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In order to help you begin using your new oscilloscope as
soon as possible, we have outlined in this section some of the
more frequently encountered oscilloscope operations.

The oscilloscope provides us with a means of actually
looking at some voltage waveform we are interested in. To
accomplish this, we feed this waveform into the INPUT or
CHANNEL connector of the plug-in preamplifier. In most
cases, we use the oscilloscope so that the display on the
screen shows how the voltage of this waveform changes with
time. For get-acquainted purposes, or to check the operation
of the oscilloscope, we shall look at the square-wave signal
generated by the AMPLITUDE CALIBRATOR which is built into
the oscilloscope. For these purposes, we suggest the use of a
Type A, Type B, Type K, or Type L Plug-In Preamplifier. Op-
erating instructions for the plug-in preamplifier are given in
the instruction manual for the preamplifier.

Note 1

In these instructions, CAPITALS indicate front-panel controls
or control positions, or front-panel connectors.

Note 2

Note front-panel colors on your instrument. Black lettering
goes with black knobs; red lettering goes with red knobs.
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L S Triggering in the AUTO. Mode

Set the controls as follows (Fig. 1):

Horizontal Display:

HORIZONTAL DISPLAY A
5X MAGNIFIER OFF

Time Base A:

TRIGGERING MODE AUTO.
s _ TRIGGER SLOPE +INT.
e STABILITY any position

- \G LEVEL ER_TQGE%. B'U_::I}’% .

P el ety TRIGGERING LEVEL any position

“SCALE ILEUM. 3

PSS ASTGMAISM g, d4 (STABILITY and TRIGGERING LEVEL controls are
inoperative in the AUTO. mode)}
TIME/CM 1 MILLISEC

VARIABLE CALIBRATED

Hirk i

TYPE B
PLUG:IN UNIT
SERIAL VERTICAL
e ity FOSITION

L 2l

INPUT
v SELECTOR

Time Base B:

Time Base B controls are inoperative when the
HORIZONTAL DISPLAY switch is in position A.

Er . o ge

e HORIZANTAL Plug-in Preamplifier:
; POSITION b

VARIARLE LML

VOLTS/EM

INPUT or CHANNEL A
AC-DC or INPUT SELECTOR AC
VOLTS/CM 5
! : VARIABLE CALIBRATED
O . S S VERTICAL POSITION centered
% N e Other Controls:
/ FOCUS centered
INTENSITY full left
(counter-clockwise)
ASTIGMATISM centered

SCALE ILLUM. at convenient brightness

HORIZONTAL POSITION centered

AMPLITUDE CALIBRATOR 10 VOLTS
Place the POWER switch in the ON position
and allow the instrument to warm up. Time de-

lay relays used in the Type 535A and Type 545A
Oscilloscopes delay operation of the instrument

Fig. 1. Triggering in the AUTO. mode.

TIME BASE A

for approximately 25 seconds after the POWER
switch is turned ON to allow a brief tube-warm-
up period. Turn the INTENSITY control to the
right (clockwise) until a horizontal trace of useful
brightness appears on the screen. Adjust the
FOCUS and ASTIGMATISM controls for the
sharpest trace. Connect a lead from the CAL.
OUT connector to the INPUT or CHANNEL' A
connector on the plug-in preamplifier. The .dis-
play on the screen should now be a square
wave, 2 centimeters high. Slightly readjust the
FOCUS, INTENSITY, and ASTIGMATISM controls
so that the display has optimum sharpness and
suitable brightness. Center the display on the
graticule by means of the VERTICAL POSITION
and HORIZONTAL POSITION controls.

You are now triggering in the AUTO. (auto-
matic) mode. This is one of the most useful trig-
gering modes because it provides a stable dis-
play of most waveforms with a minimum of ad-
justment. Turn the STABILITY and TRIGGERING
LEVEL controls back and forth and notice that
they have no effect on the display.

Remove the calibrator-signal lead from the
INPUT or CHANNEL connector. Notice that the
display now consists of a straight horizontal line.
This trace indicates the line of “zero volts” with
respect to ground, and serves as a desirable
reference when you are testing equipment by
moving a probe or other input connection from
point to point in the equipment being tested.
This reference trace in the absence of a trigger-
ing signal is not obtained when you are using
triggering modes other than AUTO.

Now return the calibrator-signal connection to
the INPUT or CHANNEL A connector.

Effect of the VERTICAL POSITION Control

Turn the VERTICAL POSITION control back
and forth, and notice that this raises and lowers
the display on the screen. Note especially that
if you position the display off the graticule in
either direction, one of the beam-position indi-
cator lamps, located above the graticule, will
indicate in which direction the display is posi-
tioned off the screen. This tells you which way
to turn the YERTICAL POSITION control in order
to get the trace back on the screen,

Now reset the VERTICAL POSITION control to
return the display to the center of the screen.

|




Effect of the HORIZONTAL POSITION Con-
trols

Turn the black HORIZONTAL POSITION con-
trol back and forth, and notice that the display
moves fo the left and to the right on the screen.
Note especiaily that if you position the knob to
the extreme left or right, one of the beam-posi-
tion indicator lamps (located above the graticule)
will indicate that the display is positioned off
the screen to the left or right. This tells you
which way to turn the HORIZONTAL POSITION
control in order to get the trace back on the
screen,

Turn the red VERNIER control back and forth,
and note that this gives you a fine control of the
horizontal position of the trace.

Now set the HORIZONTAL POSITION and
VERNIER controls so that the trace is centered
horizontally.

Effect of the AC-DC Switch

Set the AC-DC (or INPUT SELECTOR) switch
on the plug-in preamplifier to DC. Notice the
vertical shift in the position of the trace. This
shift occurs because the output waveform from
the AMPLITUDE CALIBRATOR has both an ac
[square-wave} component and a dc component.
When the AC-DC switch is in the AC position,
the effect of the dc component is excluded from
the display. When this switch is in the DC posi-
tion, the display indicates both the ac and dc
components of the waveform being observed.
The dc component of the waveform causes the
entire display to rise or fall on the screen.

Now reset the switch to AC.
Effect of the VOLTS/CM Controls

Turn the VOLTS/CM switch successively to
positions both to the right and to the left of the
5 position. Notice that when you set the VOLTS/
CM control to higher-numbered positions, the
amount of vertical deflection produced on the
screen by the AMPLITUDE CALIBRATOR wave-
form is reduced, and vice versa.

Reset the VOLTS/CM control to the 5 position.

Turn the red VARIABLE knob to the left. No-
tice that this reduces the amount of vertical de-
flection produced on the screen by the AMPLI-
TUDE CALIBRATOR waveform. Now reset the
VARIABLE control to the CALIBRATED position.

The above operations point up the fact that
the VOLTS/CM switch and the VARIABLE knob

provide control of the amount of deflection which
results from feeding a waveform having a given
peak-to-peak voltage into the INPUT or CHAN-
NEL connector.

Effect of the TIME/CM Controls

Turn the black Time Base A TIME/CM switch
successively to positions both to the right and to
the left of the T MILLISEC position. Notice that
the display expands or contracts horizontally
as you turn this switch.

Reset the TIME/CM switch to the 1 MILLISEC
position.

Turn the red VARIABLE knob to the left; note
that this causes the UNCALIBRATED indicator
lamp, located below and to the left of the con-
trol, to light. This control permits you to vary
the sweep speed continuously between .1 micro-
second and approximately 12 seconds per
centimeter

Effect of the 5X MAGNIFIER

Turn the red 5X MAGNIFIER switch to ON.
This causes the 5X MAGNIFIER ON indicator
lamp, located directly below the control, to light.
Notice the resulting horizontal expansion of the
trace. Turn this switch from OFF to ON and
back several times. Observe that the portion of
the waveform that occupies the middle two
divisions of the graticule length when the switch
is OFF is expanded to occupy the entire grati-
cule length when the switch 1s ON.

With the 5X MAGNIFIER turned ON, turn the
HORIZONTAL POSITION control through its
range and notice that the display has been ex-
panded beyond the limits of the graticule.

Now reset the 5X MAGNIFIER switch to OFF.
With the HORIZONTAL POSITION control, re-
turn the display to the horizontal center of the
graticule.

Effect of the TRIGGER SLOPE Control

Set the Time Base A TIME/CM control to 100
nSEC. Carefully observe the part of the display
which appears at the left-hand end of the grati-
cule. Notice that the trace begins during the
rising portion of the square wave. That is, the
sweep is triggered at a time when the slope of
the wave is positive (Fig. 2a). This is because
the TRIGGER SLOPE switch is set to +INT.,
rather than —INT.

Now turn the TRIGGER SLOPE control to
—INT. Observe that the display appears to
turn upside-down, so that it now begins during
a falling portion of the square wave, at the left-
hand end of the graticule. That is, the sweep is
triggered at a time when the slope of the wave
is negative (Fig. 2b).

TRIGGER SLOPE

e
——

TRIGGER SLOPE

Fig. 2. Effect of the TRIGGER SLOPE control.

Turn the TRIGGER SLOPE switch back and
forth several times between +INT. and —INT.,
observing the left-hand end of the display care-
fully to see how the sweep starts on either a
rising or falling portion of the waveform.

The TRIGGER SLOPE switch also selects the
source of the triggering signal. Thus far we have
been triggering on the input signal; that is, we
have been triggering internally. Other trig-
gering sources will be discussed later.

Now return the TRIGGER SLOPE switch to the
+INT. position.

Triggering in the AC Mode

After completing the previous operations, see
that the following Time Base A controls are set
as indicated (Fig. 3):

TRIGGERING MODE AC
TRIGGER SLOPE —+INT.

STABILITY PRESET (turn left until in-
ternal switch is actuated)

TRIGGERING LEVEL  full right [clock- !
wise} or full left (counter-clockwise) /

There now should be no trace on the screen.

Slowly turn the TRIGGERING LEVEL control
toward the 0 position until the trace reappedars;
adjust this control for a stable display of the
AMPLITUDE CALIBRATOR waveform. We say

that triggering is now being effected in the AC
mode.

Next, slowly turn the TRIGGERING LEVEL con-
trol back and forth several times throughout its
range from —, through 0, to . Carefully
observe the left-hand end of the display while
you do this. Note that there is o certain part of
the range of this control that provides a display;
settings too far toward the — or 4+ marks on
the panel result in no display.

if the INTENSITY control is sufficiently ad-
vanced, you can also observe that in the part
of the range of the Time Base A TRIGGERING
LEVEL conirol where you get a display, the
TRIGGERING LEVEL control determines the
height or "level” of the point on the waveform
where the display starts. If you set the TRIG-
GERING LEVEL control more toward the — por-
tion of its range, the display starts 6n the lower
part of the waveform (Fig. 4a). If you set the
TRIGGERING LEVEL control more toward the -+
portion of its range, the display starts on the
higher part of the waveform (Fig. 4b}. ‘(inciden-
tally, you might even get the display to start on
the lower “flat” portion of the waveform, be-
cause this part, as generated by the calibrator,
has a shight upward slope.) Since the TRIGGER
SLOPE control is set to +INT., the display in
each case starts on the rising part of the wave-
form (where its slope is positive).

Now reduce the AMPLITUDE CALIBRATOR
control setting to 5 VOLTS. Repeat the obser-
vations of the preceding paragraph. Note that
the vertical deflection you observe on the dis-
play is reduced to one-half its former valve.
Particularly, notice also that the range over
which the TRIGGERING LEVEL control is effec-
tive in producing a display is reduced. This re-
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LEVEL control is caused by the smaller trigger-
ing signal derived internally from the displayed
waveform.
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Fig. 4. Effect of the TRIGGERING LEVEL control
when the TRIGGER SLOPE control is in
the 4 position.

Now turn the AMPLITUDE CALIBRATOR con-
trol back to 10 VOLTS.

Turn the TRIGGER SLOPE control to —INT.,
so that the waveform appears upside-down;
that is, it starts on the falling portion of the
waveform. Repeat the observations of the pre-
vious paragraph, and note that you can still con-
trol the height of the point where the trace
starts by means of the TRIGGERING LEVEL
control {Fig. 5a, b). (You might even get the dis-
play to start on the upper "“flat"" portion of the
waveform, because this part, as generated by the
calibrator, has a slight downward slope.)

Reset the black TRIGGER SLOPE control to
+INT. Now turn the VERTICAL POSITION con-

trol back and forth, so that the display is moved
up and down on the graticule. Observe the left-
hand end of the display while you do this. No-
tice that, for a fixed setting of the TRIGGERING
LEVEL control, the trace always starts at a given
point on the waveform, regardless of the setting
of the VERTICAL POSITION control.

For most waveforms, setting the STABILITY
control in the PRESET position is all the adjust-
ment that is required. Operation of this control,
other than that just described, will be explained
later.

These brief statements can be made to com-
pare the AC and the AUTO. modes of trigger-
ng:

1. It is necessary to adjust the TRIGGERING
LEVEL and STABILITY controls when you use the
AC (or AC LF REJECT) mode of triggering, but
not when you use the AUTO. mode.

TRIGGERING LEVEL

TRIGGERING LEVEL

3

b) ;

Fig. 5. Effect of the TRIGGERING LEVEL control
when the TRIGGER SLOPE control is in
the — position.




2. When you use the AUTO. mode, you get
a horizontal reference trace on the screen,
even when no input signal is used. This will
be especially useful when you are testing equip-
ment by moving the input connection from one
point to another in the equipment. When you
use the AC mode, no trace appears when there
is no input signal.

3. In the AC mode, the TRIGGERING LEVEL
control provides control of the height or “level”
at which the trace starts on the waveform being

observed. This is not true in the case of the
AUTO. mode.

4. The AUTO. mode is useful when you are
looking at periodic waveforms. The AC mode
is useful both for periodic waveforms and for
waveforms which occur only once or at random
intervals.

NOTE: For most uses, the AC mode is prefer-
able to the AC LF REJECT mode. Use
of the AC LF REJECT mode is de-
scribed in the “Operating Instructions”
section.

Triggering in the DC Mode

After completing the previous operation, use
the VERTICAL POSITION control to center the
display vertically on the screen. Set the TRIG-
GERING LEVEL control for a stable display with
the control located as close as possible to 0.

Turn the TRIGGERING MODE switch to DC
(Fig. é). If necessary, readjust the TRIGGERING
LEVEL control for a stable display. You are now
triggering the sweep in the DC mode.

Slowly turn the TRIGGERING LEVEL control
back and forth several times throughout its

range from —, through 0, to +. Carefully ob-
serve the left-hand end of the display while you
do this. Note that the results are very much
like those you obtained when you used the
AC mode.

Turn the TRIGGER SLOPE switch to —INT,,
and repeat the above operation. Again, note
that the results are similar to those you obtained
when you used the AC mode. Return the TRIG-
GER SLOPE switch to 4INT.

Now turn the VERTICAL POSITION control
back and forth so that the display is moved up
and down on the graticule. Observe the left-
hand end of the display while you do this. No-
tice that, for a given setting of the TRIGGER-
ING LEVEL control, the trace starts at a given
point on the graticule, regardless of the setting
of the VERTICAL POSITION control. {If you po-
sition the trace too high or too low, so that the
waveform does not include this starting point,
the trace disappears.)

The four comments at the close of the section
on the AC triggering mode apply also to trig-
gering in the DC mode. The following state-
ments can be made to compare the DC and AC
modes of triggering:

1. When you use the DC mode, the trace al-
ways starts at a given point on the grati-
cule, for a given TRIGGERING LEVEL set-
ting {regardless of the VERTICAL POSITION
setting). But when you use the AC mode,
the trace always starts at a given point on
the waveform, for a given TRIGGERING
LEVEL setting (regardless of the VERTICAL
POSITION setting).

2. The DC mode is especially useful for
viewing waveforms which change slowly.

TIME BASE B

With the HORIZONTAL DISPLAY switch in the
B position, Time Base B may be displayed on the
oscilloscope screen instead of Time Base A. With-
in the limitations imposed by differences in con-
trol function or range, all operations with the
available triggering modes of Time Base B are
identical to those of Time Base A. Time Base B
has three triggering modes while Time Base A
has five. Not available for Time Base B are
the HF SYNC and AC LF REJECT triggering
modes. In addition, Time Base B has 18 accu-

rately calibrated sweep speeds while Time Base
A has 24. These 18 available sweep speeds vary
from 2 microseconds to 1 second per centime-
ter. The red LENGTH control adjusts the sweep
length between approximately 4 and 10 centi-
meters.

Delayed Sweep Operation

With the Type 535A or Type 545A Oscillo-
scopes the start of the horizontal sweep can be
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Fig. 7. ‘A’ DEL'D BY ‘B’

delayed for a period of from 1 microsecond' to
10 seconds after application of the triggering
waveform. This is done through simultaneous use
of Time Base A and Time Base B. in this appli-
cation Time Base B is used to provide the accu-
rate time delay while Time Base A presents a
normal horizontal sweep at the end of the de-
lay period. The duration of the sweep delay is
controlled by the Time Base B TIME/CM OR
DELAY TIME switch and the DELAY-TIME MUL-
TIPLIER control. Set the controls as follows (Fig.
7):

Horizontal Display:

HORIZONTAL DISPLAY ‘A" DEL'D
BY ‘B’
5X MAGNIFIER OFF

Time Base A:

TRIGGERING MODE AC or DC
TRIGGER SLOPE +INT.
STABILITY full right
TRIGGERING LEVEL any position
TIME/CM 100 wSEC
VARIABLE CALIBRATED
Time Base B:
TRIGGERING MODE AC
TRIGGER SLOPE +INT

STABILITY adjust for stable display
TRIGGERING LEVEL adjust for

stable display
TIME/CM OR DELAY TIME 1 MILLISEC
LENGTH 10 CM
DELAY-TIME MULTIPLIER 6.50

Plug-in Preamplifier:

INPUT or CHANNEL A
AC-DC or INPUT SELECTOR AC
VOLTS/CM 5
VARIABLE CALIBRATED
VERTICAL POSITION centered

Other Controls:
AMPLITUDE CALIBRATOR 10 VOLTS

Connect a lead from the CAL. OUT connector
to the INPUT or CHANNEL A connector on the
plug-in preamplifier.

The amount of delay occurring from appli-
cation of the triggering waveform until the sweep
runs is indicated directly by the settings of the
TIME/CM OR DELAY TIME switch and the DELAY-
TIME MULTIPLIER control. The settings of the
two controls are multiplied together to obtain
the actual delay time. If the TIME/CM OR DE-
LAY TIME switch is set at 1 MILLISEC and the
vernier dial of the DELAY-TIME MULTIPLIER con-
trol indicates 6.50, the delay time is 6.50 milli-
seconds. When the Time Base A STABILITY con-
trol is in the fully clockwise position, the hori-
zontal sweep starts immediately at the comple-
tion of the delay period at a rate determined by
the settings of the Time Base A TIME/CM con-
trols. Now turn the HORIZONTAL DISPLAY
switch to the 'B' INTENSIFIED BY ‘A’ position
{Fig. 8).

That portion of the display between 6.5 centi-
meters and 7.5 centimeters along the graticule
length should now be brighter than the rest of
the display (this increased brightness can be
seen only when the intensity control is not turned
too far to the right). The start of this brightened
portion indicates the start of the delayed sweep
and the length of the brightened portion indi-
cates the delayed sweep duration. The start of
the brightened portion can be positioned left or
right with the DELAY-TIME MULTIPLIER control.
The length of the brightened portion can be
adjusted with the Time Base A TIME/CM con-
trols. Using these controls, it is possible to in-
clude any portion of the displayed waveform
in the brightened area. Turn the HORIZONTAL
DISPLAY switch back to the ‘A’ DEL'D BY ‘B’
position. Observe that the portion of the original
display that was brightened will now be ex-
panded to fill the entire graticule length.

Now turn the DELAY-TIME MULTIPLIER slowly
back and forth over the range from 1.00 to
10.00, meanwhile switching the HORIZONTAL
DISPLAY control back and forth between B’
INTENSIFIED BY ‘A’ and ‘A’ DEL'D BY 'B'. Note
that in each case the portion of the waveform
that is brightened when the HORIZONTAL DIS-
PLAY switch is in the ‘B’ INTENSIFIED BY ‘A’
position is displayed across the entire grati-
cule length when the HORIZONTAL DISPLAY
switch is in the ‘A’ DEL'D BY ‘B’ position. Since
you set the Time Base A TIME/CM control for a
sweep rate 10 times as fast as the setting of the
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Fig. 8. 'B' INTENSIFIED BY ‘A’

Time Base B TIME/CM OR DELAY TIME control,
the waveform is magnified 10 times as compared
with the display presented when the HORI-
ZONTAL DISPLAY switch is in the ‘B’ INTENSI-
FIED BY ‘A’ position.

Now set the Time Base A TIME/CM control to
10 SEC. Set the HORIZONTAL DISPLAY switch
to 'B" INTENSIFIED BY ‘A’. Note that a much
shorter portion (1 millimeter) of the display is
brightened. Now turn the DELAY-TIME MULTI-
PLIER control slowly back and forth between
1.00 and 10.00, at the same time switching the
HORIZONTAL DISPLAY switch back and forth
between the 'B' INTENSIFIED BY ‘A’ and ‘A’
DEL'D BY 'B' positions. Again note that the
portion of the waveform that is brightened when
the HORIZONTAL DISPLAY switch is in the ‘B’
INTENSIFIED BY ‘A’ position is displayed across
the entire graticule length when the HORIZON-
TAL DISPLAY switch is in the ‘A’ DEL'D BY ‘B’
position. Here, the magnification is 100 times,
since the Time Base A TIME/CM control is set
for a rate 100 times as fast as the setting of the
Time Base B TIME/CM OR DELAY TIME control.

Now reset the Time Base A TIME/CM control
to 100 uSEC.

Note that if the Time Base A triggering con-
trols are set to provide for normal triggering
(STABILITY control not in the fully clockwise
position), the delay time is not continuously
variable and is dependent not only on the set-
tings of the Time Base B TIME/CM OR DELAY
TIME control and the DELAY-TIME MULTIPLIER
control, but on the occurrence of the Time Base
A triggering waveform as well.

Delayed Trigger Operation

Set the HORIZONTAL DISPLAY switch to the
‘B" INTENSIFIED BY ‘A’ position. Set the TIME/
CM OR DELAY TIME control to 1 MILLISEC. Ad-
just the Time Base B controls for a stable display
of the AMPLITUDE CALIBRATOR signal. Now set
the DELAY-TIME MULTIPLIER control to 6.50.

Turn the Time Base A TRIGGER SLOPE switch
to AUTO. and the TIME/CM control to 100 uSEC.

The first AMPLITUDE CALIBRATOR square-
wave cycle appearing to the right of the 6.5-
centimeter point on the graticule length should
appear brighter than the rest of the display.
Now turn the HORIZONTAL DISPLAY switch to
‘A" DEL'D BY 'B', and the part of the display
that was brightened will now appear displayed
across the entire graticule length.

Notice these differences between the present
operation and the operation previously des-
cribed—"Delayed Sweep Operation’:

1. In the delayed sweep operation, the
portion of the display that is brightened when
the HORIZONTAL DISPLAY switch is in the 'B'
INTENSIFIED BY ‘A’ position begins at a point
on the graticule length that is determined by
the setting of the DELAY-TIME MULTIPLIER.
This brightened portion will be displayed over
the graticule length when you turn the HORI-
ZONTAL DISPLAY switch to the ‘A’ DEL'D BY
‘B’ position. (,

2. But in the present delayed trigger opgra-
tion, the portion of the waveform thdt is
brightened when the HORIZONTAL DISPLAY
switch is in the ‘B’ INTENSIFIED BY 'A’ posi-
tion begins with the first leading edge of the
waveform after that point on the graticule
length determined by the DELAY-TIME MULTI-
PLIER setting. This, too, is the portion that is
displayed across the entire graticule length
when you turn the HORIZONTAL DISPLAY
switch to ‘A’ DEL'D BY 'B'. With the HORI-
ZONTAL DISPLAY switch at 'B' INTENSIFIED
BY ‘A’, turn the DELAY-TIME MULTIPLIER con-
trol back and forth over its range from 1.00
to 10.00. Notice that the brightened portion of
the waveform does not progress smoothly
across, the graticule as it did when you used
the delayed sweep operation. Here, the
brightened portion remains stationary until
you turn the DELAY-TIME MULTIPLIER so far
that the brightened portion starts at an earlier
or later edge of the waveform.

At any time you can turn the HORIZONTAL
DISPLAY switch to ‘A’ DEL'D BY ‘B' and view
the brightened portion of the waveform ex-
panded over the entire graticule length. (Here,
the display will in all cases be identical, because
all cycles of the calibrator square wave are
similar.)

Now turn the Time Base A TRIGGER SLOPE
control to —INT. With the HORIZONTAL DIS-
PLAY switch at 'B' INTENSIFIED BY ‘A’, repeat
the above operation with the DELAY-TIME MUL-
TIPLIER control. Observe that this operation is
similar to the one previous, except that now
the brightened portion of the waveform starts
on a falling edge rather than on a leading edge
of the waveform.,

NOTE: Although the operations described
here under “Delayed Sweep Operation” and
“Delayed Trigger Operation” make Time Base
B function to provide a very versatile and ac-
curate magnifier, there are other important ap-
plications of Time Base B. Some of these are
discussed later under “Operating Instructions.”
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Fig. 9. ‘A" SINGLE SWEEP

SINGLE SWEEP OPERATION

The Type 535A and Type 545A Oscilloscopes
permit you to obtain a single-sweep presentation
and to eliminate all subsequent sweeps so that
information is clearly recorded without the con-
fusion resulting from multiple traces. In applica-
tions where the displayed waveform is not
repetitive or varies in amplitude, shape, or time
interval, a repetitive sweep produces a jumbled
display. A single-sweep presentation is ob-
tained by setting the front-panel controls as
follows (Fig. 9):

Horizontal Display:
HORIZONTAL DISPLAY ‘A’ SINGLE

SWEEP

5X MAGNIFIER OFF
Time Base A:

TRIGGERING MODE AC
TRIGGER SLOPE +INT.
STABILITY full right
TRIGGERING LEVEL any position
TIME/CM 100 uSEC
VARIABLE CALIBRATED

Time Base B:

Time Base B controls are inoperative when the
HORIZONTAL DISPLAY switch is in the ‘A’
SINGLE SWEEP position.

Plug-In Preamplifier:

INPUT or CHANNEL A
AC-DC or INPUT SELECTOR AC
YOLTS/CM 5
VARIABLE CALIBRATED
VERTICAL POSITION centered

Other Controls:

AMPLITUDE CALIBRATOR 10 VOLTS

Connect a lead from the CAL. QUT connector

to the INPUT or CHANNEL A connector of the
plug-in preamplifier.

I

If you now operate the RESET push-button, you
should get a single trace across the screen, dis-
playing the AMPLITUDE CALIBRATOR square
wave. Each time you operate the RESET button,
you should get another single trace.

When the STABILITY control is set fully clock-
wise or the TRIGGERING MODE switch is in the
AUTO. position, a single sweep runs immediately
each time the RESET button is depressed. How-
ever, if Time Base A is set for triggered opera-
tion with the TRIGGERING MODE switch in
other than the AUTO. or HF SYNC positions, the
single sweep does not occur when the RESET
button is depressed unless a triggering signal is
applied to Time Base A. Instead the READY
lamp lights to indicate that the sweep is ready
to be triggered. When a triggering signal oc-
curs, the single sweep runs and the READY light
goes out. Each time the RESET button is de-
pressed the procedure is repeated.
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PART 1I

OPERATING |
INSTRUCTIONS

INCLUDING
TYPICAL APPLICATIONS

This section includes the information in the "Getting Acquainted”
section, in condensed form for easy reference. You will also find
instructions on other applications of your oscilloscope.




HORIZONTAL-DEFLECTION SYSTEM

TIME BASE A
TRIGGERED OPERATION

For many uses of your oscilloscope, you will
need to get a stable display of some recurrent
waveform. To accomplish this, you can operate
the oscilloscope so that each horizontal sweep
of the spot across the screen starts at a given
point on the waveform you are looking at. This
is called “triggered” operation. For present
purposes, then, we can refer to the starting of
the horizontal sweep at the left-hand end of the
graticule as “triggering” the sweep.

Triggered operation is also useful in looking
at a waveform which occurs only once, or which
occurs at random infervals.

For any of the above uses, the oscilloscope can
alternatively be used in such a way that each
horizontal sweep of the spot is triggered by
some waveform other than the one you are
observing, but which has a time relationship to
the observed waveform.

The waveform used to start the horizontal
sweep is called a “triggering signal” (whether
it is the waveform being observed, or some ofher
waveform). The following instructions tell you
how to select the triggering signal. They also
contain information on triggering according to
various modes, depending upon the nature of the
triggering signal.

How to Select the Triggering Signal

1. To trigger Time Base A from the waveform
being observed, set the black TRIGGER
SLOPE switch to 4INT. or to —INT

2. To trigger the sweep from the power-line
voltage waveform, as in the case where
you are observing a waveform which has
a time relationship to the power-line wave,
set the black TRIGGER SLOPE switch to
+4LINE or to —LINE.

3. To trigger the sweep from some externally
derived waveform which has a time rela-
tionship to the observed waveform, connect
the source of triggering waveform to the
TRIGGER INPUT connector. Set the black
TRIGGER SLOPE switch to -EXT. or to
—EXT.

If you want the start of the display, at the
left-hand end of the graticule, to occur at a
time when the triggering signal is rising (has a
positive slope), use the +INT., the +LINE or
the +EXT. position of the black TRIGGER SLOPE

switch, as described above. If you want the
start of the display to occur when the triggering
signal is falling {has a negative slope), use the
—INT., the —LINE or the —EXT. position of the
black TRIGGER SLOPE switch.

AUTO. Mode

This is an especially useful triggering mode,
providing automatic triggering from periodic

signals in the range from about 40 cycles to 2.

megacycles.
1. Select the desired triggering signal.
2. Set the Time Base A TIME/CM switch for

o sweep rate suited to the waveform being
observed.

3. Set the HORIZONTAL DISPLAY switch to
position A, and set the red TRIGGERING
MODE switch to AUTO.

AC Mode

This mode is useful for triggering either from
transients, or from periodic signals in the range
from about 60 cycles to 5 megacycles.

1. Select the desired triggering signal.
2. Set the controls as follows:

HORIZONTAL DISPLAY A
TRIGGERING MODE AC
TRIGGERING LEVEL full right

or full left
STABILITY PRESET

3. Set the TIME/CM switch for a sweep rate
suited to the waveform being observed.

4, Turn the TRIGGERING LEVEL control slowly
toward the 0 position until the trace begins
at the desired point on the waveform be-
ing observed.

DC Mode

In the DC mode, triggering can be effected
from periodic signals in the range from dc to
5 megacycles, or from transients. This mode is
especially useful with triggering signals that
change slowly.

Another application of the DC triggering
mode is to attain a stable display of a random-
pulse train. The average voltage of this type of
sighal depends upon the duration of each pulse,
the amplitude of each pulse, and the spacing
between successive pulses. Therefore, the aver-
age voltage applied to the triggering circuits
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will fluctuate. This can result in unstable trig-
gering if the AC or AC LF REJECT mode is used.
When the DC mode is used, however, the trig-
gering circuits are sensitive to only the instan-
taneous applied voltage. Thus the sweep is initi-
ated when any single pulse rises fo a voltage
selected by the TRIGGERING LEVEL control.
Operating instructions are similar to those
given above for the AC mode, except that you
set the red TRIGGERING MODE switch to DC.

AC LF REJECT Mode

In the AC LF REJECT mode, triggering can be
effected from periodic signals in the range from
10 kilocycles to 5 megacycles. Characteristics
are similar to those of the AC mode, except
that low-frequency components of the triggering
signal are rejected.

For most uses, the AC mode is preferable to
AC LF REJECT. AC LF REJECT is principally for
use with the Type CA Dual-Trace Plug-In Unit.

Aside from this use, AC LF REJECT may re-
duce jitter due to hum in the triggering signal.
Operating instructions are similar to those given
above for the AC mode, except that you set the
red TRIGGERING MODE switch to AC LF RE-
JECT.

Dual-Trace Operation, With Type CA Plug-
In Unit

This section describes use of the ALTERNATE
sweeps mode of the Type CA. For further in-
formation on use of the Type CA, refer fo the
Instruction Manual for that unit.

In the present use, waveforms fed to CHAN-
NEL A and to CHANNEL B connectors on the
Type CA are displayed alternately (Fig. 10).

1. Select the desired triggering signal.

2. Set the TIME/CM switch for a sweep rate
suited to the waveform being observed.

3. Set the other controls as follows:

HORIZONTAL DISPLAY A
TRIGGERING MODE  AC LF REJECT*

TRIGGERING LEVEL full right

or full left
STABILITY PRESET
MODE (on Type CA} ALTERNATE

4. Turn the TRIGGERING LEVEL control toward
the 0 position for a stable display of the
input signals. For further information on
triggering in this mode see the Instruction
Manual for the Type CA.

*It may be preferable to use AC if one {or both) of
the signals displayed is of low frequency.

How to Use the Time Base A STABILITY Con-
trol

You might wish, in a few particularly difficult
triggering applications, to use a setting of the
STABILITY control other than the one available
in the PRESET position. You can do this if you
are using triggered operation in either the AC,
the AC LF REJECT, or the DC mode.

1. Start with the STABILITY control turned full
right. Use other control settings as given
in the above instructions for the desired
triggering mode.

2. Turn the STABILITY control left unfil the
trace disappears, then two or three de-
grees farther left.

3. Turn the TRIGGERING LEVEL control slowly
toward the 0 position until the frace begins
at the desired point on the waveform being
observed.

4. Set the TIME/CM switch for a sweep rate
suited to the waveform being observed.

SYNCHRONIZED OPERATION

HF SYNC Mode

When you use the HF SYNC mode, you get a
recurrent horizontal sweep which can be syn-
chronized, by means of the STABILITY control,
with waveforms in the range from 5 megacycles
to 15 megacycles.

When using the HF SYNC mode, you will
usually want to synchronize the horizontal sweep
with the waveform being displayed. To do this,
set the controls as outlined in Step 1, below. If,
however, you want to synchronize the sweep
with some external waveform, connect the source
of this waveform to the TRIGGER INPUT con-
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nector and set the TRIGGER SLOPE switch to
+EXT. or —EXT.

1. Set controls as follows:

HORIZONTAL DISPLAY A
TRIGGER SLOPE +INT. or —INT.
TRIGGERING MODE HF SYNC
STABILITY full right

2. Set the TIME/CM switch for a sweep rate
suited to the waveform being observed.

3. Turn the STABILITY control slowly to the
left until you get a stable display of the
waveform being observed.

o

£ TYPE 545A OSCILLOSCOPE
@ @ ERAL -0 @~

- : TIME BASE
STARIITY A
TRGAERING LEVEL

TRIGGER

......................

TRIBGERING MODE 1 IHEGE

TRIGGER SLOVE 5
A {18 f e

—

oy
e

i A et
- i T
§,..——-——- TIME BASE
i 8

ATABHITY
TRIGGER NG LEVEL

SEALE ILEM

INTERSITY ASTIGMATIEM 2 32

LARITY VERTICAL
,:?. prowe POSITICN

AnbiEg ’T_;'\;ALTT FACE.

POLARITY VERTICAL
..... AR e POSITION

TEKTRONIX, ENC.
OFTLAND, OREGON, B8
A

oy
TYPE CA PLUGIN UNIT

HORIZONTAL
POSITION
YERMILE

T ma e e
T i

Fig. 10. Dual-Trace Operation.

21 ‘



FREE-RUNNING OPERATION

You can get a periodic, free-running sweep,
independent of any external triggering or syn-
chronizing signal.

As an application of free-running operation
you can actuate the system under investigation
by means of a signal from either the 4-GATE A
or the SAWTOOTH A connector. (See section
entitled "Output Waveforms".) The signals from
these connectors have a starting time and a dur-
ation corresponding to the starting time and the
duration of the horizontal sweep of the cathode-
ray-tube spot. Note that this reverses the usual
situation where the oscilloscope sweep is timed
to the waveform under investigation. Here, the
system being investigated is timed to the oscil-
loscope sweep. Thus a stable display is pre-
sented of the waveform resulting from actuating
the system under investigation.

1. Use no input to the TRIGGER INPUT con-
nector

2. Set the controls as follows:
HORIZONTAL DISPLAY A

TRIGGER SLOPE +INT., —INT,,

~+EXT., or —EXT.
TRIGGERING MODE AC or DC
STABILITY full right

TRIGGERING LEVEL

3. Set the TIME/CM switch for a sweep rate
suited to the waveform being observed.

any position

Alternatively, you can get a free-running
sweep at a fixed repetition rate of approximately
50 cycles, using the AUTO. mode:

1. Use no input to the TRIGGER INPUT con-

nector.

2. Set the controls as follows:
HORIZONTAL DISPLAY A

TRIGGER SLOPE +INT., —INT.,
+EXT., or —EXT.
TRIGGERING MODE AUTO.

DELAYED TRIGGERS FROM TIME BASE A

Delayed positive-going triggering signals are
available from the DEL'D TRIG. connector. You
can use these triggering signals to actuate equip-
ment external to the oscilloscope. When the
HORIZONTAL DISPLAY switch is set to A, these
triggering signals appear after a predetermined

delay time following the triggering of Time Base
A. The duration of this delay time is equal to
the product of the settings of the Time Base A
TIME/CM control and the DELAY-TIME MULTI-
PLIER control.

SINGLE SWEEPS

Manual Operation

1. Set the controls as follows:
HORIZONTAL DISPLAY ‘A" SINGLE

SWEEP
TRIGGERING MODE AC
STABILITY full right

TRIGGERING LEVEL any position

2. Set the TIME/CM switch for a sweep rate
suited to the waveform being observed.

3. Push the RESET button. You should get a
single trace across the screen, displaying the
waveform applied to the INPUT or CHAN-
NEL connector.
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Typical application No. 1

This operation is useful in photographing re-
current phenomena when succeeding waves are
similar but not necessarily identical—for ex-
ample, in certain biological work. After you
have made the adjustments as given above, pre-
pare your camera to receive the picture. Open
the camera shutter, and immediately push the
RESET button once; then close the camera shut-
ter. The resulting picture will show a typical
waveform, without blurring from succeeding
waveforms that may not be exactly identical to
the waveform photographed.

Typical application No. 2

You can use the manual single-sweep opera-
tion to photograph the result of an action which
is initiated when you operate the RESET push-
button. First make the adjustments described in
Steps 1, 2 and 3 above. Connect the +GATE A
connector to controlling circuits for the action to
be initiated. (This connector supplies a positive-
going rectangular waveform of 20 to 30 volts
amplitude starting when the RESET push-button
is operated and the horizontal sweep begins.)
Prepare your camera to receive the picture. Con-
nect the output of the transducer or other signal
source to the INPUT or CHANNEL connector.
Open the camera shutter and immediately push
the RESET push-button once; then close the
camera shutter. The resulting picture will show
the response of the transducer to the desired ac-
tion. (See also separate publication FIP-3, “Notes
on the Practical Photography of Oscilloscope
Displays,” available from Tektronix.}

Triggered Operation

1. Set the HORIZONTAL DISPLAY switch to
position A,

2. Set the Time Base A TIME/CM contfrol for a
rate suited to the waveform being observed.

3. Adjust the Time Base A controls for trig-
gering on the desired triggering signal ac-
cording to the AC or the DC mode as
previously described.

4. Set the HORIZONTAL DISPLAY switch to
‘A" SINGLE SWEEP. Operate the RESET
push-button. The READY lamp should now
be lighted.

5. Connect the source of the expected signal
to the INPUT or CHANNEL connector.

6. When the triggering signal is received, a
single sweep will occur. Following this, the
READY lamp will be extinguished. An ad-
ditional single sweep will occur each timé
{A) the RESET push-button is operated and
{B), following this, a triggering signal is
received.

Typical application

This operation is useful in photographing a
phenomenon that can occur at an unknown time
or at a time when the operator is absent. After
making the adjustments described in Steps 1
through 5 above, prepare your camera to re-
ceive the picture. Make sure that the READY
lamp is lighted. Open the camera shutter. When
the READY lamp is extinguished, close the
camera shutter. If any triggering signals are
received after the first, they will not cause ad-
ditional traces on the oscilloscope screen, so
that your picture is protected against further
exposures. (See also separate publication FIP-3,
“Notes on the Practical Photography of Oscil-
loscope Displays,” available from Tektronix.)

TIME BASE B

Triggered Operation

When the HORIZONTAL DISPLAY switch is
placed in position B, Time Base B is displayed on

the oscilloscope screen instead of Time Base A.
All operations with the available triggering
modes and sweep speeds of Time Base B are
identical to those of Time Base A.

DELAYING SWEEP

How to Obtain a Delayed Sweep

Through simultaneous use of Time Base A
and Time Base B, the start of the horizontal
sweep can be delayed for a period of from 1
microsecond to 10 seconds after application of
the triggering waveform. In order to obtain a
delayed sweep, set the controls as follows:

Horizontal Display:

HORIZONTAL DISPLAY  'B' INTENSI-

FIED BY ‘A
5X MAGNIFIER OFF

Time Base A:

TRIGGERING MODE AC or DC
TRIGGER SLOPE -+INT.
STABILITY full right

TRIGGERING LEVEL

Time Base B:

any position

TRIGGERING MODE AC
TRIGGER SLOPE —+INT.
STABILITY adjust for stable display
TRIGGERING LEVEL adijust for

stable display
LENGTH 10 CM
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Set the Time Base B TIME/CM OR DELAY TIME
control and the DELAY-TIME MULTIPLIER con-
trol so that the product of their settings is equal
to the desired delay time between the triggering
of Time Base B and the beginning of the display
to be presented by means of Time Base B.

Set the Time Base A TIME/CM control for a
sweep rate svited fo the waveform being ob-
served. This rate is typically faster than that for
which you set the Time Base B TIME/CM OR
DELAY TIME control.

When the waveform to be displayed is periodic:

Connect the source of signal to be displayed to
the INPUT or CHANNEL connector. If the IN-
TENSITY control is sufficiently advanced, you
should see an unstable presentation of the dis-
played waveform. Turn the Time Base B STA-
BILITY control slowly to the left until the display
disappears, then two or three degrees farther
to the left. Then turn the Time Base B TRIG-
GERING LEVEL control slowly toward 0 until
the trace begins at the desired point on the
Time Base B triggering signal. If the INTENSITY
control is set correctly, you should see a bright-
ened portion of the trace. The length of this
brightened portion is controlled by means of
the Time Base A TIME/CM controls, and the
position of this brightened portion is controlled
by means of the DELAY-TIME MULTIPLIER con-
trol. When you turn the HORIZONTAL DISPLAY
control to ‘A’ DEL'D BY 'B', the brightened por-
tion is displayed across the entire graticule
length.

If you set the HORIZONTAL DISPLAY switch
to ‘B" INTENSIFIED BY 'A’' and then turn the
LENGTH control to the left until the trace ends
just after the brightened portion of the display,
you can improve the duty factor and therefore
the average brightness of the display presented
when you turn the HORIZONTAL DISPLAY switch
to ‘A" DEL'D BY 'B'.

When the waveform to be displayed occurs only
once:

Set the HORIZONTAL DISPLAY switch to the
‘B" INTENSIFIED BY ‘A’ position. Adjust the Time
Base B STABILITY and TRIGGERING LEVEL con-
trols so that Time Base B will trigger at the de-
sired point on the Time Base B triggering signal.
{You might want to display the AMPLITUDE CALI-
BRATOR waveform by means of Time Base B in
making these adjustments.) Then connect the
source of signal to be displayed to the INPUT
or CHANNEL connector. Now turn the HORI-
ZONTAL DISPLAY switch to 'A’ DEL'D BY 'B'

24

Time Base A is held “locked out" or inoperative
until a predetermined delay time has elapsed
after the friggering of Time Base B. This delay
time is equal to the product of the settings of
the TIME/CM OR DELAY TIME control and the
DELAY-TIME MULTIPLIER control. Affer this de-
lay time has elapsed, Time Base A presents a
display of the waveform under observation.

Typical application No. 1

The operation described above under the
heading “When the waveform to be displayed is
periodic” provides a very versatile magnifier, so
that you can accurately select the portion of the
waveform to be magnified and the amount of
magnification. The amount of magnification is
determined by the ratio of the TIME/CM OR
DELAY TIME control setting to the Time Base A
TIME/CM control setting.

Using this method, you can very accurately
measure the time interval between two displayed
events. Observe the magnified display with the
HORIZONTAL DISPLAY switch in the ‘A’ DEL'D
BY ‘B’ position. Find the difference between the
DELAY-TIME MULTIPLIER settings that succes-
sively place the two events directly under a
given graticule line. Multiply this difference by
the Time Base B TIME/CM OR DELAY TIME set-
ting. The result is the time difference between
the two events,

Typical application No. 2

The operation described above under the
heading “"When the waveform to be displayed
occurs only once” allows you to photograph
any part of a fransient waveform occurring at
any desired time after Time Base B is triggered.
For example, you can arrange to initiate an ex-
perimental action by operating an external push-
button. Let the impulse from this push-button
also trigger Time Base B. Then Time Base A will
display a selected part of the resulting waveform
occurring after a predetermined delay time. The
amount of delay is determined by the product of
the TIME/CM OR DELAY TIME setting and the
DELAY-TIME MULTIPLIER setting. The duration
of the display is chosen by setting the Time Base
A TIME/CM controls.

How to Obtain a Delayed Trigger

1. Select the Time Base A triggering signal as
described under the heading “Time Base A.”

2. Set the Time Base A TIME/CM controls for
a sweep rate suvited to the waveform being
observed. (This rate is typically faster than
that for which you will set the Time Base
B TIME/CM OR DELAY TIME control, as
described in Step 6.)

3. For most uses, you can set the TRIGGER
SLOPE switch to +INT. or —INT., and set
the TRIGGERING MODE switch to AUTO.
(Alternatively, you can use the Time Base A
TRIGGERING MODE switch in either the
AC or DC position, rather than AUTO. To
do this, set the HORIZONTAL DISPLAY
switch to the A position, and set the Time
Base A TRIGGERING MODE, TRIGGERING
LEVEL, and STABILITY controls for trigger-
ing at the desired point on the triggering
signal, as described under the heading
"Time Base A".)

4. Turn the HORIZONTAL DISPLAY switch to
‘B' INTENSIFIED BY ‘A’. Select the Time
Base B triggering signal as previously de-
scribed.

5. Set the Time Base B STABILITY and LENGTH
controls full right. Set the Time Base B
TRIGGERING LEVEL control full right or
full left.

6. Set the Time Base B TIME/CM OR DELAY
TIME control and the DELAY-TIME MULTI-
PLIER control so that the product of their
settings is the amount of delay time you
want to elapse between the triggering of
Time Base B and the time when Time Base
A becomes susceptible to triggering.

When the waveform to be displayed is periodic:

Connect the source of signal to be displayed
to the INPUT or CHANNEL connector, If the
INTENSITY control is sufficiently advanced, you
should see an unstable presentation of the dis-
played waveform. Turn the Time Base B STA-
BILITY control slowly to the left until the trace
disappears, then two or three degrees farther

to the left. Then turn the Time Base B TRIGGER-
ING LEVEL control slowly toward the 0 position
until the trace begins at the desired point on the
Time Base B friggering signal. If the INTENSITY
control is set correctly, you should see a bright-
ened portion of the trace. This brightened
portion starts with the first Time Base A trigger-
ing signal received after that point on the grati-
cule determined by the DELAY-TIME MULTI-
PLIER setting. In other words, the brightenéd
portion starts with the first Time Base A trigger-
ing signal received after (1) Time Base B has
been triggered and also after (2) the horizontal
motion of the trace caused by Time Base B
has gone on for a “delay” time equal to the
product of the TIME/CM OR DELAY TIME setting
and the DELAY-TIME MULTIPLIER setting. The
length of the brightened portion is controlled
by the Time Base A TIME/CM controls. When
you turn the HORIZONTAL DISPLAY control to
‘A" DEL'D BY 'B’, the brightened portion is dis-
played across the entire graticule length.

When the waveform to be displayed occurs only
once:

After completing Step é above, adjust the Time
Base B STABILITY and TRIGGERING LEVEL con-
trols so that Time Base B will trigger at the de-
sired point on the Time Base B triggering signal.
(You might want to display the AMPLITUDE
CALIBRATOR waveform by means of Time Base
B in making these adjustments.) Then connect
the source of signal to be displayed to the IN-
PUT or CHANNEL connector. Now turn the
HORIZONTAL DISPLAY switch to ‘A" DEL'D BY
‘B'. Time Base A is held “locked out” or in-
operative until o predetermined delay time has
elapsed after the triggering of Time Base B. This
delay time is equal to the product of the settings
of the TIME/CM OR DELAY TIME control and the
DELAY-TIME MULTIPLIER control. After this delay
time has elapsed, the first succeeding triggering
signal that arrives will cause Time Base A to
present a single display of the waveform under
observation.

DELAYED TRIGGERS FROM TIME BASE B

Delayed positive-going triggering signals are
available from the DEL'D TRIG. connector. You
can use these triggering signals to actuate equip-
ment external to the oscilloscope. When the
HORIZONTAL DISPLAY switch is set to ‘B’ IN-
TENSIFIED BY ‘A’ or to ‘A’ DEL'D BY 'B’, these

triggering signals appear after a predetermined
delay time following the triggering of Time Base
B. The duration of this delay time is equal to the
product of the settings of the TIME/CM OR DE-
LAY TIME control and the DELAY-TIME MULTI-
PLIER control.
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5X MAGNIFIER

To expand a particular part of the display
horizontally, first use the HORIZONTAL POSI-
TION control to position that part of the display
so that it falls near the vertical center line of
the graticule. Then turn the 5X MAGNIFIER
switch to ON. That part of the display which

occupied the middle two centimeters of the grati-
cule will now be expanded to fill the graticule
horizontally. Each major graticule division will
now have a time value one-fifth of the value
indicated by the TIME/CM switch.

EXTERNAL HORIZONTAL SWEEP

You might need to effect horizontal deflection
of the spot across the screen by means of some
externally derived waveform, rather than by
means of Time Base A or Time Base B. To ac-
complish this, connect the source of this wave-
form to the HORIZ. INPUT connector. Turn the
HORIZONTAL DISPLAY switch to either EXT.
position. The horizontal deflection factor is
continuously variable from approximately .2 to
approximately 15 volts per centimeter with the

VARIABLE 10-1 control and the HORIZONTAL
DISPLAY switch.

If you are using an externally derived sine
wave for horizontal deflection, and if the fre-
quency of this sine wave exceeds 240 kilocycles,
you will have to limit the amount of horizontal
deflection in order to avoid distortion of the
display due to overloading of the horizontal-
deflection system.

OUTPUT WAVEFORMS

A sowtooth waveform is available at the
SAWTOOTH A connector on the front panel.
This positive-going waveform starts at about
zero volts and rises linearly to a peak amplitude
of about 150 volts. The start of the rising part
of the sawtooth is determined in the same way
as the start of the Time Base A sweep. That is,
the rising part of the sawtooth can be initiated
by a triggering or synchronizing signal applied
to Time Base A. Or the sawtooth can be gen-
erated in a periodic, free-running manner, with-
out regard to any triggering or synchronizing
signal {see “Free-Running Operation”). The rate
at which the sawtooth rises is controlled by the
Time Base A TIME/CM controls. The duration
of the positive portion of the waveform corre-
sponds to the duration of the left-to-right trace
of Time Base A.

A rectangular waveform is available at the
+GATE A connector on the front panel. This
waveform starts at zero volts and rises to a peak
amplitude of 20 to 30 volts. lis starting time
ond duration correspond to the starting time
and duration of the positive-going part of the
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sawtooth available at the SAWTOOTH A con-
nector discussed above.

A rectangular waveform is available at the
+GATE B connector on the front panel. This
waveform starts at zero volts and rises to a
peak amplitude of about 20 volts. lts starting
time is determined in the same way as the start
of the Time Base B sweep. That is, the positive
part of the waveform can be initiated by a
triggering signal to Time Base B when the Time
Base B STABILITY and TRIGGERING LEVEL con-
trols are adjusted for triggered operation of
Time Base B. Or the rectangular waveform can
be generated in a periodic, free-running man-
ner, without regard to any triggering signal if
the Time Base B STABILITY control is turned full
right. The duration of the positive portion of
the waveform corresponds to the duration of
the left-to-right trace of Time Base B.

For information on the triggering signals avail-
able at the DEL'D TRIG. connector, see sections
on “Delayed Triggers from Time Base A", and
“Delayed Triggers from Time Base B."

RATE-GENERATOR FEATURE

While you are using Time Base A to display
a waveform from some source, you can at the
same fime use Time Base B to perform these two
simultaneous functions:

1. To actuate or trigger the source of the
waveform being displayed.

2. To trigger Time Base A so that the display
will be stable.*

The steps in this operation are as follows:

1. Turn the Time Base B STABILITY control full
right. Set the Time Base B repetition rate
to the desired value. In general, when
the Time Base B LENGTH control is turned
full right, this repetition rate in cycles per
second will be one-tenth the reciprocal of
the setting in seconds of the TIME/CM OR
DELAY TIME control. You can make a
precise determination of the repetition rate
as follows:

a. Connect the probe cable to the INPUT
or CHANNEL connector of the plug-
in preamplifier, and connect the probe
tip to the +GATE B connector.

b. Set the HORIZONTAL DISPLAY switch
to position A. Set the Time Base A
controls to display the +GATE B
waveform ({using the AUTO. or the
AC mode, as described previously
under “Time Base A—Triggered Op-
eration”).

c. The repetition rate of the +GATE B
waveform is approximately equal to
the reciprocal of the product of the

*This arrangement corresponds to that which is often
called a ‘'synchroscope."’’

settings of the Time Base A TIME/CM
control and the horizontal distance in
centimeters on the graticule occupied
by one cycle of the waveform. The
Time Base B LENGTH control pro-
vides a fine control of the repetition
rate.

2. Disconnect the probe tip from the +GATE
B connector. Connect the +GATE B con-
nector to the Time Base A TRIGGER INPUT
connector. Also connect the +GATE B
connector so that the leading edge of ifs
output will trigger or actuate the source of
the waveform to be observed.

(NOTE: Alternatively, you can use the output
from the DEL'D TRIGGER connector to actuate
the source of the waveform to be observed.
In this case the source of the waveform to be
observed will be actuated after Time Base
A is triggered. The delay time involved will
be equal to the product of the settings of the
TIME/CM OR DELAY TIME control and the
DELAY-TIME MULTIPLIER control.)

3. Feed the waveform to be observed into
the INPUT or CHANNEL connector of the
plug-in preamplifier.

4. Set the Time Base A TRIGGER SLOPE con-
trol to 4-EXT. Set the Time Base A TRIG-
GERING MODE, STABILITY and TRIGGER-
ING LEVEL controls for triggering in the AC
or in the AUTO. mode as described pre-
viously under “Time Base A—Triggered
Operation.” If the repetition rate is
greater than about 60 cycles per second,
the AUTO. mode will generally be satis-
factory.

SUPERPOSITION OF WAVEFORMS

This operation is useful when you want to
compare the first waveform in a recurrent wave
train with a later waveform in the train.

1. Connect the VERT. SIG. OUT connector to
the Time Base B TRIGGER INPUT connector.
Connect a capacitor of about 100 uuf capaci-
tance between the 4+ GATE B connector and the
DEL'D TRIG. connector.

2. Set the HORIZONTAL DISPLAY switch to
‘B' INTENSIFIED BY ‘A’. Connect the source of
the wave train to the INPUT or CHANNEL con-
nector of the plug-in preamplifier. Adjust the con-
trols according fo instructions given previously
under the heading “How to Obtain a Delayed
Sweep.” Turn the DELAY-TIME MULTIPLIER con-
trol to a setting in the upper part of its range.
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Adjust the Time Base B TIME/CM OR DELAY
TIME control so that the desired number of
waveforms is displayed.

3. You should now observe two brightened
portions of the display—one at the start of the
display at the left-hand end of the graticule,
and the other at a later point along the grati-
cule. Set the Time Base A TIME/CM control so
that the left-hand brightened portion includes
the first waveform in the train, With the DELAY-
TIME MULTIPLIER, move the second brightened
area so. that it includes the waveform you want
to compare with the first waveform in the train.

4. Set the HORIZONTAL DISPLAY switch to
‘A' DEL'D BY ‘B'. The display should now pre-
sent both the first waveform in the train and

the other waveform that was brightened in the
preceding step. You can now use the DELAY-
TIME MULTIPLIER to superimpose these two
waveforms for precise comparison. The resulting
reading of the DELAY-TIME MULTIPLIER, multi-
plied by the TIME/CM OR DELAY TIME setting,
indicates the delay time between the waveforms
being compared. You can also now observe any
jitter in the second waveform with respect to
the first.

(NOTE: For the above method to function,
there must be a time interval between the end
of the first waveform and the beginning of
the waveform being compared with the first
waveform. Depending upon the TIME/CM
OR DELAY TIME setting, this interval must
be at least 10 to 20 microseconds.)

PHASE-ANGLE MEASUREMENTS

This operation is useful in determining the
phase displacement between two identical wave-
forms of the same frequency ({for example, two
sine waves). The useful frequency range is
from a few cycles to about 5 megacycles. For
frequencies in the range from 1 to 5 megacycles,
the effective resolution of the readings is re-
duced by a factor of 5. Use the Type CA Plug-
In Preamplifier.

1. Connect the source of the reference wave-
form to the CHANNEL A connector of the plug-
in preamplifier and to the Time Base A TRIG-
GER INPUT connector.

2. Set the controls as follows:

Horizontal Display:

HORIZONTAL DISPLAY A
5X MAGNIFIER OFF*

Time Base A:

TRIGGERING MODE AC
TRIGGER SLOPE —EXT
TRIGGERING LEVEL full right

or full left
STABILITY PRESET

*For frequencies in the range from 1 to 5 mega-
cycles, turn the 5X MAGNIFIER ON.

For low-frequency waveforms, use the DC posi-
tion.
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Plug-In Preamplifier:

MODE A ONLY
AC-DC switches both at AC
or both at DC#

NORMAL-INVERTED switches both at
NORMAL

3. Turn the Time Base A TRIGGERING LEVEL
control slowly toward 0 until you get a stable
display of the reference waveform. Set the
Time Base A TIME/CM control so that this dis-
play includes several cycles of the waveform.

4. Using the CHANNEL A VERTICAL POSI-
TION control, keep the trace centered vertically
while you adjust the CHANNEL A VOLTS/CM
and VARIABLE controls so that the peak-to-peak
vertical deflection caused by the reference wave-
form is precisely 6 centimeters in the case of the
Type 535A, or precisely 4 centimeters in the
case of the Type 545A,

5. Keeping the display centered vertically, ad-
just the Time Base A TRIGGERING LEVEL control
so that the start {left-hand end) of the displayed
waveform appears precisely at the horizontal
center-line of the graticule. With the HORI-
ZONTAL POSITION control, position the left-
hand end of the waveform precisely to the left-
hand vertical graticule line. Set the Time Base
A TIME/CM and red VARIABLE controls so that
the display includes precisely 1 cycle of the
waveform displayed over the 10-centimeter grati-
cule length. In succeeding steps, do not retouch
the Time Base A or Channel A controls.

6. Apply the second waveform to the CHAN-
NEL B connector. Turn the MODE switch of the
plug-in preamplifier to B ONLY. You should
now see a stable display of the second wave-
form. Using the CHANNEL B VERTICAL POSI-
TION control, keep the trace centered vertically
while you adjust the CHANNEL B VOLTS/CM
and VARIABLE controls so that the peak-to-peak
vertical deflection caused by the waveform is
precisely 6 centimeters in the case of the Type
535A, or precisely 4 centimeters in the case of
the Type 545A.

7. Turn the MODE control on the plug-in pre-
amplifier to ALTERNATE. You should now see
a stable display that includes both the reference
waveform and the second waveform whose
phase relation you want to measure with respect
to the reference waveform,

8. Locate the EXTERNAL CRT CATHODE con-
nector on the back of the oscilloscope. Discon-
nect the jumper between the EXTERNAL CRT
CATHODE connector and the GND connector.
Then:

a. If the Time Base A sweep rate is faster
than about 10 microseconds per centimeter,
connect a test lead from the EXTERNAL
CRT CATHODE connector to the DEL'D
TRIG. connector; or, if the Time Base A
sweep rate is slower than about 10 micro-
seconds per centimeter, connect a test
lead from the EXTERNAL CRT CATHODE
connector fo the +GATE B connector.

b. Connect the DEL'D TRIG. connector to the
Time Base B TRIGGER INPUT connector.
Turn the TIME/CM OR DELAY TIME con-
trol for a Time Base B sweep rate roughly
10 times as fast as the Time Base A sweep
rate (unless the Time Base A sweep rate is
so fast as to prevent such a setting; in the
latter case, set the TIME/CM OR DELAY
TIME control to 2 uSEC). Turn the Time

Base B TRIGGERING LEVEL control full
left. Turn the INTENSITY control slowly
toward the left until the trace brightness
is at a minimum useful value. Slowly turn
the Time Base B STABILITY control to the
left until the trace just reappears or abrupt-
ly dims. Turn the INTENSITY control
slowly fo the right until the trace just re-
appears or abruptly brightens. Slowly turn
the Time Base B TRIGGERING LEVEL con!
trol to the right until a stable blanked-oyt
portion appears in the display. ‘

9. A portion of each of the displayed wave-
forms should now be blanked out, and you
should be able to position this blanked-out por-
tion horizontally by means of the DELAY-TIME
MULTIPLIER control. Position the start (left-hand
end) of the blanked-out portion of the display
precisely to the point where the reference wave-
form crosses the horizontal center-line of the
graticule, and record the setting of the DELAY-
TIME MULTIPLIER control. Position the start of
the blanked-out portion of the display precisely
to the point where the other waveform crosses
the horizontal center-line of the graticule, and
record the new setting of the DELAY-TIME
MULTIPLIER. If the 5X MAGNIFIER has been
turned OFF during the preceding operations,
multiply the difference between the two DELAY-
TIME MULTIPLIER setftings by 0.36 degree. If the
5X MAGNIFIER has been turned ON during the
preceding operations (for frequencies between 1
and 5 megacycles), multiply the difference be-
tween the two DELAY-TIME MULTIPLIER settings
by 1.8 degrees. The result in either case is the
phase difference between the two displayed
waveforms.

Always replace the jumper between the EX-
TERNAL CRT CATHODE and GND connectors
when you have completed your measurements.
This maintains the initial part of the display at
its normal brightness on fast sweeps.

JITTER REDUCTION

Suppose we want to display a waveform
having either or both of these characteristics:

1. The desired waveform has appreciable
amplitude jitter—that is, there is present, in
addition to the desired waveform, a peri-
odic waveform of lower frequency.

2. The frequency of the desired waveform jit-
ters at a periodic rate lower than the fre-
quency of the desired waveform.

If a source of the jitter signal alone is avail-
able {for example, if the jitter signal is the
power-line waveform), you can markedly de-
crease or often almost eliminate the jitter in the
display by the following operation.

1. Apply the source of jitter signal to the
Time Base B TRIGGER INPUT connector.
Set the HORIZONTAL DISPLAY switch to
‘B' INTENSIFIED BY 'A'. Apply the jitter
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signal to the INPUT or CHANNEL connect-
or. Turn the VOLTS/CM control and the
TIME/CM OR DELAY TIME control to set-
tings suited to the jitter signal. Adjust the
Time Base B STABILITY and TRIGGERING
LEVEL controls for a stable display of the
jitter signal. Now turn the TIME/CM OR
DELAY TIME control to 2 uSEC, and turn
the DELAY-TIME MULTIPLIER to 1.0.

2. Apply the desired signal, in place of the
jitter signal, to the INPUT or CHANNEL

connector. Leave the jitter signal connected
to the Time Base B TRIGGER INPUT con-
nector. Turn the HORIZONTAL DISPLAY
switch to ‘A’ DEL'D BY 'B'. Turn the VOLTS/
CM control and the Time Base A TIME/CM
control to settings suited to the desired
signal. Select the Time Base A triggering
signal (for example, +INT. or —INT.}, and
adjust Time Base A for triggering in the
AC or AC LF REJECT mode,

The resulting display should be comparatively
jitter-free.

VERTICAL-DEFLECTION SYSTEM

INPUT COUPLING

It is sometimes neither necessary nor desirable
to display the de component of the input wave-
form. A capacitor placed in series with the IN-
PUT or CHANNEL connector will block this dc
component, but at the same time, will allow the

ac component to be displayed. This is done when
the INPUT SELECTOR switch or the AC-DC switch
on the plug-in preamplifier is placed in the AC
position.

DEFLECTION FACTOR

The VOLTS/CM switch controls the vertical
deflection factor in accurately calibrated steps.
The VARIABLE control provides fine adjustment
of the deflection factor.

NOTE: To make the deflection factor equal
to that indicated by the VOLTS/CM
switch, set the VARIABLE conirol to
the CALIBRATED position.

CONNECTING THE OSCILLOSCOPE TO THE SIGNAL SOURCE

Here are some precautions you should ob-
serve in connecting your oscilloscope to the
source of signals to be displayed, or to a source
of triggering signals.

1. Avoid errors in readings due to stray elec-
tric or magnetic coupling between circuits, par-
ticularly in the lead connected to the INPUT or
CHANNEL connector. In general, unshielded
leads of appreciable length are unsuited to this
use. This is true even in the audio-frequency
range, except possibly when making measure-
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ments on low-impedance circuits of very low
frequencies. When shielded leads are used, the
shields should be grounded to the oscilloscope
chassis and to the chassis of the equipment be-
ing tested. Coaxial cables are recommended for
many purposes.

2. In broadband applications, it might be
necessary to terminate a coaxial cable with a
resistor or an attenuating pad presenting a
resistance equal to the characteristic impedance
of the cable. This is to prevent resonance effects

or ringing (high-frequency damped oscillation).
It becomes more necessary fo terminate the
cable properly as the length of the cable is in-
creased. The termination is generally placed at
the oscilloscope end of the cable, although many
sources require an additional termination at the
source end of the cable as well. Refer to the
accessories section of your Tektronix catalog for
a listing of cables, terminating resistors and pads.

3. As nearly as possible, simulate actual op-
erating conditions in the equipment being tested.
For example, the equipment should work into a
load impedance equal to that which it will see in
actual use.

4. Consider the effect of loading upon the
signal source due to the input circuit of the
oscilloscope. The input circuit can be represented
by a resistance shunted by o capacitance.
Effective values of resistance and capacitance
are indicated on the preamplifier panel. You
should remember, however, that with a few feet
of cable in the input circuit the loading capaci-
tance on the circuit under investigation might be
as high as 100 micromicrofarads or more. In some
cases, the effects of these resistive and capacitive
loads are not negligible, and to minimize them,
you might want to use a probe in the mariner
described in the next section.

USE OF PROBES

An attenuator probe lessens both capacitive
and resistive loading, at the same time reducing
sensitivity. The attenuation introduced by the
probe permits measurement of signal. voltages
in excess of those that can be accommodated
by the preamplifier alone. When making ampli-
tude measuremenis with an atfenuator probe, be
sure to multiply the observed amplitude by the
attenuation of the probe (marked on probe).

The probe furnished with the oscilloscope has
an attenuation ratio of 10 to 1. The maximum
voltage that may be applied to the probe is
400 volts. Voltages in excess of this value [either
dc volts or peak ac volts) may cause damage
to components inside the probe body.

To preserve the waveform of the signal being
displayed, it is generally necessary to clip the
probe lead to the chassis of the equipment being

tested. Select a ground point near the probe-
input connection.

Before using the probe, always check its
adjustment

An adjustable capacitor in the probe body
compensates for variations in input capacitance
from one instrument fo another. To insure ac-
curacy in pulse and fransient measurements,
check this adjustment frequently. To make this
adjustment, set the AMPLITUDE CALIBRATOR
controls for an output signal of suitable ampli-
tude. Touch the probe tip to the oscilloscope
CAL. OUT connector and adjust the oscilloscope
controls to display several cycles of the wave-
form. Adjust the probe capacitor for a flat top
on the calibrator square wave, as shown in the
right-hand picture of Fig. 11.
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Fig. 11. Probe Adjustments.
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VOLTAGE MEASUREMENTS

We describe here two categories of voltage
measurements with the oscilloscope: (1) measure-
ment of the peak-to-peak voltage of a displayed
waveform and (2) measurement of the peak
voltage of a waveform with respect to a refer-
ence voltage. The specific examples that follow
are intended to show the general procedure.
These examples can be modified to suit any
particular application.

How to Measure Peak-to-Peak Voltages

Suppose a given waveform produces the trace
shown in Fig. 12 when a 10X probe is used and
when the controls are set as follows:

AC-DC or INPUT SELECTOR AC
VOLTS/CM A
VARIABLE CALIBRATED

N [ o

Fig. 12. Measuring peak-to-peak voltages.

The first step in measuring the peak-to-peak
voltage of this waveform is to measure the
amount of vertical deflection. The vertical dis-
tance from point a, the positive peak, to point
b, the negative peak, is 4 centimeters. Multiply
this figure by the VOLTS/CM setting, -1, and
the result is .4 volt. This figure represents the
voltage present at the INPUT or CHANNEL
connector of the oscilloscope. Multiply this
result by 10—the attenuation ratio of the probe.
This gives 4 volts as the peak-to-peak voltage of
the displayed waveform.

How to Measure a Peak Waveform Voltage
With Respect to Ground

Set the AC-DC or INPUT SELECTOR switch to
DC, and set the VARIABLE control to CALI-
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BRATED. Adjust the oscilloscope for a free-
running trace. Touch the probe tip to the oscil-
loscope ground terminal. Use the VERTICAL
POSITION control to set the trace to a con-
venient position, such as b, in Fig. 13. Next, dis-
connect the probe tip from the ground terminal
and connect it to the waveform source without
disturbing the VERTICAL POSITION control. Ad-
just the oscilloscope controls for a stable dis-
play. Observe the vertical distance between the
peak waveform voltage a, and the original
trace position b, If this distance is inconveniently
large or small, reset the VOLTS/CM switch to a
more suitable position and repeat the above
procedure.

n/’\ /ﬂ

Fig. 13. Measuring a peck voltage with respect
to ground.

As an example, suppose the vertical distance
betwen o and b is 4 centimeters when a 10X
probe is used and when the VOLTS/CM switch
is set at .1. Multiply the distance between a and
b (4cm) by the VOLTS/CM setting (.1 v/cm)
and by the probe attenuation ratio {10). This
shows the peak voltage of the waveform with
respect to ground to be 4 volts.

In measuring signal amplitudes, it is important
to remember that the width of the trace may be
an appreciable part of the over-all measurement,
This is particularly true when you are measuring
signals of small amplitude or when stray-signa!
pickup has broadened the trace. Notice in Fig.
12 that points a and b correspond to the bottom
side of the trace itself. The measurement would
be just as accurate if points a and b correspond
to the top side of the trace or to its center.

AUXILIARY FUNCTIONS

Calibrator

A primary use of the voltage AMPLITUDE
CALIBRATOR is to provide a signal for checking
the calibration of the vertical-deflection system,
and for adjusting probes.

The AMPLITUDE CALIBRATOR provides «a
source of square waves of known amplitude at
1000 cycles ==about 30%. The output impedance
varies with output-voltage setting, but is as high
as 5,000 ohms, Be sure the load impedance you
connect to the CAL. OUT connector is not so low
as to change the ouput voltage.

Trace-Brightness Modulation

To couple markers or other signals info the crt
cathode for trace-brightness modulation, discon-
nect the ground strap at the rear of the instru-
ment and apply the signal between the EXTER-
NAL CRT CATHODE binding post and GND.

Always replace the ground strap when you
are not using this feature. This maintains the
initial part of the trace at its normal brightness
on fast sweeps.

Graticule lllumination

The graticule lighting control, labeled SCALE
ILLUM., can be adjusted to suit the lighting
conditions of the room. The graticule can be
mounied in either of two positions, rotated 180
degrees from each other. In one position the
illumination is colored red and, in the other posi-
tion, white. The white will reproduce well photo-
graphically.

A green light filter is supplied which can be
used for increased contrast. Normally this filter
should be mounted next to the crt screen so it
does not block the light from the graticule lines.

Direct Connection to CRT Vertical-Deflection
Plates

The two pins on the left-hand side of the ci}
neck are for connections to the vertical-deflection
plates. The DP-52 Deflection-Plate Connector
provides a convenient means for making direct
connections to the vertical-deflection plates.
With this device, front-panel control of the crt
beam position is retained. To order this Deflec-
tion-Plate Connector, specify Part No. 013-007

If you wish to devise your own system of con-
nections to the vertical-deflection plates, you
can get an unwired plastic plate and mounting
bracket by ordering Part No. 013-008. You can
drill holes in the plate for mounting coaxial con-
nectors or other components. Unless dc coupling
is required, connect coupling capacitors in series
with the leads to the vertical-deflection plates,
and connect 1-megohm resistors from the verti-
cal-deflection plates to the leads from the delay
line. With these connections, the plates are main-
tained at their proper operating potential, and
vertical-positioning control is retained for the
front-panel VERTICAL POSITION control. If you
use another method of connections, maintain
the average dc potential on the vertical-deflec-
tion plates at 4300 volts to avoid distortion, If
you use a different potential, you can minimize
the distortion by readjusting the internal GEOM.
ADJ. control at the rear of the sweep chassis.

OPERATING DESCRIPTIONS OF CONTROLS AND CONNECTORS

HORIZONTAL

Seven-position switch. In the A, 'A’ DEL'D BY ‘B, and ‘A’ SINGLE SWEEP posi-

DISPLAY tions, the output of Time Base A is connected to the sweep-amplifier input. in the
B, and ‘B' INTENSIFIED BY ‘A’ positions, the output of Time Base B is connected
to the sweep-amplifier input. (In the ‘A’ DEL'D BY ‘B’ and the ‘B’ INTENSIFIED
BY ‘A’ positions, Time Base A is held inoperative—"locked out"—until after a
delay time following triggering of Time Base B.) In the EXT. positions, the HORIZ.
INPUT connector is connected to the sweep-amplifier input.

5X MAGNIFIER When the red 5X MAGNIFIER switch is turned from the OFF position to the ON
position, that part of the display which occupied the middle two divisions of the
graticule is expanded to fill the graticule horizontally.
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Time Base B
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"Five-position switch (red control) selects one of the four types of triggering {(AUTO.,

AC LF REJECT, AC, or DC), or synchronized operation {HF SYNC).

Black TRIGGER SLOPE switch selects Time Base A triggering signal—the signal
being displayed (+INT. or —INT.), some signal fed into the TRIGGER INPUT
connector (+EXT. or —EXT.), or the power-line wave {(+LINE or —LINE}. In the
+INT., +EXT., and +LINE positions, triggering occurs during the voliage rise' of
the triggering waveform. In the —INT., —EXT., and —LINE positions, triggering
occurs during the voltage fall of the triggering waveform.

Red STABILITY control adjusts Time Base A for triggered or for free-running opera-
tion. When the Time Base A TRIGGERING MODE switch is in the AC, DC or
AC LF REJECT position, the Time Base A STABILITY control can generally be used
in its PRESET position. This control serves as the synchronizing control when the
TRIGGERING MODE switch is in the HF SYNC position. The Time Base A STA-
BILITY control is disabled when the Time Base A TRIGGERING MODE switch is
in the AUTO. position.

Black TRIGGERING LEVEL control determines at what voltage on the input trig-
gering signal the horizontal trace will start. This control is disabled when the
Time Base A TRIGGERING MODE switch is in the AUTO. or HF SYNC positions.

Twenty-four-position switch (black control) to select the Time Base A sweep rate.

Red VARIABLE knob is an uncalibrated control which permits the sweep speeds to
be varied continuously.

Coaxial connector for accepting an external triggering signal for the Time Base
A generator when the Time Base A TRIGGER SLOPE switch is in the 4EXT. or the
—EXT. position.

Three-position switch {red control) selects one of three types of triggering (AUTO.,
AC, or DC).

Black TRIGGER SLOPE switch selects Time Base B triggering signal.

Red control adjusts the Time Base B generator for triggered or free-running opera-
tion. When the Time Base B TRIGGERING MODE switch is in the AC or DC
position, the Time Base B STABILITY control can generally be used in its PRESET
position. The Time Base B STABILITY control is disabled when the Time Base B
TRIGGERING MODE switch is in the AUTO. position.

Black conirol determines at what voltage on the Time Base B input triggering
signal the Time Base B sweep will start. This control is disabled when the Time
Base B TRIGGERING MODE switch is in the AUTO. position.

Eighteen-position switch which controls the Time Base B sweep rate.

Sweep-length control permits improvement of duty factor when HORIZONTAL
DISPLAY switch is placed in ‘A’ DEL'D BY 'B' position. Normaily will be set full
right,

Time Base B
TRIGGER
INPUT

DELAY-TIME

MULTIPLIER
1-10

AMPLITUDE
CALIBRATOR

CAL. OUT

HORIZONTAL
POSITION

VERNIER

RESET

HORIZ.
INPUT

VARIABLE
10-1

DEL'D TRIG.

+GATE B

+GATE A

SAWTOOTH A

VERT SIG. OUT

Coaxial connector for accepting an external triggering signal for the Time Base

B generator when the Time Base B TRIGGER SLOPE switch is in the -EXT. or
the —EXT. position.

Ten-turn control. When the HORIZONTAL DISPLAY switch is in the ‘B’ INTENSI-
FIED BY 'A’ or the ‘A" DEL'D BY 'B' positions, Time Base A is held inoperative
until after a delay time following the triggering of Time Base B. This delay time
is the product of the settings of the TIME/CM OR DELAY TIME control and the
DELAY-TIME MULTIPLIER control.

Black switch selects any one of 18 calibrator square-wave output amplitudes;
also turns calibrator OFF. ‘

Coaxial connector for supplying square-wave output voltage from AMPLITUDE
CALIBRATOR.

Black knob positions trace ‘horizontally.

Red knob provides fine control of horizontal position of trace.

Push-button which produces manually-controlled single sweeps, or which arms
Time Base A for triggered single sweeps.

When the HORIZONTAL DISPLAY switch is in the EXT. positions, this connector
accepts external horizontal-deflection waveforms.

_Black I.<nob controls the gain of the horizontal amplifier for external horizontal
input signals, providing continuous coverage from X1 to X100.

Connector supplying delayed positive-going triggering signals. When the HORI-
ZONTAL DISPLAY switch is in the A position, the output triggering signal occurs
following the start of the Time Base A sweep, after a delay equal to the product
of the settings of the Time Base A TIME/CM control and the DELAY-TIME MULTI-
PLIER control. When the HORIZONTAL DISPLAY switch is in the ‘A’ DEL'D BY
‘B’ or in the ‘B' INTENSIFIED BY ‘A" position, the output triggering signal occurs
following the start of the Time Base B sweep, after a delay equal to the product

of the settings of the TIME/CM OR DELAY TIME control and the DELAY-TIME
MULTIPLIER control.

Connector supplying a positive-going rectangular wave having a maximum value
of 20 to 30 volts. lts positive portion coincides with the left-to-right trace of
Time Base B.

Connector supplying a positive-going rectangular wave having a maximum value
of 20 to 30 volts. Its starting time and duration correspond to the starting time

and duration of the positive-going part of the sawtooth available at the SAW-
TOOTH A connector.

Connector supplying a positive-going sawtooth having a peak value of about
4150 volts. The rising part of the sawtooth coincides with the left-to-right trace
of Time Base A. The rate at which the sawtooth rises is controlled by the Time
Base A TIME/CM switch and by the red VARIABLE conirol.

Supplies sample of waveform being displayed vertically on oscilloscope. About
2 volts peak-to-peak for each centimeter of vertical deflection.
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Indicator lamps marked with arrows. The arrow nearest the illuminated indicator
shows which way the beam is off the screen if it cannot be seen.

Connector at rear of cabinet for accepting beam-intensity-modulation voltage.
Capacitively coupled. This connector should be jumpered to the GND connector
when not in use.

Connector for accepting waveforms to be displayed vertically on the oscilloscope
screen.

Switch provides fixed calibrated vertical-deflection chfors when the VARIABLE
contro! of the plug-in unit is set to the CALIBRATED position.

Provides continuously variable {uncalibrated) vertical-deflection factors between
those provided on the VOLTS/CM switch,

Positions trace vertically.

INDEX
A H
ACDC switch .........................4 30 HF SYNC mode . ............. .. .20
AC LF REJECT mode ... ................7, 20 Horizontal-deflection system ......... 19
AC mode ..., e ..5,19 Horizontal Position control ................. 4
Amplitude Calibrator ....... I N X | I
AUTO. mode ................. ceeen3,19 Input coupling .. AL se 30
B J
Beam-position indicators .. N 3, 4 Jitter reduction ... T e 29
c Length control ... ... o RETRPTAR ;|
Calibrator ................ PR X ]
Connecting oscilloscope to signal source . ...30 M
Magnifier ........... AN W 4, 26
D
DC mode .. .. - 8, 19 . o o
Operating descriptions of controls and
Deflection factor . ....coooiiiiii... 30 connectors ... ..33
Delayed sweep operation ............... 8, 23 Output waveforms . . ...................... 26
Delayed trigger operation ............. 13, 24
Delayed triggers, Time Base A ............ 22 P
Delayed triggers, Time Base B .. ... .. 25 Phase-angle measurements .. ... ... ........28
Delay-Time Multiplier control. .11, 13, 24, 25, 29 Preset feature ........... o 7
Direct connection to CRT plates ............33 Probes wosecumneieiinnnn, - - 31
Dual-trace operation ......... cevinpane. .20 R
Rate-generator feature ......... can, w427
E Ready lamp ... L, 15, 23
External CRT Cathode connector . ...... 29, 33 Reset pushbutton . .................... 15, 22
External horizontal sweep .. ............... 26
S
F Single sweep operation .....15, 22, 23
Filter, green —- .o 2 Stability controls .. ....... .. ... ... ... 7, 20
5X Magnifier . . .. 4 2% Superposition of waveforms ... ... ... ... . .. 27
Free-running operation ... ... ... .......... 22 Synehronized operation -v.xv.su.eeves.e. 20
T
G Time Base A ..... ...... e w03, 19
Graticule illumination .. ... .. ... .. ... .. 33 Time Base B ............. S - X
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Time/cm control RO R e mmw 4 v

Time/cm Or Delay Time control..11, 13, 24, 25 Variable Time/cm control ........c.ov.e.. 4 |

Trace-brightness modulation .............. .33 Variable Volts/cm control . ... ...

Triggered operation, Time Base A . C .19 Vernier control .......oiiiiiiiiiiieo 4 | TEKTRONIX FIELD SERVICES

Triggered operation, Time Base B ......... 23 Vertical-deflection system ... ............30 ‘ Tektronix Customers are urged fo take advantage of the
i i Vertical Position control ..........c.ocieen. 3 many field services available to them through Tektronix Field-

Triggering Level controls ... ......57, 8 e ° , Engineering Offices, Engineering Representatives, and Over-

Triggering signal, how to select . ........... 19 Voltage measurements ... .....oo.oo...32 ! seas Engineering Organizations. Some of these services are

Trigger Slope controls .. ... ... ..4,5 819 Voltsfem control . ...ocvoiviin e 4 described below.

Ordering—There are many
types of oscilloscopes, each de-
signed for a specific application
area. Your Field Engineer can
help you select the one best
suited to your present and fu-
ture needs, and he will be hap-
py to arrange a demonstration

TR of the instrument ....in your
k f. application if you so desire.
) rlc& If you are a Purchasing Agent
. or Buyer, your Field Engineer
or his secretary can help you with information on prices, terms,
shipping estimates, and best method of transportation on in-
struments, accessories, and replccemenr parts.

if you are responsible for the maintenance of a large quanti-
ty of Tektronix Instruments, ask your Field Engineer about the
free factory training course in maintenance and calibration.

Applications—Perhaps the
answers you need in a specific
l application can be obtained
= faster and easier through use
of your Tektronix Oscilloscope.
Your Field Engineer can help
you find out, and if use of your
¥ oscilloscope is indicated, help
you with procedures. He may
! also be able to suggest many
" time-saving uses for your oscil-
loscope in routine checks and
measurements.

Operation—Your Tektronix
Oscilloscope can be most use-
ful to you when you are familiar
with all control functions. Your
Field Engineer will be glad fo

demonstrate the use of your in-
strument in various applications
to help you become more fa-
miliar with its operation. if your
instrument is to be used by sev-
eral engineers, your Field Engi-
neer will be happy to conduct
informal classes on its operation
in your laboratory.

Maintenance— Tektronix
willingly assumes much of the
responsibility for continved ef-
ficient operation of the instru-

Instrument Reconditioning
—An older Tektronix Oscillo-
scope, properly reconditioned,
can give you many additional
years of service. Your Field
Engineer will gladly explain
the advantages and limitations
of instrument reconditioning,
and make the necessary ar-
rangements if you decide in
favor of it.

Nearly all major repair and
recalibration jobs can be per-
formed ot a nearby Field
Maintenance Center. Ask your
Field Engineer about this at-
cost service to Tektronix cus-

tomers.

ments it manufactures. If you
should experience a stubborn
maintenance problem, your
Field Engineer will gladly help
you isolate the cause. Often a
telephone discussion with him
will help you get your instru-
ment back into operation with
minimum delay. If yours is o

Communications — Your
Field Engineer is a valvable
communication |ink between
you and the factory. He knows
the exact person to contact in
each circumstance, and he can
reach that person fast and easi-

large laboratory, your Field Engineer can be of service to your
maintenance engineers by conducting informal classes on test
and calibration procedures, trouble-shooting techniques, and
‘ general maintenance.

ly. Let him help speed your
communications with the fac-
tory on any problem related to
your Tektronix Instruments.

Tektronix, Inc.
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TEKTRONIX, INC.

Tektronix, Inc., an Oregon Corporation, Home Office & Factory, P. O. Box 500, Beaverton, Oregon 97005
Telephone: (503) MTtchell 4-0161  TWX-—503-291-6805  Telex: 036-691  Cable: TEKTRONIX

ALABAMA
ARIZONA

CALIFORNIA
Los Angeles Area

San Francisco
Bay Area
.
COLORADO
FLORIDA °
GEORGIA °
ILLINOIS .
INDIANA
KANSAS
MARYLAND .
MASSACHUSETTS °
MICHIGAN °
MINNESOTA
NEW MEXICO °
NEW YORK
.
.
.
New York City Area ®
.
NORTH CAROLINA .
OHIO
OREGON e
PENNSYLVANIA °
TEXAS .
WASHINGTON

WASHINGTON, DC. e

FIELD ENGINEERING OFFICES

Huntsville.. . 3322 South Memorial Parkway, Suite 111, Huntsville. .. Telex 05-9422  Telephone: (205)881-2912

Phoenix... 7045 E. Camelback Road, Scottsdale.. Telex 061-701 .. Telephone: (602)946-4273

Tucson Area: Enterprise 383
San Diego... 3045 Rosecrans Street, San Diego 10...Telex 069-525 .. .. .. ... Telephone: (714)222-0384
Orange.. 1722 Ti. Rose Avenue, Orange.. Telex 06-78812 ..... .. ..., Telephone: (714)633-3450

Pasadena. 1194 East Walnut Street, Pasadena.. TWX: 213-449-1151. .Telex 06-74397 ..... .. .......

From Los Angeles telephones call: 681-0201
. s Telephone  (213)987-2600
From Los Angeles lelephones: 873-6868
Island of Oahu, Hawaii Area: ENterprise 5-700

Van Nuys... 16930 Sherman Way, Van Nuys. .Telex 06-74396

Wabwt Creek.. 1709 Mt Diablo Blvd, Walnut Creck... Telex 033-644 ....... Telephone: (415) 935-6101
From Oakland, Berkeley, Richmond, Albany and San Leandro: 254-5353
Palo Alto.. 3944 Fabian Way, Palo Alto.. Telex 033-911 veei ov .ov- .. .. Telephone: (415)326-8500
Denver... 2120 South Ash Street, Denver 22... Telex 045-662 .. .. .. .... ... Telephone: (303)757-1249
Salt Lake Area: Zenith 381
Orlando.. 205 East Colonial Drive, Orlando...Telex 056-515 ..... .. .. Telephone: (305)GArden 5-3483
(also serves Puerto Rico)
Atlanta., 467 Armour Circle, N.E.,, Atlanta 24.. Telex 05-42233 = Telephone : (404)873-5708
Chicago... 400 Higgins Road, Park Ridge.. Telex 02-53374 ... .. ..., .. .. 'Telephone: (312)825-6666
Indianapolis. .. 3937 North Keystone Avenue, Indianapolis 5.. Telex 027-348 .. Telephone: (317)LIberty 6-2408
Kansas City.. 5845 Horton, Suite 6, Mission.. Telex 04-2321.... .. .... Telephone (913)HEdrick 2-1003
St. Louis Area: ENterprise 6310
Baltimore.. 1045 Taylor Avenue, Towson 4. .Telex 087-804 ....... ....... .. Telephone: (301)825-9000
Boston.. 442 Marrett Road, Texington 73...Telex 094-6301...... .. .. Telephone: (617)VOlunteer 2-7570
Detroit. .. 27310 Southficld Road, Lathrup Village...Telex 023-400 .. ..... Telephone: (313)ELgin 7-0040
Minneapolis. .. 3307 Vera Cruz Ave. North, Suite 102, Minneapolis. .. Telex. 029-699. . Telephone: (612) 533-2727
Albuquerque. . 509 San Mateo Blvd, N.IE., Albuquerque.. Telex 074-621 ....... Telephone  (505)268-3373
Southern New Mexico Arca: Enterprise 678
Buffalo... 961 Maryvale Drive, Buffalo 25...Telex 091-238 .. .... .. .. .. Telephone: (716)NF 3-7861
Endicott.. 3214 Watson Blvd., Endweli. . Telex 093-796 . .. ....... .. Telephone (607)PToncer 8-8291
Poughkeepsie. .. 12 Raymond Ave.,, Poughkeepsie.. Telex 096-4724 ... .... Telephone: (914)GRover 1-3620
Syracuse.. East Molloy Road & Pickard Drive, P.O. Box 155, Syracuse 11
Telex 093-739 .... Telephone: (315)455-6666
New York City and Long Island.. 125 Mineola Avenue, Roslyn Heights, L. I, N. Y. 11577
Telex: ROSN 01-26446 .. Telephone (516)HT 4-2300
Northern N. J... 400 Chestnut Street, Union, New Jersey...Telex 01-26344 .. .. Telephone: (201)688-2222
Hudson River Valley, Westchester County, Connecticut.. 144 Morgan Street, Stamford, Connecticut
Telex 096-5917 ..... Telephone: (203) DAvis 5-3817
Greensboro.. 1838 Banking Strect, Greensboro . Telex 057-417 ... .. ..... .. Telephone: (919)274-4647
Clevetand.. 1503 Brookpark Road, Cleveland 9.. Telex 098-5217 .. .. .. .. _... Telephone: (216)351-8414
Dayton. .. 3601 South Dixic Drive, Dayton 39.. Telex 02-8825 .. cvvov o -... Telephone: (513)293-4175
Portland... 4020 S\, 114th Avenue, Beaverton. .. Telex 036-691 ... .. Telephone- (503) MItchell 4-9169
Philadelphia. .. 126 Presidential Blvd. North, Bala-Cynwyil. . Telex 083-4218 , Telephone: (215) TEnnyson 9-3111
Pittsburgh.. 3834 Northern Pike, Monrocville. . Telex 086-761 ... .. .. ... Telephone: (412)351-3345
Dallas.. 6211 Denton Drive, P.O. Box 35726, Dallas 33...Telex 073-2217 Telephone: (214)FLeetwood 7-9127
Houston.. 2605 Westgrove Lane, IMouston 27.. Telex 077-494 cvo. - Telephone (713) MOhawk 7-8301

Austin Area: ENterprise 3093
New Orleans, Louisiana Area: WX 3093
Seattle.., 236 S.W. 153rd St., Seattle 66.. Telex 032488 .. .. .. .. .. . Teclephone: (206) CHerry 3-2494

Washington, D.C... 4205 Evergreen Lane, Annandale, Virginia,. TWX: 703-256-8902...Telex 089-515.......
Telephone: (703) 256-6700
Norfolk, Portsmouth, and Hampton, Virginia Area: Enterprise 741

Area Code Numbers are in parenthesis preceding telephone number,

QUEBEC °
ONTARIO °

TEKTRONIX CANADA LTD.
Montreal... 3285 Cavendish Blvd,, Suite 160, Montreal 28...Telex: 01-2867 .. .. Telephone: (514)489-9707
Toronto... 4A Finch Ave West, Willowdale.. Telex: 02-2776 .. .. .. Telephone: Toronto (416)225-1138
® ALSO REPAIR CENTER

Tektronix Ltd, P. O. Box 36, St. Peter Port, Guernsey, Channel Islands Telephone: Central 3411, Telex: 41193, or Cable: TEKTRONIX

GUERNSEY.




