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OPERATOR’S CONTROLS, INDICATORS AND FACILITIES

. Cathode Ray Tube (CRT). This is the screen on which

the waveforms are viewed.

Scale. The 8 x 10 c¢cm graticule provides calibration
marks for voltage (vertical) and time (horizontal)
measurements. [lJumination of the scale is fully adjust-
able.

. POWER ILLUM control. Fully counterclockwise rota-

tion of this control (OFF position) turns off oscillo-
scope. Clockwise rotation turns on oscilloscope.
Further clockwise rotation of the control increases the
illumination level of the scale.

Pilot lamp. Lights when oscilloscope is turned on.

SWEEP TIME/CM switch. Horizontal coarse sweep
time selector. Selects calibrated sweep times of 0.5
HSEC/cm (microsecond per centimeter) to 0.5 SEC/cm
in 19 steps when VARIABLE control 6 is set to the
CAL position (fully clockwise). In the CH B position,
this switch disables the internal sweep generator and
permits the CH B input to provide horizontal sweep.

Sweep speed VARIABLE control. Fine sweep time
adjustment. In the extreme clockwise (CAL) position
the sweep time is calibrated.

CAL 1V P-P jack. Provides calibrated 1 kHz, 1 volt
peak-to-peak square wave input signal. This is used for
calibration of the vertical amplifier attenuators and to
check the frequency compensation adjustment of the
probes used with the oscilloscope.

<»POSITION control. Rotation adjusts horizontal
position of traces (both traces when operated in the
dual trace mode). Push-pull switch selects 5X magni-
fication when pulled out (PULL 5X MAG); normal
when pushed in.

TRIGGERING LEVEL control. Sync level adjustment
determines points on waveform slope where sweep
starts; (—) equals most negative point of triggering and
(+) equals most positive point of triggering. Push-pull
switch selects automatic triggering when pulled out
(PULL AUTO). When automatic triggering, a sweep is
generated even without an input signal.

EXT TRIG jack. Input terminals for external trigger
signal.

SYNC switch. Four-position lever switch with the
following positions:

SLOPE. The SLOPE positions are used for viewing all
waveforms except television composite video signals.

(+) Sweep is triggered on positive-going slope of
waveform.

(—) Sweep is triggered on negative-going slope of
waveform.

TV. In the TV positions, the sync pulses of a
television composite video signal are used to trigger
the sweep; the vertical sync pulses (frame) are
automatically selected for sweep times of 0.5 SEC/cm
to 0.1 mSEC/cm, and horizontal sync pulses (line) are
automatically selected for sweep times of 50 uSEC/cm
to .5 uSEC/cm.

(+) Sweep is triggered on positive-going sync pulse.
(—) Sweep is triggered on negative-going sync pulse.

12.

13.

14.

15.

16

17.

18.

19.

20.

SOURCE switch. Three-position lever switch selects
triggering source for the sweep. Both sweeps are
triggered by the same source in dual trace operation.

CH A Sweep is triggered by Channel A signal.
CH B Sweep is triggered by Channel B signal.

EXT Sweep is triggered by an external signal applied
at the EXT SYNC jack 10.

Channel B POSITION control. Vertical position adjust-
ment for Channel B trace. Becomes horizontal position
adjustment when SWEEP TIME/CM switch § is in the
CH B position.

Channel B DC BAL adjustment. Vertical DC balance
adjustment for Channel B trace.

Channel B INPUT Jack. Vertical input jack of Channel
B. Jack becomes external horizontal input when
SWEEP TIME/CM switch § is in the CH B position.

Channel B DC-GND-AC switch.

DC Direct input of AC and DC component of input
signal.

GND Opens signal path and grounds input to vertical
amplifier. This provides a zero-signal base line,
the position of which can be used as a reference
when performing DC measurements.

AC Blocks DC component of input signal.

Channel B VOLTS/CM switch. Vertical attenuator for
Channel B which provides step adjustment of vertical
sensitivity. Vertical sensitivity is calibrated in 11 steps
from .01 to 20 volts per cm when VARIABLE control
18 is set to CAL position. This control adjusts
horizontal sensitivity when the SWEEP TIME/CM
switch § is in the CH B position.

Channel B VARIABLE control. Vertical attenuator
adjustment provides fine control of vertical sensivitity.
In the extreme clockwise (CAL) position, the vertical
attenuator is calibrated. This control becomes the fine
horizontal gain control when the SWEEP TIME/CM
switch 5 is in the CH B position.

MODE switch. Five-position lever switch; selects the
basic operating modes of the oscilloscope.

CHA Only the input signal to Channel A is

displayed as a single trace.

CHB Only the input signal to Channel B is

displayed as a single trace.

Dual trace operation; both the Channel A
and Channel B input signals are displayed on
two separate traces.

A&B

The waveforms from Channel A and Channel
B inputs are added and the sum is displayed
as a single trace.

A+B

The waveform from Channel B is subtracted
from the Channel A waveform and the
difference is displayed as a single trace. If
only a Channel B input is present, the
display is inverted.

Channel A VOLTS/CM switch. Vertical attenuator for
Channel A which provides coarse adjustment of vertical
sensitivity. Vertical sensitivity is calibrated in 11 steps



21.

22.

23.
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from .01 to 20 volts per cm when VARIABLE control
21 is set to the CAL position.

Channel A VARIABLE control. Vertical attenuator
adjustment provides fine control of vertical sensitivity.
In" the extreme clockwise (CAL) position, the vertical
attenuator is calibrated.

Channel A DC-GND-AC switch.

DC Direct input of AC and DC component of

input signal.

GND  Opens signal path and ground input to
vertical amplifier. This provides a zero-signal
base line, the position of which can be used
as a reference when performing DC measure-

ments.

AC Blocks DC component of input signal.

Channel A INPUT jack. Vertical input jack of Channel
A.

Channel A DC BAL adjustment. Vertical DC balance
adjustment for Channel A trace.

Channel A POSITION control. Vertical position adjust-
ment for Channel A trace.

OPERATING

INITIAL STARTING PROCEDURE

1.

Set POWER ILLUM control 3 to OFF position (fully
counterclockwise).

2. Connect power cord 30 to a 120-volt, 50/60 Hz outlet.
3. Set CH A POSITION control 25, CH ¥ POSITION

10.

11.

12.

. Set CH A DC-GND-AC

. If no

control 13 and « » POSITION 8 to the centers of their

‘ranges.

Pull TRIGGERING LEVEL control 9 to the AUTO
position.

switch 22 and CH B
DC-GND-AC switch 16 to the GND positions.

Set the MODE switch 19 to the CH B position for
single -trace operation or the A & B position for
dual-trace operation.

Turn on oscilloscope by rotating the POWER ILLUM
control 3 clockwise. It will “click’ on and pilot lamp 4
will light. Turn control clockwise to the desired scale 2
illumination.

Wait a few seconds for the cathode ray tube (CRT) to
warm up. A trace (two traces if operating in the A& B
mode) should appear on the face of the CRT.

trace appears, increase (clockwise) the
INTENSITY control 28 setting until the trace is easily
observed.

Adjust FOCUS control 27 and INTENSITY control 28
for the thinnest, sharpest trace.

Readjust position controls 8, 25 and 13 if necessary, to
center the traces.

Check for proper adjustment of ASTIG control 26, and
DC BAL controls 14 and 24 as described in the
MAINTENANCE AND CALIBRATION portion of this
manual. These adjustments require checking only
periodically.

26.

27.
28.
29.
30.
31.

32.

33.

34.

ASTIG adjustment. Astigmatism adjustment provides
optimum spot roundness when used in conjunction
with the FOCUS control 27 and INTENSITY control
28. Very little readjustment of this control is required
after initial adjustment.

FOCUS control.

INTENSITY control. Adjusts brightness of trace.
Fuse holder.

AC line cord. CSA-approved for oscilloscopes.

INT MOD jack. Intensity modulation (Z-axis) input.

Combination carrying handle and tilt stand.

Probe (see Fig. 3). The B & K-Precision Model PR-35
combination 10:1/Direct probe has been designed for
use with this oscilloscope. However, any probe de-
signed for use with an oscilloscope having a nominal
input impedance of 1 megohm shunted by 27 pF and
capable of operation up to 15 MHz, can be used.

Vector Overlay (not shown). Interchanges with scale
for vectorscope operation.

INSTRUCTIONS

The oscilloscope is now ready for making waveform

measurements.

CAUTION

Never allow a small spot of high brilliance to
remain stationary on the screen for more than a
few seconds. The screen may become permanently
burned. Reduce intensity or keep the spot in
motion by causing it to sweep.

SINGLE-TRACE WAVEFORM OBSERVATION

Either Channel A or Channel B can be used for

single-trace operation. The advantage of using Channel B is
that the polarity of the observed waveform can be reversed
by placing the MODE switch 19 in the A-B position if there
is no input to Channel A. For convenience, Channel B is
used in the following instructions.

1.

Perform the steps of the “Initial Starting Procedure”
with the MODE switch 19 in the CH B position. Then
connect the probe cable to the CH B INPUT jack 15.
The following instructions assume the use of the

B & K-Precision Model PR-35 combination probes.

For all except low-amplitude waveforms, the probes
are set for 10:1 attentuation. For low-amplitude
waveforms (below 0.5 volt peak-to-peak), set the probe
for DIRect. See Fig. 3 for changing the probes from
10:1 to DIRect, or vice versa. The probe has a 10
megohm input impedance with only 18pF shunt
capacitance in the 10:1 position and 1 megohm with
120 pF shunt capacitance in the DIRect position. The
higher input impedance (low-capacity position) should
be used when possible, to decrease circuit loading.

Set CH B DC-GND-AC switch 16 to AC for measuring
only the AC component (this is the normal position for
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most measurements and must be used if the point
being measured includes a large DC component). Use
the DC position for measuring both the AC component
and the DC reference, and any time a very low
frequency waveform (below 5 Hz) is to be observed.
The GND position is required only when a zero-signal
ground reference is required, such as for DC voltage
readings.

. Connect ground clip of probe to chassis ground of the

equipment under test. Connect the tip of the probe to
the point in the circuit where the waveform is to be
measured.

WARNING

a. If the equipment under test is a trans
formerless AC powered item, use an isolation
transformer to prevent dangerous electrical
shock.

b. The peak-to-peak voltage at the point of
measurement should not exceed 600 volts
when using the DIRect position of the probe.

Set CH B VOLTS/CM switch 17 and the VARIABLE
contro! 18 to a position that gives 2 to 6 cm (two to
six large squares on the scale) vertical deflection. The
display on the screen will probably be unsynchronized.
The gemaining steps are concerned with adjusting
synchronization and sweep speed, which presents a
stable display showing the desired number of wave-
forms. Any signal that produces at least 1 cm vertical
deflection develops sufficient trigger signal to syn-
chronize the sweep.

. Set SOURCE switch 12 to the CH B position. This

provides internal sync so that the Channel B waveform
being observed is also used to trigger the sweep. During
single trace operation on Channel A, the SOURCE
switch should be placed in the CH A position for
internal sync. Most waveforms should be viewed using
internal sync. When an external sync source is required,
the SOURCE switch should be placed in the EXT
position and a cable should be connected from the
EXT TRIG jack 10 to the external sync source.

. Set SYNC switch 11 to the TV(+) or TV(-) positions

for observing television composite video waveforms or
to the SLOPE(+) or SLOPE(—) positions for observing
all other types of waveforms. Use the (+) position if
the sweep is to be triggered by a positive-going wave, or
the (—) position if the sweep is to be triggered by a
negative-going wave. If the type of waveform is
unknown, the SLOPE(+) position may be used.

. Readjust TRIGGERING LEVEL control 9 to obtain a

synchronized display without jitter. As a starting point,
the control may be pushed in and rotated to any point
that will produce a sweep, which is usually somewhere
in the center portion of its range. The trace will
disappear if there is inadequate signal to trigger the
sweep, such as when measuring DC or extremely low
amplitude waveforms. If no sweep can be obtained,
pull the control out (PULL AUTO) for automatic
triggering.

. Set SWEEP TIME/CM switch 5 and VARIABLE

control 6 for the desired number of waveforms. These
controls may be set for viewing only a portion of a
waveform, but the trace becomes progressively dimmer

10.

11.

as a smaller portion is displayed. This is because the
sweep speed increases but the sweep repetition rate
does not change.

NOTE

When using very fast sweep speed at low repetition
rates, the operator may wish to operate with the
intensity control toward maximum. Under these
conditions, a retrace ‘“‘pip” may appear at the
extreme left of the trace. This does not in any way
affect the oscilloscope operation and may be
disregarded.

After obtaining the desired number of waveforms, as in
step 9, it is sometimes desirable to make a final
adjustment of the TRIGGERING LEVEL control 9.
The (—) direction selects the most negative point on
the waveform at which sweep triggering will occur and
the (+) direction selects the most positive point on the
waveform at which sweep triggering will occur. The
control may be adjusted to start the sweep on any
desired portion of the waveform.

For a close-up view of a portion of the waveform, pull
outward on the 4« POSITION control 8. This expands
the sweep by a factor of five (5X magnification) and
displays only the center portion of the sweep. To view
a portion to the left of center, turn the « » POSITION
control clockwise, and to view portions to the right of
center. turn the control counterclockwise. Push inward
on the control to return the sweep to the normal,
non-magnified condition.

CALIBRATED VOLTAGE MEASUREMENT (See Fig. 4)

Peak voltages, peak-to-peak voltages, DC voltages and

voltages of a specific portion of a complex waveform are
easily and accurately measured on the Model 1472C
oscilloscope.

1.

Adjust controls as previously instructed to display the
waveform to be measured.

Be sure the CH B vertical VARIABLE control 18 is set
fully clockwise to the CAL position.

. Set CH B VOLTS/CM switch 17 for the maximum

vertical deflection possible without exceeding the
limits of the vertical scale.

Read the amount of vertical deflection (in cm) from
the scale. The CH B POSITION control 13 may be
readjusted to shift the reference point for easier scale
reading if desired. When measuring a DC voltage, adjust
the CH B POSITION control 13 to a convenient
reference with the CH B DC-GND-AC switch 16 in the
GND position, then note the amount the trace is
deflected when the switch is placed in the DC position.
The trace deflects upward for a positive voltage input
and downward for a negative voltage input.

NOTE
For an accurate display of high-frequency wave-
forms above 10 MHz, it is important that (1) the
probe be used in the 10:1 position to reduce
circuit loading; (2) the oscilloscope controls be set
so that the height of the pattern does not exceed 4
cm; and (3) the trace be centered vertically.

. Calculate the voltage reading as follows: Multiply the

vertical deflection (in cm) by the VOLTS/CM control
17 setting (see example in Fig. 4). Don’t forget that the
voltage reading displayed on the oscilloscope is only
1/10th the actual voltage being measured when the




probe is set for 10:1 attenuation. The actual voltage is
displayed when the probe is set for DIRect measure-
ment.

6. Calibration accuracy of this oscilloscope may be
occasionally checked by observing the 1 volt peak-to-
peak square wave signal available at the CAL 1V P-P
jack 7. This calibrated source should read exactly 1
volt peak-to-peak. If a need for recalibration is in-
dicated, see the “MAINTENANCE AND CALIBRA-
TION” section of the manual for complete procedures.

DIFFERENTIAL VOLTAGE MEASUREMENT (See Fig. 5)

This oscilloscope may be used to observe waveforms and
measure voltages between two points in a circuit, neither of
which is circuit ground. Such measurements as the inputs to
a differential amplifier, the output of a phase splitter or
push-pull amplifier, the amount of signal developed across a
single section of voltage divider or attenuator, and many
others, require this technique.

1. Adjust controls as previously described under “Initial
Starting Procedure.”

2. Connect a probe cable to both the CH A and CH B
INPUT jacks 23 and 15.

. Connect ground clips of the two probes to the chassis

of equipment under test, and connect tips of the
probes to the points in the circuit where measurements
are to be made. It is usually desirable to connect the
CH A probe to the higher potential or higher amplitude
point in the circuit and the CH B probe to the lower
potential or lower amplitude point in the circuit.

. Set the MODE switch 19 to the CH A position and the

SOURCE switch 12 to the CH A position and adjust
the controls as previously instructed in the “Single-
Trace Waveform Observation” procedure to obtain a
synchronized single waveform of 2 to 6 cm vertical
height with the CH A VARIABLE control 21 set to CAL.

. If only the AC component of the waveform is of

interest, use the following procedure:

a. Set CH A and CH B DC-GND-AC switches 22 and
16 both to the AC position.

b. Set CH B VARIABLE control 18 to CAL and the
CH B VOLTS/CM switch 17 to the same position
as the CH A VOLTS/CM switch 20.

c. If the Channel A and Channel B inputs are in
phase, set the MODE switch 19 to the A-B
position. The displayed waveform is the peak-to-
peak difference between the two points of meas-

AND EASE OF READING

4P POSITION CONTROL ADJUSTED SO THAT
TOP OF WAVEFORM CROSSES CENTER OF
VERTICAL SCALE MARKER FOR ACCURACY

POSITION CONTROL ADJUSTED
SO THAT BOTTOM OF WAVE-
FORM ALIGNS EXACTLY WITH

A HORIZONTAL REFERENCE LINE

S~cH B

EXAMPLE:
VERTICAL DEFLECTION = 4.2cm
VOLTAGE/CM = .02
.084V

PROBE ATTENUATION =10
PEAK-TO-PEAK WAVEFORM = 0.84V

VOLTS/cm CAL
SET TO
.02v 3

10:1
PROBE ATTENUATION

Fig. 4. Typical voltage measurement.
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urement. If the waveform is small, the vertical
sensitivity may be increased but the CH A and CH
B VOLTS/CM switches must both be in the same
position.

d. If the Channel A and Channel B inputs are 180°
out of phase, such as the output of a push-pull
amplifier, set the MODE switch 19 to the A-B
position to measure the full peak-to-peak wave-
form. Set the MODE switch to the A+B position
to measure any imbalance between the two points
of measurement. Readjust the VOLTS/CM
switches 17 and 20 as required to obtain as large a
waveform as possible without exceeding the limits
of the vertical scale, but always keep the CH A and
CH B switches set to the same sensitivity.

e. Position the waveform as desired with the
positioning controls and calculate the peak-to-peak
voltage as described in the ‘‘Calibrated Voltage
Measurement” procedure.

o

o)

PUSH-PULL
AMPLIFIER

EXAMPLE:
VERTICAL DEFLECTION =6cm
VOLTAGE/cm =.02
1.2V

PROBE ATTENUATION 10

PEAK-TO-PEAK WAVEFORM 12V

12

Fig. 5. Typical differential measurement.

6.

If a DC voltage, or the DC component of the waveform
is of interest, use the following procedure:

a. Set CH A DC-GND-AC switch 22 to the DC
position.

b. Position the CH A VOLTS/CM switch 20 to keep
the trace within the limits of the vertical scale.
Use the CH A POSITION control 25 to align the
trace with one of the lines on the scale for
reference.

¢. Position CH B VOLTS/CM switch 17 to the same
position as the CH A VOLTS/CM switch.

d. Set CH B DC-GND-AC switch 16 to the GND
position and adjust out any error that may be
introduced by the Channel B positioning control
as follows: Alternately set the MODE switch 19 to
the A+B and A—B positions, adjusting the CH B
POSITION control 13 until the trace position does
not shift as the MODE switch position changes.

e. Return CH B DC-GND-AC switch 16 to the DC
position.

f.  Momentarily return the MODE switch 19 to the
CH A position and note the trace position for
reference. You may readjust it with the Channel A
vertical positioning control, but not the Channel B
control. Place the MODE switch in the A-B
position. The amount of displacement of the trace
from the Channel A reference represents the
voltage differential between the two points of
measurement.

CALIBRATED TIME MEASUREMENT (See Fig. 6)

Pulse width, waveform periods, circuit delays and all

other waveform time durations are easily and accurately
measured on this oscilloscope. Calibrated time measure-
ments from .5 second down to 0.1 microsecond are
possible. At low sweep speeds, the entire waveform is not
visible at one time. However, the bright spot can be seen
moving from left to right across the screen, which makes
the beginning and ending points of the measurement easy
to spot.

1.

Adjust controls as previously described for a stable
display of the desired waveform.

Be sure the sweep time VARIABLE control 6 is fully
clockwise to the CAL position.

Set the SWEEP TIME/CM control § for the largest
possible display of the waveform segment to be
measured, usually one cycle.

If necessary, readjust the TRIGGERING LEVEL con-
trol 9 for the most stable display.

Read the amount of horizontal deflection (in cm)
between the points of measurement. The «»
POSITION control 8 may be readjusted to align one of
the measurement points with a vertical scale marker for
easier reading.

. Calculate the time duration as follows: Multiply the

horizontal deflection (in ¢cm) by the SWEEP TIME/CM
switch § setting (see example in Fig. 5). Remember,
when the 5X magnification is used, the result must
be divided by 5 to obtain the actual time duration.

Time measurements often require external sync. This is
especially true when measuring delays. The sweep is
started by a sync signal from one circuit and the




HORIZONTAL
DEFLECTION

<—6.35ﬂ
cm

<

=\

POSITION CONTROL ADJUSTED SO

THAT LEADING EDGE OF WAVE-

=\

FORM ALIGNS WITH A VERTICAL

5 VARIABLE
set to CAL
SWEEP TIME/CM

REFERENCE LINE. EDGE

set to 10u sec

MAY NOT BE VISIBLE ON VERY »

ALIGN WHEREVER WAVEFORM

SLOPE setto (O

BEGINS.

(to start sweep on

negative-going edge)

FAST PULSES; IN THIS CASE L
=

T—~cCH B

\\y
/7
POSITION CONTROL ADJUSTED SO
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EXAMPLE:

HORIZONTAL DEFLECTION = 6.35cm
SWEEP TIME/CM = t10uSEC
TIME DURATION = 63.5uSEC
(or PERIOD) OF WAVEFORM

FREQUENCY ®_1_* 1 ’ DISPLAYS SHOW TYPICAL TELEVISION
IS [
TIME 0000635 SEC RECEIVER WAVEFORM AT GRID OF
= 15,750 Hz HORIZONTAL OUTPUT TUBE
Fig. 6. Typical time measurement.

waveform measured in a subsequent circuit. This allows
measurement of the display between the sync pulse
and the subsequent waveform. To perform such meas-
urements using external sync, use the following steps:

a. Set the SOURCE switch 12 to the EXT position.

b. Connect a cable from the EXT TRIG jack 10 to
the source of sync signal. Use a short shielded
cable.

c.  Set the SYNC switch 11 to the SLOPE (+) or ()
position for the proper polarity for the sync signal.

d. Readjust the TRIGGERING LEVEL control 9 if
necessary for a stable waveform.

e. If measuring a delay, measure the time from the
start of the sweep to the start of the waveform.

8. Another excellent method for measuring time delays is
with dual-trace operation. The procedures are given in
the “DUAL-TRACE APPLICATIONS” section of the
manual.

EXTERNAL HORIZONTAL INPUT (X-Y OPERATION)

For some measurements, an external horizontal deflec-
tion signal is required. This is also referred to as an X-Y
measurement, where the Y input provides vertical de-
flection and the X input provides horizontal deflection. The
horizontal input may be a sinusoidal wave, such as for

phase measurement, or an external sweep voltage. This
input must be 10 mV per cm of deflection or greater; thus
any voltage of 100 mV or greater is sufficient for
satisfactory operation. To use an external horizontal input,
use the following procedure:

1. Set the SWEEP TIME/CM switch 5 fully clockwise to
the CH B position.

2. Use the Channel A probe for the vertical input and the
Channel B probe for the horizontal input.

3. Adjust the amount of horizontal deflection with the
CH B VOLTS/CM and VARIABLE controls 17 and 18.

4. The CH B (vertical) POSITION control now serves
as the horizontal position control, and the «4» POSI-
TION control is disabled.

NOTE

Do NOT use the PULL 5X MAG control during
X-Y operation. Use the CH B VARIABLE and
VOLTS/CM controls to adjust horizontal gain.

5. All sync controls are disconnected and have no effect.
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Fig. 7. Oscilloscope trace with Z-axis input.

Z-AXIS INPUT

The trace displayed on the screen may be intensity
modulated (Z-axis input) where frequency or time-scale
marks are required. A 20-volt peak-to-peak or greater signal
applied at the INT MOD (intensity modulation) jack 31 on
the rear of the oscilloscope will provide alternate brightness
and blanking of the trace. See Fig. 7.

DUAL-TRACE WAVEFORM OBSERVATION
(Refer to Fig.8)

In observing simultanecus waveforms on channels A and
B, it is necessary that the waveforms be related in
frequency or that one of the waveforms by synchronized to
the other although the basic frequencies may be different.
An example of this is in checking a frequency divider or
multiplier. The reference, or “‘clock” frequency can be used
on Channel A, for example, and the multiple or sub-
multiple of this reference frequency will be displayed on
Channel B. In this way, when the waveform display of
Channel A is synchronized, the display on Channel B will
also be in sync with the Channel A display. If two
waveforms having no phase or frequency relationship to
each other are displayed simultaneously, it will be difficult
if not impossible to lock both waveforms in sync for any
useful observation.

To display two waveforms simultaneously for observa-
tion, use the following procedure:

1. Perform the steps of the “Initial Starting Procedure.”

2. Connect oscilloscope probe cables to both the CH A
and CH B INPUT jacks 23 and 15.

3. If the recommended B & K-Precision Model PR-35
oscilloscope probes are used, 10:1 attenuation should
be used except for waveforms of 0.5 volt peak-to-peak
or less. For the lower amplitude waveforms the DIRect
position should be used. See Fig. 3 for changing the
probe from 10:1 to DIR or vice versa. Whenever
possible, use the high impedance, low capacity 10:1
position to minimize circuit loading.

4. Set MODE switch 19 to the A & B position. Two traces
should appear on the screen.

5. Adjust CH A and CH B POSITION controls 25 and 13
to place the Channel A trace above the Channel B
trace, and adjust both traces to a convenient reference
mark on the scale.
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6. Set both the CH A and CH B DC-GND-AC switches 22
and 16 to the AC position. This is the position used for
most measurements and must be used if the points
being measured include a large DC component.

7. Connect the ground clips of the probes to the chassis
ground of the equipment under test. Connect the tips
of the probes to points in the circuit where the
waveforms are to be measured. It is preferred that the
signal to which the waveform will be synchronized be
applied to the Channel A input.

WARNING
a. If the equipment under test is a transformer-
less AC unit, use an isolation transformer to
prevent dangerous electrical shock.
b. The peak-to-peak voltage at the point of
measurement should not exceed 600 volts, if
the probe is used in the DIR position.

8. Set the VOLTS/CM controls 17 and 20 for Channels A
and B to a position that gives 2 to 3 cm vertical
deflection. The displays on the screen will probably be
unsynchronized. The remaining steps, although similar
to those outlined for single-trace operation, describe
the procedure for obtaining stable, synchronized
displays.

9. Set the SOURCE switch 12 to the CH A position. This
provides internal sync so that the Channel A waveform
being observed is also used to trigger the sweep. If
desired, the Channel B waveform may be used to
trigger the sweep by setting the SOURCE switch to the
CH B position. Often in dual-trace operation, a sync
source other than the measurement point for Channel
A or B is required. In this case set the SOURCE switch
to the EXT (external) position and connect a cable
from the EXT TRIG jack 10 to the sync source.

10. Set the SYNC switch 11 to the TV(+) or TV(-)
positions for observing television composite video
waveforms, or to the SLOPE (+) or SLOPE (-)
positions for observing all other types of waveforms.
Use the (+) positions if the sweep is to be triggered by
a positive-going wave, or to the (—) position if the
sweep is to be triggered by a negative-going wave.

11. Adjust TRIGGERING LEVEL control 9 to obtain a
stable, synchronized sweep. As a starting point, the
control may be pushed in and rotated to any point that
will produce a sweep, which is usually somewhere in
the center portion of its range. The trace will disappear
if there is inadequate signal to trigger the sweep, such
as when measuring extremely low amplitude signals. If
no sweep can be obtained, pull out the control (PULL
AUTO) for automatic triggering.

12. Set SWEEP TIME/CM switch 5 and VARIABLE
control 6 for the desired number of waveforms. These
controls may be set for viewing only a portion of a
waveform, but the trace becomes progressively dimmer
as a smaller portion is displayed.

13. After obtaining the desired number of waveforms as in
step 12, it is sometimes desirable to make a final
adjustment of the TRIGGERING LEVEL control 9.
The (—) direction of rotation selects the most negative
point on the sync waveform at which sweep triggering
will occur and the (+) direction selects the most
positive point on the sync waveform at which sweep
triggering will occur. The control may be adjusted to
start the sweep on any desired portion of the sync
waveform.



14. The observed waveforms of Channels A and B can be
expanded by a factor of 5 by pulling outward on
the «4» POSITION control 8. This control can then be
rotated clockwise or counterclockwise to view the left
and right extremes of the waveform displays as
desired. Push inward on the control to return the
sweep to the normal, non-magnified condition.

15. Calibrated voltage measurements, calibrated time meas-
urements and operation with Z-axis input are identical
to those previously described for single-trace operation.
Either the Channel A or Channel B vertical adjustment
controls can be used as required in conjunction with
the horizontal sweep controls to obtain the required
amplitude or time interval measurements. This can be
done either by using the dual display facilities such as
the A & B position of the MODE switch or by reverting
to single-trace operation, using the CH A or CH B
positions of the MODE switch.

16. The Channel A and Channel B waveform displays can
be added algebraically by placing the MODE switch in
the A+B position, or subtracted algebraically in the
A—B position.

DUAL-TRACE APPLICATIONS

INTRODUCTION

The most obvious and yet the most useful feature of the
dual-trace oscilloscope is that it has the capability for
viewing simultaneously two waveforms that are frequency-
or phase-related, or that have a common synchronizing
voltage, such as in digital circuitry. Simultaneous viewing of
“Cause and Effect” waveforms is an invaluable aid to the
circuit designer or the repairman. Several possible applica-
tions of the dual-trace oscilloscope will be reviewed in
detail to familiarize the user further in the basic operation
of this oscilloscope.

FREQUENCY DIVIDER WAVEFORMS

Fig. 8 illustrates the waveforms involved in a basic
divide-by-two circuit. Fig. A indicates the reference or
“clock” pulse train. Fig. B and Fig. C indicate the possible
outputs of the divide-by-two circuitry. Fig. 8 also indicates
the settings of specific oscilloscope controls for viewing
these waveforms. In addition to these basic control settings,
the TRIGGERING LEVEL control, as well as the Channel
A and Channel B vertical position controls should be set as
required to produce suitable displays. In the drawing of Fig.
8, the waveform levels of 2 ¢cm are indicated. If the exact
voltage amplitudes of the Channel A and Channel B
waveforms are desired, the Channel A and Channel B
VARIABLE controls must be placed in the CAL position.
The Channel B waveform may be either that indicated in
Fig. 8B or 8C. In Fig. 8C the divide-by-two output
waveform is shown for the case where the output circuitry
responds to a negative-going waveform. In this case, the
output waveform is shifted with respect to the leading edge
of the reference frequency pulse by a time interval
corresponding to the pulse width.

DIVIDE-BY-8 CIRCUIT WAVEFORMS

Fig. 9 indicates waveform relationships for a basic
divide-by-eight circuit. The basic oscilloscope settings are
identical to those used in Fig. 8. The reference frequency of
Fig. 9A is supplied to the Channel A input, and the
divide-by-eight output is applied to the Channel B input.
Fig. B indicates the ideal time relationship between the
input pulses and the output pulse.

In an application where the logic circuitry is operating at
or near its maximum design frequency, the accumulated
rise time effects of the consecutive stages produce a built-in
time propagation delay which can be significant in a critical
circuit and must be compensated for. Fig. 9C indicates the
possible time delay which may be introduced into a
frequency divider circuit. By use of the dual trace oscillo-
scope the input and output waveforms can be superimposed
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Fig. 8. Waveforms in divide-by-two circuit.
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C PROPAGATION DELAY N DIVIDE BY EIGHT CIRCUIT

to determine the exact amount of propagation delay that
occurs.

PROPAGATION TIME MEASUREMENT

An example of propagation delay in a divide-by-eight
circuit was given in the previous paragraph. Significant
propagation delay may occur in any circuit with several
consecutive stages. This oscilloscope has features which
simplify measurement of propagation delay. Fig. 10 shows
the resultant waveforms when the dual-trace presentation is
combined into a single-trace presentation by selecting the
A+B or A—B position of the MODE switch. In the A+B
position the two inputs are algebraically added in a single
trace display. Similarly, in the A—B position the two inputs
are algebraically subtracted. Either position provides a
precise display of the propagation time (Tp). Using the
procedures given for calibrated time measurement Tp can
be calculated. A more precise measurement can be obtained
if the Tp portion of the waveform is expanded hori-

zontally. This may be done by pulling the PULL 5X MAG
control. It also may be possible to view the desired portion
of the waveform at a faster sweep speed.

DIGITAL CIRCUIT TIME RELATIONSHIPS

A dual-trace oscilloscope is a necessity in designing,
manufacturing and servicing digital equipment. A dual-trace
oscilloscope permits easy comparison of time relationships
between two waveforms.

In digital equipment it is common for a large number of
circuits to be synchronized, or to have a specific time
relationship to each other. Many of the circuits are
frequency dividers as previously described, but waveforms
are often time-related in many other combinations. In the
dynamic state, some of the waveforms change, depending
upon the input or mode of operation. Fig. 11 shows a
typical digital circuit and identifies several of the points at
which waveform measurements are appropriate. The
accompanying Fig. 12 shows the normal waveforms to be
expected at each of these points and their timing relation-
ships. The individual waveforms have limited value unless
their timing relationship to one or more of the other
waveforms is known to be correct. The dual-trace oscillo-
scope allows this comparison to be made. In typical
fashion, waveform No. 3 would be displayed on Channel A
and waveform No. 4 thru No. 8, and No. 10, would be
successively displayed on Channel B, although other timing
comparisons may be desired. Waveforms No. 11 through
No. 13 would probably be displayed on Channel B in
relationship to waveform No. 8 or No. 4 on Channel A.
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Fig. 10. Using A+B or A—B modes for propagation time measurement.
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In the family of time-related waveforms shown in Fig.
12, waveform No. 8 or No. 10 is an excellent sync source
for viewing all of the waveforms; there is but one triggering
pulse per frame. For convenience, external sync using
waveform No. 8 or No. 10 as the sync source may be
desirable. With external sync, any of the waveforms may be
displayed without readjustment of the sync controls.
Waveforms No. 4 thru No. 7 should not be used as the sync

source because they do not contain a triggering pulse at the
start of the frame. It would not be necessary to view the
entire waveforms as shown in Fig. 12 in all cases. In fact,
there are many times when a closer examination of a
portion of the waveforms would be appropriate. In such
cases, it is recommended that the sync remain unchanged
while the sweep speed or 5X magnification be used to
expand the waveform display.
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Fig. 11. Typical digital circuit using several time-related waveforms.
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DISTORTION MEASUREMENT
An amplifier stage, or an entire amplifier unit, may be

measurement is especially valuable when the slope of a
waveform must be faithfully reproduced by an amplifier.

Fig. 13 shows the testing of such a circuit using a triangular 6

wave, such as is typically encountered in the recovered
audio output of a limiting circuit which precedes the

modulator of a transmitter. The measurement may be made 7.

using any type of signal; merely use the type of signal for
testing that is normally applied to the amplifier during
normal operation. The procedure for distortion testing
follows:

1. Apply the type of signal normally encountered in the 8.

amplifier under test.

2. Connect Channel A probe to the input of the amplifier
and Channel B probe to the output of the amplifier. It
is preferable if the two signals are not inverted in
relationship to each other, but inverted signals can be
used.

3. Set CH A and CH B DC-GND-AC switches to AC.

. Set MODE switch to A & B.
tested for distortion with this oscilloscope. This type of S.

Set sync SLOPE switch to CH A and adjust controls as
described in waveform viewing procedure. for syn-
chronized waveforms.

. Adjust the CH A and CH B POSITION controls to

superimpose the waveforms directly over each other.

Adjust the CH A and CH B vertical sensitivity controls
(VOLTS/CM and VARIABLE) so that the waveforms
are as large as possible without exceeding the limits of
the scale, and so that both waveforms are exactly the
same height.

Now set the MODE switch to the A-B position (if one
waveform is inverted in relationship to the other, use
the A+B position). Adjust the fine vertical sensitivity
(CH B VARIABLE) slightly for the minimum re-
maining waveform. Any waveform that remains equals
distortion; if the two waveforms are exactly the same
amplitude and there is no distortion, the waveforms
will cancel and there will be only a straight horizontal
line remaining on the screen.
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Fig. 12. Family of time-related waveforms from typical digital circuit in Fig. 11.
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Fig. 13. Distortion measurement. Fig. 14. Gated ringing circuit and waveforms.
GATED RINGING CIRCUIT

The circuit and waveforms of Fig. 14 are shown to
demonstrate the type of circuit in which the dual-trace
oscilloscope is effective both in design and troubleshooting
applications. The basic oscilloscope control settings are
identical to those of Fig. 8. Waveform A is the reference
waveform and is applied to Channel A input. All other
waveforms are sampled at Channel B and compared to the
reference waveform of Channel A. The frequency burst
signal can be examined more closely either by increasing
the sweep time per centimeter to .5 mSEC per centimeter
or by pulling out on the «» POSITION control to obtain 5
times magnification. This control can then be rotated as
desired to center the desired waveform information on the
oscilloscope screen.

DELAY LINE TESTS

The dual-trace feature of the oscilloscope can also be
used to determine the delay times of transmission type
delay lines as well as ultrasonic type delay lines. The input
pulse can be used to trigger or synchronize the Channel A
display and the delay line output can be observed on
Channel B. A repetitive type pulse will make it possible to
synchronize the displays. The interval between repetitive
pulses should be large compared to the delay time to be
investigated. In addition to determining delay time, the
pulse distortion inherent in the delay line can be determined
by examination of the delayed pulse observed on the
Channel B waveform display. Figure 15 demonstrates the
typical oscilloscope settings as well as the basic test circuit.
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™~ SLOPE+
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1uSec PULSE WIDTH

ouTPUT

Fig. 15. Delay line measurements.

Typical input and output waveforms are shown on the
oscilloscope display. Any pulse stretching and ripple can be
observed and evaluated. The results of modifying the input
and output terminations can be observed directly.
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A common application of the delay line checks is found
in color television receivers. Figure 16 shows the oscillo-
scope settings and typical circuit connections to check the
“Y” delay line employed in the video amplifier section. The
input waveform and the output waveform are compared for
delay time, using the horizontal sync pulse of the
composite video signal for reference. The indicated delay is
approximately one microsecond. In addition to determining
the delay characteristics of the line, the output waveform
reveals any distortion that may be introduced from an
impedance mismatch or a greatly attenuated output re-
sulting from an open line.

STEREO AMPLIFIER SERVICING

Another convenient use for dual-channel oscilloscopes is
in troubleshooting stereo amplifiers. If identical channel
amplifiers are used and the output of one is weak, distorted
or otherwise abnormal, the dual trace oscilloscope can be
efficiently used to localize the defective state. With an
identical signal applied to the inputs of both amplifiers, a
side-by-side comparison of both units can be made by
progressively sampling identical signal points in both
amplifiers. When the defective or malfunctioning stage has
been located, the effects of whatever troubleshooting and
repair methods are employed can be observed and analyzed
immediately.

IMPROVING THE RATIO OF
DESIRED TO UNDESIRED SIGNALS

In some applications, the desired signal may be riding on
a large undesired signal component such as 60 Hz. It is
possible to minimize or for practical purposes eliminate the
undesired component. Fig. 17 indicates the oscilloscope
control settings for such an application. The waveform
display of Channel A indicates the desired signal and the
dotted line indicates the average amplitude variation cor-
responding to an undesired 60 Hz component. The Channel
B display indicates a waveform of-.equal amplitude and
identical phase to the average of the Channel 1 waveform.
With the MODE switch set to A-B, and by adjusting the CH
B vertical attenuator controls, the 60 Hz component of the
Channel A signal can be cancelled by the Channel B input
and the desired waveform can be observed without the 60
Hz component.

AMPLIFIER PHASE SHIFT MEASUREMENTS

In the single-trace application section of this manual
phase shift measurements using a single trace are described.
In addition, in the square wave testing section, square wave
distortion is explained in terms of phase shift of the signal
components which comprise the square wave. These phase
shifts can be verified directly by providing a sine wave input
signal to the amplifier and observing the phase of the
output signal with respect to the input signal.
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Fig. 16. Checking “Y” delay line in color television receivers.
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Fig 17. Improving desired-to-undesired signal ratio.

In all amplifiers, a phase shift is always associated with a
change in amplitude response. For example, at the —3 dB
response points, a phase shift of 45° occurs. Fig. 18
illustrates a method of determining amplifier phase shift
directly. In this particular case, the measurements are being
made at approximately 5000 Hz. The input signal to the
audio amplifier is used as a reference and is applied to the
CH A INPUT jack.

The VARIABLE control is adjusted as required to
provide a complete cycle of the input waveform displayed

on 8 cm horizontally. A waveform height of 2 cm is used.
The 8 cm display represents 360° at the displayed
frequency and each centimeter represents 45° of the
waveform. The signal developed across the output of the
audio amplifier is applied to the Channel B INPUT jack.
The vertical attenuator controls of Channel B are adjusted
as required to produce a peak-to-peak waveform of 2 cm as
shown in Fig. 18B.

The CH B POSITION control is then adjusted so that the
Channel B waveform is displayed on the same horizontal
axis as the Channel A waveform as shown in Fig. 18B. The
distance between corresponding points on the horizontal
axis for the two waveforms then represents the phase shift
between the two waveforms. In this case, the zero crossover
points of the two waveforms are compared. It is shown that
a difference of 1 centimeter exists. This is then interpreted
as a phase shift of 45°.

TELEVISION SERVICING

Many of the television servicing procedures can be
performed using single-trace operation. These are outlined
later in the applications section covering single-trace opera-
tion. One of these procedures, viewing the VITS (vertical
interval test signal), can be accomplished much more
effectively using a dual-trace oscilloscope. As outlined in
the single-trace applications section and as shown in Fig. 25
and 26, the information on the Field #1 and Field #2
vertical blanking interval pulse is different. This is shown in
detail in Fig. 25. Also, because the oscilloscope sweep is
synchronized to the vertical blanking interval waveform,
the Field #1 and Field #2 waveforms are superimposed
onto each other as shown in Fig. 27A. With dual-trace
operation, the signal information on each blanking pulse
can be viewed separately without overlapping. Fig. 19
indicates the oscilloscope control setting for viewing the
alternate VITS.

1. The color television receiver on which the VITS
information is to be viewed must be set to a station
transmitting a color broadcast.
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Fig. 18. Measuring amplifier phase shift.

21



22

The control settings of Fig. 19 are those required to
obtain a 2-field vertical display on Channel A.

. With the oscilloscope and television receiver operating,

connect the Channel A probe (set at 10:1) to the video
detector test point.

Set the SYNC switch as follows:

A. If the sync and blanking pulses of the observed
video signal are positive; use the TV+ switch
position.

B. If the sync and blanking pulses are negative, use
the TV— switch position.

. Adjust the sweep time VARIABLE control so that 2

vertical fields are displayed on the oscilloscope screen.

. Connect the Channel B probe (set to 10:1) to the video

detector test point.

Set the MODE switch to the A & B position. Identical
waveform displays should now be obtained on
Channels A and B.

Place the sweep time VARIABLE control in the CAL
position.

Set the SWEEP TIME/CM control to the .1mS/CM
position. This expands the display by increasing the
sweep speed. The VITS information will appear toward
the right hand portion of the expanded waveform
displays. The waveform information on each trace may
appear as shown in the drawing of Fig. 26. Because
there is no provision for synchronizing the oscilloscope

display to either of the two fields which comprise a
complete vertical frame, it cannot be predicted which
field display will appear on the Channel A or Channel
B display.

10. Pull the «» POS control outward to obtain an addi-

11.

tional 5X magnification. Rotate the control in a
counterclockwise direction moving the traces to the
left until the expanded VITS information appears as
shown in Fig. 20.

NOTE
Because of the low repetition rate and the high
sweep speed combination, the brightness level of
the signal displays will be reduced.

Once the Channel A and Channel B displays have been
identified as being either Field #1 or Field #2 VITS
information, the probe corresponding to the waveform
display which is to be used for signal-tracing and
troubleshooting can be used, and the remaining probe
should be left at the video detector test point to insure
that the sync signal is not interrupted. If the sync
signal is interrupted, the waveform displays may
reverse because, as previously explained, there is no
provision in the oscilloscope to identify either of the
two vertical fields which comprise a complete frame.

Fig. 20 shows the dual-trace presentation of the Field #1

and Field #2 VITS information. The Field #1 information
is displayed on the trace.
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Fig. 19. Set-up for viewing fields 1 and 2 of VITS information.




Fig. 20. Oscilloscope presentation of fields 1 and 2
of VITS information.

SINGLE-TRACE APPLICATIONS
INTRODUCTION

In addition to the dual-trace applications previously
outlined, there are, of course, many service and laboratory
applications where only single-trace operation of the
oscilloscope is required. After gaining experience with the
oscilloscope, the user will be able to make the judgment as
to whether a job cdn be performed more efficiently by
using the single-trace or the dual-trace method of operation.
The following are applications in which single-trace opera-
tion is adequate. In several cases, it will be found that an
alternate method using the duai-trace application has been
described for the same application. For all the following
applications the most flexible operation will be achieved if
the Channel B vertical amplifier is used with the MODE
switch in the CH B position. This arrangement provides
complete triggered sweep as well as free running operation
of the oscilloscope, and, in addition, by placing the MODE
switch in the A-B position (with the CH A DC-GND-AC
switch in the GND position), whatever waveform is
obtained can be inverted in polarity if desired by the
operator.

TELEVISION SERVICING

A triggered sweep oscilloscope is advantageous in
servicing and aligning television receivers. This oscilloscope
also includes several features that were incorporated to
make television servicing easier and more comprehensive.
These features include:

o SWEEP TIME/CM control automatically selects
vertical sync at sweep speeds appropriate for viewing
frames and horizontal sync at sweep speeds ap-
propriate for viewing lines.

e Vector overlay for color demodulator checks.

e Wide bandwidth for high resolution video and pulse
presentation.

SIGNAL-TRACING AND PEAK-TO-PEAK
VOLTAGE READINGS

For general troubleshooting and isolation of troubles in
television receivers (or almost any other electronic equip-
ment for that matter), the oscilloscope is an indispensable
instrument. It provides a visual display of absence or

presence of normal signals. This method (signal-tracing)
may be used to trace a signal by measuring several points in
the signal path. As measurements proceed along the signal
path, a point may be found where the signal disappears.
When this happens, the source of trouble has been located.

However, the oscilloscope shows much more than the
mere presence or absence of signal. It provides a peak-to-
peak voltage measurement of the signal. The cause of poor
performance can often be located by making such peak-to-
peak voltage measurements. The schematic diagram or
accompanying service data on the equipment being serviced
usually inciudes waveform pictures. These waveform
pictures include the required sweep time and the normal
peak-to-peak voltage. Compare the peak-to-peak voltage
readings on the oscilloscope with those shown on the
waveform pictures. Any abnormal readings should be
followed by additional readings in the suspected circuits
until the trouble is isolated to as small an area as possible.
The procedures for making peak-to-peak voltage measure-
ments are given earlier in the CALIBRATED VOLTAGE
MEASUREMENT paragraph.

COMPOSITE VIDEO WAVEFORM ANALYSIS

Probably the most important waveform in television
servicing is the composite waveform consisting of the video
signal, the blanking pedestals and the sync pulses. Fig. 21
and 22 show typical oscilloscope traces when observing
composite video signals synchronized with horizontal sync
pulses and vertical blanking pulses. Composite video signals
can be observed at various stages of the television receiver
to determine whether circuits are performing normally.
Knowledge of waveform makeup, the appearance of a
normal waveform, and the causes of various abnormal
waveforms help the technician locate and correct many
problems. The technician should study such waveforms in a
television recejver known ‘to be in good operating 