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SECTION 1
GENERAL INFORMATION

1-1 DESCRIPTION

The Hickok Oscilloscope covered by this instruction
manual has been especially designed to fulfill the
need for a highly stable, triggered sweep, solid state
oscilloscope for general purpose industrial use, Due
to many unique features, it is also ideally suited
for use by television, audio and radio service tech-
nicians,

Special features of this instrument which are es-
sential for testing and servicing modern electronic
equipment are:

a. The vertical system has dual channel ampli-
fiers which allows two waveforms to be displayed
simultaneously to compare their time or phase re-
lationship, The two channels can be displayed separ-
ately, simultaneously or added together algebraically.

b, Each of the two vertical channels includes a step
attenuator, to provide calibrated input voltage ranges,
and a variable gain control, to permit adjustment
between steps or ranges, Vertical input may be either
AC or DC coupled, Special circuitry provides minimal
overshoot, ringing and drift in the amplifier,

¢. The horizontal amplifier system provides for
either AC or DC coupled inputs and includes a vari-
able gain control, The X1 - X5 gain switch permits
expanding the display for easy viewing.

d. A digital type trigger circuit.offers very stable
triggering with minimum jitter to 15MHz without the
use of high frequency sync adjustments, This permits
the oscilloscope to be used to full bandwidth,

e. Calibrated sweep speeds in 18 steps with con-
tinuous adjustment between steps,

f. Special circuitry and control settings for viewing
TV horizontal lines, vertical frames and vertical
interval test signals (VITS) field 1 or field 2,

g. Overload protection on all ranges to protect
the equipment from accidental application of exces-
sive input voltage, ‘

h, Regulated power supply for increased stability
and accuracy,

i, Z axis blanking is provided by a Z Axis Input
connector located on the back panel of the oscillo-
scope,

j. A trace locator circuit actuated by a momentary
push switch permits rapid location of off-screentraces
which may then be centered on the screen by the
positioning controls,

1-2. SPECIFICATIONS AND REFERENCE DATA

Specifications for the oscilloscope are as follows:

SPECIFICATIONS AND REFERENCE DATA

CATHODE RAY TUBE

Type SDEP31F

Accelerating Potential 2,5 kV

Usable Viewing Area
Phosphor

VERTICAL DEFLECTION SYSTEM

Display Modes

8cm X 10 em

P31 (green)

Channel A only

Alternate: the signal on channel B is displayed
alternately with that on channel A. Internal trigger-
ing is taken from channel A at all times,

Chopped: the display is switched between channels
at approximately 100kHz, Internal triggering is taken
from channel A at all times,

A + B: the signal on channel B is added to that on
channel A, Internal triggering is taken from a com-
posite of A and B,

Channel B only: internal triggering is taken from
channel B,



Deflection Sensitivity

Input

Input Impedance

Bandwidth

Rise Time
Overshoot
Max Input Voltage

HORIZONTAL AMPLIFIER

Deflection Sensitivity

Input

Input Impedance

Bandwidth (with Horizontal Level
Control full CW)

TIME BASE GENERATOR

Sweep Rates

Linearity

TRIGGERING SYSTEM

Source

Trace

Slope

Level

TV Sync

VITS Sync

10 mV/cm to 50 V/cm in 12 calibrated steps, ac-
curacy =+ 3% A variable control (uncalibrated)
provides continuous adjustment between steps and
extends the range to 5 mV/cm.

AC or DC coupled or grounded amplifier input
selected by switch,

1 megohm + 1% shunted by approximately 30 pF.

AC coupled 5 Hz to 10 MHz., DC coupled, DC to
10 MHz,

35 nanoseconds
5% or less

600 volts DC plus AC peak

Continuously variable from 0,5 volts/cm to 50 volts/
cm with X1 - X5 multiplier,

AC or DC coupled or grounded amplifier input selec-
ted by switch,

1 megohm (nominal) shunted by approximately 40 pF,

AC coupled, 5 Hz to 1 MHz, DC coupled DC to 1 MHz,

0.5 sec/em to 0.2 sec/cm in 18 calibrated steps,
Accuracy + 5%. A variable control (uncalibrated)
permits continuous adjustment between steps and
extends the range to 1 sec/cm,

In X5 multiplier position, max sweep rate is 100
ns/cm,

Better than 1% through full horizontal sweep.

Internal, external or line frequency signals may be
selected as the triggering source,

Normal or automatic trace modes are provided,

Either the positive or negative slope of the input
waveform may be selected to start the sweep.

Adjustable by front panel control,

Sync filter circuits provide horizontal or vertical
sync pulses from the composite video signal to sync
the oscilloscope, Normal, TV Horizontal or TV
Vertical synchronization are selected by panel con-
trols,

Separate positions on the time base switch permit
viewing TV Vertical interval test signals (VITS),
field 1 or field 2, on the oscilloscope,



Sensitivity, Internal

External

Input Impedance
(External Trigger)

7 AXIS BLANKING

Input Signal

Max Input Repetition Rate

MISCELLANEQUS SPECS

Probe Calibration Voltage

Power Requirements

Overall Dimensions
(Excluding Handle and Knobs)

1/2 division of deflection at 4 MHz and 1/2 to 2
divisions from 4 MHz to 15 MHz,

200mV to 5V p to p.

1 megohm (nominal) shunted by approximately 30 pF,

T2L input "0'" blanks trace (0 volts at 1,6 ma),
T2L input "1" unblanks (+2.8 volts or open circuit),

100 kHz,

Approximately 7.5V p to p, 1 kHz squarewave,

105 to 125V, 50 to 60 Hz, 40 watts, for standard
model. 205 to 260V, 50 to 60 Hz model available
from factory when specified by customer,

11" H X 10-1/2" W x 18-1/2" D (27.9 ¢cm
x 26,6 cm x 47 cm),



SECTION 2
PRELIMINARY INSTRUCTIONS

WARNING

Upon receipt the oscilloscope should be
visually inspected for physical damage. The
shipping carton should be saved since it is
designed to prevent damage to the cathode
ray tube during shipment, DONOT ATTEMPT
TO RE-SHIP WITHOUT A PROPER CARTON,

DO NOT ATTEMPT TO OPERATE THIS
OSCILLOSCOPE UNTIL THE SECTION OF
THIS MANUAL ON OPERATION HAS BEEN
READ AND IT IS CERTAIN THAT THE LINE
VOLTAGE IS WITHIN SPECIFIED LIMITS,

REFER TO SPECIFICATION FOR INPUT
LIMITS,

IF A THIRD WIRE GROUNDED POWER
SOURCE OUTLET IS NOT AVAILABLE AN
APPROVED ADAPTER WITH GROUNDING
LEAD SHOULD BE USED AND THE LEAD
CONNECTED TO A SUITABLE GROUND TO
PREVENT A POSSIBLE SHOCK HAZARD
TO THE OPERATOR,

2-1 GENERAL

In order to use the oscilloscope properly andeffec-
tively, it is essential that the operator be thoroughly
familiar with the various controls, connections and
accessories, Read the following paragraphs carefully
before operating the equipment,

2-2 CONTROLS AND THEIR USES

a. The various controls and connectors are des-
cribed in the following subparagraphs together with
their functions, For location of the controls and con-
nectors, refer to figure 2-1. The index numbers on
figure 2-1 correspond to the subparagraph number,

(1) PROBE CAL tip jack., Provides a square
wave voltage of approximately 7.5 volts peak to peak
at 1 kHz for calibrating high impedance voltage
divider probes when wused with the oscilloscope.

(2) POWER indicator. Lights when power is ON,

(3) ON-OFF power switch, Controls power line
input to the oscilloscope.

(4) FOCUS control. Adjusts focus of CR tube
beam to control sharpness of trace.

(5) INTEN control, Adjusts brightness of trace.
(6) ASTIG control, Used in conjunction with

FOCUS control to provide maximum sharpness of
trace.

(7) HORIZ POSITION control. Permits hori-
zontal positioning of trace on CR tube screen,

(8) HORIZ GAIN, X1 - X5 switch, Permits
increasing the horizontal gain by a factor of 5 to
expand the display for easier viewing,

(9) Ground binding post, Provides an external
ground connection to the chassis of the oscilloscope.

(10) HORIZONTAL TIME/cm switch,

(a) Coarse horizontal sweep selector, Selects
sweep time of 0,5 usec/cm to 0.2 sec/cm in 18
calibrated steps when VARIABLE horizontal gain
control (11) is set to the CAL position.

(b) Selects proper sweep rates for composite
video waveforms in the TV SYNC H (horizontal) and
TV SYNC V (vertical) position,

(c) Selects internal circuitry for viewing TV
vertical interval test signals, (VITS field 1 andfield 2)
in positions VITS F1 and VITS F2.

(d) Selects EXT HORIZ INPUT in full clock-
wise position.

(11) HORIZONTAL VARIABLE control,

(a) Permits fine sweep time adjustment (un-
calibrated) between the steps of HORIZONTAL TIME/
cm switch (10).

(b) When this control is set in its extreme
clockwise position (CAL) the sweep time is cali-
brated,

(12) EXT HORIZ INPUT switch DC AC GND,
Selects DC coupled, AC coupled or grounded ampli-
fier inputs for signals from EXT HORIZ INPUT
connector (14).

(13) EXT HORIZ LEVEL control, Adjusts magni-
tude of external horizontal input signals when the
TIME/cm switch (10) is in the EXT HORIZ INPUT
position,

(14) EXT HORIZ INPUT connector, Coaxial input
terminal for horizontal amplifier. 1 MEG nominal
impedance.

(15) EXT TRIGGER INPUT connector. Coaxial
input terminal for application of external trigger
signals. 1 MEG nominal impedance.

(16) TRIGGER SOURCE switch, Selects trigger
signal,

(a) INT - Waveform being observed provides
trigger.
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Figure 2-1, Controls and Their Locations

(b) LINE - Trigger signal taken from 50 - 60
Hz power line,

(¢) EXT - Signal input at EXT TRIGGER

INPUT connector (15) is used as the trigger

signal.
(17) TRIGGER FILTER Switch.

(a) NORMAL - VITS position is used for
conventional operation and when viewing field 1 and
field 2 VITS,
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(b) TV-V and TV-H positions switch in spec-

ial filter circuits for displaying the composite
video waveform at either vertical or horizontal
rates.

(18) TRIGGER LEVEL control. Adjustment
determines starting point of sweep on waveform
slope.

(19) TRIGGER SLOPE switch, + and -. Selects
either the positive or negative slope of the input
waveform for start of trace,



(20) TRIGGER TRACE switch,

(a) NORMAL position permits adjustment of
starting point of sweep on the waveform slope by
TRIGGER LEVEL control (18).

(b) AUTO position automatically provides a
base line when the sweep is not triggered.

(¢) LOCATE, A momentary switch in this
position actuates a beam finder circuit to locate off
screen traces and indicates necessary positioning
adjustments to return the trace to a usable portion
of the screen. Switch should be placed in the NORM
position for TV-V, TV-H and VITS triggering,

(21) BAL control (Channel B), Adjusts the offset
of the B vertical amplifier so that the trace does
not move when the VOLTS/cm switch (24) is changed
from one position to another,

(22) VERT INPUT connector (Channel B), Coaxial
input terminal for B vertical amplifier., 1 MEG + 1%
impedance.

(23) VERT INPUT switch DC AC GND (Channel B),
Selects DC coupled, AC coupled or grounded amplifier
inputs for VERT INPUT connector (22),

(24) VERTICAL VOLTS/cm switch (Channel B),
Vertical attenuator, Provides coarse adjustment of
vertical sensitivity in 12 calibrated steps from 0,01
to 50 volts per cm when VARIABLE vertical gain
control (25) is in the CAL position.

(25) VERTICAL VARIABLE gain control (Channel
B). Permits fine adjustment of vertical sensitivity
(uncalibrated) between the steps of the VOLTS/cm
switch (24), With this control set in the extreme
clockwise (CAL) position the vertical attenuator
steps are calibrated,

"

(26) +¢ Trace Inverter Switch (Channel B), Per-
mits the inversion of positive or negative vertical
input signals so that they can be displayed in the
same orientation of the screen. Note that this control
also inverts the direction in which the VERT POS
control moves the trace.

(27) BAL control (Channel A). Adjusts the offset
of the A vertical amplifier so that the trace does not
move when the VOLTS/cm switch (30) is changed
from one position to another,

(28) VERT INPUT connector (Channel A), Coaxial
input terminal for vertical amplifier A, 1 Meg + 1%
impedance,

(29) VERTINPUT switch DC AC GND (Channel A),
Selects DC coupled, AC coupled, or grounded A
amplifier inputs for VERT INPUT connector (28).

(30) VERTICAL VOLTS/cm switch (Channel A),
Vertical attenuator, Provides coarse adjustment of A
vertical sensitivity in 12 calibrated steps from 0,01
to 50 volts per cm when VARIABLE vertical gain
control (31) is in the CAL position,

(31) VERTICAL VARIABLE gain control (Channel
A), Permits fine adjustment of A vertical sensitivity
(uncalibrated) between the steps of the VOLTS/cm
switch (30), With this control set in the extreme
clockwise (CAL) position the vertical attenuator steps
are calibrated,

+

(32) +¢ Trace Inverter Switch (Channel A), Per-
mits the inversion of positive or negative A vertical
input signals so that they can be displayed in the
same orientation on the screen, For proper trigger-
ing of video signals this control should be set so the
sync tips point down, Note that this control also
inverts the direction in which the VERT POS control
moves the trace,

(33) VERT POS control (Channel B). Permits
vertical positioning of the B channel trace.

(34) VERT POS control (Channel A)., Permits
vertical positioning of the A channel trace.

(35) MODE INTERNAL TRIG SOURCE switch,
Selects any of five basic modes of operation of the
A and B vertical channels and indicates the signal
source on which the trace triggers,

(a) A mode. Voltages connected to the A
input will be displayed on screen, Trigger voltage
is taken from the A channel input voltage.

(b) ALT mode, Voltages which are connected
to A and B inputs will appear alternately on screen
during successive sweeps. Trigger voltage is taken
from the A channel input voltage.

(c) CHOP mode, Voltages whichare connected
to A and B inputs will appear simultaneously on
screen by internally switching the CRT beam at a
100kHz rate between the A and B channels, Trigger
voltage 1is taken from A channel input voltage.

(d) ADD mode, Voltages at the A and B inputs
can be added together or subtracted from each other
when used in conjunction with the A and B trace in-
verter (+y{ ) switch, Trigger voltage is taken from a
composite of the A and B input voltage,

(e) B Mode, Voltages connected to the B input
will be displayed on the screen., Trigger voltage is
taken from B input voltage,



SECTION 3
OPERATING INSTRUCTIONS

3-1GENERAL

The oscilloscope is an instrument for the instan-
taneous graphing of voltages. The vertical axis of
the graph is controlled by the vertical controls, These
controls have green panel nomenclature, The hori-
zontal axis of the graphs are controlled by the
horizontal controls which have blue nomenclature.
This oscilloscope displays two different types of
graphs.

a. Voltage vs Voltage Graphing

With the voltage vs voltage graphing input signals
are applied to the VERT INPUT and EXT HORIZ
INPUT, amplified by the vertical and horizontal
amplifiers, and applied to the vertical and horizontal

deflection plates in the cathode ray tube., This mode
of operation is useful for graphing the relationship
between two voltages, Common applications are lis-
sajous patterns for frequency comparison and vector
scope measurements in television servicing,

b, Voltage vs Time Graphing

With voltage vs time graphing the input signal
is applied to the VERT INPUT, amplified by the
vertical amplifier, and applied to the vertical de-
flection plates. The horizontal amplifier is connected
to a triggered time-to-voltage generator which is
internally contained in the oscilloscope. The function
of this generator is to develope an output voltage
whose magnitude is linearly related to the elapsed
time after the generator was triggered. This pro-
duces a display which is voltage vs time,
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Figure 3-1, Voltage vs Voltage Diagram

Figure 3-2. Voltage vs Time Diagram



3-2 OPERATIONAL CHECK (CHANNEL A)

a. To check the oscilloscope for proper operation
plug the power cord into the power line using a
third wire ground connection,

Set the front panel controls as follows:

POWER OFF
VERT POS Centered
INTEN Maximum (Top)
HORIZ POSITION Centered
HORIZ GAIN X1
MODE A
VERTICAL VOLTS/cm 1v
Switch (Channel A and B)
VERTICAL VOLTS/cm CAL (Clockwise)
VARIABLE (Channel Aand B)
VERT INPUT AC
(Channel A and B)
+ T Trace Invert + T(Up)
+ ¢ (Channel A and B)
TRACE AUTO
SLOPE +
LEVEL Centered
FILTER NORM
SOURCE INT
HORIZONTAL TIME/cm 2M SEC
HORIZONTAL TIME/cm

VARIABLE CAL (Clockwise)

With the controls set as above, move power switch
to ON and allow three minutes for warm up, A bright
horizontal line should be observed. Using the HORIZ
POSITION control, position the trace so that the
beginning of the sweep occurs at the first line at the
left of the graticule, Reduce INTEN control setting
and adjust FOCUS and ASTIG for a sharp display,

b. Cathode Ray Tube (CRT) Alignment

Place the oscilloscope in its intended operating
location away from transformers or motors, If the
trace is horizontal then no adjustment of the crtis
necessary, If the trace tilt is unacceptable note the
amount of tilt, Move the power switchto off and remove
the line plug from its socket, Remove the four plastic
side trim pieces from the front and rear of the os-
cilloscope by removing the eight Phillips head screws,
The bottom cover of the instrument can now be
removed,

Note the two allen head screws which mount the CRT
bracket at the bottom rear of the CRT.See figure 3-3,

Loosen these allen screws and grasp the CRT around
the bell, Rotate the CRT in the proper direction such
that the CRT rotates in the four rubber mounts at
the front of the graticule bezel, Place the instrument
back in its intended operating position, plug in and
check operation, Continue adjusting until the trace
is horizontal,

Q2 9

Figure 3-3, Alignment of Cathode Ray Tube

CAUTION

DO NOT ATTEMPT TO ADJUST TILT WHILE
INSTRUMENT IS CONNECTED TO THE AC
LINE,

When tilt is satisfactory retighten the allen screws
and reinstall the bottom cover and plastic trim,

3-3 VERTICAL DC BALANCE ADJUST (CHANNEL A)
Set controls as in Paragraph 3-2a,

a2, With an insulated screw driver carefully adjust
BAL until the trace is on the center graticule line,

b. Move VERTICAL VOLTS/cm control to the 5V
range, If the trace has moved from the center grati-
cule line recenter it with the VERT POS control.

¢. Move VERTICAL VOLTS/cm control back to
the 1V range. Ifthe trace has moved adjust BAL until
the trace is again on the center graticule line,

d, Continue to adjust the VERT POS when the
VERTICAL VOLTS,cm switch is on the 5 V range
and adjust the BAL control when the VERTICAL
VOLTS,/cm switch is on the 1V range until trace
shift is acceptable,

With careful adjustment of the BAL control the trace
will remain centered as the VERTICAL VOLTS/cm
control is rotated, however proper operation of the
instrument is maintained as long as the trace moves
less than lcm when switching between thel V cm
and 5 V/cm positions,



3-4 PROBE CALIBRATION VOLTAGE

With controls set as in Paragraph 3-2a connect
the PROBE CAL output to the VERT INPUT connector.
Center the display using the VERT POS and HORIZ
POSITION controls, This display should be as in
figure 3-4,

ISR S SN REEEENESENNNEEYESEREENEE

et e e e e ey

Figure 3-4, Calibrator Output Voltage Display

To obtain familiarity with the instrument, the controls
may be manipulated as desired and the effects ob-
served, Note that no combination of control positions
can cause any damage to the instrument,

3-5 USE OF PROBES

a, Attenuator probes are frequently used to reduce
resistive and capacitive loading of the circuit under
test., The Hickok Style 100-155 or any standard probe
which is capable of adjusting to a 30 pF Oscilloscope
input capacity canbe used. When making measurements
with a probe, multiply the observed amplitude by the
probe attenuation factor, The Hickok probe has a factor
of 10,

b. To assure the accuracy of high frequency and
pulse measurements, probe adjustment is necessary,
To make this adjustment, proceed as follows:

(1) Set the VERTICAL VOLTS/cm switch to 1V,
and the slide switch to DC, and connect the probe to
the PROBE CAL output connector,

(2) Set the HORIZONTAL TIME/cm switch to
.5 mSEC and adjust the trigger controls for a stable
display.

(3) Adjust the probe for sharp rise and best
flatness of the positive peak,

3-6 OPERATION OF VERTICAL CONTROLS

The controls marked in green nomenclature control
the deflection of the spot in the vertical direction.

a, The VERTICAL VOLTS/cm control and its con-
centric VARIABLE control allow continuous adjust-
ment of the input sensitivity of the instrument from
.005 to 50 volts/cm, With the VARIABLE control in
its most clockwise position, the instrument is cali-
brated, with 12 voltages ranges in a 1, 2, 5 sequence,
Regardless of the position of the controls the input
impedance of the VERT INPUT connector remains
constant,

b. The VERT INPUT switch selects the type of
coupling into the vertical amplifiers, In the DC
position the amplifier is direct coupled fromthe VERT
INPUT connector through the vertical amplifier to
the deflection plates in the CRT. In the AC coupled
position this vertical amplifier has a capacitor in-
serted in series with its input which blocks any DC
voltages and allows AC voltages to pass. This position
is very useful for viewing AC voltages which ride on
DC levels such as power supply ripple,

c. In the GND position the VERTICAL INPUT is
disconnected from the amplifier input for easy
determination of the zero voltage input level,

d. The VERT POS control is used to move the
display up and down on the vertical axis, The VERT
POS control has a positioning range of + and - one
additional screen, This extra positioning range is
useful for viewing the small details on the tops and
bottoms of waveforms,

.+ $ Trace Inverter Switch

This control determines the direction that a posi-
tive voltage will move the trace. In the +Tposition
positive input voltages move the trace up on the face
of the crt. In the +¢position positive input voltages
move the trace down,

3-7 OPERATIONAL CHECK (CHANNEL B)

Set MODE switch to B. Repeat Steps 3-3, 3-4,
and 3-6 for the B Channel,

3-8 ALTERNATE, CHOP

a, Set controls as in Paragraph 3-2a. Set HORI-
ZONTAL TIME/cm to 50mSec. Position trace to
upper half of the screen, Set MODE switch to B and
position trace to lower half of screen., Set MODE
switch to ALT, The trace should alternate between
the top and bottom half of the screen,

b, Set MODE switch to CHOP. The upper and lower
traces shall sweep simultaneously.

c. Set A and B VERTICAL VOLTS to 2V/cm.
Connect the PROBE CAL to the A and B VERT
INPUTS. Set B TRACE INVERT switch to +¢ . Set
MODE switch to ADD, The amplitude of the display
should be less than 1 cm,



3-9 TRIGGERING CONTROLS

The red nomenclature markings on the front panel
identify the controls which affect the triggering of the
time-to-voltage or sweep generator, It is these con-
trols and their associated circuitry that distinguish
the triggered oscilloscope from the recurrent sweep
type. An understanding of the TRIGGER controls is
essential for using the oscilloscope to its maximum
capabilities.

The function of the trigger circuit is to initiate the
sweep when the input voltage to the trigger amplifier
crosses an adjustable level on a selected slope,

a. SLOPE

The slope is selected by the SLOPE switch on
the front panel. (Positive slopes are rising edges
negative slopes are falling edges.)

b, LEVEL

Selection of the voltage level at which the sweep
starts is adjusted by rotating the LEVEL Control.

¢. SOURCE

The SOURCE switch determines which of three
signals is used as the trigger circuit input voltage.
In the INT position this signal is the same signal
which is displayed on the crt face, This position is
used for viewing most waveforms. In the LINE posi-
tion the signal applied is a signal at the AC line
frequency, This signal is useful whenobserving power
supply ripple and other signals that occur at the line
frequency. In the EXT position, the input tothe trigger
circuitry is made accessible at the EXT TRIGINPUT,
Signals which are applied to this input shouldbe in the
.5 to 5 volt range.

d. FILTER: NORM, TV-V, TV-H

These filters are used in separating the vert-
ical and horizontal sync pulses from a composite
video waveform, and applying these pulses to the
trigger amplifier, Because of the unique charac-
teristics of the video waveform an active sync
stripper is used, This circuit strips the most nega-
tive information from the video input signal. See
figure 3-6.

Because of this stripping function the waveform must
be applied with the sync at the most negative part of
the waveform, With the SOURCE switch in the INT
mode this is accomplished by the %y trace inverter
switch, If the display on the crt is adjusted using the
ii switch so that the sync pulse points down, the
signal applied to the sync stripper will be of the proper
polarity. Hence whenever these positions are usedthe
sync must be at the bottom of the waveform,

When using the EXT TRIG INPUT position of the
SOURCE switch for video signals the sync tips must
be the most negative part of the waveform for stable
triggering.

A

NOTE: Whenever the TV-V or TV-H position is used
the TRACE control should be moved to the NORM
position.

e. TRACE

(1) The function of the AUTO circuitistoproduce
a trace in the absence of the trigger signal, It is useful
for providing a baseline when there is no input signal
to the oscilloscope, When an input signal of sufficient
amplitude is applied to the trigger input the auto
circuit is automatically disabled, Whenever difficulty
is experienced in triggering at low screen deflection,
at frequencies below 20Hz, or onavery narrow pulses
the TRACE control should be placed in the NORM
position, The trace control should be in the NORM
position for all video or VITS triggering.

f. LOCATE

(1) The LOCATE position is used to find and
orient the trace, The trace may be off the screen due
to misadjustment of the position control, anexcessive
DC input level or incorrect trigger signal. When the
TRACE control is moved to the LOCATE position the
sweep is automatically triggered and the crt display
area is lowered so the trace must be on the screen,

(2) To familiarize the operator with the use of
the control set the controls as in Paragraph 3-2a
and obtain a trace, Move the HORIZ POSITION control
to its far left position, Move the VERT POS control
to its lowest position and notice that the trace is no
longer on screen, Move the TRACE control to the
LOCATE position, Note that the display is now in
the lower left position of the screen.

(3) Recenter the trace while holding the TRACE
switch in the LOCATE position and then let the switch
return to the AUTO position, The trace willnow be on
screen,

NOTE

The LOCATE position will not function in
the VITS positions unless the sweep is
triggered,

3-10. HORIZONTAL TIME/cm CONTROLS

a. HORIZONTAL TIME/cm switch determines the
rate at which the spot moves across the face of the
crt, With the HORIZONTAL TIME/cm VARIABLE
control in the CAL position the spot will move across
the screen at a rate of .2 second/cm to .5us/cm
in 18 calibrated ranges.

b. With the HORIZ GAIN switch in the X5 posi-
tion each sweep position is approximately 5 times
faster,

¢. The HORIZONTAL TIME/ecm VARIABLE allows
fine adjustment between these calibrated ranges and
extends the slowest range to greater than 1 second/
cm,
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d, TV SYNC

These positions are very useful for observing
waveforms in television receivers and also in com-
paring these waveforms with those which appear on
television schematics.

(1) The V position is calibrated to display 2
vertical fields or two cycles of information occur-
ring at 60 Hz,

(2) The H position is calibrated to display two
horizontal lines or 2 cycles of information occurring
at 15,75 kHz,

e. VITS positions

(1) The F1 and F2 positions on the HORIZ
TIME/cm switch are used to separate and view the
specially transmitted information which occurs after
the FIELD 1 or FIELD 2 vertical sync pulse in
standard video broadcasts, These signals are used
for measuring many different types of distortion which
affect the picture quality of the video transmission,
The presence of these signals can be determined by
adjusting the Vertical Hold control on a standard
television receiver until the picture falls out of sync,
The VITS can then be seen as a thin line of white dots
at the top of the picture below the black vertical
blanking bar,

(2) The action of the internal VITS circuitry
is to inhibit the trigger circuitry except during the
interval immediately after the selected field 1 or
field 2 vertical sync pulse. Further, only one sweep
can occur during this period., As with the TV-V and
TV-H trigger positions the sync tips of the video
waveform must point down when the oscilloscope is
triggered in the internal position,

(3) The FCC specified VITS outlines are shown
in figure 3-7 along with the oscilloscope control
settings,

(4) Because the oscilloscope CRT is swept only
for a brief interval each frame and is dark during the
rest of the frame, the display is quite dim during the
VITS display. For this reason a high brightness CRT
and considerable level of intensity has been built
into the instrument. Hence when viewing the VITS
the INTEN control should be moved to its maximum
brightness position until the VITS is obtained and
then lowered as is required for good focus, The use
of a viewing hood also aids in viewing the VITS in
areas of high ambient light,

f. INTERNAL TRIGGERING OF VITS

(1) Before triggering on the VITS signal the
oscilloscope should be used to determine the presence

of the composite video and sync, Set the oscilloscope
controls as in the outline drawing titled TV VIDEO
AT VERT FIELD RATE in figure 3-7, (In television
receivers a good place to view the VITS is at the
video detector output.)

(2) Adjust the TRIGGER LEVEL control to obtain
a display. When the proper display is obtained the VITS
will appear as a spike after the vertical sync pulse,
After verifying the presence of the VITS set the
controls as in the outline drawing titled TV VITS
SIGNAL FIELD 1, Move the INTEN control to MAX
and adjust the TRIGGER LEVEL control to obtain
the F1 VITS display.

g. EXTERNAL TRIGGERING OF VITS

Triggering of the VITS signal with the TRIGGER
SOURCE switch in the EXT position is possible as
long as two input signal requirements are met,

(1) Video signals applied to the EXT TRIG
INPUT connector must be of peak to peak amplitude
greater than .5 but less than 5V peak to peak.

NOTE

If signals are too high in amplitude a 10:1
probe can be used to divide the signal, When
using the 10:1 probe, signals should be in
the 5 to 50V p to p range,

(2) The sync pulses must be on the negative part
of the waveform.

External triggering of VITS is quite useful for viewing
the VITS signal as it passes through various stages in
both video and chroma circuitry, External VITS trig-
gering allows the VITS to be observed in areas where
the circuitry of thereceiver adds large blanking pulses
which prevent the VITS circuitry from triggering, as
in the video output circuit of some television re-
ceivers, This technique is also useful at the chroma
demodulators where the vertical sync pulses have
been removed,

h. EXT HORIZ INPUT

In this position the sweep circuitry is disabled
and the instrument functions in the X vs Y mode, As
with the VERT INPUT switch, the DC AC GND EXT
HORIZ INPUT switch controls the type of coupling
used in the horizontal amplifier, (For television
vectorscope use this switch should be placed in the
AC position.) Because of the 1 MEG input impedance
a 10:1 divider probe may be used with this input to
lower the loading of circuitry. With the use of the
HORIZ GAIN switch and the EXT HORIZ LEVEL
control the input sensitivity is variable from ,5 to
50 Volts/cm.



SECTION 4
APPLICATIONS

In this section of the instruction manual, the
basic procedure and techniques for making meas-
urements will be described, This is not meant
to be a comprehensive text covering all possible
uses of the oscilloscope but is intended to
familiarize the wuser with some of the basic
applications and techniques, Familiarity with
the techniques and the operation of the con-
trols will enable the operator to employ the
instrument in a wide variety of applica-
tions,

4-1 TYPICAL VOLTAGE MEASUREMENTS

a, AC Component Measurement

(1) Set the VERT INPUT selector switch
to the AC position, In this position, only the
ac components of the signal are displayed on
the crt., (It should be noted, however, that
if the frequency of the ac component is very
low the DC position should be used,) If the
trace is off screen use the VERT POS con-
trol in conjunction with the VOLTS/cm switch
to obtain a trace on screen.

(2) To make peak to peak measurements of the
ac component of the waveform, perform the follow-
ing steps. The AUTO position should be used and
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Figure 4-1, Measurement of AC Component Amplitude

the sweep set to 1 ms/cm, or some other more ap-
propriate rate, dependent upon the frequency of the
viewed waveform,

(a) Adjust the VERTICAL VOLTS/cm switch for
the largest on-screen display.

(b) Adjust the HORIZONTAL TIME/cm so that
several cycles of the waveform are displayed,

(c) Use the VERT POS and HORIZ POSITION
controls to position the waveform to apoint on the crt
where the amplitude can be easily determined. As
an example, position the waveform so that one of
the negative peaks coincides with one of the lower
horizontal graticule lines and the positive peak occurs
on the divided center vertical line,

(d) Measure the vertical deflection in centi-
meters and multiply this result by the VERTICAL
VOLTS/cm setting (and by the probe attenuation factor,
if used). As an example of this method, assume that 5.2
centimeters of deflection is obtained, that the VERTI-
CAL VOLTS/cm switch is set to .1 VOLTS/cm and
that a 10:1 probe is used, The calculation of the
voltage amplitude is as follows:

VERT. VERT. PROBE

DEFL. X VOLTS/CM X ATTEN, = VOLTS

in CM SETTING FACTOR P-P
5.2 X .1 X 10 = 5.2V p-p

b. DC Level Measurements, To measure the dc
level or a dc voltage level at a given point on a wave-~
form, use the following procedure:

(1) Set the HORIZONTAL TIME/cm to 1 MS/cm
and move the TRACE switch to AUTO.

(2) Adjust the VERTICAL VOLTS/cm switch so
that the voltage applied to the input connector is no
more than eight times the VERTICAL VOLTS/cm
switch setting,

(3) Set the AC-DC-GND, and using the VERT
POS control, position the trace so that it coincides
with the bottom horizontal graticule line. This point
will be used as the zero voltage reference. (Note if
the signal to be measured is negative, one of the top
horizontal graticule lines should be used,) Do not
move the VERT POS control after it has been set.

(4) Set the AC-DC-GND switch to DC.
(5) Adjust the HORIZONTAL TIME/cm and trig-

ger controls for a stable trace if there is an ac
component present,



(6) Using the HORIZ POSITION control, position
the point on the waveform to be measured on the
center vertical graticule line,

(7) Measure the distance from the base refer-
ence line to the point on the waveform which crosses
the center vertical graticule line and convert this
reading to a voltage by the following relationship:

Deflection VERTICAL probe Volts
in cm * VOLTS/ecm * attenuation = DC
setting factor

4-2 TYPICAL TIME MEASUREMENTS

To measure the time duration of a pulse or the
period of a waveform, the following procedure is
used,

a. Measurement of Pulse Duration

Generally, when measuring the width of a pulse the
measurement is made from the 10% of amplitude
points, Since the procedure for measuring pulse width
and pulse duration differ only in the reference point
on the waveform, the more complex or pulse width
measurement is outlined below,

(1) Adjust the VERT VOLTS/cm switch for a
deflection near full scale and note the exact amplitude
in divisions,

(2) Divide this measurement by 10 and, using
the VERT POS control, position the trace bottom
exactly this amount under the center horizontalgrati-
cule line., As an example: assume that the deflection
height is 4.5 centimeters, Dividing this by 10 yields
.45 centimeters or 2-1/4 minor divisions. Position
the bottom edge of the waveform this distance below
the graticule horizontal center line. Do not adjust
the VERTICAL POS control after this point,

(3) Set the HORIZONTAL TIME/cm switch so that
the pulse width is no morethan 10times the TIME/cm
switch setting.,

(4) Using the HORIZ POSITION control, position
the leading edge of the pulse to a convenient vertical
graticule line, at the point where it crosses the
horizontal center line, at the left-hand side of the
screen,

(5) Measure the distance (in centimeters) between
the point where the leading edge crosses the center
horizontal graticule line and the trailing edge crosses
the center horizontal graticule line,

(6) Multiply this distance by the time indicated
by the setting of the HORIZONTAL TIME/cm switch
to obtain the pulse width in units of time,

b. Measuring The Period of Periodic Waveforms

(1) Adjust the VERTICAL VOLTS/cm and VERT
POS control to give a trace centered about the hori-
zontal centerline of the graticule,

(2) Adjust the sweep rate and trigger controls
to obtain one or more cycles of the waveform on
screen,

(3) Using the HORIZ POS control, position the
waveform so that it crosses the junction point of a
vertical graticule line on the left-hand side of the
screen and the center horizontal graticule line.
Note the direction in which the waveform crosses
the center horizontal graticule line,

(4) Measure the distance (in centimeters) from
the junction point described above to where a compar-
able point of the next cycle of the waveform again
crosses the center horizontal graticule line in the
same direction as in 3, above,

(5) Multiply this distance by the setting of the
HORIZONTAL TIME/ecm switch to obtain the time
duration of the period (T). This technique is demon-
strated in figure 4-2,
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SECTION 5
THEORY OF OPERATION

5-1 POWER SUPPLY (see schematic diagram fig-
ure 8-1)

a, The line voltage is half wave rectified by diode
CR101 and filtered by capacitor C102, The resultant
dc voltage varies with the line potential from approxi-
mately 130 to 170V DC, This voltage is regulated at
123V DC by the series regulator which uses Q103
as its series pass element. This regulated voltage
appears across capacitors C105 and C110, This
voltage is then chopped at approximately 18 kHz by
transistors Q104 and Q105. These transistors act
as two switches as shown in figure 5-1,

b. The resultant square wave is applied through
a coupling capacitor C111 to the primary of T102.
It is also supplied to the primary of the saturated
switching transformer T101. This transformer deter-
mines the frequency of the oscillations which drive
Q104 and Q105.

¢, Oscillations are initiated by a pulse to the base
of Q104, Initially capacitor C106 is uncharged, At
the closure of the power switch, the voltage begins
to rise across C110., When the voltage reaches the
breakdown point of neon DS101 capacitor C106 is
charged through the base of Q104, The flow of current
through Q104 starts the oscillations,

d. The square wave which appears across the pri-
mary of T102 is stepped up or down by the various
transformer windings and is applied to the half
wave diodes CR108 through CR114. The resultant
voltages are filtered by capacitors C112 through
C120, The filament voltage for the CRT is also
supplied by transformer T102,

5-2 VERTICAL PREAMPS (see schematic 8-2 and
8-3).

a, The A and B channel premaps are identical,
with only one exception, the internal trigger pickoff
which will be discussed later., Therefore any dis-
cussion of the A channel preamp can be applied to
the B channel also,

b, Input signals from VERT INPUT connector
J2201 are applied to the VERT INPUT switch S2202,
In the AC position, signal-flow is through C2201
eliminating dc levels, In the DC position, C2201 is
short circuited and the input is directly coupled to
the VERTICAL VOLTS/cm attenuator,

¢. In the .01, .02, and .05 volt positions of the
VERTICAL VOLTS/cm switch the unattenuated input
signals are applied directly to the input of the vertical
preamplifier at A, In the .1, .2, and .5 positions,
the input signals are attenuated by a factor of 10 and
applied to the preamplifier. The attenuation factor
for the 1, 2 and 5 volt positions is 100 and for the
10, 20 and 50 positions the factor is 1000, Protection

circuitry, between A and the gate of field effect
transistor Q2202, prevents damage to Q2202 under
input overload conditions, CR2201 is a special diode
type featuring low leakage and low capacity,

d. Q2202 and Q2201 are selected field effect
transistors which are stacked as athermallybalanced
source follower, The DC Bal potentiometer adjusts
the voltage at junction of R2211 and Q2201, This
voltage is properly adjusted when voltages at the
emitters of Q2203 and Q2204 are equal,

e, The gain of the 6 transistor differential cascode
amplifier is determined by the resistors in the emit-
ters of Q2203 and Q2204. In the .05, .5, 5, and 50
volt ranges, these are precision 1% resistors. In the
.02, .2, 2, and 20V ranges, the gain is calibrated by
R2221 which is connected, by S2201, in parallel with
R2223 and R2228, Likewise in the highest gain settings
(.01, .1, 1, 10) the gain is adjusted by R2222. It is
this gain changing used in conjunction with the decade
attenuators which provide all 12 calibrated ranges,

f. AR2201E serves as a current generator which
fixes the total current flowing through the entire
differential cascode amplifier. Positioning is accom-
plished by sinking various amounts of this fixed current
away from the output. More current is taken from
one outplt than the other as R2217is set which causes
a DC difference at the outputs resulting in a corres-
ponding shift of the trace.

g. Polarity inversion is also accomplished in this
stage, AR2201 A, B, C and D are connected to outputs
points A4 and A5, Switch S2203 is used to switch in
and out a differential pair having opposite polarity
signals at their emitter., The on pair allow their
signal currents to flow into the loads at points
A4 and A5,

5-3 VERTICAL SWITCHING (see schematic 8-4)

a, The differential outputs from AR2201 of channel
A and AR2202 of channel B are fedinto a diode matrix
at points A4, A5, A8 and A9 respectively, The matrix
used in conjunction with the MODE switch and the
multivibrator of Q2214 and Q2215 selects which
channel or channels are allowed to be fed into the
vertical final drivers through the load resistors
R2279 and R2280.

b, CR2212 and CR2213 are biased off and CR2211
and CR2210 are allowed to turn on with the MODE
switch in position A allowing the channel A signal
to reach the drivers. The opposite happens when the
MODE switch is in position B,

¢. The MODE switch, in ALT position, biases the
multivibrator into the bi-stable state which receives
a trigger pulse at the end of each sweep from the
sweep circuitry through Q2216, The bi-stable multi-
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vibrator biases each set of diodes on and off allowing
channel A and B signals to alternately reach the
drivers,

d. The MODE switch, in CHOP, biases the multi-
vibrator into a 100 kHz astable condition allowing
the A and B channel signals to appear at the drivers
at a 100 kHz rate,

e. The MODE switch, in ADD, biases both sides
of the multivibrator off allowing CR2210, CR2211,
CR2212 and CR2213 to turn on which passes both
the A and B signals (as a composite) to the bases
of the drivers.

5-4 VERTICAL FINAL (see schematic 8-4 and 8-5)

a. The vertical final takes the voltage between the
base of Q2205 and Q2208 and transforms it into a
difference current which flows throughthe VERTICAL
FINAL Q213 and Q214, Q2209 is a current generator
and R2236 adjusts the current through the final for
a proper operating level at the collectors of Q213
and Q214,

b. The overall gain of the VERTICAL DRIVER -
FINAL amplifier is adjusted by R2232, The differ-
ential current signal developed by the drivers flows
through Q213 and Q214 and developes a differential
voltage across R241 and R247 which drives the CRT,
The inductors at the collectors of Q213 and Q214
match the output impedance of vertical final to the
CRT deflection plates giving an improved overall
response,

5-5 TRIGGER PICKOFF (see schematic 8-4 and
8-2) )

a. The trigger signal is taken from the proper
stage of the vertical amplifier and fed in the proper
polarity to the input of the trigger amplifier Q314
for each setting of the MODE switch.

b. The trigger signal for MODE switch settings
of B and ADD is picked off the vertical final driver
stage through CR2204 and fed through one of the
analog gates in AR2203 to the trigger amplifier,
This gate is biased on by the MODE switch for only
settings of B and ADD,

c. The trigger signal for the MODE switch set-
tings of A, ALT, and CHOP is taken from a differ-
ential amplifier made up of Q2217 and Q2218 in the
A channel preamp.This amplified differential trigger
signal is fed from the collectors of Q2217 and
Q2218 to two analog gates of AR2203. Each of these
gates is controlled by the A polarity switch (S2203)
which in turn receives V1 (+15V) from the MODE
switch, The polarity switch turns on the proper gate
which lets one side or the other of the differential
signal through to the trigger amplifier,

5-6 BLANKING CIRCUIT (see schematic diagram
figure 8-5)

a, The blanking circuit is an edge triggered flip
flop that controls the grid potential at the cathode

ray tube, Triggering of this flip flop is accomplished
through a coupling-pulse transformer. Pin 8 of nand
gate AR301 is high whenever the horizontal circuitry
is sweeping, and low when it is not. The pulse trans-
former differentiates these changes of state as shown
in figure 5-2,

b. Note that the pulses are positive going at the
beginning of each sweep and negative going atthe end.
The pulses are applied to the bases of Q407 and Q408.
Pulses which forward bias the base emitter junction
of one of the stacked pair will automatically reverse
bias the base emitter junction of the other., When
Q407 conducts the voltage level reached at the grid
(pin 2) is limited, due to the saturation of Q407, by
the setting of the INTEN control,

c. It is the function of Q407 and Q408 to conduct
heavily during the period when the pulses from T401
are applied to their bases., This causes the grid
voltage to change state very rapidly. Once this new
voltage level is reached Q407 and Q408 cease con-
duction and the new voltage level is maintained by
the output level of Q406.

d. Q405 and Q406 form a low power high voltage
flip flop, Positive and negative pulses developed by
Q407 and Q408 are coupled through R429 and C406
to the base of Q405, A positive pulse applied to the
base of Q405 causes the voltage at the output of the
flip flop, the collector of Q406, to go to the most
positive state, Negative pulses at the base of Q405
cause this output voltage to change to the most
negative state. This change of state is coupled
through R427 and the secondary of T401 to hold
the grid in either the high or low state.

5-7. TRIGGER AMPLIFIER (see schematic diagram
figure 8-17)

a. The SOURCE switch S305 selects one of the
three possible trigger signals. The selected signal
then appears at the gate of Q314, Q314 serves as a
source follower and signals at its gate are reproduced
at R349, In all positions of the Source switch these
signals are connected to the base of Q315 in the
Television Sync separator, With the SOURCE switch
in the NORM position, these signals are also coupled
through C318 and CR302 to the input of the trigger
level comparator amplifier,

b, Input signals at the base of Q301 are compared
to the dec voltage set by the LEVEL control, at the
base of Q302., When the input signal swings more
positive than this dc level Q301 conducts while Q302
does not, When the input signal swings below this
level Q302 conducts and Q301 does not, This is shown
in figure 5-3 along with the resultant collector
waveforms,

c. Because the trigger gate AR302 initiates the
sweep only on positive slopes, negative slopes are
turned into positive slopes at the collector of Q301,
These two signals are then connected to S302, the
SLOPE select switch, The selected signal is then
amplified further by Q303 and Q304 and presented
to the trigger gate, AR302,
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Figure 5-4, Simplified Diagram of Hold Off, Trigger Gate and Sweep Circuitry




5-8 AUTO GATE (see schematic diagram figure 8-7)

a, Q308 functions as the AUTO gate, In the AUTO
mode of the TRACE control, in the absence of a
trigger signal, transistor Q308 is turned on through
R320 and R321, This causes the collector of Q308
to be at approximately 0 volts, Pulses from uni-
junction oscillator Q318 are coupled into the emitter
of Q308. These pulses cause Q308 to turn off, The
collector then is at + 15 volts during these pulses,
The resultant collector pulses are then coupled through
C304 into the base of Q304 and appear at the trigger
gate,

b, When a trigger signal appears at the collector
of Q301 this signal is rectified and filtered by CR303,
CR304 and C303. This rectified, filtered, negative
voltage causes Q308 to shut off and its collector
rises, Under these conditions Q308 is off continu-
ously and pulses from Q318 have no effect on the
collector voltage. The trigger gate then acts on the
input trigger signal and not on the auto pulses,

5-9 TRIGGER GATE (see schematic diagram figure
8-7 and simplified schematic figure 5-4),

a. In order to understand the operation of the
trigger gate the concept of hold off will be intro-
duced, When the sweep is initiated by the trigger
circuitry no further trigger pulses are desired until
the spot has been deflected horizontally across the
crt and returned, A hold off signal is used to prevent
triggering until some time after the spot has returned,
otherwise, a trigger pulse could appear inthe middle
of the retrace of the spot, and sweep could start
again in the middle of the display.

b. Two different transistors control hold off, Q310
causes hold off immediately after sweep is triggered
and during the sweep interval. Q309 in conjunction
with its series hold off timing capacitors C337 and
C338 cause hold off during, and for a brief period
after retrace,

¢. In order that the sweep starts at precisely the
same point on the trigger wave form a digital trigger
gate is used, Trigger input signals are applied to
Pins 2 and 5 of AR302, and the hold off signal is
applied to Pin 10, When the hold off is low Pin 3 is
high regardless of the state of the trigger input
signal. After the hold off goes high the trigger
signal must go low and on the next low to high
transition Pin 3 of AR302 will go low, It is only
when pin 3 goes low that the sweep is initiated,

5-10 SWEEP CIRCUIT (see schematic diagram fig-
ure 8-7 and simplified schematic figure 5-4).

The sweep circuitry used in this instrument relies
on the fact that a fixed current into a capacitor
produces a linear time-to-voltage ramping waveform.
Q306 is a current generator and the magnitude of
the current through its collector is determined by
the voltage at the base, and the resistor in the
emitter. By changing the resistor, 9 sweep ranges
are produced for each sweep capacitor (CT)., Two
different capacitors are used, C335 for the .2 second

to .5mSEC ranges and C336 for the .2mSEC to .5u1
SEC ranges. These capacitors and resistors (R282
through R390) are located onthe HORIZONTAL TIME/
cm switeh, Calibration of these sweep times for
various capacitors is accomplished by adjusting the
reference voltage at the base of Q306 with R344 and
R345, The HORIZONTAL TIME/cm VARIABLE con-
trol R348 also varies this voltage to produce variable
sweep times.

The current from Q306 can flow into one of two
paths. When sweeping, Q307 is off and current flows
in Cp. When not sweeping, Q307 is on and current
flows into Q307,

When sweeping, the voltage across C.. is amplified
by field effect transistor Q312 and transistor Q313,
When the voltage at the collector of Q313 reaches
the zener voltage of CR311 current begins to flow
through the zener into the base of Q305, When Q305
conducts Pin 1 of AR301 is pulled low, This causes
the sweep set-reset-flip-flop output at Pin 3 to go
high which turns on Q307, This discharges C7 and
returns the spot to the left side of the display to
await the next trigger pulse into Pin 5 of AR301,

5-11 TELEVISION SYNC SEPARATOR (see schematic
diagram figure 8-7)

a. Transistor Q315 and Q316 form an active sync
stripper. The action of this circuit is to separate
signals which occur around the most negative level
of the trigger input signal, When video signals of
the proper polarity are applied, the sync pulses are
at the most negative level, See figure 3-6,

b. A negative going edge applied to the base of
Q315 causes this transistor to conduct which causes
Q316 to conduct, As the collector of Q316 is pulled
towards the -15 volt supply, diode CR308 begins to
conduct. This causes the voltage on capacitor C319
to be pulled towards a level which tends to shut
Q315 back off, Equilibrium is reached when the final
voltage on C319 is approximately .7 volts more
positive than the most negative level of the input
signal, When the input signal rises on a positive
edge, Q315 and Q316 stop conducting immediately,
This causes the collector voltage of Q316 to rise
to approximately the + 15V level, CR310 clamps this
swing to approximately 5.8 volts, As soon as Q315
and Q316 cease conduction the voltage at the C319 -
R352 junction begins to rise; however, this rate of
rise is quite slow compared to the time between two
sync pulses, Hence Q315 begins to conduct again on
the next negative going edge and thus holds this capa-
citor voltage around the negative level of the input
signal, Hence Q315 and thus Q316 can only conduct
for voltages around the negative signal level, This
effectively strips sync from video for a wide range
of input amplitudes, The signal at the collector of
Q316 is used as the TV-H trigger signal, The clamped
sync which appears across CR310 is coupled to the
unijunction oscillator Q318 through R359 and C326 and
synchronizes this oscillator at the horizontal line
frequency, R357 and C323 serve as a low pass filter
which separates the vertical sync pulse from the
composite sync, This signal is the TV-V trigger
signal,



5-12 VITS CIRCUITRY (see schematic diagram fig-
ure 8-7)

a, The VITS appears as the first video information
after the video vertical sync pulse, To separate this
information, triggering is inhibited by the hold off
circuitry until after the FIELD 1 or FIELD2 Vertical
sync pulse is detected. Once the sweep has been
triggered, the retrace pulse inhibits any further
triggering untilthe next selected sync pulse is detected,
Thus only one sweep per frame is possible and this
sweep will display the first video information after
the selected vertical sync pulse.

b. Unijunction transistor Q318 is syncronized at
the horizontal line rate by the sync separator. The
equilization pulses and the serrations of the vertical
sync pulse of the composite sync signal maintain
this oscillator in sync during the vertical blanking
and vertical sync interval. In FIELD 1 the last edge
of the vertical sync pulse and the pulse from the
synchronized oscillator are coincident, In field two
they are not,

¢, The last edge of the vertical sync pulse of
FIELD 1 and FIELD 2 are detected by Q317, The
component values of R358, R357, C323 and C324
have been selected such that Q317 conducts for a
very brief period atthe end of each vertical sync pulse,
The outputs of Q318 and Q317 are connected to nand
gate pins 3, 4 and 5, The output of the nand gate will
only be low when the field 1 sync pulse occurs, This
pulse is stretched by Q319, The edge of vertical sync
pulse from Q317 is also fed to AR303 pins 1, 2, 13,
The output at Pin 12 goes low for each sync pulse,
The output at the emitter of Q319 goes low for each
field 1 sync pulse,

d. In the FIELD 1 and FIELD 2 positions of the
HORIZONTAL TIME/cm switch Q311 is turned off,
In the FIELD 1 position 19 is connected to 17, Thus

the FIELD 1 pulse removes hold off after each
FIELD 1 vertical sync pulse, In the FIELD 2 position
20 is connected to 17 and 19 is connected to 186.
Under these conditions the vertical sync pulses re-
move hold off after each vertical sync pulse but the
FIELD 1 pulse restores hold off on FIELD 1, Thus
the oscilloscope can trigger only after the FIELD 2
sync pulse,

5-13 EXT., HORIZONTAL SYSTEM (see schematic
diagram figure 8-5 and 8-8)

a. Signals which are applied to EXT HORIZ INPUT
are divided in amplitude by compensated divide R340,
R341, C312, C313, Signal input amplitude is deter-
mined by potentiometer R341, the EXT HORIZ LEVEL
control, In this position of the HORIZ, TIME/cm
switch 13 is connected to 11 and 12 is disconnected
from 2, Input signals are amplified by Q312 and Q313
and then connected to the horizontal driver,

b. Circuitry for the horizontal driver is shown
on schematic figure 8-8. It is the function of this
driver to transform the input voltage into a differ-
ential current which flows to the horizontal final
amplifier, Circuitry for the horizontal final is shown
on schematic figure 8-5. The total current through
this stage is adjusted by R371, The overall X1 gain
of the horizontal driver-horizontal final amplifier is
determined by the emitter resistor R367 and R368,
In the X5 position these resistors are paralleled by
R369 which increases the gain, Positioning of this
stage is accomplished by changing the voltage at the
base of Q321 which changes the ratio of the average
current through Q320 and Q321, The signal current
which is generated by the horizontal driver developes
a voltage at the collectors of Q323 and Q324, The
inductors L1303, L304 and capacitors C332 and C333
are used to better match the amplifier to the hori-
zontal deflection plates and improve the frequency
response,



SECTION 6
CALIBRATION PROCEDURE

The Hickok oscilloscope is designed to provide many
years of stable, trouble free operation, However,
should it be necessary to replace any of the com-
ponent parts, it is recommended that the overall
calibration be checked and, if necessary, adjusted,
before attempting to use the instrument. Refer to
figures 6-2, 6-3 and 6-4 for parts location.

6-1 CALIBRATION EQUIPMENT REQUIRED

a. Electronic Multimeter (battery operated pre-
ferred) capable of measuring 0 to 260 volts dc and
0 to 2 volts ac at 400 Hz with an accuracy of +1%,
Hickok Model 3300A or equal,

b, Source of 20 Hz and 20 kHz square waves with a
frequency accuracy of +1%, or a source of broadcast
video signals,

c. Source of 10 kHz and 1 MHz square waves.

d. Source of 400 Hz sine waves with adjustable
output from .2 to 1,5 V rms,

e. Low input capacitance voltage divider probe,
Hickok Style 100-155 or equal,

6-2 POWER SUPPLY CALIBRATION
WARNING

The high-voltage power supply produces
dangerous potentials in excess of 2,500
volts, These voltages are present on the
FOCUS and INTENSITY control circuits
behind the front panel, on the blanking PC
board at the base of the cathode ray tube
and within the power supply itself,

a. Place the oscilloscope upside down on a service
bench with the cathode ray tube at the bottom, Re-
move the four (4) corner screws which secure the
rear trim strips and the top and bottom covers to
the instrument and remove the covers.

CAUTION
Be sure the line plug is disconnected from

the power source,

b. Remove the four (4) screws which secure the
rear panel to the side rails,

c. Lay the rear panel and power supply on the
bench behind the equipment. The power supply leads

are long enough to permit removal without applying
strain to the wiring, See figure 6-1.

WAR

Whenever the power supply is disconnected
from the side rails, a temporary ground
must be connected between the power supply
and the main equipment before power is
applied, This can be accomplished by con-
necting the clip leads from the grounded lugs
on the power supply terminal strip to the
side rails or frame of the main equipment,

d. The low voltage power supplies are connected
to a terminal strip on the rear panel. The voltages at
these terminals when measured with respect to
chassis ground should be within the limits specified
in table 6-1,

Table 6-1. Voltage Limits for Low Voltage Supply

Wire Color Voltage to Chassis Ground
Red- White +240 to 260V dc
Orange-White +120 to 128.5V dc

Red +4.5 to +5.5V dc
Orange +14,10 to +15.45 V dc
Blue -14,10 to -15.45 V dc

e. If the terminal voltages are not within the
specified limits proceed as follows:

(1) A battery operated multimeter capable of
reading 123 volts to within +0.5 volt is desired. If a
battery operated meter is not available, this cali-
bration can be accomplished by using an isolation
transformer between the power line and the oscil-
loscope,

(2) Remove the eleven (11) screws which secure
the power supply cover and remove the cover,

(3) Adjust the multimeter to measure 123 volts
dc and connect it across capacitor C105 of the power
supply.

(4) Turn the regulator adjust control R103 until
the voltage across C105 reads 123 volts + 0,5 volt,

(5) Measure the voltages again as in paragraphd
above and table 6-1,

(8) If the voltages are not within the specified
limits, adjust the symmetry control R108 until proper
readings are obtained, Note that an adjustment of
R108 which causes an increase in the 125 volt supply
will cause a decrease inthe other low voltage supplies.
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Figure 6-1, Clip Lead Ground Connections Required for Calibration and Service

6-3 HORIZONTAL PREAMPLIFIER CALIBRATION
(This adjustment controls the length of trace,)

a, Connect the multimeter between the junction of
Q313 and R339 and chassis ground,

b. Set the HORIZONTAL TIME/cm switch in the
EXTERNAL HORIZONTAL INPUT position,

c¢. Adjust the horizontal preamp balance control
R335 to obtain a voltage reading betweenO and -0,1
volt,

6-4 VERTICAL FINAL CURRENT ADJUST

a, Set MODE switch to A, Slide the VERT POS
control to its lowest position and use the multimeter
to measure the voltage between the collector of vertical
output transistor Q214 and chassis ground.

b, Adjust the vertical current limit control R2236
for a reading of 24 volts + 0.5 volt and note this
reading as voltage "A'" The trace should be off
screen,

c. Slide the VERT POS control to its highest
position and measure the voltage from the other
vertical output transistor Q213 to chassis ground
and note this reading as voltage "B'",

6-2

d., If voltage "B' is more positive than voltage "A"
no further adjustment is required, However, if voltage
"B" is less positive than A" it will be necessary to
reset the vertical current limit control R2236 so that
voltage '""B'' reads 24 volts + 0,5 volt, The trace should
still be off screen,

e, Position the trace in the center of the screen
and allow fifteen minutes for stabilization,

f. Repeat the procedures in paragraphs 6-4a,
through 6-4b, while checking voltages ""A'" and "B"
on the collectors of Q214 and Q213 respectively
and adjusting R2236 as needed,

6-5 HORIZONTAL FINAL CURRENT ADJUST

a, Make the following front panel control settings.
Control

HORIZ GAIN switch Set to X5

VERT POS control Set in center position

HORIZONTAL TIME/ Set to EXT HORIZ INPUT
cm switch

Setting or Position

b. Slide the HORIZ POSITION control toits extreme
right hand position and measure the collector to ground
voltage of horizontal output transistor Q323,



c. Adjust the horizontal current limit control R371
for a reading of 23 volts + 2 volts and note this
reading as voltage "C", The spot shouldbe off screen,

d, Slide the HORIZ POSITION controltoits extreme
left position and measure the collector to ground
voltage of the other horizontal output transistor
Q324 and note this as voltage "D",

e. If voltage "D" is more positive than voltage
"C' adjust horizontal current limit control R371 so
that voltage "D' reads 23 volts + 2 volts, The spot
should still be off the screen.

6-6 SWEEP TIMING CALIBRATION

a, Set front panel controls as follows:

Control Setting or Position

MODE switch Set to A
A and B VERT INPUT Set to DC

switches
A and B VERTICAL Set to .b

VOLTS/cm switches
TRACE switch Set to NORM
SLOPE switch Set to negative (-) slope
FILTER switch Set to NORM
SOURCE switch Set to INT
HORIZ GAIN switch Set to X1

HORIZONTAL TIME/cm
switch

Set to 10 mSEC

A and B VERTICAL Set to CAL.
VARIABLE controls
HORIZ VARIABLE Set to CAL.

control

b, Connect a 20 Hz square wave signal to the
VERT INPUT connector of the oscilloscope and adjust
the signal level for approximately 4 centimeters of
deflection. Adjust the TRIGGER LEVEL control for a
stable display starting on a low level,

c. Adjust the sweep timing resistor R344 such
that with the second falling edge on the 5th vertical
graticule line of the cathode ray tube the third falling
edge is within + 1/4 of a minor division of the 10th
vertical graticule line,

d. Connect a 20 kHz square wave signaltothe VERT
INPUT CONNECTOR and move the HORIZONTAL
TIME/ cm switch to 10 SEC,

e. Adjust the sweep timing resistor R345 in the
same manner as R344,

NOTE

The sweep timing can also be adjusted
using video signals as a frequency source.
The procedure is as outlined in the follow-
ing subparagraphs.

f. Apply composite video signals to the VERT
INPUT connector of the oscilloscope and move the
FILTER switch to TV-V. With the HORIZONTAL
TIME/cm switch in the 10 mSEC position adjust
R344 such that six vertical fields occupy 10 centi-
meters horizontally.

g. Move the HORIZONTAL TIME/cm switch to
the 104 SEC position and the FILTER switch to the
TV-H position. Adjust R345 such that one horizontal
line occupies 63.5u SEC,

6-7 VERTICAL AMPLIFIER GAIN ADJUST

a, Connect a 400 Hz sine wave signal to the VERT
INPUT connector and adjust triggering for a stable
display.

b, Connect a multimeter or ac voltmeter having
an accuracy of 1% of less across the vertical input
to monitor the output of the sine wave generator,

¢, Adjust the monitored voltage input to the os-
cilloscope to 1.414 volits rms, Set the VERTICAL
VOLTS/cm switch at .5, Adjust R2232 for [ eTadly
8 centimeters peak to peak deflection.

d, Adjust input voltage to 0,566V rms, Set the
VOLTS/cm switch to .2 and adjust R2221 for exactly
8 cm peak to peak deflection,

e. Adjust input to 0,283V rms. Set the VOLTS/cm
switch at .1 and adjust R2222 for exactly 8 cm peak
to peak deflection.

f. Set MODE switch to B. Connect 400Hz sine
wave and meter to B input, Repeat steps c, d, and e
adjusting R2274, 2264, and 2265 respectively,

6-8 ATTENUATOR COMPENSATION

a, Set the MODE switch to A.

b, Connect a 10 kHz square wave signal to the
A VERT INPUT connector and adjust the trimmers
for maximum flatness of the square wave display
at the settings of the VERTICAL VOLTS/cm switch
as listed below:

CHANNEL A
VERT. VOLTS/cm
Setting_ Adjust Note
2 C2204 Trimmer C204, C208
2 C2208 and C212 are located
10 C2212 toward the rear of the A

VOLTS/cm switch,

¢, Connect a 10:1 voltage divider probe (Hickok
No, 100-155 or equal) from the VERT INPUT con-
nector to the output of the square wave generator,
With the VERTICAL VOLTS/cm switch in the .05
position set the signal level for approximately full
screen deflection and adjust the probe for maximum
flatness of the square wave,

d. Without disturbing the probe adjustment, move
the VERTICAL VOLTS/cm switch to the setting
listed below and adjust the corresponding trimmer
capacitors for maximum flatness of the square wave,
Increase the square wave generator output for usable
deflection on each range,



CHANNEL A
VERT, VOLTS/cm
Setting Adjust
2 C2202
2 C2208
10 C2210

Note

Trimmers C2202, C2206
and C2210 are located
toward the front of the A
VERT. VOLTS/cm switch.

e, Set the MODE switch to B, connect a 10kHz
scﬁare wave to the B VERT INPUT connector and
adjust the trimmers for maximum flatness of the
waveform using the following chart.

CHANNEL B
VERT. VOLTS/cm
Setting Adjust
2 Cc2221
2 C2225
10 C2229

Note

These trimmers are lo-
cated toward the rear of
the B VOLTS/cm switch.

f. Repeat Steps ¢ and d above for Channel B

using the following chart,

CHANNEL B
VERT. VOLTS/cm
Setting Adjust
.2 C2219
2 C2223
10 Cc22217

Note

These trimmers are
located toward the front
of the B VOLTS/cm
switch.

6-9 CRT CAPACITY BALANCE AND INTENSITY

LIMIT ADJUSTMENTS

-The cathode ray tube capacity balance adjustment

C218 and the intensity limit adjustment R425 are
factory calibration controls which should not be

tampered with in the field,
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Figure 6-2. Main PC Board, Parts Location



Figure 6-3. Final Amplifier and Blanking Circuit PC Board, Parts Location
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Figure 6-4. Power Supply PC Board, Parts Location




SECTION 7
SERVICING

7-1 GENERAL

a, Under normal operating conditions and with
reasonable care this oscilloscope will provide trouble
free operation for extended periods of time with no
+ other service than an occasional check and, if nec-
essary, adjustment of the calibration circuits. If
major repairs or adjustments become necessary they
should only be undertaken by qualified persons who
are thoroughly familiar with the operation of trans-
istors and their associated circuitry.

b. The Hickok Electrical Instrument Company
maintains a complete factory service department,
supported by authorized factory repair stations, to
assure prompt and reliable service for all Hickok
products, If major repairs or adjustments are needed
it is recommended that the equipment be returned
for service,

c. Should it be necessary to repair the oscilloscope
in the field, it is imperative that service personnel
read and understand the "Theory of Operation" and
"Calibration Procedure', Sections 5 and 6 of this
manual before attempting to service the equipment.

d, It is important that a logical approach be used
to localize circuit failures, as indiscriminate replace-
ment of components could cause damage to the
equipment or to perfectly good components. The Pro-
cedure for Replacing Components in Printed Circuit
Boards, outlined in figure 7-1 should be followed
rigorously in order to prevent damage to components
or printed circuit boards,

7-2 PRECAUTIONS TO BE OBSERVED WHEN SER-
VICING THE OSCILLOSCOPE

WARNING

The high-voltage power supply produces
dangerous potentials in excess of 2,500 volts.
These voltages are present on the FOCUS
and INTENSITY control circuits behind the
front panel, on the blanking PC board at
the base of the cathode ray tube and within
the power supply itself,

CAUTION

Before removing the power supply and rear
panel or the front panel from the oscil-
loscope for servicing, make sure that the
line cord is disconnected from the power
line. When servicing the power supply an
isolation transformer must be used between
the power line and the oscilloscope to prevent
dangerous electrical shock and destruction of
components in the equipment.

a. Before operating the oscilloscope with the front
panel removed, ground connections MUST be made
between the side rails and circuit ground. This is
most easily accomplished by connecting clip leads
between the case of VERT INPUT switch S202 and
the left side rail and between the case of the SOURCE
switch S305 and the right side rail,

b. When the rear panel and power supply are re-
moved from the side rails, grounds MUST be connected
between the side rails and circuit ground before power
is applied, Connect clip leads between the side rails
and the grounded lugs on the power supply terminal
strip,

¢, When removing the rear panel and power supply,
the oscilloscope should be placed upside down on the
service bench with the cathode ray tube atthe bottom.
In this position the leads are long enough to allow
the rear panel and power supply to rest on the bench
without applying strain to the interconnecting wiring.
See figure 6-1,

7-3 SERVICING AND TROUBLESHOOTING PROCE-
DURES

a, Preliminary Test Procedure, When troublede-
velops check the obvious causes first such as the
following possibilities,

(1) Be sure the line cord is plugged in and
there is power at the receptacle,

(2) Turn the POWER switch ON, If the POWER
indicator does not light, check for a blown fuse.

NOTE

A 2 ampere slow-blow fuse F101, mounted
in an in-line type holder, is located in the
laced cable beside the CRT housing.

(3) Be sure all front panel controls are set
properly for the desired operation and display.

b. The first step in repair of the unit should be
to localize the problem to a general area of the
circuitry, such as the vertical amplifier, trigger
circuitry, etc. This can generally be accomplishec
by observation of the performance of the unit, As
an aid to the localization of the problem area, i
is helpful to think of the unit as divided into sever
major areas of circuitry, These are as follows:

Trigger Circuitry

Sweep Generator
Blanking Circuit

Ext., Horizontal Circuitry
Vertical Amplifier
Power Supplies
Calibrator



PROCEDURE FOR REPLACING COMPONENTS IN PRINTED CIRCUIT BOARDS

1. Place printed circuit in the horizontal posi-
tion with the soldered side up*. Take a length of
fine braid or fine stranded wire either tinned or
not tinned, Braid is preferable. Dip the end of
the braid in resin flux (London Chemical Co.
type #77-33-TA or equivalent), Placed the fluxed
end of the braid on a solder fillet of the compo-
nent to be removed. Press the braid on to the
fillet using the clean tip of the soldering iron, Do
not overheat the board or component. Only heat the
solder fillet sufficient to melt the solder, The
solder will "wick' up the braided wire removing
the solder from the joint. Continue this process
until all leads of the component to be removed
are free of solder.

*A SOLDAPULLT desoldering tool, manufactured
by Edsyn Inc., can be used in place of standard
wire,

SOLDERING IRON

PRINTED CIRCUIT

BOARD
AN
S
SOLDER FILLET TO
BE DESOLDERED COMPONENT TO
BE REMOVED

2. Using a pair of needle nose pliers "wiggle"
each lead of the component to be removed to be
sure it is free of the land area to which it was
soldered. Place the needle nose pliers on the
component lead and remove the lead, Continue the
procedure with each component lead until the
component is removed. Do not force the leads,
If a lead can not be removed touch the lead on
the soldered side of the board with the soldering
tip.

DESOLDERED AND LOOSENED

SIDE OF COMPONENT LEAD

A

COMPONENT TO
BE REMOVED

3. Bend clean tinned leads of new component and
carefully insert in holes, (Do not force component,
If it does not insert easily reheat pad and clean
as before).

— o~

5\\\‘1 SOOI

4. Hold part to board and solder leads from print
side of board. Do not leave a large blob of solder
on pad, The correct amount can be determinedby
observing other connections made in production.

SOLDERING IRON

SOLDER Y,
/ BOARD

/ PAD

|

?COMPON ENT

Clean holes with a piece of .020 stainless steel
wire by melting the solder and poking the wire
through.' ’

CLIP HERE

PULL OUT

SOLDERING IRON

The above should be carefully followed or extensive damage to the printed circuit board will result.

Figure 7-1. Servicing Etched Circuit Board




¢. Adjust the panel controls through their range
and observe the operation in an attempt to localize
the problem to a particular section of the circuitry.,
The normal or abnormal operation of a particular
control will aid in localizing the trouble,

d, The oscilloscope as with all highly accurate
instruments will require periodic recalibration checks
in order to insure a high degree of accuracy. It also
should be noted that on occasion, circuits out of
calibration may cause apparent trouble symptoms.
For this reason, the calibration of the unit should
be checked before proceeding with a detailed trouble
analysis; also, a calibration check will greatly aid
in localizing circuit failures. The calibration pro-
cedure is found in Section 6 of this instruction book,

e. After the trouble has been isolated to a parti-
cular circuit, perform a complete visual check of
that circuit for faulty components, If a visual check
of the circuit fails to detect the trouble, it will be
necessary to check the circuit for its electrical
operating characteristics,

f. When it has ascertained that the unit requires
repair the first step is to measure the power supply
voltages as described in the calibration procedure.
Should any voltage read below its expected value
by more than 10% a shorted component should be
suspected, The oscilloscope should be turned off and
the short eliminated before further investigation,
Operating the unit with a shorted supply can cause
extensive damage to the power supply.

g. Since this oscilloscope is an extremely com-
plex instrument, a comprehensive troubleshooting
procedure is beyond the scope of this text, In general,
troubleshooting an instrument can be divided into
two parts; isolating or localizing the trouble to a
particular circuit, and the actual location of the
defective component. Reference to the following
troubleshooting chart and the theory of operation
Section 5 will aid in localizing the trouble,

7-4 TROUBLESHOOTING CHART
The following chart will help to correlate the symp-

toms of improper operation with the area of circuitry
involved,

Table 7-1. Trouble Shooting Chart

SYMPTOMS

POSSIBLE REASONS

COMPONENTS TO BE CHECKED

Pilot light does not light unit
does not operate
voltage

Pilot light lights unit power
supplies read 0, voltage
across C105 approx. 123 volts
Power supply voltages to high
R103 has no effect

Power supply voltages OK no
trace in any control position

Trace only in locate position
No triggering on INT EXT or
LINE position, Trace appears
in AUTO and LOCATE mode.

AUTO does not function, Trigger

OK in INT, EXT, LINE Q304.,

No sweep in any position., Oper- No sweep
ation correct in EXT HORIZ

mode,

Poor triggering on certain sweep No hold off

ranges. Trace seems occasionally
to start in the center of screen.,

S

Blown fuse due to overload to
supplies, improper line

Supply will not oscillate

Failure of series regulator
or associated circuitry

Blanking circuit inoperative.
Trace off screen due to
amplifier failure, See Note 1,
at end of table,

Amplifier failure

Trigger amplifier failure

AUTO pulses not reaching

F101, RT101, C102, Q101, Q102,
Q103, CR101 thru CR114

T101, Q104, Q105, DS101,
CR104, C111, C108

Series regulator semiconductors
Q101, Q102, Q103, CR102,
CR103

Q407, Q408, Q405, Q406. Check
components in VERTICAL AMP-
PLIFIER Q201 thru Q214, CR201,
CR202 and Horizontal Amplifier
components Q312, Q313, Q320
thru Q324.

See Note 1 at end of table,
Semiconductor to be checked
Q314, Q301, Q302, Q303, Q304.
Q308, Q318, CR303, CR304,
CR309.

AR301, AR302, AR303, Q305,
Q309, Q310, Q306, Q307, Q311

Q309, Q310, AR302. CR305




Table 7-1. Troubleshooting Chart (con't)

SYMPTOMS POSSIBLE REASONS COMPONENTS TO BE CHECKED

Poor or absent TV-V, TV-H Sync separator failure Q315, Q316, CR308, CR310
VIT triggering
No VIT triggering, or continuous VIT circuit failure Q317, Q318, AR303, Q319, Q311,
triggering on both fields, TV-V AR301, Q310
and TV-H OK
No line trigger Pilot light defective. CR401, DS401, Q404

Defective photo transistor
No PROBE CAL output Defective PROBE CAL Q401, Q402, Q403

oscillator
Horizontal trace linearity R371 out of CAL., Excessive Q322
poor at high sweep speeds horizontal driver current
Vertical distortion at high R2236 out of CAL. Excessive Q2209
frequencies vertical driver current,

NOTE 1

In order to determine which if either amplifier has failed,
perform the following test. Set controls as in Section 3-2.
Connect a clip lead between the collectors of the two hori-
zontal (Q324, Q323) or vertical (Q213, Q214) final amplifiers.
These collectors are accessible at the tabs on the tops of
the transistors. If shorting the vertical output transistor
collectors together brings a trace on screen then the vertical
amplifier is at fault. If shorting the horizontal output trans-
istor collectors together brings a spot on to the screen
then the horizontal amplifier has failed, CAUTION: Connect
the clip lead with the power off to avoid shock,
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