, be used 1f desired
and will serve to eliminate the sweep from the higher to the
lower frequencles.

Demodulator,

€91 It will be necessary to use the demodulator if the signal 1s
to be picked up anywhere along the radio frequency or inter-
mediate frequency stages ahead of the second detector,

23



I. F. Alignment With External Oscillator.

'“"_HiEI{BK_

OSCLLATOR SETTING

KC DESIRED ez
HETRODYNE FREQ ©565

R&D0 DFET

% 1EG

ﬂ"'-" ..I'Filﬁﬂ K
RECEIVER

Filgure 25

192 In the method outlined above, we showed alignment by feeding
the R, F, Signal into the Receiver Antenna. Actually, you will
have many cases of alignment where you will want to drive an
I. F, Signal into the first detector. This signal should be
frequency modulated, 80 you will use your external oscillator
in connection with the Wobbler or R. F. Section of the Oscillo-
graph.

993 when using this method, 1t 1s necessary to feed a signal
from the gxxa:nalpuagi;lﬂpgr into the External Osclllator Bind-
ing Post of the 0Osc ograph. The rraquancy setting on the ex-
ternal oscillator should equal the sum of or the difference be-
tween the Oscillograph Oscillator Frequency of /688 k.c. and the
I. F. Frequency of the Receliver, For example, 1f the desired
I. F. 1s 262 k.c. and the 0Oscillograph Dscillatmr 1s 665, the
setting on the external oscillator should be 665 plus 262 or
927 k.c. or 665 minus 262 or 303 k.c. The external ﬂscillatur
is set at 927 k.c. or 303 k.c. (ummodulated) and the antenna
connection made to the binding post, External Oscillator. The
grounds are all common to the Recelver Chassis and the R.F.
Output Binding Post used to connect the I. F. Signal to the
First Detector Control Grid. The Vertical Input Binding Post
takes the connection from the Second Detector load circuit of
the Recelver. From this point alignment is made in the usual
manner, Flg. 25 shows these connectlons
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Lissajous Figures

954 This name has been applied to certain figures in which the

same frequencies at various angles are reproduced. The name
comes from a French Musician who attempted to demonstrate com-
plexities in sound with various patterns.

195 Figs. 26 and 27 represent such figures. Let us analyze A in

which the phase relations between two voltages are 180 dagrees
apart. Maximum positive horizontally occurs at the right and
vertically at the bottom. At the iInstant that the horizontal
voltage 1s maximum positive, the horizontal trace would be at
the extreme right of the screen. But the wvertical voltage 1s
maximum negative and the vertical trace 1s at the top. Now
bring them 1into phase E and the maxima positives occur at the
same tlme. In both cases zero occurs at the same time so the
line crosses at the center. At 90 or 270 degreen C the ver-
tical maxima in each direction occur at zero on the horizontal
and vice versa, hence we get a rear circular figure.

'¥96 In the lower figures, the horizontal frequency is 60 and the

vertical 1s 30, It will be helpful to you to picture in your
mind certalin results and then to try and duplicate them on the
screen,

997 The main point in this entire description and instruction is

to familiarize you with the theory of operation and acquaint
you with the internal circuits, so that you will be able to use
the Oscillograph for many profitable purposes.

Checking Audio Amplifiers

Y98 Using an oscillograph for radio frequency alignment is just
one of the many valuable services which can be rendered by an
oscillograph. A very valuable service may be rendered in the
checking of audio frequency amplifiers and associated circuits.
In this case 1t 1s necessary to have a suitable audio frequency
oscillator which has inherently a pure sine wave output. It is
also advisable to have a variable audio frequency oscillator as
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distortion may occur at some frequencies not covered by a fixed
frequency oscillator.

1899 The Model 0S-10, 0S-11 and 0S-12 Osclillators, have a self-
contained fixed audio oscillator at 400 cycles dnd in addition
to this a variable audio frequency oscillator from 0-10000
cycles.

7100 If there is any question about the oscillator which is going
to be used to test audio amplifiers not being of such a design
that 1t wlll produce a pure sine wave, 1t 1s advisable to first
check the output from the oscillator by applying it to the ver-
tical plates of the oscillograph while sweeping the horizontal
plates with the sweep circult oscillator at whatever frequency
1s necessary to get three or four sine waves on the screen.

7101 Assuming that the audio oscillator 1s sultable, the next
step would be to connect the output from the amplifier which,
in the case of recelvers, would be the voice coll to the ver-
tical plates of the oscillograph. By connecting the output of
the audio oscillator to the grid of the firal amplifier tube, a
sine wave should appear on the screen similar to figures 12C to
12E. If there 1s distortion of this sine wave it 1s evidence of
a defect in the amplifier. By starting at the end of an ampli-

fying system as outlined, and proceeding back towards the input
it 1s possible to 1locate and 1solate any trouble which might
exist. It 1s advisable to feed in various frequencles such as
100, 500, 1000 and 5000 cycles to make sure that the amplifier
1s not distorting at any of the frequenclies which would normal-
ly be used through this amplifier.

1102 Demodulator:- With switch in demodulator position the elec-
trical action of the demodulator is similar to the secona de-
dector action iIn conventlonal recelver design in that it recti-
fies and filters the RF carrier, leaving only the audlo compo-
nent, As a result of this action, the RF wave may be used any-
where along the RF or IF stages. When elther an ampllitude
modulated or frequency modulated signal 1s being suppllied to
the recelver from the signal generator, connectlons would be
as follows: wilith either freguency modulated or amplitude modu-
lated at the antenna post "A" (see Fig. 14) and with the verti-
cal control switch at the demodulator position, the vertical
plate connection may be made at point "B" for the check of
transformer 1, 1labeled T-1l, or at the plate of the first RF
tube for a check of transformer 1 and RF tube, If the connec-
tion is taken off at point "C" the response curve will give a
check on the comblnation of T1 T2, and the RF tube. With the
connection remaining at point "C", 1f the input from the signal
generator were to be applied at point "B" rather than at point
A" the check would then be made on the RF tube and T-2 alone,
Likewlse, the vertical input can be advanced to point "E", to
point "F", to point "G" and to point "J" giving a continuously
progressive test of the various stages and tubes In the radlo
frequency and intermediate <frequency section, If sufficient
output 1s available from the signal generator, any signal
transformer may be tested independently, for example, T-3 1in
the intermediate frequency stages may be tested by feeding the
dutput from the signal generator in at point "E" and measuring
the demodiilgted output at point "F", It 1is generally advisable

26

to connect a rather low capaclty coupling condenser between the
point "F" for example and the vertical input plate to avold any
possibility of the connection to the oscillograph upsetting the

tuning of the interna. circult in the receliver,.

Visual Aud.o Frequency Response Curve,

1103 To obtain a visual audlo frequency response curve similar

to figure applying, the type of precedure would be as follows:-
connect an external osclllator in at the proper plates on the
oscillograph and determine first the width of the dynamic audio
frequency response curve deslred, If 1t is desired to have the

width of a curve 10 KC or 106000 cycles, then the KC sweep con-

trol should be advanced to 10, With the output from the radio
frequency sectlon connected to the input of the audio frequency
amplifier under test and with the output of the audlo frequency

amplifier connected ¢to the vertical Input binding post, with

the amplifier in, 1f the amplifler 13 necessary <for producing
sufficient height on the response curve, or with the amplifier
out, if the amplifier under test has sufficlent voltage to
swing the beam vertically without the necessity of using the

built-=in vertical amplifier on the oscillograph. The horizon-
tal control could be set to the 60 cycle position and the syn-
chronization control turned to the return eliminator position.
By adjusting the external osclllator until the entire zero beat

is on the extreme left side of the screen, as 1llustrated in

figure , the response curve obtained will be a dynamic res-
ponse curve of the audlo frequency amplifier under test,

FULL
DIOD !ﬁgg%% DUPLEX DIODE

LAST LE

___{
C-ngl
4+ <@

FIGURE 28 FIGURE 29

9105 Figure 14, Page 20, illustrates 2 types of second detectors.

The conventional halfwave diode and the triode, Two other types
are now in general use and are 1llustrated by Fig. 28 and Fig.

29,

1106 In the case of the full wave dlode detection the proper

connection to the vertical plate of the osclllograph should be
at point "J" which 1s tha high end of the second detector load
resistance, In some cases, however, 1t 1s possible to connect
to the high end of the volume control at point "K" which 1s
generally somewhat more accesslible than point "J". however,
capacity Cl should be of a fairly high value 1in order to minl-
mize phase distortion, otherwise if this eapacity 1s toc small

phase distortion as shown in Fig, 21 might appear, or as in
Fig. 22 1in case of phase distortion together with excesslive hum.

27



Y107 In the case of the duplex diode series of tubes as mention-

ed in Fig., 29, the proper connection 1is point "J® which is the
high end of the load resistance, Do not make the mistake of
connecting at point "M" which 1is the plate of this tube as a
curve simllar to Fig. 21 or 22 might Dbe obtained due to the
Inherent phase displacement In the tube., Also there 1s always
a certain amount of A.C. ripple in the power supply of a re-
celver which would show up at the plate of this tube at point
"M" and tend to open up the lower loops of the curve as illus-
trated in Fig. 22.

9108 In general, 1t is safe to connect to the high side of the

volume control first and see 1f the proper pattern cannot be
obtalned with this conrection. This is always quite easy to
find in a receiver and does not as a rule entail any search for
the load resistor, However, it must be kept in mind that if
the traces do not coincide, it will be necessary to go back and
make the connection as nutiined in this and the foregoing text.

Output Circuit of Model RFO 4 Oscillograph

OUTPUT GIRGUIT OF R.F 0.4
]
OUTPUT Z==1 RED "E’}'%

FROM 0SC. 4
SECTION OUTPUT CONTROL i
A
$ i Mm_m =={pacx 3‘%
Filgure 30

9108 With reference to the above drawing, it will be noted that

the output 1lmpedance of the model 10 and 12 signal generator

and RFO 4 Oscillograph, as measured between the black ground

lead and the red high output lead willl vary from zero to 3500

E?ME as the output control 1s advanced 1in a clockwise direc-
on,

9110 If the black lead 1s connected to the chassis of the re-~

ceiver under test and the red lead connected to any voltage
with reference to the black lead, this voltage will dissipate
itself thru the output control potentiometer, Take a typical
case 1in which by accident or otherwise, the red-output lead
were connected to the plate prong of the fuba, which it may be
assumed to be at 200 volts above ground, then the voltage ap-

pearing across the output control would be 200 volts, and if

the output control were advanced half-way 8o that the resist-
ance were approximately 1500 ohms the wattage dissipated in the
output control would bs given by the fnrmula_ﬁ_ is equal to
watts,

¥111 If the voltage applied were 200 and the resistance were

1500 ohms, ¢the wattage appearing across the output control
would be (200)2 divided by 1500, or 40,000 divided by 1500, or
gsomething over 20 watts, The output control 1is ths standard
control and is capable of dissipating approximately 1 or 2
watts, but will immediately burn out if such & connection is
made, which would apply a power of 20 watts on this control.

¥112 1If it is ever necessary to connect the red lead to the

plate pin of a tube or any high voltage source in the receiver,
it 18 always desirable to connect a blocking condenser in se-
ries with this red lead.,

9113 In normal use, the control cannot Dbe burned out, There-~

fore, this defect cannot be covered by the guarantee.
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Alignment of A.F.C. Circult with Hickok Model RFO-1
or ﬁF‘E—I Oscillograph

DISCRIMINATOR TRANSFORMER
T RAATON TRASTONMER
! PRI 1 -: ®_\ .
| 1 ' 9
|
LAETIF:# ?éi X 3 CONTROL TUB
TUBE : G C2 | X E :‘\sl
B+ -1 i z
| | |owscri TUBE z
S - - 9
n WWW— =8 = =+
TO SECOND DET. LOAD 0SC. TUBE
Figure 31

9114 The operation of automatic frequency control circult may be

briefly explained by a reference to the above A.F,C. circult
schematic. Automatic frequency control systems may be broken
down Into four fundamental parts., Namely, discriminator trans-
former which replaces +the last 1intermediate frequency trans-
former In the conventional superheterodyne receiver, the dis-
criminator tube which 1s usually the type 6H6 or equivalent,
the control tube and the oscillator tube which 1s the regular
osclllator tube 1in the recelver,

9115 The discriminator transformer and the discriminator tube

operate in the following manner. It 1s assumed that the Inter-
mediate frequency of this transformer 1s designed to be 450
kilocycles, then with a 450 KC signal being fed from the last
intermediate frequency tube to the primary of the discriminator
transformer and Cl properly tuned, this frequency will be
transferred to the secondary of the discriminator transformer
and when C2 1s properly adjusted to resonate the secondary at
450 KC the discriminator tube will act to produce a voltage E
from point A to ground which will be exactly =zero across the
discriminator load resistance.

9116 If the frequency belng supplied from the last I.F. .tube

changes elther above or below the designed frequency, that is,
the frequency for which the discriminator transformer 1is tuned
the voltage "E" from point A to ground will vary either posi-
tive or negative 1In accordance with the increase or decrease
above or below 450 KC of the applied frequency. This change 1n
voltage 1s then applied to the grid of the control tube which
in turn varies the frequency of the oscillator section.

1117 It is quite obvious that 1f a given frequency 1s fed in at

the antenna post of a receiver and the recelver properly tuned
to this frequency, that the frequency supplied to the 1inter-
mediate frequency stages wlll be a frequency 'equal to the dif-
ference between the osclllator tube frequency and the ilncomling
frequency, and this frequency should be exactly equal to the
Intermediate frequency of the recelver under test. If we take
the case of a recelived signal of 1000 KC and assume that the
dial on the receiver is tuned to exactly 1000 KC then the os-
cillator tube would be operating in thig case, at 1450 KC glv-
Ing us a difference of 450 KC which would be fed thru the in-
termedlate frequency stages., Since the discriminator trans-
former 1s tuned to exactly 450 KC the voltage appearing across
E will be zero and the control tube will have no effect on the
oscillator tube frequency. However, 1f the receliver were mis-
tuned, say 5 KC high, or in other words, while the oncoming
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signal was still 1000 KC the actual tuning of the receiver were
at 1005 KC the osclllator tube frequency would then be 1455 KC
rather than 1450 and the frequency appearing thru the 1inter-
mediate frequency stage would then no longer Dbe 450 KC but
would be 455 KC. This would result in a voltage "E" being ap-
plied across the discriminator load resistance which would re-
act on the control tube causing it to shift the oscillator fre-
quency down towards 1450 KC which would result in the Inter-
mediate frequency being reduced towards 1ts proper frequency of
450 KC. Conversely, of course, 1f the receiver were mistuned
to 995 KC the same result would be obtalned with the exceptlon
that the voltage appearing across E would be of oppdsite polar-
ity thereby causing the control tube to shlift the oscillator
tube frequency up rather than down tending to belng the Inter-
mediate frequency back to its proper value of 450 KC,

¥118 In most cases where automatic frequency control 1s employed

there is a method of disconnecting the automatic frequency con-
trol feature so that standard tuning may be obtained, This 1s
generally accomplished by a switch on the main panel of the re-
ceiver which enables the operator to select automatic frequency
control or not at will, and i1s generally accomplished by a
switch in a position simllar to that shown at S1 which shorts
out the discriminator load resistance back to ground thereby
always applylng a zero voltage on the control tube which re-
sults in this tube having no effect on controlling the oscilla-
tor tube frequency.

9119 In many cases the discriminator circuit 1s also used as a

second detector and the audio frequency stages fed directly
from this circuit as indicated in the drawing, however, 1n some
cases a tap 1s taken off the discriminator transformer or a
capacity coupling from this over to a separate detector and
this used for demodulation and the demodulated signal applled
to the audio frequency stages. In all cases, however, the con-
nections of the oscillograph vertical plate to the recelver
under test should be made to the second detector load, whether
this load 1s incorporated into the discriminator circuilt or
whether 1t 1s separate as previously mentioned.

1120 The proper alignment procedure should be as follows:

First: Connect the frequency modulated signal -adjusted to
the proper Intermediate frequency direct 1into the
first detector tube grid through a blocking con-
denser. This connection 1s 1llustrated 1in Figure
5, page 24 of thils booklet,

Second: Close S1 back to ground, thereby eliminating any
discriminator actlion,

Third: Align the 1intermediate frequency stages 1n the
conventional manner, getting the maximum possible
amplitude from the response curve consistent with
symmetrical sides as outlined 1in this operating
Instruction book, In this alignment it is not
necessary that the secondary of the discriminator
transformer tuned by C2 be adjusted. However, Cl
should always be adjusted 1in the same manner as
the other trimmer condensers on the Intermedlate
frequency transformers.,

After this alignment has been completed, discon-
nect the frequency modulated output which was be-
ing fed in at the <first detector and connect to
the antenna post of the recelver, In this connec-
tion 1t 1s suggested that no external osclillator

be used, but the radio frequency output of 665 KC
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be taken from the radio frequency of the uﬂuillu:
graph and connected to the antemnna post of the re-
cetver under test. With all other connections the
same, tune the receiver at approximately 665 KC
until the response curve 1s centered in the cath-
ode ray tube screen, use the 60 cycle sinusoidal
sweep for horizontal voltage.
Fourth: Open S1 and when this switch 18 open it will be
found that the response curve will travel rapidly
either to the right or left on the screen. Merely
readjust C2 the secondary discriminator condenser
until the curve 1s returned to the center of the
gcreen and the alignment of the discriminator cir-
culit will then be complete, A check on this
alignment may be made by opening and closing Sl
and making sure that the curve does not move when
this switch 1s elther opened or closed,

121 An alternative method is somewhat faster and can be used if

you are reasonably sure that the Intermediate frequency stages
are tuned quite close to their proper frequency 1s as follows:

First: Sort out S1 and feed the output of the oscillo-
graph directly to the antenna and ground post of a
receiver which is tuned for 665 KC,

Second: AdJjust all iIntermediate frequency trimmers to-
gether with C1 on the Discriminator transformer
for a proper response curve as previously out-
lined, Open S1 and readjust C2 to re-center the
curve on the screen,

Siggal Tracer Feature.

@ The present model RF0-4 incorporates what is commonly known
as a signal <tracer, This feature enables the operator to actu-
ally hear the signal as it 1s any place along the radio frequen-
cy or intermediate frequency stages.

Fundamentally,thls plcking off the slgnal with the demodul-
ator and demodulating the R.F, carrler leaving the audlo compon-
ent, and this audio component 1s amplified and fed to phones or
speaker by the vertical ampliflier stage, Normally, the output
from the vertical amplifier 1s fed to the vertical plates of the
cathode ray tubes so that the signal can actually be seen on the
screen of +the tube, You will find a Jack on the front of the
panel labeled signal tracer and when a palr of phones or speaker
is connected into this jack the signal which i1s being fed to the

vertical plates of the osclllograph can be heard on the phones
or speaker,

In some cases the operator may deslire tTo bulld a small aud-
1o amplifier consisting of a single stage, the output of which
1s connected to a speaker and by feeding the input to the ampli-

fier from the slgnal tracer jack a relatively Intense audio sig-
nal can be obtalned,

Model RFO-4 Visual Vacuum Tube Voltmeter.

& The calibrated control for vertical amplifier of model RFU-
4 has two callbrated ranges. First range 1s from .2 of 1 volt to
100 volts to be used with the vertical switch In the amplifier
in position. The second range from 100 to 1000 volts to be used
with the vertical switch in the amplifier out position,
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In measuring voltages with this calibrated control proced-
ure should be as follows:

Connect the source of voltage to be measured between the
vertical 1input binding post and ground binding post. Turn the
vertical control switch to the amplifier In position. Adjust ; -
the vertical gain control until the vertical displacement of the |
beam on the cathode ray tube screen is equal to the distance be-
tween the two double horizontal reference lines on the screen.
The voltage belng measured with then numerically be equal to the

reading on the inner scale of the calibrated gain control. If i OTHER HICKOK PRODUCTS

the voltage is less than .2 of 1 volt or over 100 volts 1t will

be impossible to make adjustment of the vertical galn control to _ | ® Flectrical Indicating Instruments
bring the vertical displacement of the beam equal to the dis- Panel Mounting

tance between the horizontal reference lines, If the voltage ,

1s less than .2 of 1 volt no measurement on the voltage can be Po;‘table

made, however, if the voltage 1s over 100 volts turn the vertic- Laboratory Standards

al selector switeh to amplifier out position and adjust the

gain control until the vertical displacement is equal tothe dis-

tance between the two horizontal reference lines. The value of - ® Signal Generators

the voltage being measured will then be indicated by the posi- -

tion of the gain control on the outer calibrated scale from 100 ® Dynamic Mutual Conductance Tube Testers
volts to 1000 volts.

Maintenance. ® Radio Set Testers

® With good care the Cathode Ray Tube should have a long life. i - -

It is a gtand&rd 3" tube and may be replaced with any reputable | ® Volt Ohm Milllammeters

make.

® Capaclty Testers
® The tubes used In the Hickok Cathode Ray Oscillograph are:

1 Type 6C6 wused in Horlzontal Amplifier. ® Speaker Testers

Type 6J7 used in Standard Vertical Amplifier. | ® Vibrator Testers

Type 1852 used 1in Video Vertical Amplifier, ® Traceoneters

Type 884 used Iin Sweep Circuit Osclllator,

‘@ Appliance Testers

® Zero Current Voltmeters
® Vacuum Tube Voltmeters

Type SA? used in Radio Frequency Modulator Circuilt,
vpe 6C6

1
1
1
2 Type 80 used in Power Supply Cl.cult,
i

1 Tvpe 6H6 used in Demodulator Circuilt.

® The instrument has a 1line fuse 1in the rear and underneath
the chassis shelf. Replacements should be made with 2.0 amp.
size.

® If, for any reason, you require further information, write

us.
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