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SECTION 1
CHARACTERISTICS AND
OPERATING FEATURES

Introduction

The Type 549 Storage Oscilloscope is a laboratory instru-
ment designed to operate with all Tektronix letter-series or
one-series plug-in units.

The cathode ray tube (T5490} used in the Type 549 is a
direct view, bistable storage tube having a 6 X 10 cm dis-
play areq, divided into two 3 X 10 cm targets. The targets
are independently controlled for split screen applications.
An additional area which does not store is provided to the
left of the targets. This area functions as a locate zone in
single sweep store mode.

This instrument will perform to specifications in laboratory
environment with ambient temperature range between 0°
C to 50° C except as indicated. Warm-up time for rated
accuracies at 4+25°C +5°C is 20 minutes. Adequate
ventilation must be maintained, and a minimum two inch
clearance around the instrument is recommended.

Statements related to measurement capabilities of the
instrument with respect to voltage, time or frequency are
characteristics and are printed in bold type. Other features
are listed in regular type.

Characteristic
or Feature
VERTICAL DEFLECTION SYSTEM

DC to 30 MHz or more (at —3
dB point).

Equivalent to a risetime of 12 ns or
less.

100 mV/em =+=3%

Requirement

Frequency Response

Input Deflection
Factor

HORIZONTAL DEFLECTION SYSTEM

Time Base A
Sweep Rate Accuracy within £3% of indi-
cated rate in all calibrated step

positions.

Sweep rate continuously variable
uncalibrated.

Variable Range

Time Base B
Sweep Rate Accuracy within £3% of indi-
cated rate in all calibrated step

positions.

Sweep length is adjustable from 4
cm or less to 10 cm or more.

Sweep Length

X5 Magnified
(Time Base A
and B}

Accuracy is within £2% of the
sweep rate accuracy.

STORAGE PERFORMANCE

Equal to or greater than 0.5 cm/
us.

Writing Speed

Characteristic
or Feature

Requirement

Enhanced Writing
Speed Equal to or greater than 5 cm/

us.

Stored vertical resolution, 20 lines/
cm.

Stored Resolution

Contrast ratio at operating level
is equal to or greater than 4:1.

Contrast Ratio

VARIABLE TIME DELAY

Accuracy is within #=19% of Time
Base B sweep rate accuracy. [+
2.0 minor divisions of the DELAY
TIME MULIPLIER dial).

Incremental delay accuracy is ==
0.2% of total range.

1 part in 20,000 of the available
delay interval. (10 times B TIME/
CM setting).

Delay Time Accuracy

Multiplier Incremental
Linearity

Variable Time
Delay litter

NOTE

Stated accuracies apply only when the VARIABLE
control is set to the CAL position.

AMPLITUDE CALIBRATOR

Peak to peak amplitude accu-
racy is within £2% of indicated
amplitude when working into an
impedance of 1 MQ or higher.
When working inte a 50 Q load,
in the 0.2 to 200 mVOLT posi-
tion, output amplitude is one-
half the indicated amplitude
*3%.

5mA =*£2%.

Voltage Output

Current Output

Current Signal Output  Provides a square wave of current

or DC.

Frequency 1 kHz =£25%, positive going
square wave with zero volt base-
line.

Rise Time Equal to or less than 1 ps.

EXTERNAL HORIZONTAL AMPLIFIER

DC to 350 kHz at maximum gain
(at —3 dB point).

Frequency Response
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Characteristics—Type 549

Characteristic
or Feature

Deflection Factor

1X

10X

Requirement

0.2 V/cm maximum. (VARIABLE 1-
10 control fully clockwise)

2 V/ecm maximum.

VARIABLE 1-10 control provides
variable attenuation of the input
signal of at least 10:1.

FRONT PANEL OUTPUT SIGNALS

VERT SIG OUT

SWEEP A

+ GATE A

+ GATE B

DLY'D TRIG

Output is 1.5 volts per centimeter
+209% of displayed deflection on
the CRT. Frequency response is DC
to 700 kHz (at the —3 dB point).
This is equivalent to a risetime of
1 us or faster.

150 volts =10 volts increasing to
approximately 180V +10 volts at
the faster sweep speeds and having
the same time duration as the A
sweep. Recommended load resist-
ance equal to or greater than 100
kQ.

Within the range of 20 to 40 volts.
Positive going pulse with the base-
line at zero volts. Time coincident
with the A sweep. Recommended
load resistance equal to or greater
than 5kQ.

Within the range of 20 to 40 volts.
Positive going pulse, baseline at
zero volts, time coincident with the
B sweep.

A positive going pulse 7V 2V
info a load equal to or greater
than 10kQ. Pulse occurs at the
end of the delay period.

EXTERNAL SIGNAL CONNECTORS

CRT GRID

CRT CATHODE

1-2

Z Axis Modulation

An applied 20 volt peak-to-peak
signal from DC to 1 MHz will blank
or unblank the CRT. A 5 volt peak-
to-peak signal will produce notice-
able modulation. Negative portion
of signal blanks CRT beam.

An applied 20 volt peak-to-peak
signal from 20kHz to 1 MHz will
blank or unblank the CRT. A 5
volt peak-to-peak signal will pro-
duce noticeable modulation. Posi-
tive portion of the signal blanks
CRT beam.

Remote Control Connector

Remote Erase -
Upper Screen
Lower Screen

Remote Erase and
Reset

Remote Single Sweep
Reset

Remote Save

Remote Store -
Upper Screen
Lower Screen

Ground pin A.
Ground pin B.

Ground pin E.

Ground pin F
n C.

Ground p

Ground pin H.
Ground pin J.

A and B SWEEP GENERATOR

TRIGGERING FEATURES

Source

Coupling

Slope

Mode

Internal (from trigger pickoff cir-
cuit in the vertical amplifier or from
the plug-in unit), external and line.

Direct (DC), capacitive (AC) or low-
frequency rejection (AC LF REJ).

Trigger on positive going or nega-
tive going portion of trigger signal.

Automatic or Trig, adjustable stabil-
ity at an adjustable level and free
running sweep.

Triggering Performance’

A Time Base

Source Coupling
NORM DC
(internal)

AC

AC LF REJ
PLUG-IN
(internal)
EXT DC

AC

AC LF REJ

Condition

Minimum 0.2 cm of deflection, DC
to 10 MHz, increasing to 2.0cm at
30 MHz.

Same amplitude as DC. 300 Hz to
30 MHz.

Same amplitude as DC. 200 kHz to
30 MHz.

Triggering dependent on plug-in
unit performance.

Minimum 0.3 volt signal, DC to 10
MHz increasing to 3 volts at 30
MHz.

Same amplitude as DC, 300 Hz to
30 MHz.

Same amplitude as DC, 200 kHz to
30 MHz.

' Upper and lower frequency triggering requirements for Time Base

A are shown in Fig. 1-2,




B Time Base?

Source Coupling Condition
NORM DC Minimum 0.2 cm of deflection, DC
(internal) to 1 MHz, increasing to 1 ¢cm at 10
MHz.
AC Same amplitude as DC, 300 Hz to
10 MHz.
AC LF RE) Same amplitude as DC, 200 kHz to
10 MHz.
PLUG-IN Triggering dependent on plug-in
{internal) unit performance.
EXT DC Minimum 0.3 volt signal, DC to 1
MHz, increasing to 1.5V at 10 MHz.
AC Same amplitude as DC, 300Hz to
10 MHz.
AC LF RE)J Same as DC, 200kHz to 10 MHz.

Automatic Mode: Time Base A and Time Base B®

Source Condition

NORM (internal) Minimum 0.2 cm of deflection, 50
Hz to 10 kHz, increasing to 2 cm at

1 MHz,

EXT Minimum 0.3 volt signal, 50Hz to
10 kHz, increasing to 3V at 1 MHz.

External Trigger Input characteristics:

Time Base A 1 megohm paralleled with 25 pF
except the AC LF REJ coupling
which is approximately 91 kilohms.

®Upper and lower frequency triggering requirements are shown in
Fig. 1-3. :

®The Avtomatic Mode triggering features shown in Fig. 1-2 and
1-3 are applicable only when using AC coupling.

®1

Time Base B

Maximum Exter-
nal Input Voltage

Characteristics—Type 549

1 megohm paralleled with 40 pF,
except the AC LF REJ coupling
which is approximately 91 kilohms.

50 volts, combined DC and AC
peak.

POWER SUPPLY REQUIREMENTS
AND FEATURES

Trans Pri Sel

LINE RANGE Selector

Line Voltage Frequency
Input Power (Maximum]}

Thermal Protection

A switch selects the center voltage
of two operating ranges: 94 to 138
VAC or 187 to 279 VAC.

LOW: 104 VAC =+=10%
VAC =#10%.
MED: 115 VAC
VAC +10%.
HIGH: 127 VAC
VAC =#10%.

50 to 60 Hz.

or 208

+10% or 230

+10% or 254

750 volt amperes, 650 watts.

Automatic resetting thermal cutout
which interrupts instrument power
if internal temperature exceeds a
safe operating level.

MECHANICAL FEATURES

Construction

Overall Dimensions

Aluminum alloy chassis. Anodized
front panel. Blue vinyl coated cabi-
net.

13 inches wide, 24 inches long and
17 inches high.

Standard accessories supplied with the instrument will be
found on the last pull-out page at the back of the manual.
For optional accessories see Tektronix, Inc. catalog.
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SECTION 2
OPERATING INSTRUCTIONS

Introduction

The Type 549 combines high speed storage with a general
purpose laboratory oscilloscope. This section of the manual
describes operation and applications of the instrument.

The description begins with the storage tube and its oper-
ational characteristics, then covers each front and rear panel
control, switch and connector.

Circuit functions and modes of operation for the Type 549
are described next, with emphasis on storage and storage
technique. -

The section concludes with general oscilloscope measure-
ment applications.

Storage Tubes

Terms and storage nomenclature used in this manual are
defined at the start of the circuit description section. A
brief discussion on storage tube principles is also presented.

The storage tube in the Type 549 is a relatively new tube,
and can be more easily damaged than conventional CRT's.
However with reasonable care they will provide very satis-
factory servise. The following precautions will prevent dam-
age, increase tube life and maintain optimum performance.

Protective circuitry is incorporated to limit beam inten-
sity. However, a repetitive sweep over the same area for
extended periods may damage the storage target. Use only
the intensity level required to write a well-defined display.
Turn the INTENSITY control to its minimum setting during
warm-up time and before changing to slower sweep speeds
or switching the HORIZONTAL DISPLAY selector.

Turn the INTENSITY control counterclockwise and the
POWER switch to OFF when changing plug-in units.

Avoid continued use of one target area. This causes dif-
ferential aging of the storage target and may result in dif-
ferential light emitting qualities over the target area.

Avoid leaving stored display on the screen longer than
required. Operation in the ready-to-write (fully erased)
state will give longer target life.

When store operation is no longer required, shift to con-
ventional mode operation. Conventional operation does not
deteriorate the storage screens; however, avoid prolonged
display periods of a repetitive waveform or a free running
sweep. These may cause a residual image of the display to
appear in the store mode.

Readjustment of the focus and astigmatism is usuvally
required after the beam intensity level is changed to main-
tain optimum writing speed.

Storage tube characteristics change with use more notice-
ably than characteristics of conventional tubes. Circuit cali-
bration should, therefore, be checked frequently to ensure
optimum operation. Operating levels for a new tube should
be checked after the first 100 hours of operation. Progres-

@

sively longer periods between checks may then be set.

Storage Target Phenomena

The storage screen may display unusual dark or bright
areas which resemble previously written information. Three
different types of residual images may be noted.

1. Negative residual image.

This appears in the ready-to-write state as a negative
image of some previously stored display. It is caused by
leaving a stored display on the target over an extended
period. This type of image usually disappears within a few
hours of operation.

2. Bright residual image.

This appears only in the enhanced mode as a bright image
of some previously written display. The secondary emission
characteristics of the affected target area have changed so
that they fade positive when pulsed by the enhanced pulse
while the reminder of the target area reacts normally.

These bright residual images are caused by stored dis-
plays for extended periods. They are not a problem if the
enhance level is kept below the point the images appear and
with time will fade away.

3. Dark Burn.

This is a spot or line across the screen which has a lower
light level than the rest of the target when the target is
fully written. If extreme, the dark burn area will not store.

Dark burn is caused by the destruction of the storage
screen from a high intensity writing beam and is similar to
phosphor burn in a conventional CRT.

This type of damage may remain indefinitely if the burn
is extensive.

Generally, non-destructive type images will fade in about
the same period of time it took to produce them. It is import-
ant to age the target area as uniformly as possible to main-
tain uniformity in writing speed and light level.

General Information

The Type 549 will operate in ambient temperatures up to
122° F (50° C). A minimum of two inches unobstructed clear-
ance around the instrument is recommended for adequate
ventilation. If the internal temperature becomes too high,
a thermal cutout will open and disconnect power until the
internal temperature has returned to approximately 115°F.
If this occurs, check to see that air circulation and ventila-
tion are adequate. Constant temperature is important for
accurate operation of the instrument.

The instument requires a minimum 20 minute warm-up
period at ambient room temperature of +25° C +5° C for
rated accuracies.
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Line Voltage Selection

115 or 230 volt line voltage is selected by means of an
internal switch SW602. Three voltage ranges, LOW 104/
208, MED 115/230 and HIGH 127/254 are selected by the
LINE RANGE switch SWé02 on the back panel. The instru-
ment is normally shipped with these switches set for 115 V.
Line frequency is 50 to 60 Hz.

CAUTION

Before applying power to the instrument, check
that the 115V/230V internal selector switch
(located at the rear of the vertical amplifier
chassis) is positioned correctly for the power
source voltage.

FUNCTION OF CONTROLS
AND CONNECTORS

NOTE
The Time Base A and Time Base B controls serve
identical functions with the exception of the
LENGTH control.

TRIGGERING

LEVEL. Selects the amplitude point on the triggering signal
where sweep triggering occurs.

STABILITY. Adjust the sweep ftriggering circuits for a
stable display. The STABILITY control can generally be set
to the PRESET position and left there. This PRESET position
with the LEVEL control midrange, provides stable triggering
for most displays.

MODE. AUTO position permits normal triggering on
signals with repetition rates higher than about 50 Hz. With
no trigger signal, or with a lower repetition rate, the time
base circuit free runs to provide a reference trace. TRIG
(triggered) position permits normal triggering on all trigger-
ing signals. No trace occurs when the triggering signal is
removed.

SLOPE. Determines whether the time base is triggered on
the negative (—) or positive (4]} going slope of the signal.

COUPLING. AC position blocks the DC component of the
triggering signal and allows triggering to occur only on the
changing portion of the signal. With frequencies below
about 30 Hz, use the DC position. AC LF REJ position attenu-
ates trigger signal frequencies below about 17 kHz, allowing
the trigger circuits to respond only to higher frequencies.
DC position permits triggering on both high and low (to DC)
frequency signals.

SOURCE. INT NORM position uses a portion of the signal
applied to the vertical deflection plates of the CRT as a
trigger signal. INT PLUG IN position applies to multitrace
plug-in units that provide a single-channel trigger signal
through pin 5 of the interconnecting plug (e.g. Tektronix
Type 1Al plug-in unit). LINE position uses a line-frequency
signal as a trigger. EXT position permits external triggering
on a signal applied to the TRIGGER INPUT connector.

Time Base Controls
TIME/CM. Selects the time-base sweep rate.

2-2

VARIABLE (Time Base A). Provides an uncalibrated sweep
rate adjustment which will slow the sweep rate to at least
2.5 times the setting of the TIME/CM switch. An UNCALI-
BRATED lamp lights when the VARIABLE control is not in the
CAL position.

LENGTH (Time Base B). Controls the length of the B sweep.

HORIZONTAL DISPLAY. A: Selects only Time Base A for
display on the CRT screen. B: Selects only Time Base B for
display on the CRT. B INTEN BY A: One of the delayed-
sweep functions. In this position a portion of Time Base B
is intensified during the time that Time Base A (the delayed
sweep] is in operation. A DLY'D: Another delayed-sweep
function. In this position, Time Base A is delayed at the
end of each delay period as determined by the B, TIME/CM
AND DELAY TIME switch setting and the DELAY-TIME MULTI-
PLIER 1:10 dial reading. EXT 1X and 10X: Permits an
external signal to be applied to the horizontal deflection
circuit. Sensitivity is continuously variable with the VARIABLE
1-10 control.

READY Lamp. Lights when time-base circuit is ready for
triggering after being reset.

MAGNIFIER. Horizontally expands the portion of the sweep
in the center of the graticule by 5 times at any setting of
the TIME/CM switch.

NORM-SINGLE SWEEP (Sweep mode selector). Three-
position switch selects NORMAL or SINGLE SWEEP operation
for either time base. Switch is spring loaded at the RESET
position. In the SINGLE SWEEP position, selected time base
will sweep once upon receipt of trigger signal, then remain
inactive until the circuit has been reset with the RESET switch
or ERASE AND RESET button. Single sweep permits photo-
graphing or storage of nonrepetitive waveforms.

DELAY-TIME MULTIPLIER 1-10. Works in conjunction with
the Time Base B TIME/CM AND DELAY TIME switch. Varies
sweep delay from 0 to 10 times the rate indicated by the
Time Base B TIME/CM AND DELAY TIME switch.

HORIZONTAL POSITION and FINE. Positions the display
along the horizontal axis of the crt screen.

LOCATE button. When the Type 549 is operating as a
conventional oscilloscope, the LOCATE button provides a
trace finding mode. The gain of both the vertical and hori-
zontal amplifiers is reduced so that regardless of the input
signal, an on-screen display is presented. With either of the
STORE buttons depressed the LOCATE button does not
affect the horizontal or vertical gain, but the Horizontal
Amplifier is DC offset and moves the beam to the left of the
CRT screen. This places the beam in the locate zone of the
target {a non-store area} and permits vertical positioning
of the beam.

In either mode, the intensity is brought to a preset level
when the LOCATE button is depressed.

Other Controls

AMPLITUDE CALIBRATOR. Determines the peak-to-peak
voltage available at the CAL OUT connector.

5mA Current Strap. Provides a calibrated source of
square-wave current. The arrow indicates conventional cur-
rent (i.e. positive to negative).

@1
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EFT Eainige
SELECTOR

CHOPFIL
Bk

Fig. 2-2. Rear ponel controls and connectors, (A} Upper portion of bock panel. [B) Lower portion of bock panel,

POWER. Toggle switch fer applying or removing power
to the instrument.

INTEMSITY. Ceontrols writing gun beam current,

FOCUS. Used in conjunction with the INTEMSITY and
ASTIGMATISM contrels for obtaining a well-defined display.

ASTIGMATISM. Used in conjunction with the INTENSITY
and FOCUS contrals to obtain a well-defined display.

TRACE ROTATIOM. Permits horizontal alignment of the
trace to the herizontal lines of the graticule.

SCALE ILLUM. Varies illumination of the grid lines of the
graticule.

EXT HORIZ IM. Connector to apply external horizantal
signal when the HORIZOMTAL DISPLAY switch is set to
either 13 or 10 EXT position.

TRIGGER INPUT (Time Base A and B]. Connector for
applying an external trigger signal to the time base when
the respective TRIGGERING SOURCE switch is set to the
EXT position.

DLY'D TRIG. Supplies a positive-going trigger output of
about 7 volts at the end of the delay peried as set by the
TIME/CM AND DELAY TIME switch and the DELAY TIME
MULTIPLIER 1:10 dial.

+GATE B, Supplies an approximate 20 to 40-volt square-
wave output pulse when Time Base B is operating. Pulse
duration is some as the B sweep length.

2-4

+GATE A. Same as + GATE B except that it apples re
Time Base A.

SWEEP A. The sweep ramp veltage of Time Base A. Peak
amplitude is about 4150 volts.

VERT SIG OUT. Vertical signal output connector. Output
amplitude is approximately 1.5 voltsfem of vertical deflec-
tion,

CRT CATHODE SELECTOR. Provides blanking of the
between-channel switching transients (in the CHOPPED
BLAMKING positions) when using multi-channel plug-in wnits
in the chopped mode. The CRT CATHODE SELECTOR switch
should be in the MORM position except when using the
chopped mode.

CRT GRID SELECTOR. Provides selection between the EXT
CRT GRID connector in the EXT position or the unblanking
signal from the time base in the NORM position, for Z azis
modulation to the CRT grid.

EXT CRT GRID. Connectar allows Z-axis medulation of the
CRT grid |DC coupled) when the CRT GRID SELECTOR switch
is in the EXT position. Mormal trace blanking is removed
with the switch in the EXT pesition.

EXT CRT CATHODE. Connector allows Z-axis modulation
of the CRT cathode (AC coupled]. A grounding BNC cap
is provided for normal operation.

REMOTE CONTROL INPUT. Provides remote operation of
the single sweep reset functions, erasure of each target and

@i



remote stere function. These functions can be controlled by
completing the circuit to ground. See the Characteristics
section,

A remote Storage Oscilloscope Control Unit (Tektronix
Part Mumber 012-0102-00) is available as an optional item.
This unit contains upper and lower erase buttons and a
sweep reset button, See Fig. 2-3.

Primary Voltage Range Switches. SW&02 (Internall. A two
position switch selects line voltages from $3.6 to 138.6 VAC,
or 187.2 to 2792 VAC depending on the position of the
LINE RANGE switch SWa03,

—qpq.u-—..I

F;‘.P I!"@!

Fig. 2-3. Remote conirel unin

LIME RAMGE. Three position switch selects center line
nominal value:

LOW MED HIGH
104 VAC 115 VAC 127 VAC
208 VAC 230 VAC 254 VAC

CAUTION

Be sure that the internal switch 5W&02 is in the
230 VAC position when the power cord is con-
nected to a 230 VAC nominal supply source.

Store Controls

UPPER and LOWER SCREEN STORAGE: OFF-STORE-
ERASE push buttons provide conventional or stored mode
operation, with manual ERASE contral to erase stored infor-
mation.

ENHANCE MODE: Permits storage of high speed wave-
forms by momentarily changing CRT voltage operating
levels to increase writing speed. A four position ENHAMNCE
MODE switch permits UPPER Screen, FULL Screen or LOWER
Screen enhancement.

EMHAMCE LEVEL control permits adjustment for optimum
enhancement.

@
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INTEGRATE: Permits sterage of very fast repetitive signals,
by permitting the writing gun beam to accumulate charges
on the target while the flood gun beams are turned off.

Erase Program

SCREEM SELECTOR: Selects UPPER, FULL or LOWER screen
for the erase program.

VIEWING TIME: Variable centrol that selects display time
between erasures when in the aute erase mede. Viewing
time varies from approximately 0.5 to 5 seconds.

ERASE and RESET Button: Erases display and resets sweep
circuit,

Auto Erase

PERICDIC: Ercses the target automatically, independent
of sweep operation, at a time period determined by the
VIEWING TIME centrel setfing.

AFTER SWEEP: Erases the display after the sweep has
run. Viewing time is determined by the setting of the VIEW-
ING TIME control. Resets the sweep circuit after erasure.

OFF: With erase program switch in the OFF position,
display must be erased manually.

BASIC OSCILLOSCOPE OPERATION
Sweep Triggering

Proper sweep triggering is essential for a stable presenta-
tion of an input signal. The sweep must be triggered ot
the same time relative to the displayed signal. Thus, the
sweep must be triggered by the input signal or by some
external signal that has a fixed time relationship with the
displayed signal, The external trigger signal must be the
same frequency or a sub-multiple of the input signal.

0
I

T

|

bt
===t

LR Ll L Ly I.I.! LA L Ll

N N RS Re S RN Ees

=EECSE

Fig. 2-4, AMPLITUDE CALIBRATOR, triggered waveform.

The SOURCE switch selects one of a variety of pessible
triggering signals. For most applications, the sweep con be
triggered internally from the displayed signal. This occurs
with the SOURCE switch set at NORM position.

The PLUG-IM position is used with plug-in units that
supply a single-channel triggering signal through pin 5 of
the interconnmecting plug, such as the Tektronix Type 1Al
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Fig. 2-5. Control setup chart.
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Dual Trace Plug-In Unit. This position is useful when oper-
ating the plug-in unit in dual-trace chopped-mode operation,
since the triggering signal is the same as the applied signal
and is free from any between-channel switching transients.

External triggering is often used when signal tracing in
amplifiers, phase-shift networks, and wave shaping circuits.
The signal from a single point in the circuit can be used
as the external trigger signal. With this arrangement, it is
possible to observe the shaping and/or amplification of a
signal at various points through the circuit without resetting
the triggering controls for each new display.

In general, use AC coupling, unless it is necessary to use
DC coupling for very low-frequency signals. When line-
frequency hum is mixed with the triggering signal, use AC
LF REJ coupling so that triggering takes place only on the
desired signal (if the signal contains frequency components
higher than 17 kHz}. ‘

The AC LF REJ position is also useful when triggering
internally from multi-trace plug-in units operated in the alter-
nate dual-trace mode (unless the plug-in unit is a Type 1Al
and the SOURCE switch is set to PLUG IN). AC LF REJ
coupling has a faster recovery time when subjected to the
alternate DC levels from the multi-trace plug-in unit.

Selecting Trigger Slope

The trigger SLOPE switch determines whether the trigger-
ing circuit operates on the rising (4 setting) or the falling
(— setting) portion of the triggering signal. H a certain
portion of a waveform is to be examined, the SLOPE switch
will start the display on the desired slope of the input signal.
Fig. 2-6 illustrates the effect of both the SLOPE and TRIG-
GERING LEVEL controls.

Selecting Trigger Mode

The automatic stability mode is more convenient in most
cases. With the MODE switch set to AUTO, proper trig-
gering takes place if the signal is faster than 50Hz. When
the triggering signal is removed, the time-base circuit auto-
matically free runs and presents a reference display.

The TRIG position of the MODE switch should be used
if the trigger signal has a low repetition rate (below about
50 Hz).

Setting Stability Control

In most triggering applications, satisfactory operation can
be obtained with the STABILITY control in the PRESET (fully
counterclockwise) position. If triggering becomes difficult
with the STABILITY control at PRESET, it may be necessary
to adjust the STABILITY control. To adjust, set the LEVEL
and STABILITY control in the fully counterclockwise position,
then turn the STABILITY control slowly clockwise until a
trace appears on the CRT. The correct setting is obtained
by turning the control counterclockwise three to five degrees
from the point where the trace appears. The setting is just
below a free running sweep.

Setting Triggering Level

The TRIGGERING LEVEL control determines the amplitude
point on the signal where triggering occurs.
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The trigger circuit is most sensitive to AC triggering signals
with the TRIGGERING LEVEL control set near zero. Moving
the TRIGGERING LEVEL control in the + direction causes
the trigger circuit to operate at some higher positive ampli-
tude on the triggering signal. Moving the TRIGGERING
LEVEL control in the — direction causes the trigger circuit
to operate at some higher negative amplitude on the trig-
gering signal. See Fig. 2-6.

Selecting TIME/CM (Sweep Rate)

The TIME/CM and the MAGNIFIER switches determine
sweep rate. The MAGNIFIER expands either time base
sweep rate by a factor of 5.
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Fig. 2-7. Area of graticule used for accurate time measurements.

With the VARIABLE control in the CAL position the TIME/
CM switch provides a wide selection of calibrated sweep
rates. When making time measurements from the CRT
graticule, be certain the VARIABLE (Time Base A) control is
in the CAL position.

The VARIABLE control provides a continuously variable
uncalibrated sweep rate. The UNCAL neon lights when the
VARIABLE control is at other than the calibrated (detent}
position.

When the MAGNIFIER switch is set to the OFF position
the TIME/CM switch indicates sweep rate. With the MAG-
NIFIER switch set to the X5 position the setting of the
TIME/CM switch must be divided by 5 to determine sweep
rate. {i.e. If the TIME/CM switch is set to 1 mSEC the sweep
rate would be 0.2 mSEC/CM.}] When making time measure-
ments from the graticule, the horizontal portion between the
1st and 9th centimeter lines is the most linear. See Fig. 2-7.

Single Sweep Operation

For applications where the displayed signal is not repeti-
tive or varies in amplitude, shape or time, a photograph or
storage of the display may be best achieved with the single
sweep feature of this instrument.

T v e ey
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To operate the single sweep feature, first make certain
the trigger circuit will trigger on the event to be displayed.

With the HORIZONTAL DISPLAY switch set to the desired
time base and the MODE switch set to TRIG position, adjust
and set the TRIGGERING controls and switches for a trig-
gered display.

Set the NORM-SINGLE SWEEP-RESET switch to the SINGLE
SWEEP position.

Push the switch to the spring loaded RESET position and
release, or push the ERASE and RESET button in the ERASE
PROGRAM sector.

The ERASE AND RESET button should light and stay lit,
indicating the trigger circuit is armed and ready for a trigger
signal. When the circuit is triggered the sweep will run and
the ERASE AND RESET ready-light will go out, indicating
the circuit has been triggered.

To ready the circuit for another event, push the ERASE
AND RESET button or the SINGLE SWEEP switch to the
RESET position and release.

Delayed Sweep Operation

The start of the horizontal sweep can be delayed for a
period of 1 us to 10 s after the triggering signal is applied.
This is accomplished in the Type 549 by the simultaneous
use of both time bases. Control of the sweep delay is
governed by the settings of the Time Base B TIME/CM AND
DELAY TIME switch and the DELAY TIME MULTIPLIER 1-10

control. See Fig. 2-9.
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Fig. 2-9. Delayed sweep operation.

The delayed sweep feature is operable when the HORI-
ZONTAL DISPLAY switch is in the A DLY'D position. The
delay period is indicated by the settings of the B TIME/CM
AND DELAY TIME switch multiplied by the setting of the
DELAY TIME MULTIPLIER 1-10 vernier dial reading. For
example: TIME/CM AND DELAY TIME switch is set to 10
1SEC position and the vernier of the DELAY TIME MULTI-
PLIER 1-10 dial indicates 6.75. The delay time equals 6.75
K 10 wSEC or 67.5 microseconds. See Fig. 2-10.

With the HORIZONTAL DISPLAY switch in the B INTEN
BY A position and all controls set for delayed sweep opera-
tion, a portion of the Time Base B sweep will be intensified
by the Time Base A sweep. The length of the intensified
portion is determined by the A TIME/CM switch setting.
The position of the intensified portion is dependent on the
DELAY TIME MULTIPLIER 1-10 control setting.

2-9




Operating Instructions—Type 549

FEEEEEE R

;_F__,_D
—
S

S
—t
.-r'"-.:

<
=
<
=

I
o——Dalty —
I

[A)

.
AT
HORIT i

7 \ oo ¥, C

RO

TRIGQQERING ————————————

LEVEL

mﬁm-hm E ,RSH:
q:mu.'r TIME MULTIPUER  § .,

i ETn| |

1-10 = &.,75
'HMIMM Aﬂn DELAY TIME

DELAY TIME
MULTIFLIER
5]

TRIGOERING

LEVEL —'lk,.'

THiG

L NPT

mu

{ @] wocars ml —( /

Fig. 2-10. Delay Time — B TIME/CM AND DELAY TIME setting
(10 uSEC) multiplied by DELAY TIME MULTIPLIER 1-10 dial reading
16,75) or 47.5 uSEC delay.

To expand a portion of the Time Base B sweep presenta-
tion, adjust the DELAY TIME MULTIPLIER 1-10 ond the A
Time Base TIME/CM controls to include the portion of the
waveform to be expanded in the intensified portion, then
set the HORIZONTAL DISPLAY switch to the A DLY'D
position. This expands the intensified portion to the full
10em graticule width. The ameount of magnification is the
ratic of Time Base B TIME/CM AND DELAY TIME setting
to the Time Base A TIME/CM control setting. For example:
Time Base B TIME/CM AMND DELAY TIME switch is set to
1 mSEC position and Time Base A TIME/CM switch is set
at 1 uSEC, and the brightened portion is magnified hori-
zontally 1,000 times. Practical sweep magnifications up to
approximately 10* are attainable.

When wsing the delayed sweep feature to obtain high
magnification, the trace may become very dim because of
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the low duty cycle. The intensity can often be increased
through the use of the Time Base B LENGTH contrel. Set the
HORIZONTAL DISPLAY switch to the B INTEMN BY A posi-
tion and adjust the LENGTH control until the sweep stops
at a point just past the brightened portion of the trace.
Then, return the HORIZOMTAL DISPLAY switch te the A
DLY'D position. Using this procedure, the maximum delayed
sweep repetition rate will be obtained.

External Horizontal Deflection

In seme applications, it may be desirable to display one
signal versus another (X-Y) rather than against time (internal
sweep]. The EXT HORIZ position of the HORIZONTAL
DISPLAY switch provides @ means to apply an external
signal to the horizontal amplifier and establish this type of
display.

To use the External Horizontal Amplifier, connect the
external waveform to the EXT HORIZ IMPUT connector and
place the HORIZOMNTAL DISPLAY switch in the 103 or 13
EXT HORIZ position. The horizontal deflection focter is
continuously variable from approximately 0.15 to approxi-
mately 15 wvells per cenfimeter with the VARIABLE 1-10
contral and the 102 er 12 position of the HORIZONTAL
DISPLAY switch. Remember when using this mode the hori-
zontal deflection factor is uncalibrated.

Intensity Modulation

Intensity (£ axis) medulation can be used to relate further
infarmatien to the displayed waveferm, without changing
the X-Y information. The intensity modulation can be applied
to the rear panel EXT CRT GRID or the EXT CRT CATHODE
connectors. If the modulation signal is applied to the EXT
CRT GRID connecter, place the CRT GRID SELECTOR switch
to EXT position. In this position there is no blanking pulse
applied, therefore retrace is visible. The modulating signal
is DC coupled to the CRT grid.

If the modulation signal is applied to the EXT CRT CATH-
ODE connector, the signal is AC coupled to the CRT cathode
when the CRT CATHODE switch is in the NORMAL position,
Only high frequency signals are applicable (above 20 kHz).

At normal intensity levels an approximate 20 velt signal
will produce visible modulation,

Time markers applied to the connectors provide a direct
time reference on the display. When using uncalibroted
harizental sweep or external horizontal deflection, the time-
markers provide direct time display information to the
waveform. If the markers are not time-related to the display,
single sweep display should be used.

When Z axis modulation is not in use, keep the CRT GRID
SELECTOR switch in the NORMAL position and the ground-
ing cap installed on the EXT CRT CATHODE.

Amplitude Calibrator

The Calibrator provides a convenient source of square
waves of known amplitude at a frequency of appreximately
1 kHz. The voltage output from the Calibrator is adjustable
through 18 steps from 2mVOLTS to 100 VOLTS peak to
peak. An additienal step provides 100 volts OC. The source
impedance of the 2mVOLT to 0.2 VOLT range is 500
==2%.



The current link provides 5 milliamp current signal, which
can be used to check and calibrate current probe systems:
This current signal is obtained by clipping the probe around
the current loop. Current is available and constant through
the loop when the AMPLITUDE CALIBRATOR switch is in
the 100 VDC position. The arrow indicates conventional
current {i.e. positive to negative).

Control and Circuit Functions

Control Setup Chart: Fig. 2-5 is a control setup chart of
front panel controls which may be reproduced and used as
a test setup record for special measurements, applications or
procedures. It may also serve as a training aid device for
familiarization with this instrument.

First Time Operation (Initial set-up)

Install a plug-in unit {such as Type 1Al or 1A2) in the
vertical compartment of the Type 549.

Check the position of the primary voltage range switches
and switch to settings that correspond to available power
source,

Set the front panel controls of the Type 549 as follows:

HORIZONTAL DISPLAY A
MAGNIFIER OFF
NORM-SINGLE NORM
SWEEP-RESET
A TIME/CM 1 mSEC
VARIABLE CAL
TRIGGERING switches Place all switches in
up position
STABILITY PRESET
LEVEL Midrange
STORAGE Controls
ENHANCE MODE OFF
UPPER and LOWER
SCREEN STORAGE OFF
SCREEN SELECTOR FULL
VIEWING TIME Midrange
AUTO ERASE OFF

CRT Controls

INTENSITY Fully Counterclockwise
FOCUS Midrange
ASTIG Midrange
AMPLITUDE CALIBRATOR 1 VOLT
Vertical Unit
Volts/Div 0.5
Input Selector AC

Connect a coaxial cable between the CAL OUT connector
and the vertical Input connector.

Connect the Type 549 to a suitable power source and
turn the POWER switch to ON. Allow a few minutes for
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the delay time relays to energize and the instrument to
stabilize.

Push the LOCATE button and position the display to the
center of the graticule area with the HORIZONTAL and
Vertical POSITION controls. Note the preset intensity level.

Release the LOCATE button and adjust the INTENSITY,
FOCUS and ASTIG controls for a well defined display of
nominal brightness. See Fig. 2-4. The FOCUS control should
be adjusted for the best vertical definition and the ASTIG
control should be adjusted for equally focused horizontal
and vertical segments of the displayed waveform.

Remove the signal cable between the CAL OUT connector
and the vertical Input connector.

Trace Alignment

If the free running trace is not paraliel with the horizontal
graticule lines, adjust TRACE ROTATION so the trace is
parallel with the horizontal graticule lines.

Locate Logic

When the Type 549 is operating in the conventional mode
the LOCATE pushbutton provides a trace locating mode.
The gain of both horizontal and vertical amplifiers is reduced
so that regardless of the input signal, an on-screen display
is presented. :

With either of the STORE switches depressed the locate
button does not affect the horizontal or vertical gain but
the horizontal amplifier is DC offset and moves the beam

“to the left of the CRT screen. This places the beam in the

locate zone of the target, which is a non-store area and
permits vertical positioning of the beam. In either mode
the intensity level is brought to a preset level when the
LOCATE button is pushed.

Storage Controls And Operating Technique

This section covers primary control operation for storage
and illustrates their function in storage technique. Fig. 2-11
illustrates the storage controls for the Type 549. The primary
control is the UPPER and LOWER SCREEN STORAGE push-
buttons. The OFF and STORE buttons are self-cancelling,
so depressing one of the buttons returns the other to its
cancelled position. The ERASE button is spring loaded and
independent of the STORE and OFF button.

To the left of the pushbuttons are the FAST WRITING
controls. The INTEGRATE TRACES pushbutton provides inte-
grate mode operation and allows the storage targets to
accumulate charges from a repetitive writing gun beam
which is too fast for single trace writing. Integration is ac-
complished by opening the flood gun cathode lead to
allow the writing beam to sum charges over the target
area so that these areas shift into storage when the button
is released. See storage tube principles in the Circuit Descrip-
tion section.

Integrate mode is most useful on very fast low repetition
rate signals.

The ENHANCE MODE and the ENHANCE LEVEL provide
extended capabilities for single event writing by target
pulsing. This mode is effective for sweep rates of approxi-
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Fig. 2-11. Sterage contrels of the Type 549,

mately 0.5 mSEC/CM or faster. At high writing rates the
writing beam charge will not shift the targe all the way to
the stored state and the floed beam current destroys the
partial charge. To enhance the writing speed, an adjustable
enhance pulse is applied to the target after the writing
beam sweep. This pulse shifts the target near the crossover
point so the writing beam can readily shift the target to the
written or stored state.

The enhance pulse is generated by o meonestable multi-
vibrater after the sweep. Fig. 2-12 shows time relationship.
The width is an internal adjustment and the amplitude is
controlled by the EMHAMNCE LEVEL.

Either target may be selected so a fully enhanced event
may be stored on one target for comparison while the other
target is used in any desired mode.

The ERASE PROGRAM provides a variable viewing time
fallowed by an erase cycle, sweep reset and then a repeat
of the cycle. Special logic is incorporated to recognize
which of the horizental display medes is in use and also
prevent a succeedipg sweep until after the erase cycle. See
Fig. 2-12.

The OFF peosition of the AUTO ERASE can be used to
hold a stered waveform if switched to OFF position before
the end of the view time. The OFF function may be remately
controlled so that remote logic may cause a unique display
to be held for observation eor photographing.

PERICDIC ERASE actuates the erase cycle without any
time relationship te sweep or display. It is useful in both
X-Y and repetitive sweep displays.

A manual ERASE AND RESET lighted pushbutten over-
rides the AUTC ERASE progrom in all modes. This action
can both erase the full screen and reset the single sweep
mode, thus simplifying storage scope operation.

A rear connector allows remote operation of single sweep
reset function and erasure of each target. The functions are
controlled by providing closures to ground through a remote
switch.
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Storage Technique

This demonstration illustrates the basic techniques for
storing a repetitive waveform.

1. Install a vertical amplifier plug-in unit {such as 1Al
or 1A2) in the vertical compartment of the Type 549.

2. Set the Volts/Div switch to 0.5 and the Input Selector
switch to AC.

3. Apply a 2 volt signal from the Amplitude Calibrator
to the Input connector for the plug-in unit.

4. Set the Type 549 front panel controls as follows:

HORIZONTAL DISPLAY A
NORM-SINGLE SWEEP NORM
A TIME/CM .2 mSEC
VARIABLE CAL
TRIGGERING switches Place in up position
STABILITY PRESET
LEVEL Midrange
Storage Controls

ENHANCE MODE OFF
UPPER and LOWER

SCREEN STORAGE OFF
SCREEN SELECTOR FULL
VIEWING TIME Midrange
AUTO ERASE AFTER SWEEP

5. Connect the Type 549 to a suitable power source and
turn the POWER switch ON.

6. Push the LOCATE button and position the display to
the center of the graticule area.

7. Adjust INTENSITY, FOCUS and ASTIG controls for a
well-defined display with nomina!l brightness.

8. Switch the A TRIGGERING MODE switch to TRIG posi-
tion and adjust the TRIGGERING LEVEL control for a trig-
gered display.

9. Position the display vertically so that half of the Cali-
brator waveform is on the upper target and half on the
lower target area.

10. Switch the sweep mode switch to SINGLE SWEEP
position. A periodic display should occur. This feature
provides automatic erase and trigger reset after a time
period set by the VIEWING TIME controls.

11. Push both STORE buttons for the UPPER and LOWER
SCREEN STORAGE. Note the stored waveform between
sweep times.

12. Increase the A TIME/CM switch to a setting that pro-
duces only partial storage of the Calibrator waveform.

13. Adjust INTENSITY, FOCUS and ASTIG controls for
optimum storage. Note the effect these controls have on
writing speed. Focus and astigmatism have a direct effect
on writing speed.

14. Save a stored display by switching the AUTO ERASE
switch to the OFF position.

15. Push the UPPER SCREEN STORAGE ERASE button.
Note that only the upper screen is erased.
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16. Push the ERASE AND RESET button. Note that both
storage screens erase, and the waveform is then stored
again. This button overrides the AUTO ERASE feature.

17. Push the LOCATE button. Note the two spots in the
locate zone at the left of the storage targets. Position the
trace to the upper target area with the vertical position
control.

18. Write a display by pushing the ERASE and RESET
button.

19. Depress the LOCATE button, then position the trace
to the lower target area. Depress the ERASE button for the
LOWER SCREEN STORAGE to erase the lower screen, then
push the OFF button for the LOWER SCREEN.

20. Switch the NORM-SINGLE SWEEP switch to the NORM
position. A conventional display of the Calibrator wave-
form will now be displayed on the lower portion of the
screen, and a comparison can be made with the stored
display on the upper portion of the screen.

21. Erase the screen and switch to non-store operation by
depressing both OFF buttons.
Fast Writing Technique

Writing speed can be increased through the use of the
FAST WRITING controls. This demonstration illustrates these
control functions.

Enhance Mode

1. Set the front-panel controls as per the previous demon-

stration setup and apply a 2 volt signal from the Amplitude

Calibrator to the Input connector for the vertical plug-in
unit.

2. Set the Volts/Div switch to 0.5 and the Input Selector
switch to AC position.

3. Adjust the CRT positioning and triggering controls for
a centered, well focused, triggered display.

4. Set the NORM-SINGLE SWEEP switch to the SINGLE
SWEEP position.

5. Push both STORE buttons for the UPPER and LOWER
SCREEN STORAGE. A periodic stored display with a view-
ing time dependent on the VIEWING TIME control setting
should be observed.

6. Increase the sweep rate by advancing the A TIME/CM
switch to a setting which produces only partial display
storage. This is approximately 5 uSEC, see Fig. 2-13B.

7. Increase intensity and readjust focus and astigmatism
controls. Writing speed should increase and the display
should again store. See Fig. 2-13C.

8. Increase the sweep rate until the display is again
partially stored.

9. Turn the ENHANCE MODE switch to FULL and slowly
turn the ENHANCE LEVEL control clockwise. Increased
writing speed will be apparent (Fig. 2-14).

10. Increase the sweep rate and continue adjusting the
ENHANCE LEVEL control to the position where background
deterioration (light spots in the background) begins to splat-
ter the storage screen (Fig. 2-15).
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{C) Stored display with increased intensity level. T

(A) Calibrated stored display. TIME/CM == .2 mSEC/CM 4SEC/CM

(D} Calibrator stored display with optimum intensity level. TIME/

TIME/CM
CM = 2 uSEC/CM.

(B) Calibrator stored display. 5 uSEC/CM

Fig. 2-13. Stored display writing speed increased by adjusting intensity level.

11. Try combinations of INTENSITY and ENHANCE LEVEL
control settings. Remember the FOCUS and ASTIG controls
must also be adjusted after each setting of the INTENSITY
control.

12. Turn the ENHANCE MODE switch to OFF and switch
to non-store operation by pushing both OFF buttons for the
upper and lower screen storage switches.

Integrate Operation

Integrate trace operation is most effective on very fast
low repetition rate signals.

1. Set the NORM-SINGLE SWEEP switch to NORM and
the A TIME/CM switch to 50 uSEC position.

2. Switch the A TRIGGERING SOURCE switch to LINE and
the MODE switch to TRIG position.

3. Set the STABILITY control to PRESET and adjust the
LEVEL control for a triggered trace.

4, Turn the MAGNIFIER to X5 position. Increase the
sweep rate to a TIME/CM setting where the trace is no
longer discernible.

5. Switch the NORM-SINGLE SWEEP switch to SINGLE
SWEEP position for single sweep operation.
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6. Push both STORE buttons for storage operation and
erase the screen by depressing both ERASE buttons.

7. Depress the INTEGRATE TRACES button and while the
button is depressed, momentarily switch the sweep mode to
the NORM position then back to the SINGLE SWEEP posi-
tion. Release the INTEGRATE TRACES button. A stored
trace should appear.

8. Erase the display, then change the sweep rate to a
faster setting and repeat the integrating process. As the
sweep speed increases, the intergrate period must increase.
Very fast repetitive events may be stored by integrating.

9. Erase the display, then switch to non-store operation
by pushing both OFF buttons. Return the MAGNIFIER to
OFF, A TIME/CM switch to 1 mSEC and the TRIGGERING

switches to the up position.

NOTE

When using the integrate feature, portions of the
stored display may blur or thicken, since the verti-
cal and horizontal sensitivity shifts slightly when
the button is depressed.
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Fig. 2-14. Enhanced writing rate through the use of enhance mode.

CAUTION

Do not attempt to store extremely fast-rising or
falling portions of waveforms viewed at relatively
slow sweep rates. The high intensity level required
to store fast events could damage the storage
target.

Oscilloscope Measurement Application

The following applications describe the procedure and
technique for making basic measurements with the Type
549 Oscilloscope. These applications are not described in
detail but are designed to provide familarization with the
controls and basic operating technique.

AC Component Voltage Measurements

In oscilloscope measurements, the AC component of a
waveform is usually measured in terms of its peak-to-peak or

®
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peak-to-trough value. This type of measurement is most
conveniently made by using the graticule to measure the
vertical distance between peaks and multiplying this dis-
tance by the deflection factor of the oscilloscope. The
figure obtained is the actual peak-to-peak voltage. In most
cases, the AC component of a waveform can be measured
with the Input Selector switch in either the AC or DC
position. It may be necessary to use the AC position, how-
ever, in certain applications to prevent the DC component
of the waveform from deflecting the trace off the screen.
To prevent inaccuracies, the DC position should be used
when low-frequency measurements are made.

To measure peak-to-peak voltage on the AC component
of a waveform the following method can be used:

1. With the aid of the graticule, measure the vertical
distance in centimeters from the positive peak to the nega-
tive peak.

NOTE

This technique may also be used to make mea-
surements between two points on the waveform
rather than peak to peak.

2. Multiply the distance measured by the Volts/Cm switch
setting. Also include the attenuation factor of the probe,
if any.

Example: Assume a peak-to-peak vertical deflection of
4.6 divisions (see Fig. 2-15) using a 10X attenuator probe
and a Volts/Cm switch setting of .5.

Fig. 2-15. Background deterioration as ENHANCE LEVEL is increased.

Using the formula,

vertical Volts/ probe
= deflection X Cm X attenuation
(divisions) setting factor

Volts peak
to peak

Substituting the given values,
Volts peak to peak = 4.6 X 0.5 X10
The peak-to-peak voltage is 23 volts.

Instantaneous Voltage Measurements

Instantaneous voltages are measured with respect to some
reference voltage (normally ground). This reference level
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is first established along a graticule line, then the instanta-
neous voltage is applied and its amplitude measured in
much the same way as AC peak-to-peak measurement,
except that the measurement is made from the reference
graticule line (reference voltage). Voltage measurements
are then made with respect to this reference line. In this
type of measurement, the Input Selector switch must be
in the DC position. The method used to measure instanta-
neous voltages can be extended to measurements of the
DC component of a waveform, since the average voltage
of a waveform can be treated as an instantaneous voltage.
The DC component of a waveform can therefore be mea-
sured if the average voltage can be determined.

In the following procedure, steps are given for estab-
lishing the voltage reference line as ground. The same
general method may be used to measure voltage with
respect to any other potential, if that potential is used to
establish the reference line.

Measurement of an instantaneous voltage with respect to
ground or other reference voltage is performed as follows:

1. To establish the voltage referance line, touch the
probe tip to an oscilloscope ground terminal or the voltage
reference. Adjust the oscilloscope controls for a free-
running sweep. Vertically position the trace to a convenient
point on the CRT. This point will depend on the polarity
and amplitude of the input signal, but should be chosen
so the trace lies along one of the major divisions of the
graticule. If the trace is widened by stray interference,
ground the probe body near the tip. The graticule line
corresponding to the position of the trace is the voltage
reference line and all voltage meausrements are made with
respect to this line. (Do not adjust the vertical positioning
control after the reference line has been established.)

2. Remove the probe tip from ground or reference volt-
age and connect it to the signal source. Adjust the trig-
gering controls for a stable display. The probe ground
lead should be very short.

3. Using the graticule, measure the vertical distance in
centimeters from the point to be measured to the voltage
reference line.

4. Multiply the distance measured first by the Volts/Cm
setting, then by the attenuation factor of the probe used.

Example: Assume that the vertical distance measured is
4.6 divisions (see Fig. 2-16), the waveform is above the
reference line, using a 10X attenuator probe and a Volts/
Cm setting of 2.0.

Using the formula:

Instantaneous Voltage =

vertical Volts/ probe
distance X polarity X Cm X attenuation
(divisions) setting factor

Substituting the given values:

Instantaneous

Voltage =46 X +1 X 2 X 10

The instantaneous voltage is 492 volts.
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(A) A DLY'D SWEEP Conventional Mode

Sweep rate 1.0 uSEC/|

Fig. 2-16. Storage of a repetitive waveform illustrating integrate
operation.

Voltage Comparison Measurements

In some applications it may be necessary to establish a
set of deflection factors other than those indicated by the
Volts/Cm switch. This is useful for comparing signals to a
reference voltage amplitude. To establish a new set of
deflection factors based upon a specific reference amplitude,
proceed as follows:

1. Apply the reference signal of known amplitude to the
Input connector.  Using the Volts/Cm switch and the
Variable control adjust the display amplitude for an exact
number of divisions. Do not move the Variable Volts/Cm
control after obtaining the desired deflection.

2. Divide the amplitude of the reference signal (volts)
by the product of the deflection in divisions (established in
step 1) and the Volts/Cm switch setting. This is the deflec-
tion conversion factor.
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Fig. 2-17. Measuring peak-to-peak voltage.

gj:'eiﬁ%nn reference signal amplitude {volts)
versi : - -
Factor deflection (divisions) X Volts/Cm setting

3. To establish an adjusted deflection factor at any
setting of the Volts/Cm switch, multiply the Volts/Cm switch
setting by the deflection conversion factor established.

Adjusted Volts/Cm Deflection
Deflection = setfin X Conversion
Factor 9 Factor

4. To determine the peak-to-peak amplitude of a signal
compared to a reference, disconnect the reference and
apply the signal to the Input connector.
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Fig. 2-18. Measuring instantaneous voltage with respect to a refer-
ence voltage.

5. Set the Volts/Cm switch to a setting that will pro-
vide sufficient deflection to make the measurement. Do not
readjust the Variable Volts/Cm control.

6. Measure the Vertical deflection in divisions and deter-
mine the amplitude by the following formula:

. Adjusted .
5'9?"' = Deflection X de.flfeghon
Amplitude F (divisions)
actor
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Example: Assume a reference signal amplitude of 30 volts,
a Volts/Cm setting of 5 and a deflection of 4 cm. Substituting
these values in the Deflection Conversion Factor formula:

Deflection 30

Conversion = —Qc =15
F 4X5
actor

Then with a Volts/Cm switch setting of 10, the adjusted
deflection factor would be:

Adjusted
Deflection = 10 X 1.5 = 15 volts/cm
Factor

Time Measurements

Both A and B Time Base sections are accurately cali-
brated, therefore any horizontal distance represents real
time. Time intervals between two or more events can thus
be measured directly on the graticule.

The following is a method of measurement which is
accurate for most applications.

1. Using the graticule, measure the horizontal distance
between the two displayed events.

2. Multiply the distance measured by the setting of the
appropriate TIME/CM control to obtain the apparent time
interval. (The VARIABLE TIME/CM control must be in the
CAL position.}

3. Divide the apparent time interval by the MAGNIFIER
setting to obtain the actual time interval.

Example: Assume that the distance between the time
measurement points is 4 divisions {see Fig. 2-19) and the
TIME/CM switch to set to .1 uSEC with the magnifier on
(X5).

Using the formula:

horizontal
Time Duration = distance X TI:A'rEi/fM
(divisions) eting

magnification
Substituting the given values:

A X 00 psec
5

Time Duration

The time duration is 80 ns.

Increased Accuracy Time Measurements

A second method for measuring time intervals involves
the use of the intensified sweep feature of the Type 549
oscilloscope. In this method the HORIZONTAL DISPLAY
switch is placed in the B INTEN BY A position. The bright-
ened portion of the trace is then used as a continuously
variable time marker. The brightened portion of the trace
and the DELAY TIME MULTIPLIER 1-10 control are used to
make the time measurements. This method provides a high
degree of accuracy if care is taken in making the mea-
surements. The method is as follows:

1. Set the HORIZONTAL DISPLAY switch in the B INTEN
BY A position and adjust the B triggering controls for a
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Fig. 2-19. Measuring risetime.

stable display. Set the A STABILITY control for free-running
operation {fully clockwise).

2. Decrease the intensity until the brightened portion of
the trace is easily distinguishable. Set the A TIME/CM
switch setting so the brightened portion is a small segment
of the trace.

3. With the DELAY TIME MULTIPLIER 1-10 control, posi-
tion the start of the brightened portion to the start of the

inferval to be measured. Record the setting of the DELAY
TIME MULTIPLIER 1-10 vernier dial.

4. Adjust the DELAY TIME MULTIPLIER 1-10 control to
position the start of the brightened portion of the trace to
the end of the interval to be measured. Again record the
setting of the DELAY TIME MULTIPLIER 1-10 vernier dial.

5. Substract the first DELAY TIME MULTIPLIER 1-10 dial
reading from the second and multiply the difference by the
setting of the B TIME/CM AND DELAY TIME switch. The
answer obtained is the time interval between the two events.
This figure accuracy is within =#=1%.

Maximum Accuracy Time Measurements

The maximum accuracy method of time measurement
involves the delayed sweep feature of the Type 549. This
method uses only the DELAY TIME MULTIPLIER 1-10 dial
and accuracy to =2 minor dial divisions can be achieved.
When this accuracy is desired the Time Base B calibration
should be checked for the individual TIME/CM ranges to
be used.

Establish the accuracy of the Time Base B TIME/
CM ranges to be used, then proceed as follows:

1. Complete the time measurement as described in the
previous section on Increased Accuracy Time Measurements.
The A STABILITY control must be fully clockwise at free-
run position.

2. Set the DELAY TIME MULTIPLIER 1-10 control so the
intensified spot is at the beginning of the interval to be
measured. Set the HORIZONTAL DISPLAY switch to A
DLY'D. With the DELAY TIME MULTIPLIER 1-10 control,
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position the beginning of the interval to be measured to
the graticule centerline. (The graticule centerline is now
the reference point of the CRT display for the following
measurements.) Record the DELAY TIME MULTIPLIER 1-10
dial reading.

3. Set the HORIZONTAL DISPLAY switch to B INTEN BY
A and rotate the DELAY TIME MULTIPLIER 1-10 control
to position the intensified portion of the sweep to the end
of the interval being measured. Set the HORIZONTAL
DISPLAY switch to A DLY'D. With the DELAY-TIME MULT!-
PLIER 1-10 control, horizontally position the end of the
interval to the graticule centerline. Record the DELAY-TIME
MULTIPLIER 1-10 dial reading.

4. Take the difference of the two DELAY-TIME MULTIPLIER
1-10 dial readings and multiply the result by the setting of
the Time Base B TIME/CM AND DELAY TIME switch. The
figure obtained is accurate to within 0.2% plus the accuracy
of the B sweep.

DELAY-TIME DELAY-TIME
MULTIPLIER dial: MULTIPLIER dial:
1.3 8.81
i i
1 [

1 r .
I + ] (
1 I [
] +
T r
;: Time >
ol Difference -
- HAH A
| :
T
4
T
(A) B display.

Y IENE FTEEY ST FETEE DU e S
1+ Tttty

(B) A DELAYED display.

Fig. 2-20. Accurate time measurements using delayed sweep and
DELAY-TIME MULTIPLIER dial readings.

Example: Assume the first dial reading is 1.31 and the
second dial reading is 8.81 with the TIME/CM switch set to
0.2 microsecond (see Fig. 2-20).



Using the formula:

Time Difference
(delayed sweep)

first dial
reading

second dial
reading

B TIME/CM
setting

Substituting the given values:

Time Difference — (8.81 — 1.31) X 0.2 us.

The time difference is 1.5 microseconds.

Frequency Measurements

By use of the methods described in the previous section,
you can measure the period (time required for one cycle} of
a recurrent waveform. The frequency of the waveform can
then be easily calculated, since frequency is the reciprocal
of the time period. For example, if the period of a recurrent
waveform is accurately measured and found to be 0.2
microseconds, the frequency is the reciprocal of 0.2 micro-
second or 5MHz.

Phase Measurements

Since a complete cycle of a sinusoidal waveform is 360
degrees, it is possible to calibrate the oscilloscope display
directly in degrees per centimeter by means of the TIME/CM
controls. For example if the TIME/CM controls are adjusted
so one cycle of the input waveform covers 9 centimeters,
(see Fig. 2-21) each centimeter then corresponds to 40
degrees. Under this condition the display is calibrated to
40 degrees per centimeter.
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signals does not affect the phase measurement if the signals
are both centered about the horizontal centerline. It is
important to note that the two waveforms shown in the illus-
tration do not appear simultaneously on the oscilloscope
screen. The first waveform is displayed and positioned to a
convenient reference point. The second waveform is then
displayed and compared to this reference point.

Leading
/| Waveform
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/

o
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F
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™+t }| T t. L t ngging
! .\1'\ \ / /’cheform
1N\ [
I N
L= A >
40°
Phase angle — A X
cm

Fig. 2-22. Measurement of the phase angle between two wave-
forms. Note: the two displayed waveforms are not simultaneously
on the screen.

With reference to Fig. 2-23 the phase angle between the
two waveforms is 360° X A/B. It is not necessary to cali-
brate the display in degrees per centimeter as long as it is
possible to measure A and B accurately. It is particularly
important o measure A accurately when the phase angle is
less than 10°. The delayed sweep feature provides a means
for accurate measurements. The phase angle can be found
by: (1) measuring A; (2) measuring B; and (3) multiplying A/B
by 360°. Here again the relative amplitude of the two wave-
forms is unimportant as long as the waveforms are centered
about the horizontal centerline of the graticule.

- 9 em A.

- 360° -
360° !

: —— == 40° per centimeter |
9 cm

Fig. 2-21. A method of calibrating the displayed waveform in
degrees/centimeter.

It is possible therefore to measure phase angles by: (1)
calibrating the display in degrees per centimeter; (2) meas-
uring the displacement between corresponding points on the
two phases; and (3) multiplying the displacement by the num-
ber of degrees per centimeter. This method is illustrated in
Figure 2-22. Note that the relative amplitude of the two
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Fig. 2-23. An alternate method for measuring the phase angle
between two signals.
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When using the Type 549 Oscilloscope for phase measure-
ments, it is necessary to maintain a constant amplitude point
on the input triggering signal because the two input signals
are compared indirectly to this reference and directly to
each other. The trigger signal must have sufficient ampli-
tude to ensure stable triggering. The triggering signal must
be related in frequency to the waveforms on which phase
measurements are to be made; however, the actual phase
of the triggering signal is not critical. It is essential that
after triggering conditions have been established, there is
no change during any phase measurement.

The amplitude of the display should be large to improve
accuracy. Accuracy of the measurements also depends on
keeping the waveforms centered about the horizontal center-
line of the graticule. See Fig. 2-24.

Dual-Trace Chopped Blanking

A multi-channel plug-in unit provides two separate traces
on the CRT and thus permits two functions to be displayed
simultaneously. Detailed instructions for operating the multi-
channel plug-in unit in conjunction with the Type 549 Oscil-
loscope are contained in the plug-in unit instruction manual.

When the multi-channel plug-in unit is operated in
chopped mode to obtain a dual-trace presentation, switching
transients will be displayed on the CRT. These switching
transients can be reduced by placing the CRT CATHODE
SELECTOR switch at the rear of the instrument in the CHOP-
PED BLANKING position.
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Fig. 2-24. Establishing the reference point with the leading wave-
form by using MAGNIFIER operation.

Light Filter

The light filter provided with the Type 549 minimizes
undesirable reflections when viewing the display under high
ambient light conditions. The filter may be left on when
taking waveform photographs unless a high writing rate is
required.
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SECTION 3
CIRCUIT DESCRIPTION

Introduction

This section describes storage techniques as employed in
the Type 549, followed by block diagram analysis and basic
circuit theory.

Glossary of Terms and Storage Tube
Nomenclature

Storage technique and analysis involves the use of special
terminology. The following glossary of terms should assist
the reader in understanding their application when describ-
ing storage tubes and circuitry.

Background
Light Level

The average brightness of the light emitted
by the storage target when completely
erased, with the backplate set at a given
voltage.

Brightness Uni-
formity Ratio

The ratio of the brightest to the dimmest
area when the target is fully stored.

Collimation An electrostatic low-voltage lens used to

Lens adjust the trajectories of the flood gun
electrons.

Collimation Etements used in the collimation lens.

Electrodes

Conventional A mode of operation such that written

Mode information cannot be stored, and the tube
behaves as a conventional CRT.

Enhance A method of momentarily altering elec-
trode potentials to increase writing speed.

Erase The operation of changing electrode

potentials in such a manner that previously
stored information is removed.

Fade Positive The flood gun cathode to backplate poten-
tial at which an unwritten area fades up
as bright as an adjacent written area any-
where within the quality area, without

writing a trace.

Flood gun A low-energy electron gun directing a
large area flow of electrons toward the

entire screen.

Integrate A method of operation that interrupts
flooding of the target and permits the
writing gun electrons to sum over several

sweeps.

lon Repeller An electrode that produces a potential

barrier against ions.

An area that does not store on the left-
hand side of the graticule to permit pre-
setting of the vertical position of the trace
(in storage mode).

Locate Zone

Operating
Level or Stor-
age Level
Operating
Range

Ready-to-write
State

Rest Potential

Retention
Threshold

Stable Range

Storage Mode

Storage Target

Stored
Brightness

Viewing

Writing

Writing Gun

Writing Rate

Writing Speed

Writing
Threshold

Upper Writing
Limit

The voltage between the flood gun cath-
ode and backplate within the operating
range.

The flood gun cathode to backplate volt-
age range within which information can
be stored.

The state of the storage target immedi-
ately after erase and before writing again.

Average equilibrium potential assumed by
the unwritten areas of the target when it
is operated in the storage mode.

The lowest flood gun cathode to backplate
voltage at which previously written inform-
ation will remain stored.

The flood gun cathode to backplate volt-
age range within which information can be
stored (fade positive minus retention thres-

hold).

A mode of operation such that written
information is stored until intentionally
erased.

A surface having the ability to store
information when bombarded by an elec-
tron beam.

The brightness of stored information with
the backplate set at a given voltage.

A method of holding written information
for a period of time before automatic
erasure.

The process of recording the information
on the storage target.

A high-energy electron gun giving a nar-
row focused beam. This beam can be
deflected and is used to write the inform-
ation to be stored.

The time rate, i.e., sec/cm at which the
writing beam will register stored informa-
tion when scanning the storage target,
under stated conditions of operation.

The speed, i.e., cm/sec at which the writ-
ing beam will register stored information
when scanning the storage target, under
stated conditions of operation.

The lowest flood gun cathode to backplate
voltage at which a signal of fixed writing
speed can be stored.

The flood gun cathode to backplate poten-
tial at which an unwritten area fades up
as bright as an adjacent written area or
the trace spreads after it is written on
the screen.
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collector of
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Fig. 3-1. Pictorial diagram of storage tube Type T5490.

Basic Operating Principles of the Storage
Tube

The Tekironix T5490 CRT is a direct-view storage cathode
ray tube with a split screen viewing area that can be individ-
"uvally operated for stored displays. The storage target stores
electrical charges on an insulated surface by using the
secondary emission properties of the surface. The stored
charge is then used to control the flow of electrons to a
phosphor screen to give visual output that corresponds to
the location of the stored charge.

The storage cathode ray tube contains special storage ele-
ments in addition to the conventional writing gun elements.
The operating mode of the tube depends primarily on the
voltages applied to these storage electrodes. With one condi-
tion of applied potentials, the storage screen or target oper-
ates in the ready-to-write state; then, when it is bombarded
with high energy writing beam current, it shifts to the stored
mode to store a written display. With a different set of
applied voltages the screen or target operates in the con-
ventional mode, similar to a conventional cathode ray tube.

The storage screens contain a special coated surface which
continues to emit light when bombarded by the flood gun
electrons, provided the surface has been written by the writ-
ing gun beam and shifted to the stored state. The two tar-
gets are electrically isolated from each other, which allows
simultaneous presentations of stored information on one half
and non-store (conventional} information on the other half
of the viewing area.

3-2

Fig. 3-1 illustrates the basic construction of the T5490
storage tube. The flood guns emit two cones of electrons
which completely cover the storage targets. The ion repel-
ler minimizes ion bombardment of the target surface. The
collimation electrodes shape the flood beam. The operating
level of the tube is the potential difference between the tar-
get backplate and the flood gun cathodes.

In the store mode the insulator surface of the target tends
to charge down to a potential lower than the backplate
potential, and towards the potential of the flood gun cath-
ode. This is due to the ratio of primary current (flood gun
beam) to target secondary emission current. The potential
to which the target charges is called its rest potential. This
potential is such that the flood gun electron landing energy
is not enough to illuminate the phosphor in the target. The
target is now ready to write. See Fig. 3-2.

In the writing process, the target is scanned by the writing
gun electrons. These high energy electrons increase the tar-
get secondary emission over the area they scan, so that
the ratio of primary current to secondary current becomes
greater than one. When this ratio exceeds one, that part
of the bombarded surface shifts to a new stable state.
Writing has been accomplished and this segment of the
target is now stored.

In the written state, the potential difference between the
flood gun cathode and target becomes greater and the
flood gun electrons now have a landing energy that is suf-
ficient to provide a visual display due to the cathode lumi-
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Fig. 3-2. (A) Storage electrode {target to flood gun cathode) operating potentials. (B} Secondary emission curve for insulator showing

charging direction.

nescense of the phosphor-impregnated target. This visual
display will continue as long as the flood gun beam covers
the target.

At high sweep rates, the writing beam current is not ade-
quate to bring the portion of the target scanned above the
crossover point; therefore, the flood gun electrons when
landing on the bombarded area will remove the charge
developed by the writing gun electrons, and the target will
discharge to its initial ready-to-write state without being
written. Thus, complete writing is a function of writing beam
current density.

When the stored display is no longer desired, the informa-
tion is erased by a waveform as illustrated in Fig. 3-3. A
positive-going pulse is first applied, to raise the backplate
voltage above the writing threshold and write the entire tar-
get area with flood gun electrons. Next, the backplate volt-
age is pulled well below the rest potential, then as the

®1 ‘

backplate voltage is gradually returned, the target is
charged to the operating point and the target is now in the
ready-to-write state.

Fast Writing Techniques

Writing speed is primarily a function of the writing gun
beam current density and physical properties of the storage
tube. At very fast sweep speeds, the writing beam does not
charge the scanned portion of the target sufficiently to shift
them to stored state, and the flood gun electrons discharge
the small charge back down to rest potential before the
next sweep.

Writing beyond the normal writing speed of the CRT is
attained through the process of integration or enhancement.
Integrate: The flood gun beam is momentarily interrupted.
This allows the writing gun beam to sum small amounts of
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charge for successive sweeps so that when the flood elec-
trons are again turned on the scanned target area shifts to
the stored state.

Enhance: An approximate 1 ms, variable amplitude pulse is
applied to the target, which conditions the target so that
less writing gun current is required to shift the scanned
section to the stored state. A front panel control adjusts
the enhance pulse amplitude.

=30 ms
/Fude positive pulse
~50V

+ 300 B i -f ——————
>
2 =150 V
'>3 200 A <70 ms Erase Pulse
2
_U _—_—— -
o
=
a 1001

't A N

0 20 40 60 80 100 120 140 160

Time

Fig. 3-3. Erase cycle waveform.

BLOCK DIAGRAM DESCRIPTION

Low Voltage Power Supply

The low voltage power supply produces all operating
voltages for the oscilloscope with the exception of the CRT
circuit. The low voltage supply provides regulated —12.4
—150, +100, 4225, 4300, 4350 and +500 volts. It also
provides heater voltages and an unregulated +470 volt
output.

Vertical Plug-In Preamplifier

Any Tekironix letter or 1-series vertical plug-in preamp-
lifier can be used with the Type 549. For a circuit descrip-
tion of the plug-in unit, refer to the plug-in unit instruction
manual.

Vertical Input Amplifier

The vertical input amplifier is a balanced hybrid ampli-
fier that amplifies the output of the plug-in vertical preamp-
lifier and applies the amplified vertical signal to the trigger-
pickoff circuit and the vertical output amplifier.

Delay Line

The push-pull output of the vertical input amplifier is
applied through the balanced delay line to the vertical out-

3'4 .

put amplifier. The delay line is a specially braided 186 Q
line which delays the application of the vertical signal to
the vertical output amplifier for 200 nsec. This provides
time to unblank the CRT and start the horizontal sweep
before the vertical signal reaches the deflection plates. The
delay allows the leading edge of a single fast rising pulse
to be displayed. Because of its precision construction, the
delay line requires no adjustment.

Vertical Output Amplifier

The vertical output amplifier is a push-pull cascode amp-
lifier that takes the output of the delay line and amplifies
this output to a level sufficient to drive the vertical deflection
plates of the CRT.

Trigger Pickoff Circuit

The trigger pickoff circuit applies a sample of the input
waveform to the trigger circuits of both time bases. The
pickoff is at the output of the vertical input amplifier
Internal plug-in trigger is also available at pins 4 and 5 of
the blue ribbon connector J-11, which can be selected by the
time base TRIGGERING SOURCE switch.

Time Base A Generator

The Time Base A Generator provides accurate ramp volt-
ages for the horizontal deflection system, unblanking for
the CRT and output waveforms to the 4+ GATE and A
SWEEP front panel connectors. The Time Base A Generator
may be triggered by signals from either internal or external
sources.

Time Base B Generator

The Time Base B Generator closely resembles the Time
Base A Generator. Thus, the functions and the circuit descrip-
tion given for the Time Base A Generator, in most instances,
apply also to the Time Base B Generator.

Delay Pickoff Circuit

The delay pickoff circuit compares the ramp-voltage out-
put of the Time Base B Generator with a variable reference
voltage and assuming identical characteristics in the two
halves of the comparator, generates a trigger pulse when
the two voltages are equal. The trigger output of the delay-
pickoff circuit is used in the A DLY'D and B INT by A posi-
tion of the HORIZONTAL DISPLAY switch, to arm or trigger
Time Base A. The trigger output is also available at a front
panel DLY'D TRIG connector.

B Unblanking

This circuit provides an unblanking pulse to the CRT cir-
cuit to unblank the CRT during sweep time and to the View
Time Generator through the HORIZONTAL DISPLAY switch.
The unblanking pulse is also available at the front panel
as + Gate B.

A Unblanking

The circuit duplicates the operation of the B unblanking
circuit for the A Time Base.
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CRT Circuit

This circuit provides the high voltages required to oper-
ate the CRT, intensity modulation to unblank the CRT and
multi-trace chopped blanking. A DC coupled external con-
nection and switch provide the facility to externally modulate
the CRT grid. An AC coupled external connection and
switch provide the facility to externally modulate the CRT
cathode.

View Time Generator

This circuit generates an erase trigger pulse for auto-
matic erase after an adjustable delay which is set by the
VIEWING TIME front panel control. This provides an adjust-
able viewing period of the stored information.

Erase and Reset

This circuit provides a manual control to erase written
information and reset the sweep circuits.

Upper and Lower Erase Generator

These erase generators provide the erase pulse to erase
stored information on either or both upper and lower sec-
tions of the CRT screen.

Horizontal Display Switch

Basically the switch performs the following functions:

1. Gates the ramp signals from the time base circuits and
signals from the External Horizontal Amplifier into the Hori-
zontal Amplifier.

2. Selects sync trigger to the Multi-Trace Sync Amplifier
for dual-trace slaving pulses.

3. Provides 1X and 10X attenuation for the External
Horizontal Amplifier.

4. Applies delayed trigger from Delay Pickoff circuit to
the Time Base A Generator in the B INT by A and A DLY'D
positions.

5. Selects proper unblanking pulse to trigger the View
Time Generator and Enhance Generator.

6. Selects unblanking pulse to unblank CRT.

7. Steers the SINGLE SWEEP reset pulse to the approp-
riate time base generator.

Multi-trace Sync Amplifier

This amplifier provides the vertical plug-in unit with dual-
trace slaving pulses.

Horizontal Amplifier

The input to the Horizontal Amplifier is selected from the
outputs of the Time Base B Generator, Time Base A Gener-
ator, or the External Horizontal Amplifier. The selected
input is split in phase and amplified to provide push-pull
drive to the CRT horizontal deflection plates.
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External Horizontal Amplifier

The External Horizontal Amplifier provides the necessary
gain to drive the Horizontal Amplifier from external signals.
An input attenuator and a gain control establishes hori-
zontal deflection factors from about 0.2 to 15 volts/cm.

Calibrator

The Calibrator in the Type 549 is a multivibrator and
cathode follower that provides a square-wave output with
a maximum amplitude of 100 volts at a nominal 1kHz. A
step attenuator permits switching the output amplitude from
the front panel.

CIRCUIT ANALYSIS

The following is a detailed discussion of the operation of
each circuit in the Type 549. While reading the description
of a particular circuit, refer to the proper schematic diagram
in Section 9.

Low-Voltage Power Supply

The Low-Voltage Power Supply in the Type 549 (see Power
Supply schematic diagram) consists of seven interrelated
supplies that operate together as a system. This system
delivers filtered and regulated voltages of —12.4, —150,
+100, +225, 4300, 4350 and +500 volts as well as an
unregulated DC voltage of 470 volts. A common power
transformer, T601, supplies the input power to each of the
supplies, as well as heater power to thermal time-delay
relay K600 and the tubes in the oscilloscope.

Switches SW602 and SW603 are provided to accomodate
a wide range of AC power line voltages by changing the
power transformer primary-to-secondary turns ratio.

Switch SWé02 connects the two primary windings of the
transformer in parallel (115 V) or series (230 V).

Further switching of transformer taps with SW&03 allows
operation over a range from the nominal voltage set by
SW602. With SW602 in the 115V position, three positions
of SW603 provide operation with line voltages of 104V
#+10%, 115V +10% or 127V =+=10%. With SW602 in
the 230 V position, the respective ranges are 208V =109,
230V +109% and 254V +10%.

The AC input power is applied to T601 through POWER
switch SW601. Overload protection is provided by fuse
F601 and F602. Thermal cutout TK601 in the primary circuit
of Té01 is a protective device that opens the transformer
primary circuit if the termperature inside the oscilloscope
rises above a safe level. TKé01 resets automatically when
temperature returns to normal. Thermal time-delay relay
K600 provides a filament warm-up time of approximately 30
seconds before the DC power supplies are activated. The
heater of K600 is connected to 6.3 volts on the Té01 second-
ary winding. During heater warm-up time, contacts 4 and
9 of K600 remain open. At the end of heater warm-up time,
contacts 4 and 9 close and apply power to relay Ké01.
When Ké01 is energized, heater power is removed from
thermal relay K600 and contact 1 of K601 is grounded, thus
locking the relay in the holding mode. Ké01 now remains
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energized until the power to the oscilloscope is switched off
or otherwise interrupted. When Ké01 is energized, contacts
K601-2, Ké601-3 and Ké601-4 are also closed and activate
their respective DC supplies.

— 150 Volt Supply

The —150 volt supply in the Type 549 is the reference
voltage source for the other power supplies, therefore it
must be very stable. The supply contains a high-gain elect-
ronic voltage regulator designed to provide the required
regulation under all operating conditions. This regulator
circuit contains three series regulator tubes, a gas voltage
regulator tube for the reference source to the comparator
and an error signal amplifier to control the series regulator.

Four silicon diodes D642 A, B, C and D form a bridge rec-
tifier across pins 19 and 20 of transformer Té01 and supply
the voltage to the —150 volt regulator circuit when contacts
of Ké01-2 close.

Current through the series regulator tubes V627, V637 and
V647 is controlled by the output voltage of Vé34, the error
voltage amplifier.

A portion of the —150 volt supply is applied through the
DC voltage divider network R617, R616 and Ré15 to the grid
of V624, the voltage comparator. This voltage is compared
against the reference voltage established by V609 at the
grid and cathode of V624 A and applied to the grid of Vé34
as an error signal.

V634 amplifies and inverts this error signal. Since the
plate of V634 is connected through the grids of the series
regulator tubes to its plate load resistor, this error signal
effectively alters the bias of the regulators. Change in the
bias will change the current through the tubes and maintain
a stable —150 volt supply.

The screen grid of V634 is used as a signal grid for inject-
ing any ripple or transient voltage present in the unreg-
vlated side of the —150 volt supply into the regulator circuit.
The regulator thereby becomes a dynamic filter for ripple
reduction. The ripple signal applied to the screen of V634 is
amplified, inverted and applied to the grids of the series
regulator tubes V627, V637 and Vé47. This amplified and
inverted ripple signal at the regulator grids is of proper
amplitude and phase to cancel the ripple appearing at the
plates of the regulator tubes. R640 and Ré41 are current
limiting resistors, while C649 suppresses sudden load changes
that fall outside of the bandwidth of the regulator circuit.

—12.4 Volt Supply

The input to the —12.4 volt regulator is the full wave
rectified output of diodes D772 and D782. The reference
voltage source is the regulated —150 volt supply which sets
the base voltage of the comparator Q774, through the volt-
age divider R774 and R775. The —12.4 volt supply is com-
pared to the reference voltage and any difference is
amplified by Q774. Q784 sets the bias of the regulator
transistor Q787 so current through the regulator is deter-
mined by the demands of the load.

During the warm-up period, the —12.4 volt supply is ref-
erenced to an unregulated voltage obtained from the —150
volt supply rectifier circuit through R773.. It supplies approx-
imately —11 volts to the flood gun heaters. When Ké01-2
closes and the —150 volt supply is energized, the —12.4
volt supply becomes referenced to the —150 volt supply
through D773.
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+ 100-Volt Supply

The input source to the 4-100-volt supply is the output
of the secondary winding (pins 21 & 22) of transformer Té01
and silicon diode bridge D672. In addition to its other loads,
the 4100-volt supply is required to supply current to a series
filament string at all times. When the Type 549 is first
turned on, relay Ké01 contacts are open and all the regu-
lated supplies are inoperative. During this time, the series
filaments are supplied by the unregulated side of the 4-100-
volt supply through relay contacts of Ké01-3 and Ré75.
By the time thermal relay K600 activates Ké01, the series
filaments have reached operating temperature. When acti-
vated by K600, Ké01-3 switches the series filaments to the
regulated output of the +100-volt supply.

The reference voltage source is the regulated output of
the —150-volt supply. V664 is an error amplifier, and Vé67A
is the series regulator tube in shunt with R676.

The regulator circuit can never completely compensate
for a change in output voltage because there must be an
error input for the circuit to operate. However, any error in
output is reduced by a factor equal to the loop gain of
the regulator circuit.

The screen grid of V664 is used as a signal grid for in-
jecting a sample of any ripple or transient voltage present
in the unregulated side of the +100-volt supply into the
regulator circuit. The regulator circuit thereby becomes a
dynamic filter for ripple reduction. The ripple signal applied
to the screen of V664 is amplified, inverted and applied
to the grid of Vé677A. The amplified and inverted ripple at

the grid of V677A is of proper amplitude and phase to

cancel the ripple appearing at its plate.

+ 300-Volt Supply

Zener diode D704 sets the base potential of Q703 to
approximately +75volts above the reference voltage of
+225. The output voltage at the emitter of Q703 is there-
fore maintained at an approximate 4300 volts. This voltage
is used for the collimation electrode flood gun anode and
the ion repeller screen of the CRT.

+ 225-Volt Supply

The voltage source for the regulated +225-volt supply
is pin 17 of the secondary winding of transformer Té01
which is elevated by the 4100-volt supply source. This
regulator circuit is similar to the —150-volt regulator. The
main difference is the source of the reference voltage for
the comparator.

Any voltage error signal from the comparator side of
V684 is cathode coupled to the amplifier section. The ampli-
fied error signal is applied to the grid of V694 which again
amplifies and DC couples the inverted error signal as bias
to the grids of the series regulator tubes V737A and V7378B.
The bias of the series regulator tubes sets the current through
the power supply and the voltage output.

Here again, the screen of the error amplifier is acting
as an injection grid for ripple reduction. A sample of the
unregulated supply ripple is applied to the screen of Vé94.
V694 amplifies the ripple, inverts it and applies it to the
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grids of series regulators V737A and V737B. The result is
that the same ripple appears simultaneously on the grids and
plates of V737, but 180° out of phase; thus the ripple is
effectively reduced in amplitude.

+ 350-Volt Supply

The input to the +350-volt supply is the full voltage out-
put of the center-tapped bridge (+290 volts unregulated,
see Fig. 3-5) added to the unregulated side of the -+-100-
volt supply (+180V) giving a total output of +470V
unregulated. The operation of the regulator circuit is very
similar to the operation of the +100-volt regulator except
for different component values.

16
290 4+ 180
17 — 470 VOLTS
T601

18

To unregulated source for 4100V

supply (approximately 4 180 volts)

Y

To unregulated source for 225V
supply (approximately + 325
volts)

Fig. 3-5. Simplified diagram of <+ 470-volt unregulated supply.

+ 500-Volt Supply

Rectified voltage from terminals 23 and 24 of Té01 via
the bridge rectifier D762, is added to the regulated voltage
of the +350-volt supply to provide the -+500-volt supply.
The operation of the regulator circuit is similar to that of
the +100-volt regulator except for different component
values.

Unregulated +4470-Volt Supply

The voltage source for the unregulated ~+470-volt supply
differs somewhat from the voltage sources for the —150 and
+100-volt supplies. The secondary winding of Té01, D702
and D732 comprise a center-tapped bridge rectifier circuit.
The negative side of this rectifier is connected to ground
through the rectifier circuit of the -+100-volt supply; this
elevates the output of the bridge rectifier circuit to the
unregulated output voltage of the +100-volt rectifier circuit,
which is approximately + 180 volts.

The unregulated output of the center-tapped bridge recti-
fier circuit is about +290volts. Since the output of this
circuit is elevated by the +180 volts, the total output
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is an unregulated +470 volts. (This is the unregulated source
for the regulated +-300-volt supply.)

Vertical Amplifier

Contains a push-pull cathode follower stage driving a
push-pull cascode amplifier, which in turn drives an output
cascode amplifier through approximately a 200 ns delay line.

The push-pull output of the vertical plug-in preamplifier
with a fixed DC level of approximately +67.5 volts is
applied to the input of the vertical amplifier through termi-
nals 1 and 3 of the plug-in connector.

R491 and R498 in series with the grids of the push-pull
cathode follower stage, as well as with T500, are parasitic
suppressors. DC balance of the input amplifier is set by the
DC BAL adjustment R495. It is adjusted to place the trace at
the CRT vertical center with a differential input voltage of

zero across input terminals 1 and 3 of the plug-in connector
J11.

The DC Shift adjustment R502 is part of a voltage divider
network which sets the grid voltage of V514A and V5148B.
This voltage is approximately 7 to 11 volts higher than the
67.5 volt output level from the plug-in units. This allows the
voltage at the grids to nearly follow the cathode voltage of
V494A and V494B, so the adjustment will correct when plug-
in units with different output DC levels are used.

This DC Shift adjustment sets the operating point of the
circuit transistors Q514 and Q524. The operating point is
set so that thermal changes in amplifier gain are minimized.

The input cascode amplifier provides constant gain over
a wide frequency range and matches the impedance of the
delay line L552. Gain of the stage is set by Gain adjustment
R520 which controls the amount of degeneration between
the emitter circuits of transistors Q514 and Q524. C520 is a
frequency compensation adjustment that must be set each
time R520 is adjusted.

Voltage divider R512 and R513 set the base potential of
Q513 and Q523, thus transistors Q513 and Q523 appear as
a constant voltage source to the plate circuit of V514A and
V514B and also provide reverse termination for the delay
line L552.

The impedance looking into the emitter circuit of Q513 or
Q523 is approximately 3 ohms. This impedance, with the
impedance of R511 or R526, terminates the input to the
delay line at 186 ohms or 93 ohms per side.

Since the dynamic plate impedance of V514 is very high,
the terminating impedance is not affected by the operation
of the cascode amplifier. The collector of Q523 drives the
Trigger Pickoff circuit.

The vertical output cascode amplifier terminates the delay
line and provides the stability and current to drive the CRT
deflection plates over a wide frequency band.

Input impedance to the output amplifier is 93 ohms per
side which properly terminates the delay line. High frequ-
ency compensation and proper delay line termination is
set by adjusting L554, L560 and C568. A phase balancing
transformer, T553, attenuates high frequency common mode
signals.
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Fig. 3-6. Time-Base A block diagram.

Q584 and Q594 are emitter coupled amplifiers driving
grounded grid amplifiers V584 and V594. DC offset for the
grids of the output tubes is provided by R570 and R569.
Setting grid voltage at this point sets the collector voltage of
transistors Q584 and Q594 to the required level.

High frequency peaking and compensation in the output
circuit is set by the adjustment of R580 and C578 in the
emitter coupling circuit, L598 and L588 in the plate circuit of
V584 and V594. The output to the deflection plates of the
CRT is ‘T’ coil coupled and matched to the deflection plate
impedance by adjusting L599 and L589.

Switch contacts of SW553 when closed provide vertical
trace location by reducing the signal output amplitude from
the delay line. Diodes D553 and D554 establish the window
width of this reduced signal.

Trigger Pickoff Circuit

The trigger pickoff circuit provides isolation from the delay
line matching network as well as a low impedance source
for the trigger circuits located in both time bases.

Q533 is connected as an emitter follower with its emitter
connected to a DC voltage dropping circuit consisting of
R534, diodes D555-D552, R553, R535 and the long tailed con-
stant current source Q534. Current through Q534 is set by
the Int Trig DC Level adjustment R53% and is adjusted so the
bias of the complementary transistors Q543 and Q553 estab-
lishes a DC output level of zero volts at the VERT SIG OUT
connector and the trigger take off point to SW5 and SW55.

Forward bias for the transistors Q543 and Q553 is estab-
lished by the voltage across diodes D555, D552, and R553.
This bias is approximately 1 volt and effectively shifts the
DC trigger level at the emitter of Q533 from 4200V to OV
with very little attenuation of the AC signal amplitude.

Input DC level changes due to different plug-in units will
change the current level through the input cascode amplifier,
which will also shift the emitter DC level of Q533. To stabi-

.

lize the DC level of Q543 and Q553, a sample of the input
DC level is directly coupled through R518 to the emitter of
Q534.

If the input DC level increases, this will cause more current
-to be diverted from the constant current source through R518
to the vertical input amplifier. This reduces the current
through R535, R553, D552, D555 and R534 and offsets the
voltage drop at the emitter of Q533 to maintain a nearly
constant output level at the VERT SIG OUT connector and
the A and B trigger takeoff.

Time Base A Trigger and Sweep Circuits

The Time Base A consists of a Sweep Trigger and Sweep
Generator circuit. The trigger circuit consists of a long-
tailed, cathode-coupled comparator {Level Amplifier) that
generates a pulse which is coupled through a trigger shaper
to drive a hybrid Schmitt multivibrator. The Schmitt multi
provides the trigger pulse to the Sweep Generator circuit.
The sweep circuit is basically a Miller run-up circuit which
generates the linear voltage ramp required for the hori-
zontal deflection system. The Sweep Generator also provides
alternate trace sync pulses, unblanking pulses and a gate
pulse to the front panel + GATE A connector.

Time Base A Trigger

The input signal to the trigger generator is selected by
the SOURCE switch SW6. SOURCE switch selections are:
NORM (the signal from the trigger pickoff circuit in the
Vertical Amplifier); PLUG-IN (the signal from the vertical
plug-in unit); LINE {a 6.3 volt AC signal from a winding on
the power transformer} and EXT (the signal from the front
panel connector).

This input trigger is then AC or DC coupled by the set-
ting of the COUPLING switch SW5 to the SLOPE switch.
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The AC LF REJ position of the switch attenuates frequencies
below approximately 17 kHz.

Slope (the polarity of the signal to which the trigger
circuit is sensitive) is determined by the SLOPE switch SW15
setting. The Level Amplifier V24 is a cathode coupled
comparator which compares the voltage level set by the
Triggering LEVEL control on one side with the selected input
trigger on the other side. The SLOPE switch determines
which section of V24 receives the trigger signal or the DC
reference voltage. The trigger circuit provides a negative-
going trigger output pulse when the plate of V24B swings
in a positive direction. The Schmitt circuit resets when the
plate of V24B swings negative and returns to quiescent
state.

Both V24A and V24B share the current through cathode
resistor R27 at the balanced current point. With the TRIG-
GERING LEVEL control centered {0 volts on the grid), the
Trig Level Centering is adjusted to set the plate voltage of
V24B at 100 volts with currents balanced between the two
sections. The balance point is the only point where the
SLOPE switch can be switched from 4 to — without chang-
ing the current division through the tubes.

D29, R29 and D30 limit the amplitude of signal coupled
to the base of the operational amplifier Q34. When the
plate of V24B is below 100 volts, D29 is conducting and
holding D30 reverse biased. Current flow through D29 is
approximately 2mA. The base of Q34 is anchored at
approximately 100 volts and will change very litile over the
range of input current.

When the plate of V24B shifts positive through 100 volts,
D29 is reverse biased and D30 turns on. The 2mA of cur-
rent now flows through the base circuit of Q34 and steps
the voltage on the collector of Q34 down approximately
6 volts. Thus a relatively constant signal swing is assured
to the input of the Schmitt trigger circuit Q35 and Q45.

Q35 and Q45 are connected as a transistorized Schmitt
multivibrator circuit. Zener diode D43 allows direct low
impedance coupling to the base of Q45 while maintaining
the 10volts offset between collector and base of the two
transistors.

LR45 provides countdown for the Schmitt trigger circuit.
With signal from the operational amplifier Q34 on the base
of Q35, the transistor switches to the off state. Current
change through LR45 develops a positive voltage spike on
the base of Q45 that decays at the LR time rate of LR45.
This positive voltage spike is applied to the emitter of Q35
through the common emitter load resistor R46, thus prevent-
ing any input signals from turning Q35 back on. When Q35
does turn on, a generated negative voltage spike holds
Q45 off for the decay time. D46 and D47 prevent reverse
voltage breakdown across the base emitter junction of the
transistors from dissipating the voltage spike and spoiling
the countdown.

When AUTO mode is selected, the collector of Q45
charges and discharges C49 through R49. This voltage is
fed back to the base of Q34 and supplies an input signal to
the trigger generator. This automatically operates the circuit
at an approximate 40Hz rate. Trigger signals from the
input are mixed with the automatic feedback voltage and
take over to operate the Schmitt circuit in the normal man-
ner.
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Time Base A Generator

The output trigger pulses from the Time Base A trigger
circuit are applied to the grid of VI35A, the input of a
Schmitt gating circuit acting as an electronic switch for the
Time Base Generator circuit. The input negative trigger pulse
switches the sweep-gating multivibrator and cuts off the
disconnect diodes V152A and V152B. This starts the opera-
tion of the Miller run-up circuit, generating an output ramp
for the horizontal sweep circuit.

A positive going square-wave output of the sweep gating
multivibrator is taken from the cathode of V135B and con-
nected through the cathode follower V183B to the CRT as an
unblanking pulse. The positive going square-wave output
is also applied through cathode follower V193A to the +
GATE connector on the front panel.

The ramp voltage or sawtooth waveform from the Miller
run-up circuit is applied through cathode follower V193B
and made available at the front panel SWEEP A connector.

The sweep-gating multivibrator is a bistable circuit. In the
quiescent state V135A is conducting. This holds the grid of
V145 about 12 volts more negative than its cathode potential
of approximately —50 volts. Disconnect diodes V152A and B
are turned on and the current flow through R137 and R138
sets the plate potential of V145 at approximately —3 volts.

If the STABILITY and Triggering LEVEL controls are
adjusted for triggered operation, a negative trigger pulse
drives the grid of V135A below cutoff and switches the
sweep-gating multivibrator to its other state. Diode D129
and R129 hold the plate of V135A solidly at +100 volts.
This provides a sharp corner on the unblanking waveform
and eliminates any overshoot on the output waveform.

When V145 turns on, its plate voltage drops to about
—7.5 volts and disconnects diodes V152A and B. Any spik-
ing that may occur during this transition is attenuated by
the network C156-R156. With the disconnect diodes turned
off the action of the Miller run-up circuit is initiated.

The Miller run-up circuit is essentially a Class A amplifier
employing negative feedback. The positive-going voltage
at the plate of the Miller tube is fed back to the grid
through run-up cathode follower V173 and opposes any
attempt of the grid to swing negative. Because the gain of
the Miller tube is high, [approximately 200} it is possible
to maintain an essentially linear rate of charge on the tim-
ing capacitor.

In the quiescent state of the Time Base Generator, the
voltage at the plate of the Miller tube is determined by the
voltage drop across the DC network formed by neon lamp
B167, the run-up cathode follower and the disconnect
diodes. The purpose of this DC network is to establish a
voltage at the plate of the Miller tube of such value that
the tube will operate above the knee or over the linear
region of its characteristic curve.

The grid of Miller tube V161 is returned to the —150-volt
supply through timing resistor R160. During the quiescent
state of the Time Base Generator the grid of the Miller tube
is held slightly negative {but well above cutoff} by the flow
of the current through the B section of the disconnect diode.
When the disconnect diodes stop conducting, the grid of
the Miller tube tends to become more negative.



As the grid of the Miller tube starts negative, the plate
becomes more positive. This positive-going excursion of the
plate carries the grids of run-up cathode follower V173 with
it. The voltage at the grids of V173 is maintained at a con-
stant difference with respect to the Miiler tube plate voltage
by the voltage drop across neon bulb B167. C167 and R168
form a network connected around B167 to improve the
risetime.

Bootstrap capacitor C165 is connected between a tap on
the Miller tube plate load and the cathode of V173. This
bootstrap capacitor increases the charging rate for the stray
capacitances in the Miller tube plate circuit. Its action is
most important in the generation of fast sweep rates.

The cathode of V173 closely follows the action of the
grids which results in a linear rise in the voltage at the
output end of timing capacitor C160. Since the charge on
the capacitor cannot change instantaneously, this voltage is
coupled to the grid of the Miller tube and opposes the
tendency of the grid to swing negative.

The linear voltage rise at the cathode of V173 is used as
the time-base sawtooth. This voltage rise continues until
a positive step from the sweep gating multivibrator raises
the plate voltage on the disconnect diodes to the point where
they begin to conduct.

The positive-going voltage at the cathode of V173 is
coupled back to the input of the sweep gating multivibrator,
causing that circuit to revert to its other state. It is kept
from acting on further trigger pulses by the action of the
holdoff circuit.

The waveform coupled to the Time Base Generator from
the Time Base Trigger circuit contains both positive and
negative going pulses. To prevent a negative-going pulse
from triggering the sweep gating multivibrator before the
action of the Time Base Generator is completed, the grid
of V135A must be held above cutoff.

The holdoff circuit allows a finite time for the time base
circuits to reach a steady state after the completion of a
sweep.

During the trace portion of the sweep, the sawtooth pre-
sent at the cathode of the run-up cathode follower is coupled
to the grid of V183A through R176. During calibration, R176
is adjusted so the time base terminates after it has passed
the right hand limit of the graticule. R176 adjusts the volt-
age at the grid of V183A and consequently sets the voltage
at the cathode of VI83A. This is coupled through V113B to
the grid of V135A and determines when V135A comes out
of cutoff and starts to conduct. This is the action that initi-
ates the retrace.

At the start of the retrace interval, C180 starts discharg-
ing through the holdoff resistor R181. The long fime con-
stant of this circuit is such that during the retrace interval
and for a short period after the completion of the retrace,
the charge of C180 holds the grid of V135A positive enough
to prevent re-triggering. When C180 has discharged to the
point at which V113B is cut off, it loses control of the grid
of V135A and the grid returns to the level set by the
STABILITY control. The holdoff time required is determined
by the size of the timing capacitor. For this reason, the
TIME/CM switch changes the time constant of the holdoff
circuit simultaneously with the change of timing capacitors.
In the uSEC positions of the TIME/CM switch, R181 is shunted
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by either R180A or R180B, shown on the Timing Switch
diagram.

A Unblanking Circuit

In the quiescent state of the Time Base Generator the
CRT beam is cut off. The voltage rise at the cathode of
V135B in the Time Base Generator is used to drive cathode
follower V183B. The signal on the cathode of V183B
unblanks the CRT beam during the time a sawtooth is being
generated, permitting the left-to-right motion of the beam to
be seen.

The end of the unblanking pulse coincides with the end
of the time base, and the CRT is blanked during the retrace
portion of the sweep and during quiescent periods of the
Time Base Generator.

Trigger Mode

With the Triggering MODE switch in the TRIG position,
operational mode of the Time Base Generator is determined
by the setting of the STABILITY control R106. With the MODE
switch in the AUTO position trigger stability is switched to
A PRESET ADJ, R105.

These controls, through the cathode follower action of
V115, regulate the grid potential of V135A. The STABILITY
control is usually adjusted so the grid of V135A is just high
enough to prevent the sweep-gating multivibrator from free
running. With this setting, a sweep is only initiated when
the multi receives an incoming trigger pulse. Moving the
STABILITY control toward ground raises the grid level of
V135A. A higher amplitude trigger signal will then be
required to trigger the sweep-gating multivibrator. Moving

the STABILITY control arm towards —150 volts drops the

grid potential of V135A to the point where the discharge of
the holdoff capacitor C180 will switch the multi so it free
runs.

When the STAILITY control is turned full counterclockwise
to the A PRESET ADJ position, R106 is switched out of the
circuit and R105 is switched in. R105 is a front panel screw-
driver adjustment that presets a DC voltage for the grid of
V135A. When properly adjusted, the PRESET position of the
STABILITY control can be used for most triggering applica-
tions. When triggering becomes difficult, the STABILITY
control R106 should be manually adjusted for optimum trig-
ger stability.

Sweep Mode and Lockout Multivbrator Operation

With the Sweep Mode selector switch SW125 in the NORM
position the lockout multivibrator operates only when the
HORIZONTAL DISPLAY switch is in either of two positions, B
INTEN BY A or A DLY'D. With the Sweep Mode switch in
either SINGLE SWEEP or RESET positions the lockout multi-
vibrator operates in all positions of the HORIZONTAL DIS-
PLAY switch except the two EXT positions.

The operation of the lockout circuit is described with
the circuit in SINGLE SWEEP mode, the A sweep displayed
and the AUTO ERASE switch in the OFF position. The other
modes are variations of this description.

1. A Single Sweep—When the HORIZONTAL DISPLAY
switch is in the A position and the sweep mode selector is
set to SINGLE SWEEP, plate voltage is applied to V113A,
which then operates in conjunction with V115 as a bistable
lockout multivibrator.
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In the first stable state that exists after the completion
of a sweep, V115 is cut off and V113A is conducting. In
this state the divider between the plate of V115 and the grid
of V113A sets the cathode voltage of the lockout multi-
vibrator, and consequently the grid voltage of V135A. The
A Lockout Level R115 is adjusted to set the grid of V135A
positive enough so the sweep-gating multivibrator cannot
be triggered. This locks out the sweep.

A reset positive pulse from the Auto Erase circuit is applied
through the HORIZONTAL DISPLAY switch and inverted
by the delayed trigger amplifier V104. The resultant nega-
tive going pulse from V104 switches the lockout multivibrator
to its other state, with V113A cut off and V115 conducting.
The READY neon light connected through R125 to the plate
circuit of V113A will light, due to the increase of V113A
plate voltage.

With V115 conducting, the STABILITY control now con-
trols the grid level of VI35A.

Depending on the adjustment of the STABILITY control, a
sweep can now be produced in one of two ways. If the
STABILITY control is turned fully clockwise, the grid of VI35A
will be pulled down, causing the sweep-gating multivibrator
to switch to its other state and initiate a sweep. Or, if the
STABILITY control is adjusted for triggered operation, the
sweep will be initiated by the first negative trigger pulse to
arrive at the grid of VI35A.

As the sweep begins, the rising sawtooth voltage pulls up
the cathode of V113B by the holdoff action previously
described. As the cathode of the lockout multivibrator fol-
lows the cathode of V113B up, V115 cuts off and V113A
conducts. As the cathodes continue to rise (following the
rise in the sawtooth sweep voltage) VI13A cuts off again.
Both tubes are then held cut off for the remainder of the
sweep and the READY lamp stays on. When the grid of
V135A rises to the point at which the sweep gating multi-
vibrator reverts, the sweep is terminated.

As holdoff capacitor C180 discharges, the cathode volt-
age of the lockout multivibrator starts to decrease. V113A
conducts before V115 and the READY neon goes out. V115
is held below cutoff by V113A. A new sweep cannot be
initiated until another reset pulse resets the circuit.

2. A DLY'D—With the HORIZONTAL DISPLAY switch in
this position, the lockout multivibrator V115 and V113A
operation is the same as with HORIZONTAL DISPLAY switch
in the A position and the Sweep Mode switch in the SIN-
GLE SWEEP position. The reset pulse for the circuit is now
applied to the grid of V104 from the Delay Pickoff circuit.
A positive pulse is applied each time the Time Base B cir-
cuit generates a sweep. Time Base A Generator will operate
only during a sweep of Time Base B Generator. It will oper-
ate after a time set by the Time Base B TIME/CM AND
DELAY TIME control setting, multiplied by the DELAY-TIME
MULTIPLIER 1-10 dial reading. The CRT sweep is that of the
Time Base A Generator.

3. B INTEN BY A—With the HORIZONTAL DISPLAY
switch in the B INTEN BY A position, the operation of the
lockout multivibrator is almost identical to the operation
in A DLY'D position. The horizontal amplifier, however,
receives the Time Base B sweep. Time Base A Generator
provides only the unblanking signal to the CRT for the inten-
sified portion of the display when the delayed action of
Time Base A occurs (see Fig. 3-7).
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Dual-Trace Sync Pulse and Chopped
Blanking Circuitry

Synchronizing pulses for dual-trace plug-in preamplifiers
are supplied by V144A. When multivibrator V145 cuts off,
a sharp differentiated positive pulse is developed at its
screen. This pulse coupled to the grid of V144A, produces a
negative trigger at the plate of V144A. This trigger then
switches the multivibrator, for alternate sweeps in the dual-
trace plug-in unit.
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Fig. 3-7. B INT by A Operation.

When the dual-trace multivibrator is connected to free-
run for chopped sweep operation, a negative pulse is cou-
pled from the multivibrator to the grid of V144B. The
resultant positive output pulse at the plate of V144B is then
applied to the CRT circuit to blank the beam during switch-
ing. Refer to the dual-trace plug-in unit instruction manual
for a detailed description of the switching operation.

The function of the AUTO ERASE switch is described with
the circuit description for the Auto Erase Circuit.

Time Base B

Time Base B is functionally the same as the Time Base A
circuitry. The trigger circuit does not contain the opera-
tional amplifier and the sweep generating circuit does not
have the cathode follower for the sweep output connector.
Since the fastest sweep rate is 2 us the bootstrap capacitor
is not required.

Time Base B Trigger

The input trigger signal selection is identical to the Time
Base A circuitry. The trigger input or level amplifier pro-
vides a negative going pulse to drive the Schmitt multi-
vibrator.

Slope or polarity of the triggering signal is set by the
SLOPE switch SWé65. The level amplifier V74 is a cathode
coupled comparator that compares the level of voltage set
by the Triggering LEVEL control for one section with the
level of the input trigger signal on the other section. The
Trig Level Centering R82 is adjusted in the same manner as
it was in the Time Base A Trigger circuit.



Switching diodes D78 and D79 across the cathodes of
V74 switch all of the current to the on side of the amplifier
to help generate a sharp negative pulse of constant ampli-
tude to trigger the Schmitt circuit.

The Schmitt multivibrator is similar to the Schmitt circuit
in Time Base A. LR84 in the collector circuit of Q85 limits
the recovery time of the multivibrator and provides the
countdown if the input trigger frequency becomes too high
for the Schmitt circuit time constants.

D81 and D82 in series with C81, limit high frequency peak-
ing in the plate circuit of V74B.

The trigger and automatic modes operate as follows: with
the MODE switch SW85 in the TRIG position, 100 volts is
connected to the junction of R95 and R93 and isolates the
rest of the circuit from the collector of Q95. In the AUTO
position the Schmitt trigger generator will free run at
approximately 40 Hz. Assume that Q95 has turned on.
Increased current demands discharge C90 and the current
available from C90 through R90 to the base of Q95 will
decrease and turn Q95 off. The emitter coupling of the multi
in turn causes Q85 to turn on and the Schmitt multivibrator to
flip to its other state. C90 will now start to charge towards
+225 volts. When the charge is sufficient, Q95 turns on
and the cycle repeats.

Time Base B Generator

Time Base B linearity tolerance is such that more gain is
required from the Miller run-up tube than in the Time Base
A circuit. The increased gain is obtained through the use of
a higher-value plate load resistor for V261.

The output sawtooth voltage of Time Base B Generator is
directly coupled to the HORIZONTAL DISPLAY switch. Syn-
chronizing pulses for alternate-trace plug-in preamplifiers are
supplied from the screen grid circuit of V245. As the plate
current of V245 increases or decreases the screen voltage
also varies across LR249. The output pulse is connected to
the plug-in interconnecting plug through the HORIZONTAL
DISPLAY switch only when the switch is in the B or B INTEN
BY A positions.

Delay Pickoff Circuit

A sawtooth waveform from Time Base B Generator is
applied to the input of a difference amplifier. This circuit
compares the voltage level of the input sawtooth against a
reference voltage set by the DELAY TIME MULTIPLIER 1-10
control. When the voltage level of the input sawtooth wave-
form reaches the set level, as determined by the setting of
the DELAY TIME MULTIPLIER 1-10 control, an output signal
from the difference amplifier triggers the delayed trigger
multivibrator V445, The delayed trigger multivibrator then
initiates the delayed trigger, which is applied through a dif-
ferentiating circuit to the delayed trigger cathode follower
V428B. Output from the delayed trigger cathode follower
is applied to the DLY'D TRIG output connector on the front
panel and to the HORIZONTAL DISPLAY switch.

Difference Amplifier: The difference amplifier provides a
time selection of any rate sawtooth voltage. The time selec-
tion is based upon the position of the DELAY TIME MULTI-
PLIER 1-10 dial, which establishes a voltage on the grid of
V424, A voltage comparison becomes a time selection
because the sawtooth voltage is changing at a definite rate.
Assume the sawtooth input rate of change is 15 volts per
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millisecond. If the DELAY TIME MULTIPLIER 1-10 dial were
set to 2.0 (2.0 is equal to 30 volts of a 150 volt ramp), the
delay pickoff would generate a delayed trigger 2 milli-
seconds after the sawtooth started.

Constant Current Tube: To permit the difference amplifier
to have a dynamic range of 150 volts grid signal, it is nec-
essary to establish a constant cathode current. A constant
cathode current also permits the output voltage to vary
between the same limits regardless of which portion of the
sawtooth is amplified.

V428A grid voltage is stabilized at approximately —100
volts and the cathode is long-tailed to the —150 volt sup-
ply. R428 sets the cathode current of V428A at a constant 5
milliamps. Thus, the plate can move over a wide voltage
range without appreciable current change in the circuit. The
plate resistance changes as the plate-to-cathode voltage
changes, thus assuring a constant current cathode circuit for
the difference amplifier.

Delayed Trigger Multivibrator: This multivibrator receives
a DC coupled signal from the difference amplifier. V445A
turns on when its grid voltage rises to the upper hysteresis
point and the multivibrator flips. The output waveform
from the plate of V4458 is differentiated and applied to the
grid of cathode follower V428B.

V4288 is biased at or near cutoff; therefore, only the
positive portion of the differentiated multivibrator pulse
appears at the output DLY'D TRIG connector and the HORI-
ZONTAL DISPLAY switch. Fig. 3-8 illustrates the waveform
sequence of operation for a complete sawtooth input signal.

Delay-Time Multiplier Set at 6.0

‘cu\e |C

|
V414 Grid Signal |

+225 V| [ T
DELAYED TRIGGER |
MULTIVIBRATOR =~ 4210V ———__ _ \_ =30V
Trip Voltage Levels . | | |

Grot

V424 Plote \ ll
\
+350V I
:2Io v
V4458 Plate | |
=415V :
|
5 ov
— —a5V
V428B Grid

Delayed Trigger =+7V

Pulse

— e — —

V4288 Cathode

Fig. 3-8. Waveform Jadder diagram of the Delay Pickoff circuit
operation.
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Horizontal Amplifier

The Horizontal Amplifier converts the single-ended saw-
tooth output of the Time Base Generators into a push-pull
signal suitable for driving the horizontal deflection plates
of the CRT.

The gain of the amplifier may be varied by a factor of
five with the MAGNIFIER switch. Controls are also provided
for horizontal positioning.

The sawtooth waveform from the Time Base Generator is
coupled to the input cathode follower through a RC network.
This network attenuates the input signal and provides means
to compensate the input circuitry for optimum frequency
response.

The HORIZONTAL POSITION and FINE controls vary
the DC level on the grid of V343A. This alters the DC level
on the signal path through the amplifier and changes the
DC voltage applied to the CRT horizontal defiection plates
which shifts the horizontal position of the trace.

Possible damage to the target area during initial turn
on time is prevented by pulling the beam to the left and
off the CRT screen. C335 couples a negative pulse through
diode D334 and R334 to the grid of V343A when the —150
volt supply turns on which charges C340. This charge decays
at an RC time rate and provides ample time for all voltages
to stabilize before the beam is allowed to return to the CRT
screen areaq.

Coupling between the input cathode follower and the
driver cathode follower is made through the MAGNIFIER
switch. With the MAGNIFIER switch in the OFF position, the
signal from the input cathode follower is attenuated by a
factor of five through the network of C348, in parallel with
the series combination of R348 and R349. Variable potentio-
meter R348 adjusts the length of the sweep by varying the
amplitude of the sawtooth applied to the grid of V343B.
Variable capacitor C348 is adjusted to provide optimum
linearity of the sweep. To provide magnification of the
sweep, the network is removed when the MAGNIFIER switch
is turned to the X5 position.

The gain of the Horizontal Amplifier is controlled by a
negative-feedback circuit. A portion of the signal at the
left-hand deflection plate is fed back to the input of driver
cathode follower V343B. Norm/Mag Regis R358 establishes
the DC voltage applied to the feedback loop.

By changing the DC voltage at this point, the starting
position of the unmagnified sweep can be adjusted so it will
correspond with the starting position of the magnified sweep
in the center of the graticule.

The cathodes of the output amplifier tubes V364A and
V384A are connected through a degenerative network which
includes the Mag Gain adjustment. The Mag Gain R375,
is adjusted when the MAGNIFIER switch is in the X5 posi-
tion. C375 in parallel with the Mag Gain is a linearity
adjustment for very fast sweep speeds.

The output signal from the paraphase amplifier (output
amplifier) drives the output cathode followers. Cathode
followers are used to provide the current drive for the
capacitance of the horizontal deflection plates and stray cir-
cuit capacitance. To help supply the high current required
at high sweep rates, V398 is connected in a cascode con-
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figuration with V364B. Plate current of a pentode remains
fairly constant even when the plate voltage decreases. A
flat topped pulse, derived by differentiating the positive
going sawtooth from the cathode of V384B through C390
and R390, is applied to the grid of V398 to boost current
output during the sweep or trace period. The amplitude
of this flat-topped pulse is proportional to the sweep rate;
therefore, more current boost is provided as the sweep rate
is increased.

Bootstrap capacitors C364 and C384 are used to help sup-
ply the charging current for the plate circuits of V364A and
V384A respectively at fast sweep rates.

When the LOCATE button SW380 is depressed, power is
applied to both L362 and L553 provided both OFF switches
of the UPPER and LOWER SCREEN STORAGE selector
switches are closed (pushed in). With power applied to
L362 and L553, both reed switches SW362 and SW553 close.
This decreases both the horizontal sweep and the vertical
signal deflection amplitudes. SW380 also sets the intensity
in the CRT circuit to a preset level.

With either of the two STORE buttons pushed in, the cor-
responding OFF switch is opened and L362 or L553 will not
energize with the closure of the LOCATE switch. The
LOCATE switch does, however, shift the DC level slightly
positive on the grid of V384A. This results in a beam shift
to the left of the CRT graticule area or to the locate zone.
With single sweep operation, the beam can therefore be
positioned vertically without affecting stored information.

Storage System

The basic operation of the storage CRT was described
earlier in this section. The electrodes of the CRT and cir-
cvits peculiar to the storage feature of the Type 549 are
shown in the storage circuit diagrams in the schematic section.

The storage circuits contain the following: Voltage divider
and operational amplifiers which set the voltage levels of
the CRT storage electrodes; erase pulse generating circuits
with an optional automatic erase feature to erase written
information; enhance pulse generator circuit to provide a
controlled amount of enhancement to the CRT storage target;
and integrate circuitry to sum writing beam current of a
repetitive signal.

The operating voltage levels of the target backplates are
stabilized by operational amplifiers. These provide a con-
stant voltage source to these electrodes.

V1064A and B operates as a cathode follower operational
amplifier for the upper target backplate and sets the oper-
ating level for the upper backplate. V1164A and B sets the
operating level for the lower backplate.

Backplate Level adjustment R1055 establishes the oper-
ating level of the target backplate and sets the current out-
put of the operational amplifier when the CRT is shifted to
the ready-to-write state (STORED switch pushed in). Adjust-
ment R1050 sets the DC balance of the two target back-
plates.

The voltage that is applied to each backplate depends
on the position of the corresponding STORE switch (SW1005
and SWI1105). In the conventional mode the backplate
voltage is set by the Non Storage Level adjustment R1169.
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When either STORE switch is pushed in, the respective back-
plate voltage is increased to a level determined by the set-
ting of R1055. The CRT is now ready to write and store
information.

The operating voltage for the flood gun cathodes is set
by a voltage regulating circuit. This operating level is set
by the FG Cath Level adjustment R1185. The potential dif-
ference between the flood gun cathode and the 300 volt
supply is 175 volts. See Calibration section.

As the screen becomes increasingly written (stored), the
backplate current will increase slightly but the voltage
remains stable because of the operational amplifiers.

Collimation Electrodes

The operating voltage level for the collimation electrodes
is established by emitter follower Q1073. This voltage is
adjusted by R1070 and set to collimate (render parallel) the
flood gun electron beam, to provide optimum light uniform-
ity and maximum brightness over the storage target.

The ion repeller voltage is set for optimum operation by
voltage divider R1080 and R1081.

Erase Generator

Both erase generating circuits are identical; therefore,
only the upper erase circuit will be described.

Input current to the operational level amplifier V1064 is
supplied from the erase generating circuit or the enhance
level circuit. The erase waveform to the back plate is shown
in Fig. 3-9.

This waveform is generated as follows: A negative pulse
from the Auto Erase circuit or the pulse generated when
either the ERASE switch SW1001, or the STORE switch
SW1005 is closed, is applied to the base of Q1015.
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Fig. 3-9. Erase cycle waveform.

Circuit Description—Type 549

Q1015, Q1025 and associated circuitry comprise @ mono-
stable multivibrator. The output signal from this multivibrator
is an approximate 30 ms negative-going pulse, with an ampli-
tude that is limited at the junction of R1025 and R1060, by
the limiting action of Q1033. The limiting level is set by
the Erase Positive adjustment R1033 to the minimum ampli-
tude required to fade up the target.

The negative-going output pulse from the erase multi-
vibrator also charges C1028 through D1027, to an amplitude
set by the limiter Q1043. At the end of the negative pulse
(erase multivibrator returns to quiescent state), the charge
on C1028 generates a negative going ramp across R1028,
which is clamped to ground by diode D1029. The amplitude
of this negative portion of the waveform is set by Erase
Negative adjustment R1043. These two waveforms are added
together at the junction of R1029 and R1060 and the sum
current is applied to the grid of V1064A.

Remote erase function is provided through J925. A remote
switch connected to pin A or B generates a negative trigger
when grounded, which is applied to the erase multivibrator.
Diode D1009 isolates the —12 volt trigger pulse from the
internal wiring to the remote erase switch.

Enhance Circuit

The enhance circuit generates an approximate 1 ms
negative-going pulse which is applied to the summing point
(grid of V1064A). This conditions the target so that less
writing gun current is required to write the target.

Q1135, Q1145 and associated circuitry form a monostable

“multivibrator. In quiescent state, Q1135 is on and Q1145 off.

The negative-going portion of the input unblanking waveform
triggers the enhance multivibrator. A negative output pulse
is generated at the collector of Q1145. The duration or
width of this pulse is set by the Enhance Width adjustment
R1132.

When the ENHANCE MODE switch SWI1145 is in any
position other than OFF, the related backplate DC operat-
ing voltage is lowered slightly by the Enhance Target Level
adjustment R1140. This provides a DC operating level for
optimum enhance operation.

Integrate Switch

With the INTEGRATE TRACES button SW1196 in its nor-
mal position, the flood gun cathodes potential is set by the
operational amplifier. Pressing the INTEGRATE TRACES
button disconnects the flood gun cathodes from their cur-
rent source and permits repetitive traces to sum their charge,
so the target will shift to the written state when the
INTEGRATE TRACES button is released.

The INTEGRATE TRACES button also connects a high volt-
age divider to +300-volt supply (in the CRT circuit) and
shifts the high voltage slightly to correct for the deflection
sensitivity changes that occur when the flood gun cathodes
are turned off.

Avuto Erase

The auto erase circuit provides a repetitive trigger pulse
to the erase multivibrator. The trigger period can be varied
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from approximately 0.5 to 5 seconds with the AUTO ERASE
switch in the PERIODIC position. When the AUTO ERASE
switch is in the AFTER SWEEP position, the trigger is gener-
ated after each sweep. A reset pulse generator is also trig-
gered which resets Time Base A or B.

Assume that the AUTO ERASE switch SW930 is in the
AFTER SWEEP position. The input unblanking signal from
Time Base A or Time Base B is differentiated and clamped
to ground by C901, R902 and D902. After sweep time the
negative going trigger pulse triggers the Schmitt multi-
vibrator V915A and V915B. The output signal on the plate
of V915A is a positive pulse with a time duration that is
dependent on the setting of the VIEWING TIME control R910.

This positive pulse is AC coupled through C921 and
clamped to ground by diode D921. This provides an approxi-
mate 12 volt negative-going trigger pulse from the Schmitt
multivibrator at the end of the pulse time. See Fig. 3-10.
This trigger is applied through the ERASE SELECTOR switch
SW929, to the erase multivibrators for the upper and lower
storage circuit.

/ Erase Trigger

b Erase
[ Multivibrator
Output

[ Reset Pulse

TIME/CM — 50 mSEC

Volts/CM = 10

Fig. 3-10. Sequence of AUTO ERASE CIRCUIT; trigger puise, erase
multivibrator output and reset pulse.

Q935 and Q945 are part of a monostable multivibrator
that generates the reset pulse for the Time Base Generators.
The output auto erase signal is applied to the base of
Q935 when the AUTO ERASE switch is in the AFTER SWEEP
position. This negative-going erase pulse turns Q935 off and
Q945 on. Feedback current through D945, D947 and R932
generates a negative gate at the junction of R932 and D932
which disconnects diode D932. Q935 returns to its quiescent
{on) state and turns Q945 off, which develops a positive-
going output pulse. This pulse is applied to Time Base B
Generator and through the HORIZONTAL DISPLAY switch
to Time Base A Generator as a reset pulse.

An erase and reset Trigger pulse is generated by closing
ERASE AND RESET switch SW925, or grounding pin E of
J92s.

Diodes D930 and D927 isolate the generated erase trigger
pulse from the wiring to the remote input connector and to
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the ERASE AND RESET switch SW925. This reduces stray
electromagnetic fields in the oscilloscope wiring.

When the AUTO ERASE switch is in the PERIODIC position,
diodes D906 and D902 limit the differentiated input signal
to approximately +0.5 volts and the erase multivibrator
free runs at a rate that is adjustable with the VIEWING
TIME control.

CRT (Writing Gun) Circuit

The CRT circuit contains the high voltage supply and the
writing gun control circuits.

High Voltage

The accelerating potential applied to the writing gun
beam is approximately 4 kV, developed by the —3700 volts
on the cathode and 4300 volts on the deflection and flood
gun structures.

A Hartley oscillator consisting of V800, the primary of
T801 and the winding and circuit capacitance oscillates at
a frequency of approximately 50 kHz. The oscillator pro-
vides the energy through the transformer T801 for the high
voltage rectifiers D826 and D836.

The output of one secondary winding is rectified by D826,
to provide the —3700 volts for the writing gun cathode and
a voltage range (dependent on the FOCUS control setting)
of approximately —2850 to —3100 volts at the focus anode.
The CRT 6.3 volt AC heater supply is elevated to the cathode
potential through R864.

A sample of the —3700-volt regulated supply is fed from
R855 (High Voltage) to the grid of a comparator V814B,
which compares the sampled portion of the —3700-volt
supply with the —150-volt supply on its cathode. The
error is DC coupled to the grid of V814A, which amplifies
any error and adjusts the screen potential of the Hartley
oscillator to regulate the high voltage. R855 is adjusted to
set the high voltage to —3700 volts.

The output of the other secondary winding of T801 is
rectified by D836. This voltage {ranging from about —3700
to about —3850 volts) is applied to the writing gun control
grid. It is dependent on the INTENSITY control setting, the
amplitude of the unblanking pulse or the modulation sig-
nal applied to the EXT CRT GRID connector J840.

Neon bulbs B865, B866 and B867 limit the grid-to-cathode
voltage to less than 200 volts. Normally the neon bulbs are
not conducting.

Intensity Control

Q824 and Q823 are part of an operational amplifier cir-
cuit that controls the CRT beam current and thus the intensity.
The output voltage of the operational amplifier is set by both
the INTENSITY control R818 and the Intensity Range adjust-
ment R815.

The output voltage level of the operational amplifier is
applied to one side of the secondary winding of T801. The
other side of the winding is stabilized at —3700 volts by
the regulator circuit. Therefore, the output voltage of the
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intensity operational amplifier sets or adjusts the voltage
across C826 and, through the action of the HV regulator
and transformer, raises or lowers the voltage across the wind-
ing for the grid supply voltage. Thus, the CRT grid potential
is indirectly controlled by the INTENSITY control circuit.

Focus and Astigmatism

The FOCUS control R860 and ASTIG control R847 operate
in conjunction with each other to establish optimum focus
for the writing gun beam.

Trace Rotation

TRACE ROTATION adjustment R849 sets the DC current
through the beam rotation coil L859 to align the display
with the screen split and to the graticule.

Geometry

Internal Geometry control R846 adjusts the isolation shield
voltage in the CRT and is set to minimize bowing or tilting
of the display.

When the Type 549 is used with a multi-channel vertical
plug-in preamplifier that provides dual-trace chopped blank-
ing pulses, the blanking pulses are applied through rear
panel CRT CATHODE SELECTOR switch SW875. With the
vertical plug-in preamplifier operating in the chopped
mode and SWB875 set to the CHOPPED BLANKING position,
a positive pulse of approximately 20 volts amplitude is appli-
ed through C865 to the cathode of the CRT. At normal
intensity levels, this pulse is sufficient to cut the CRT beam
off during the time the amplifier channels in the vertical
plug-in preamplifier are switched.

Two input connectors on the rear panel of the Type 549
provide means to externally modulate the CRT beam. With
the CRT GRID SELECTOR switch SW840 in the EXT position,
signals connected to the EXT CRT GRID connector J840
are DC coupled to the CRT grid. AC coupling to the CRT
cathode is provided through J869, when the CRT CATHODE
SELECTOR switch SWB875 is in the NORM position. Effec-
tive cathode modulation is possible at frequencies above

20 kHz.

External Horizontal Amplifier

When HORIZONTAL DISPLAY switch SW301 is in either
the EXT 1X or 10X position, an external signal can be fed
through the EXT HORIZ IN connector to an auxiliary ampli-
fier whose output is then fed to the Horizontal Amplifier.

External signals are applied to the grid of V314A directly
or through a 10X attenuator. The signal applied to the
grid of V314A is then cathode coupled to V314B. The amp-
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lifier gain can be adjusted by varying VARIABLE 1-10 con-
trol R314, which determines the amount of cathode coupling.
Cathode DC balance is set by adjusting Ext Horiz DC Bal
R317. This prevents a change in the cathode DC level
when the resistance of the VARIABLE 1-10 control is changed.

Signal output from V314B is connected to input cathode
follower V343A in the Horizontal Amplifier when the HORI-
ZONTAL DISPLAY switch is in either of the EXT positions.

Amplitude Calibrator

The Amplitude Calibrator in the Type 549 is a 1-kHz
square-wave generator (see Amplitude Calibrator schematic)
that provides both voltage and a 5-mA current output to
the front panel connectors. The voltage output is taken from
the CAL OUT connector on the front panel, where either a
selectable-amplitude square wave, or a steady -+100-volt
DC reference voltage is available. By turning the AMPLI-
TUDE CALIBRATOR switch, the amplitude of the square-
wave output may be varied from 0.2 mvolt to 100 volts
peak to peak. When the AMPLITUDE CALIBRATOR switch
is in the 100V DC or the 5mA  position, 5mA of current
is supplied to the external link. With the switch in 100V DC
position, the current is DC; with the switch in the 5mA
position, the output is a 1 kHz square wave of current. The
arrow indicates conventional current.

CAUTION

The link is designed for use with a snap-on current
probe and does not unplug.

The square wave generator is an astable multivibrator
direct coupled to a cathode follower. V885A and V875 are
the tubes of the multivibrator. The screen of V875 serves
as the anode for the multivibrator section while the output
is taken from the plate. Different time constants in the grid
circuits of the tubes compensate for the difference in tube
characteristics.

When the AMPLITUDE CALIBRATOR is turned on, the
multivibrator cathodes are returned directly to the —150
volt supply through a resistor, R873. The plate load and grid
resistors are grounded, therefore, the supply voltage of the
multivibrator is 150 volts. The maximum positive swing of
the plate of V875 is determined by the setting of the CAL
AMPL control and is adjusted so that the voltage at the
cathode of V885B swings from 0 to +100 volts.

The cathode load for V885B is essentially the series of
precision resistors from R885 through R893. The resistance
taps on the precision divider are connected through the
AMPLITUDE CALIBRATOR switch to the CAL OUT connector
and provides 18 voltage selections from .2mV to 100 volts
in multiples of 1, 2 and 5. The 0.2 mvolt to 200 mvolt range
source impedance is 50 Q.
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SECTION 4
MAINTENANCE

Introduction

This section of the manual contains preventive and cor-
rective maintenance information for the Type 549, The Type
549 is a stable instrument which will provide many trouble
free hours of operation; however, periodic checks and cali-
bration will assure measurement accuracy and help detect
minar troubles in the instrument,

Preventive Maintenance

Praventive maintenance consists of periedic inspection,
cleaning and lubrication at regular intervals, The Type 549
should be checked approximately every 500 hours of opera-
tien or every & months,whichever occurs first, If the instrument
is subjected to adverse environmental cenditions such as
excessive dust, high temperature or high humidity the frequ-
ency of the checks should be increased.

Panel Removal

The side and bottom panels of the Type 549 are held in
place with coin-slotted fasteners. To remove the panels, turn
each fastener o quarter-turn counterclockwise. Replace the
panels as indicated on the inside te insure proper air flow
thraughout the instrument,

Cleaning

Clean the instrument often enough te prevent accumulation
of dirt. Dirt on the components acts as a thermal insulating
blanket preventing efficient heat dissipation and it may
provide electrical conducting paths. Dirt in the air filter
chokes the flow of cosling air and may result in excessive
operating temperature,

The air filter should be visually checked every few weeks
and cleaned when dirty by washing it in mild detergent
solution. Rinse the filter thoroughly and let dry; then coat
with air filter adhesive available frem air-conditioner sup-
pliers er from Tektrenix, Inc. [Part Ne. 008-0058-00]. Let the
adhesive dry thoroughly before re-installing the filter.

Clean the instrument by loosening the accumulated dust
with a dry, soft paint brush. Remove the loosened dust by
vaccum andfor dry low pressure compressed air. High veloc-
ity air can damage certain components and its use should
be avoided. Hardened dirt or grease may be removed with
a cofton-tipped swab or a soft cloth dampened with water
and a mild detergent solution [such as Kelite or Spray
White). Abrasive cleaners should not be used,

The high-voltage circuits including parts lecated under
the high-voltage shield should receive special attention.
Excessive dust and dirt in these areas may cause high-volt-
age arcing and result in improper instrument operation.

@i

CAUTION

Do not allow water to get inside controls aor shaft
bushings. Avoid the use of chemicals which may
damage the plastics used in this instrument. Avoid
chemicals such as benzene, toluene, xylene, ace-
tone ar similar solvents,

Lubrication

The fan metor bearings sheuld be lubricated every four
or five months with a few drops of light machine eil (see
Fig. 4-1). Failure to lubricate the fan bearings properly may
cause the fan to slow and eventually fail,

Fig. 4-1. Fan motor lubrication points,

The life of potentiometers and selector switches is length-
ended if these components are kept properly lubricated.
Use a cleaning type lubricant (such as Cramaline) on shaft
bushings and switch contacts. Lubricate the switch detents
with a heavier grease (Beacon grease MNo. 325 or equiva-
lent). Do not over-lubricate. The necessary materials and
instructions for proper lubrication of Tektronix instruments
are contained in a component lubrication kit which may be
ordered from your local Tektronix Field Office. Tektronix
Part No. 003-0342-00.

After cleaning, the instrument should be carefully inspect-
ed for such defects as poor connections, damaged parts and
improperly seated transistors. The remedy for most visible
defects is obvious; however, if heat-damaged parts are dis-
covered, determine the cause of overheating before the
damage parts are replaced. Otherwise the damage may be
repeated.
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Tube and Transistor Checks

Periodic preventive maintance checks on the tubes and
transistors used in the instrument are not recommended. The
circuits within the instrument generally provide the most
satisfactory means of checking tube or transistor usability.
Performance of the circuits is thoroughly checked during
recalibration so that substandard tubes and transistors will
vsually be detected at that time.

Recalibration

To insure accurate measurements, the instrument calibra-
tion should be checked after each 500 hours of operation or
every six months if used intermittently.

The calibration procedure can be helpful in isolating
major troubles in the instrument. Moreover, minor troubles
not apparent during regular operation may be revealed and
corrected during calibration.

CORRECTIVE MAINTENANCE

Corrective maintenance consists of component replacement
and instrument repair. Special techniques or procedures
required to replace components in this instrument are
described here.

Component Identification. The circuit number of each
electrical part is shown on the circuit diagrams in Section ¢
and on the pictorial diagrams of the circuit boards at the
end of this section. Note that a functional group of cir-
cuits (such as the vertical amplifier) is assigned a particular
series of numbers. Switch wafers are identified by counting
from the first wafer located behind the detent section of
the switch towards the last wafer. The letters F and R indi-
cate whether the front or rear of the wafer is used to perform
the particular switching function. For example, the designa-
tion 2R printed by a switch section on a schematic identifies
the switch section as being on the rear side of the second
wafer when counting back from the detent section.

Parts Replacement. Most of the electronic components
in the Type 549 are standard items available locally. The
remainder of the electronic components and most of the
mechanical parts are manufactured or selected by Tektronix
to satisfy particular requirements, or are manufactured for
Tektronix to our specifications. However, all parts are obtain-
able through your Tektronix Field Office or Engineer. Before
purchasing or ordering, consult the Parts List (Section 7 and
8) to determine the value, tolerance, and rating required.
See "Parts Ordering Information” and "Special Notes and
Symbols™ on the first page of Section 7.

NOTE

When selecting the replacement parts, it is impor-
ant to remember that the physical size and shape
of a component may affect its performance in the
circuit. Parts orientation and lead dress should
duplicate those of the orginal part, since many of
the components are mounted in a particular way
to reduce or control stray capacitance and induc-
ance. After repair, portions of the instrument may
required recalibration.
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Replacing Components on Etched Circuit
Boards

It is best to remove the board from the instrument unless
the back of the board is accessible. Use electronic grade
60/40 solder and a 15 watt pencil soldering iron with a 4
inch wide chisel tip. The tip of the iron should be clean and
properly tinned for best heat transfer in a short time to a
soldered connection. A higher wattage soldering iron, if
applied for too long a period, ruins the bond between the
etched wiring and the base material by charring the glass
epoxy laminate.

The following technique is recommended to replace a
component on an etched circuit board.

1. Remove the component by cutting the leads near the
body. This frees the leads for individual unsoldering.

2. Grip the lead with needle-nose pliers. Apply the tip of
the soldering iron to the connection at the back of the
board, then pull gently to remove the lead.

3. When the lead comes out of the board it should leave
a clean hole; if not, the hole should be cleaned by reheat-
ing the solder and placing a sharp object such as a tooth-
pick or enameled wire into the hole to clean out the old
solder.

4. Clean the leads on the new component and bend them
to the correct shape to fit into the holes. Insert the leads,
making certain the component seats exactly the same as the
orginal. If it does not, reheat the connection and gently
press the component into place.

5. Apply the iron to the connection at the back of the
board and apply only the amount of solder required to form
a good electrical connection.

6. Check the front, or component side of the board to
insure that the solder has wicked through the plated hole.
In some instances the component may require soldering to
an etched lead on the top of the board. If this is required,
apply the tip of the iron to the connection and apply the
required amount of solder to form a good electrical con-
nection.

NOTE

Some components can be damaged by heat. If
this is the case, connect a heat sink such as a pair
of needle-nose pliers between the component and
the connection before applying the soldering iron.

7. Clip the excess lead that protrudes through the hole in
the board.

8. If necessary clean the area around the soldered con-
nection with a flux-remover solvent to maintain good envi-
romental characteristics.

Soldering Metal Terminals

When soldering metal terminals [e.g. switch terminals,
potentiometers, etc.) ordinary 60/40 solder is satisfactory.
The soldering iron should have a 40 to 75 watt rating with
a narrow (s inch wide) chisel tip.
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1. Apply only enough heat to make the solder flow freely
and only enough solder to form a good electrical connec-
tion. (Excess solder may impair the operation of the circuit
or cover a cold joint.)

2. Clip off excess wire that may extend past the solder
connection and clean with flux-remover solvent.

Ceramic Strip Soldering

Many of the components in your Tektronix instrument are
mounted on ceramic terminal strips. The notches in these
stripes are lined with a silver alloy. Application of excessive
heat or repeated use of ordinary 60/40 tin-lead solder will
break the silver-to-ceramic bond. Occasional use of ordin-
ary solder is permissible, but for general repair work on
Tektronix instruments solder containing about 39 silver
should be used. Silver-bearing solder is available locally
from electronics distributors or may be purchased in 1-pound
rolls through your Tektronix Field Office. Order by Tek-
tronix part number 251-0514-00.

When removing or installing a part mounted on ceramic
terminal strips:

1. Use a 50 to 75-watt soldering iron with a thin wedge-
shaped tip.

2. Tin the tip of the iron with silver-bearing solder.

3. Apply heat by touching one corner of the soldering
iron tip to the base of the notch. See Fig. 4-2. Do not force
the tip of the iron into terminal notch, as this may chip or
break the ceramic strip.

Fig. 4-2. Correct application of soldering iron when soldering to
a ceramic terminal strip.

4. Use the minimum amount of heat required to make the
solder flow freely.

5. Apply only enough solder to from a good bond. Do
not attempt to fill the notch with solder.

Other Soldering Considerations

When soldering to a rotary switch, do not let the solder
flow around and beyond the rivet on the switch terminal.

® .
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The spring tension of the switch contact may be destroyed
by excess solder and the switch will need to be replaced.

When soldering or unsoldering any short-lead small
component, observe the following precautions:

1. Use long-nosed pliers to act as a heat shunt between
the soldering point and the component. See Fig. 4-3.

Fig. 4-3. Heat sink application when soldering to small or short
lead components,

2. Use a moderately hot iron for a short period of time.

3. Manipulate your tools with care to avoid damage to
small components.

If it is necessary to hold a bare wire in place while solder-
ing, a handy tool for this purpose can be made by tapering
a V-inch wooden dowel or thermostet plastic rod into a
wedge shape at one end.

After soldering any connection, clip off the excess length
of the soldered leads. Be sure that these ends are not drop-
ed into the instrument where they could cause  electrical
shorting.

Ceramic Strip Replacement

To replace a damaged ceramic terminal strip, first unsol-
der all connections, then pry the mounting studs out of
the chassis. The strips may also be removed by tapping
the studs out from the reverse side of the chassis or by
cutting off one side of each stud with diagonal cutters.

If the nylon spacers do not come out with the studs, they
may be left in the chassis or pulled out separately. If undam-
aged, the spacers can be used with the new ceramic
strip assembly. Since mounting studs are attached to replace-
ment ceramic strips, it is not necessary to salvage the old
studs.

When the damaged strip assembly has been removed,
place the spacers into the mounting holes in the chassis and
press the mounting studs of the new assembly into the
spacers. It may be necessary to tap lightly to make the studs
seat all the way down on the spacers. To avoid damage
to the terminal strip, use a soft-tipped tool for tapping and
apply the force directly above the mounting studs. Fig. 4-4
shows the assembled terminal strip.
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Fig. 4-4. The assembled ceramic terminal sirip,

Cut off the excess length of the mounting studs extend-
ing beyond the ends of the spacers on the reverse side of
the chassis. Resolder all components and wires in place
lsee Ceramic Strip Soldering suggestion given above.)

Power Transformer Replacement

If a complete check of the instrument shows that the power
transformer requires replacement, notify your local Tektronix
Field Office. The Tektronix Field Engineer will verify the
transformer failure for a warranty replacement. (See the
warranty note in the front of this manual]

Be sure to use only the correct replacement for a power
transformer. Tag the leads with the terminal numbers as they
are unsoldered from the transformer to aid in connecting
the new transformer. After replacing the power transformer,
check the power supply (to ground) resistance given in Table
4-1, then check the calibration of the entire instrument,

s
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Fig. 4-5. + 470-velt unregulated supply check point.
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Replacement of Rotary Switches

When a rotary switch is removed, tag the leads and the
switch contacts with corresponding identification tags, then
use the old switch as a model for wiring the new one. The
entire switch should be replaced if one section is defective.
Order the switch either with or without associated compon-
ents wired in place. The appropriate part numbers are
given in the Parts List,

TABLE 4-1

Power Supply Resistance Checks
{Power line disconnected, plug-in units removed)

Supply | Approximate Resistance
Primary T601

Infinite

(P&01 to ground)
~ —150volt *25k0 to 8k
—12.4 *50 to 100
R e R T
. iy e 3k to 10 k0
Chha el R R ). T
o R e oo sl sl Sktatoih 40
+500 - 20kQ to 50k
" 4470 unregulated | 7 ki to 10 k02
[see Fig. 4-5)

*Positive lead connected to ground,

Cathode Ray Tube

Te remove and replace the cathede-ray tube, use the
following precedure.

CAUTION

Be careful when handling the CRT. Avoid striking
it on any object that may cause the tube to crack
and implode. Flying glass from an imploding CRT
can cause serious injury. Use saofely glasses for
protection,

1. Remove CRT bezel nuts, bezel and plastic graticule.

2. Disconnect both upper and lower, left and right deflec-
tion pin connectors. Pull connector straight off.

3. Disconnect CRT base socket by gently pulling the
plastic handle straight back. :

4, Loosen the CRT base clamp with a % allen wrench.
See Fig. 4-6.

5. Grasp the face of the CRT with the right hand. Push
the CRT carefully toward the front of the Type 549 with the
left hand. Be careful not to bend the neck pins or the
deflection plate pins. Remove the CRT through the front
of the oscilloscope.



e

~ Alignment cam

7 .: far cnrm |
|

Fig. 4-6. Location of CRT boase clamp and posltioning cams,

&, Carefully insert the new tube into the shield and the
tube base clamp. The tube should be criented so the deflec-
tion plate pins are correctly positroned and the wall bands
are aligned with the metal contact fingers in the tube shield.

7. Reconnect the CRT socket to the tube base and the
deflection plate leads to the vertical and horizontal deflec-
tion plate pins (observe color codel.

NOTE

If the CRT face is not aligned with the front of
the instrument, use an allen wrench to loosen the
two mounting screws that fasten the base clamp
te the mounting bracket (see Fig. 4-4). Move the
base clamp and CRT radially te align the face of
the CRT with the front panel of the instrument. (A
straight edge across the front of the face plate will
provide an alignment reference. )

B. Install the CRT graticule and align the storage screen
split to the center line of the graticule by rotating the CRT
and adjusting the vertical position of the graticule by rotat-
ing the nylon cam (see Fig. 4.7).

9. Tighten the CRT base clamp.
10. Install the bezel.

11. Turn on the oscilloscope power and obtain a free run-
ning trace on the CRT.

12. Recalibrate all circuits except the low volloge power
supplies. See Calibration section.

MNOTE

If the wall bands on the CRT are not making elec-
trical contact with the contact fingers, the tube
may fade positive or not store. If this condition
occurs, try reseating the CRT.

b2
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Fig. 4-F. CRT graticule alignment,

Tubes and Transistors

Tubes and transistors should net be reploced unless act-
vally defective. Temporary substitulion however, is an
effective way to detect defective tubes or transistors, Before
making substitutions the circuit conditions should be checked
e be certain that o replacement tube or transistor will not
be damaged. In some coses, these checks will also show if
the tube or transistor is at fault,

When circuit conditions have been checked, install a tube
or transister which is good and of the same type, check for
proper operation. |f the original tube or transister is thus
proved satisfactory, return it te its original socket to aveid
unnecessary recalibration,

Troubleshooting Aids

This manual and the instrument contain many features
intended to speed and simplify maintenance. A block dia-
gram which provides an overall picture of the instrument
operation is included with the schematic diagrams. The sche-
matic diagrams give the circuit reference number of each
electrical compenent as well as impoertant operating veltages,
signals and conditions for the measurements.

The instrument contains @ number of stable metal-film
resistors identified by their gray background caler and celor
coding. If a resistor has three significant figures and a
multiplier, it will be ElA color coded. If it has four signifi-
cant figures and a multiplier, the value will be printed on
the resistor. For example, o 333k resistor will be color
coded, but @ 333.5k resistor will have its value printed on
the resistor body. The color coding sequence is shown in
Fig. 4-B.

Fig. 4-9 identifies the polarity of the various dicde types
uvied in Tektronix instruments,

In-circuit diode checks may be performed with a voltmeter.
A comparison check of the voltages on each side of the
diode with the typical veltages listed on the diagram will
help determine if the diode is faulty. Forward te back
resistance ratios can be checked by referring to the sche-
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1st Sig. Fig.
2nd Sig. Fig.

Tolerance

1st 2nd 3rd
Color Sig. | Sig. | Sig Multiplier Tolerance

Fig. Fig. Fig (+) %
Black [0 0 0 1 —
Brown 1 1 1 10 1
Red 2 2 2 100 2
Orange 3 3 3 1,000 —
Yellow | 4 4 4 10,000 —
Green | 5 5 5 100,000 0.50
Blue 6 6 6 1,000,000 | 025
Violet 7 7 7 10,000,000 0.10
Gray | 8 8 8 100,000,000 0.05
White | 9 9 9 1,000,000,000 —
Gold 0.1 5
Silver 0.01 —
No Color 10

Fig. 4-8. Standard EIA color code for metal-film resistors.

1
NN

Fig. 4-9. Diode polarities and color code of glass diodes used in
Type 549.

matic and pulling appropriate tubes or transistors to remove
low resistance loops around the diode.

General Troubleshooting

Attempt to isolate the trouble to a circuit by an opera-
tional and visual check. Verify that the apparent trouble is
actually a malfunction within the Type 549 and not improper
control settings or a malfunction of associated equipment.
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Operate the front-panel controls and note what effect
they have on the trouble symptoms. Normal or abnormal
operation of each control helps to establish the nature of
the trouble. Refer to the Operating Instructions for the nor-
mal function of each control.

If the trouble cannot be isolated by front-panel checks,
remove the side panel from the Type 549 oscilloscope.

Troubles may occur due to a failure in one of the low
voltage power supplies. Circuitry in the Type 549 is such
that an incorrect voltage may affect some circuits more than
others. Power supply trouble could be the source of virtually
any type of failure within the instrument. Check the regu-
lated output and ripple of any suspected supply before
proceeding with more detailed troubleshooting procedure. If
the voltage and ripple of the regulator supply are correct,
that supply can be assumed to be operating correctly.

Check circuit voltages and waveforms with those shown
on the schematic in Section 9. Use an accurate 20,000 ohm/
volt, DC voltmeter to measure these voltages and a recom-
mended oscilloscope to check the waveforms. Test points are
labeled and accesible on the circuit board assembly and
throughout the instrument.

NOTE

Use extreme care when measuring voltages and
checking waveforms. The small size and high
density of components used in this instrument
establishes a situation such that an inadvertent
movement of the test probe or the use of oversized
probes may short circuit between components.
Yoltages and waveforms given on the diagrams
are not absolute and may vary slightly between
instruments.

Table 4-2 relates certain specific trouble symptoms to
their probable causes, and indicates some of the components
that might be defective. This table should be used primarily
as a guide for troubleshooting, since it does not include all
possible troubles that might occur, nor all possible causes
for the given symptoms. The schematic diagram, used in
conjunction with the circuit description, will suggest other
checks that can be made.

Circuit Troubleshooting

When the trouble has been isolated to one circuit, perform
a complete visual check of that circuit. Look for broken
connections, improperly seated components, stray foreign
matter, etc. Check tubes and transistors that are used in the
circuit by direct replacement with known good ones. Be
certain to return any tubes or transistors found to be good
to their original sockets.

Refer to the Circuit Description in Section 3 for a des-
cription of the normal circuit operation. Check the compon-
ents in the circuit [i.e. tolerance of resistor values, faulty
capacitors etc.).



Repair and Readjust the Circuit

Refer to the replacement procedures and suggestions given
under "Corrective Maintance” (earlier in this section) when
repairing any trouble found in the instrument. Be sure to

check the calibration of
or has had tubes or tra

any circuit that has been repaired
nsistors replaced.

TABLE 4-2

Troubleshooting

Symptoms

7*CRT Wﬂ“ng Gun Circuit

Checks

1. Abnormal opera-
tion of writing gun
circuit.

i voltage filter

Preliminary: Set SCREEN STOR-
AGE switches to OFF, to protect
the storage target.

a. Check line voltage and low
voltage supplies. See Calibration
procedure.

b. Check B865, B866 and B867. If
glowing brightly, D826 or D836
may be defective. Check CRT
cathode and grid voltages. See
schematic diagram. Check high
capacitors C837,
(838, C842, C826.

c. Check High Voltage adjustment
R855. See Calibration procedure.

d. Check V800 and V814 for
heater glow and then by substitu-
tion. Install new tubes and recali-
brate high voltage if new tubes
correct trouble.

e. If trouble still exists, check for
additional symptoms as in follow-
ing checks.

2. No intensity.

a. Check INTENSITY control set-
ting.

b. Make certain spot or trace is
not positioned off screen area by

the POSITION controls. Push
LOCATE button. Spot should
appear on screen.

¢. Check unblanking circuit.

(Blanking voltage is applied ex-
cept during sweep time.)

3. Low or high inten-
sity.

a. Check INTENSITY control set-
ting.

b. Check setting of Intensity Range
adjustment R815.

c. Check and insure CRT GRID
SELECTOR switch is in the NORM
position.

d. Check by direct replacement

' Q3824 and Q823.

e. Perform checks 1a through 1d.
f. With power off, check high
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Symptoms

Checks

4. Poor astigmatism
and/or focus.

a. Check ASTIG and FOCUS con.
trol settings.

b. Perform checks 1a and lc.

¢. Check voltage at pin 8 of CRT.
Should change from <350 to
4225 volts as ASTIG control is
rotated.

d. Check voltage at center arm of
FOCUS control should change ap-
proximately 150 volts above and
below approximately 3000 volts.

75'.”7B|ooming {increase
in display size and
intensity).

a. Check high voltage.

Storage Circuit

6. Any incorrect oper-
ation of storage func-
tions.

" tact fingers.

Preliminary: Set STORAGE switches
to STORE to establish operating
voltages. Turn ENHANCE MODE
to OFF.

a. Check CRT seating and posi-
tion. Wall bands may not be
making contact with spring con-
Remove CRT bezel
and graticule, then wiggle the
CRT within the tube shield.

b. Check upper and lower storage
level voltages. (See calibration

. procedure.}

¢. Check low voltage supplies.

d. Check voltage with those
shown on the storage system sche-
matic diagram.

e. Check for additional symptoms
as given in the following steps.

7. Flood guns inopera-
tive.

“a. Check flood gun heater for
continuity, with power off and
base disconnected.

b. Check flood gun voltage. {Pin
6 to ground.)

* ¢. Perform checks 6b, &d.

d. Check by direct replacement
Q1194 and Q1193.

‘8. Screen will not

store.

9. Screen does not
store single sweep dis-
plays.

10. Screen does not| a. Perform check 6a.

erase.

a. Perform checks 6a through 6d.

control settings (see Operating

Instructions).

" b. Check sweep speed to insure

' speed does not exceed writing

speed of CRT.

! c. Storage screen may have dete-

riorated. Install new CRT.

b. Check for erase pulse on the

target upper or lower test point.
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Symptoms

Checks

_Symptoms

c. Check operation and voltages
for erase generator circuit.

11. Image can not be
completely erased.

a. See CRT operating precautions
given in the Operation Section.
Care of Storage Screens.

b. Check Erase Positive and Erase

Negative adjustments. See Cali-
bration procedure.

12. Screen has poor
contrast.

a. Perform checks éb and éd.

b. Check setting of ENHANCE
MODE LEVEL control.

¢. Recheck Calibration procedure
to set operating level.

13. Background

a. Perform chéck 6b.

brightens after stor-| {7y ENHANCE MODE control
age. to OFF.
c. Check Collimation electrode
adjustment.
14. INTEGRATE in-| a. Check voltage at iuncfic;rof'
operative. R1196 and SW1196. Should be
approximately +150 volts nor-
mally, and increase when the
INTEGRATE button is depressed.

15. Enhance mode in-
operative.

a. Perform checks 6b and é6d. -

b. Check for negative trigger
pulse approximately 8 wvolts in
amplitude and 1 us wide at pin
AB of etched circuit board with
Q1135 and Q1145 removed from
socket. (Sweep should be free-

4-8

"16. Erase Program in- |

operative.

17. Will not cycle
with the AUTO ERASE
switch  in  AFTER
SWEEP position.

S Checks B
;running at ],usEC/CM):W’W"“”’*’
‘ c. Check operation of Q1135 and

Q1145 by direct replacement.

Reset Enhance width adjustment
‘ (see Calibration procedure) if the
© transistors are replaced.

" a. Perform step 10 and check 6c.

b. Check voltages and waveforms
| with those shown on schematic
diagrams.

c. With sweep free-running at 1
wSEC/CM, check for an unblank-
' ing pulse at pin AD of circuit
board assembly.

+ d. With sweep free-running check
for negative trigger pulses ap-
proximately 8 volts in amplitude
at the junction of R902 and D902.

e. Check Auto Erase multivibrator
operation by observing waveform
with test oscilloscope at pin E
of circuit board assembly.

a. Check for reset pulse with test
oscilloscope at pin X of circuit
board assembly when the ERASE
AND RESET button is depressed.

b. Check operation of Q935 and
Q945 by direct replacement.
c. Perform check 6c.

d. Check voltages against those
shown on the Auto Erase circuit
diagram.
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SECTION 5
PERFORMANCE CHECK

Introduction

This performance check procedure is provided to check
the operation of the Type 549 without removing the side
panels. This procedure may be used for incoming inspection,
instrument familiarization, reliability testing, calibration veri-
fication, etc.

Recommended Equipment

The following equipment is recommended for a complete
performance check. Specifications given are the minimum
necessary to perform this procedure. All equipment is
assumed to be calibrated and operating within the original
specifications. If equipment is substituted, it must meet or
exceed the specifications of the recommended equipment.

For the most accurate and convenient performance check,
special calibration fixtures are used in this procedure. These
calibration fixtures are available from Tektronix, Inc. Order
by part number through your local Tektronix Field Office or
representative.

1. Test oscilloscope: Risetime 20ns or less, minimum
deflection factor .05 volts/cm. Tektronix 540-series with a
Type K Plug-In Unit or equivalent.

2. 10X attenuator probe: Tektronix P6006, or equivalent.

3. High gain DC Differential Amplifier plug-in unit: Sensi-
tivity 1 mV/em to 50 V/cm, frequency response DC to 300
kHz. Tektronix Type D unit or equivalent.

4. Test Load/Pulser Plug-In Unit. Tektronix calibration fix-
ture 067-0521-00.

5. Tektronix 1-series plug-in amplifier unit: Sensitivity
50 mV/em or higher. Tektronix Type 1A1, 1A2 or equivalent.

6. Current probe: Sensitivity of 1 mA/ecm. Tektronix P4019
Current Probe with a Type 134 Amplifier, Part No. 015-
0067-00.

7. Time-Mark Generator: Marker Outputs 55 to .1 us, sine-
wave output of 50 MHz (20 ns), accuracy 0.0019%. Tektronix
Type 184 Time-Mark Generator.

8. Standard Amplitude Calibrator: Amplitude accuracy
within 0.25%, signal amplitude range 100 mV to 100 volts,
frequency output 1 kHz, —DC and +DC with mixed display
feature. Tektronix calibration fixture 067-0502-00.

9. Constant Amplitude Signal Generator: Frequency range
50kHz to above 30MHz. Tektronix Type 191 Constant
Amplitude Signal Generator.

10. Termination, 50 ohm with BNC connectors. Tek-
tronix Part No. 011-0049-00.

11. Three 50 ohm coaxial cables: Length 42 inches, with
BNC connectors. Tektronix Part No. 012-0057-00.

12. T connector: BNC. Tektronix Part No. 013-0030-00.

@ .

13. Adapter GR to BNC female. Tektronix Part No. 017-
0063-00.

14. Viewing Hood: Rectangular viewer. Tektronix Part No.
016-0039-00.

PERFORMANCE CHECK PROCEDURE

General

In the following procedure, test equipment connections or
control settings should not be changed except as noted. If
only a partial check is desired, refer to the preceding step(s)
for setup information.

The following procedure uses the equipment listed under
Recommended Equipment. If substitute equipment is used,
control settings or setup must be altered to meet the require-
ments of the equipment used.

Preliminary Procedure

1. Install test plug-in load/pulser unit in the vertical com-

.partment of the Type 549, then connect the Type 549 to a

power supply source within the regulating range of its power
supplies.

2. Set the front panel controls as follows:
Type 549

CRT controls

Counterclockwise

INTENSITY

FOCUS Midrange
ASTIG Midrange
SCALE ILLUM As desired

Storage controls

ENHANCE MODE OFF
ENHANCE LEVEL Counterclockwise
UPPER SCREEN STOR-

AGE OFF
LOWER SCREEN STOR-

AGE OFF
SCREEN SELECTOR FULL
VIEWING TIME MIN
AUTO ERASE OFF

HORIZONTAL DISPLAY A

MAGNIFIER OFF

NORM-SINGLE SWEEP NORM

DELAY TIME MULTIPLIER 1.00

A TIME/CM 1 mSEC
VARIABLE CAL

B TIME/CM AND DELAY

"~ TIME 1 mSEC

LENGTH Clockwise
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TRIGGERING controls (both A and B}

LEVEL Clockwise
STABILITY Clockwise
Lever Controls All in up position
HORIZONTAL PQSI-
TION Midrange
FINE Midrange
AMPLITUDE CALIBRATOR OFF

Rear-panel switches

CRT CATHODE SELEC-

TOR NORMAL
CRT GRID SELECTOR NORMAL
LINE RANGE MED
CRT CATHODE CON-

NECTOR CAP instalied

Test Load-Pulser Unit

Test Function Low Load
Variable Counterclockwise
Vertical Position Midrange
Repetition Rate Low

Amplitude Counterclockwise

3. Set the POWER switch to ON. The pilot light should
light and the delay relay for the power supply should oper-
ate with an audible click within a period of 15 seconds to
1 minute. Allow a minimum 20 minute warm-up period at
an ambient temperature of 425° C, =5°C for stabilizing
before checking the instrument to the given accuracy.

1. Check Graticule Scale llumination

a. Requirement—Graticule scale illumination must vary
smoothly from maximum to no illumination as the SCALE
ILLUM control is rotated through its range.

b. Rotate the SCALE ILLUM control clockwise and counter-
clockwise.

c. Check—Maximum brightness with the control fully
clockwise and no illumination with the control fully counter-
clockwise with smooth operation between extremes.

2. Check Intensity Range

a. Requirement—Spot just visible at maximum intensity
when sweep is inoperative.

b. Set the INTENSITY control for a visible trace.

¢. Position the start of the trace at the left edge of the
graticule with the HORIZONTAL POSITION control.

d. Set the NORM-SINGLE SWEEP switch to SINGLE
SWEEP.

e. Turn the INTENSITY control fully clockwise.

f. Check—Spot is just visible at the start of the graticule
area.

3. Check Trace Rotation

a. Requirement—Trace parallel to horizontal graticule
lines.
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b. Change the following control settings:

NORM-SINGLE SWEEP NORM
INTENSITY Nominal brightness

c. Position the trace to the horizontal centerline with
the Test Load/Pulser Vertical Position control.

d. Check—Trace parallel to the horizontal graticule line.

e. If necessary, adjust the TRACE ROTATION adjustment
to align the trace to the horizontal graticule line.

4. Check Operation of LOCATE Button

a. Requirement—With the LOCATE button depressed and
the Type 549 set for conventional operation, the sweep must
compress and remain within the graticule area at extreme
settings of the Vertical and HORIZONTAL POSITION con-
trols. With the Type 549 in STORE mode and SINGLE
SWEEP operation the beam must unblank and appear in the
locate zone of the graticule areq, provided the start of the
trace has been positioned on the extreme left graticule line.
Beam intensity must increase to a preset level.

b. Push the LOCATE button with the Type 549 in conven-
tional (non-storage) mode of operation.

c. Check—The sweep must compress and remain in the
graticule area at extreme settings of the Vertical and HORI-
ZONTAL POSITION controls.

d. Position the trace horizontally so the sweep starts
at the left edge of the graticule.

e. Set the NORM-SINGLE SWEEP switch to SINGLE

SWEEP and both UPPER and LOWER SCREEN STORAGE

to STORE.
f. Push the LOCATE button.

g. Check—The beam must unblank and appear to the
left of the graticule in the locate zone.

h. Depress both UPPER and LOWER SCREEN STORAGE
OFF buttons and set the NORM-SINGLE SWEEP switch to
NORM.

5. Check Graticule-CRT Registration

a. Requirement—Horizontal graticule center line aligned
with the slit in the center of the target surface.

b. Check—Center horizontal graticule line is positioned
as required.

6. Check Geometry

a. Requirement—Linearity and alignment of time markers
with the vertical graticule lines (within ==2.0 mm).

b. Turn the POWER switch to OFF, replace the Test Load/
Pulser plug-in unit with a 1-series (Type 1A1, 1A2 or similar)
plug-in unit, then turn the POWER switch to ON.

c. Apply 1.0ms markers from the Time-Mark Generator
to the Type 1A1 input connector through a 50 ohm coaxial
cable and 50 ohm termination. ‘
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d. Set the Vertical Position control to position the display
baseline below the graticule area and set the Volts/cm
sensitivity so the markers over-scan the viewing area.

e. Check—Bowing and tilt of markers over entire display
areq, not to exceed 2.0 mm. See Fig. 5-1.

f. Turn the power switch to OFF, disconnect all test
equipment, remove the Type TA1 and install the Test Load/
Pulser unit. Turn the POWER switch to ON.
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Fig. 5-1. (A) Typical CRT display showing incorrect geometry.

(B) Typical CRT display showing correct geometry.

7. Check Alternate Trace Operation

a. Requirement—Alternate trace operation at all settings
of the A TIME/CM switch and the B TIME/CM AND DELAY
TIME switch.

b. Set the Test Load/Pulser Test Function switch to Alter-
nate.

c. Apply the Standard Amplitude Calibrator output to
the Test Load/Pulser Ext Input connector through 50Q
coaxial cable and set the calibrator for a 20 volt signal.

d. Check—Alternate trace operation at all settings of the
A TIME/CM switch. (At the slow sweep rates, alternate
traces will consist of a single spot for one sweep, then two
spots vertically separated in amplitude proportional to the
amplitude of the input signal from the amplitude calibrator.)

e. Set the HORIZONTAL DISPLAY switch to B.

f. Check—Alternate trace operation at all settings of the
B TIME/CM AND DELAY TIME switch.

@1 .
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g. Disconnect the Standard Amplitude Calibrator signal
from the Test Load/Pulser Input connector.

8. Check Chopped Operation

a. Requirement—Complete blanking of switching tran-
sients (vertical lines) between chopped segments.

b. Set the Test Load/Pulser Test Function switch to Chop-
ped position.

c. Set the B TIME/CM AND DELAY TIME switch to
5 uSEC.

d. Set the CRT CATHODE SELECTOR switch (rear panel)
to CHOPPED BLANKING.

e. Check—CRT display for blanking of switching tran-
sients {vertical lines) between chopped segments.

f. Return the CRT CATHODE SELECTOR switch to the
NORMAL position.

g. Set the B TIME/CM AND DELAY TIME switch to the
1 mSEC position and the Test Function switch to Low Load
position.

9. Check A and B Sweep Length

a. Requirement—A sweep length must be equal to or
more than 10 cm; the B sweep length must vary between
4cm or less to 10cm or more.

b. Apply TmS and 0.1 mS markers from the Time-Mark
Generator to the Ext Input connector of the Test Load/Pulser
unit.

c. Set the B Triggering MODE switch to TRIG and adjust
the STABILITY and LEVEL controls for a stable display.

d. Check—B sweep length must be 10 ¢cm or more.
e. Rotate the LENGTH control fully counterclockwise.

f. Check—Smoothness of electrical operation of the
LENGTH control; decreasing of the sweep length to 4 cm or
less.

g. Return the B LENGTH control to full clockwise position
and change the HORIZONTAL DISPLAY switch to A position.

h. Set the A MODE switch to TRIG and adjust the STA-
BILITY and LEVEL controls for a stable display.

i. Check—A sweep length is 10 cm or more.

10. Check Sweep Magnifier Registration
a. Requirement—Normal to magnified sweep registration
must be equal to or less than ==0.5 cm.

b. Turn the MAGNIFIER to X5 and check that the MAG
neon lights.

c. Position the start of the trace to the center vertical
graticule line with the HORIZONTAL POSITION control.

d. Turn the MAGNIFIER switch to OFF and note the
distance that the start of the trace shifts.
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e. Check—Trace shift equal to or less than =+0.5cm.
f. Set the A TIME/CM switch to .1 uSEC.

1-cm 9-cm
Line Line
'I‘sf unld 9fhl I
{1-ms) Time‘Murkers:Z \ I
p s 1 .
T e
/ ] i or 3% error
SEE Ampea fyaw Tmem llll»“‘ - I.“‘b
8 cm
Fig. 5-2. Determining sweep rate accuracy.
TABLE 5-1

A TIME/CM Time-Mark Generator | CRT Display

Switch Setting Marker Selector Markers/Cm
.1 uSEC S 1
.2 uSEC g uS 2
.5 uSEC S5uS 1
1 uSEC 1uS 1
2 uSEC 1uS 2
5 uSEC 5uS 1
10 uSEC 10 S 1
20 pSEC 10 uS 2
50 uSEC 50 S 1
.1 mSEC I'mS 1
.2 mSEC .I'm$S 2
.5 mSEC S5mS 1
1 mSEC 1mS 1
2 mSEC 1mS 2
5 mSEC 5mS 1
10 mSEC 10 mS 1
20 mSEC 10 mS 2
50 mSEC 50 mS 1
.1 SEC 1S 1
.2 SEC IS 2
.5 SEC 58 1
1 SEC 1S 1
2 SEC 1S 2
5 SEC 58 1

CHECK A AND B SWEEP TIMING
11. Check A Sweep Timing

a. Requirement—Sweep timing accuracy within 3% of
TIME/CM indicated position.
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(251 range).

b. Check—A sweep timing as indicated in Table 5-1.
Timing checked within the center 8 cm of the graticule area
and must be within £39%. See Fig. 5-2.

12. Check Magnifier Timing Accuracy

a. Requirement—Within ==5% of magnified sweep rate.
b. Set the A TIME/CM switch to .1 uSEC.
c. Set the MAGNIFIER to X5 position.

d. Set the Time-Mark Generator marker selector to 20 ns
(50 MHz). Slowly turn the A Triggering LEVEL control to the
point the display stablizes.

e. Check—1 cycle/em =4 mm (5%) between the first and
ninth vertical graticule lines.

f. Turn the MAGNIFIER switch to OFF and set the A
TIME/CM switch to 1 mSEC position.

13. Check A Time Base Variable Control Range

a. Requirement—Range equal to or greater than 2.5:1
decrease of the indicated sweep rate.

b. Set the Time-Mark Generator marker selector to 1 mS.
c. Set the TRIGGERING MODE switch to AUTO position.
d. Rotate the VARIABLE control fully counterclockwise.

e. Check—5 or more time-marks per 2cm of display
Smooth electrical operation. UNCAL neon
must light when the VARIABLE control is out of the CAL
switch position.

f. Return the VARIABLE control to the CAL position.

14. Check B Sweep Timing Accuracy
a. Requirement—Sweep timing accuracy within +=3% of
indicated sweep rate.

b. Check—B sweep timing as indicated in Table 5-2.
Timing checked within center 8 cm of graticule area and
must check within #=3%.

CHECK DELAY TIME MULTIPLIER

15. Check Linearity and Range Accuracy

a. Requirement—Delay time multiplier range accuracy is
within =19 with an incremental linearity of #0.29%.

b. Set the HORIZONTAL DISPLAY switch to B INTEN BY
A position.

c. Set the A TIME/CM switch to 5 uSEC and the B TIME/
CM and DELAY TIME switch to 1 mSEC.

d. Set the Time-Mark Generator selector switch for 1 mS
markers.
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Performance Check—Type 549

A TIME/CM 1 uSEC
VARIABLE CAL

c. Set the DELAY-TIME MULTIPLIER 1-10 dial to about
1.00 so a marker is displayed at center screen.

d. Check—litter on leading edge of marker not to exceed
0.5 division {1 part in 20,000); see Fig. 5-4. Ignore slow drift.

(B)

Fig. 5-3. (A) Intensified portion positioned to the 1st time marker.
(B) Start of time marker positioned at the left graticule line.

e. Adjust the display intensity level with the INTENSITY
control so the intensified portion of the display is visibile,
then position the intensified portion with the DELAY TIME
MULTIPLIER 1-10 dial to the first time mark (see Fig. 5-3).

f. Set the HORIZONTAL DISPLAY switch to A DLY'D
position.

g. Adjust the HORIZONTAL POSITION control to align
the start of the trace with the extreme left graticule line.

h. Adjust the DELAY TIME MULTIPLIER 1-10 dial to posi-
tion the beginning or rising portion of the 1st time marker
to the left graticule line.

i. Record the dial reading (it should be very close to
1.00).

j- Turn the DELAY TIME MULTIPLIER 1-10 dial to position
the 2nd time marker to the left graticule line and record
this reading.

k. Continve taking readings of each time mark through
the ninth time marker.

|. Check—Difference between dial readings at the first
time mark and the ninth time mark must be between 7.92
and 8.08 (#=19%). Difference between each recorded interval
must be 1 major division ==1.6 minor divisions.

16. Check Variable Time Delay Jitter

a. Requirement—lJitter not to exceed 1 part in 20,000 of
the available delay interval (10 times B TIME/CM setting).

b. Change the following control settings:

@z .

Jitter on leading edge of delayed-sweep display
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Fig. 5-4. Typical CRT display showing acceptable delay-time jitter.

TABLE 5-2
B TIME/CM and Time-Mark
DELAY TIME Generator CRT Display
Switch Setting Marker Selector | Markers/Cm
2 uSEC 1uS 2
5 uSEC 5uS 1
10 uSEC 10 uS 1
20 uSEC 10 uS 2
50 uSEC 50 uS 1
.1 mSEC ImS 1
.2 mSEC ImS 2
.5 mSEC 5mS 1
1 mSEC 1mS 1
2 mSEC 1mS 2
5mSEC 5mS 1
10 mSEC 10 mS 1
20 mSEC 10 mS 2
50 mSEC 50 mS 1
.1 SEC IS 1
.2 SEC 1S 2
.5 SEC 58 1
1SEC 1S 1

CHECK AMPLITUDE CALIBRATOR

17. Check Amplitude Calibrator Voltage
Accuracy

a. Requirement—Voltage accuracy =+29% of indicated
setting.

b. Install a differential amplifier plug-in unit (Type D) in
the test oscilloscope and set the front panel controls as
follows:
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Display of the three parallel traces with the center
trace actuvally two lines combined.

Typical display of the center two lines separated by
an amplitude proportional to the difference of the
inputs to the Differential Amplifier.

Fig. 5-5. Checking AMPLITUDE CALIBRATOR accuracy.

Test Oscilloscope
Triggering controls, for a free running trace

Level Clockwise
Stability Clockwise
Time/cm 10 uSEC

Differential Amplifier (Type D)

Millivolts/cm 1000
Variable ) Calibrated
Multiplier 1

Input Selector A-B, DC
Position Centered

With no signal input, adjust the Fine and Preamp Balance
controls until there is no vertical trace movement when the
Variable control is varied.

c. Connect the output signal of a Standard Amplitude
Calibrator to Input B of the Differential Amplifier.

d. Connect a 50 Q coaxial cable between the Type 549
CAL OUT connector and Input A of the Differential Ampli-
fier.

e. Set both the Standard Amplitude Calibrator and the
Type 549 AMPLITUDE CALIBRATOR output to 2 volts.

f. Check—There should be 3 or 4 parallel lines on the
test oscilloscope with the center line or lines showing the
difference in amplitude of the two signals that are applied
to the A and B inputs of the Differential Amplifier. See Fig.
5.5.

g. Set both the Standard Amplitude Calibrator and the
Type 549 AMPLITUDE CALIBRATOR to 100 volts.

h. Check—Amplitude tolerance of the Type 549 AMPLI-
TUDE CALIBRATOR as specified in Table 5-3. A single line
indicates no difference of voltage, while two lines indicate
there is a potential difference which is proportional to the
separation between the lines.
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TABLE 5-3
STANDARD and Differential Allowable
TYPE 549 AMPLI- Amplifier Error
TUDE CALIBRATORS | MILLIVOLTS/CM in CM
100 volts 1000 2
50 volts 1000 1
20 volts 1000 0.4
10 volts 100 2
5 volts 100 1
2 volts 100 C4
1 volt 10 2
.5 volt 10 1
2 volt 10 0.4
.1 volt 1 2
50 mvolt 1 1

18. Check Amplitude Calibrator Repetition Rate
a. Requirement—Repetition rate 1kHz —+259%,.

b. Change the test oscilloscope and Type D controls as
follows:

Time/cm 1 mSEC
Triggering controls
Slope +INT
Millivolts/cm 100
Input Selector A, DC

c. Adijust test oscilloscope triggering controls for a stable
display.

d. Check—Test oscilloscope display is between 7.5 and
12.5 cycles in 10 divisions (repetition rate of 1 kHz +=25%).

19. Check Amplitude Calibrator Symmetry and
Risetime

a. Requirement—Symmetry within +=10% (duty cycle);

risetime approximately 1 uS.
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b. Change the test oscilloscope Time/cm switch and Vari-
able Time/cm control to display one complete cycle in 10 em
of graticule area.

¢. Check—First half cycle (duty cycle) is between 4 and
6cm.

d. Set the test oscilloscope Time/em switch to 1 uSEC and
set the Variable to the Calibrated position.

e. Adjust the Triggering Level control so the leading edge
of the signal is displayed.

f. Use the Horizontal Position control to center the dis-
play then measure the risetime from the 10% to 90% points.

g. Check—Risetime is typically 1 uS or less.

h. Disconnect all test equipment.

20. Check Amplitude Calibrator 5 mA
Switch Position.

a. Requirement-—Qutput current is 5mA *+=29%. Accuracy
checked in step 17.

b. Change the switch settings as follows:

Test Oscilloscope

Time/cm 1 mSEC
Type D

Millivolts/cm 1

Mv/Cm Multiplier 50

¢. Set the Type 134 Current/Div to 2 mA.

d. Connect the current probe assembly to A input con-
nector of the Differential Amplifier (Type D) unit.

e. Connect the P6019 current probe to the 5mA current
loop on the Type 549 and set the Type 549 Amplitude Cali-
brator switch to the 5mA position.
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Fig. 5-6. Current waveform from AMPLITUDE CALIBRATOR.

f. Check—Test oscilloscope display for a square wave
with an amplitude of approximately 2.5 cm.

g. Disconnect all test equipment, replace the Differential
Amplifier (Type D) with the Fast-Rise Amplifier (Type K).

CHECK FRONT PANEL OUTPUT WAVEFORM
AND HOLDOFF TIME

21. Check SWEEP A

a. Requirement—Sawtooth waveform with an amplitude
of 150 volts =10 volts increasing approximately 30 volts at
the faster sweep rates.
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b. Connect the 10X probe from the test oscilloscope and
the plug-in unit to the SWEEP A connector on the Type 549.

c. Set the controls as follows:

Type 549
HORIZONTAL DISPLAY A
A TIME/CM .1 mSEC

A TRIGGERING MODE TRIG
STABILITY AND LEVEL Fully clockwise for a
free running A sweep

Test Oscilloscope
Volts/cm 5

Time/cm 1 mSEC
d. Adjust test oscilloscope triggering controls for a stable
display.

e. Check—Type 549 SWEEP A output. Should be 150
volt sawtooth =10 volts.

22. Check + Gate A and Time Base A Hold-
off Time

a. Requirement—Gate amplitude within 20 to 40 volts,
holdoff time within the time specified in Table 5-4.

b. Connect the 10X probe from the test oscilloscope to
the +~GATE A connector.

¢. Change the test oscilloscope Volts/cm switch to 1 and
the Time/ecm switch to 1 uSEC.

d. Check—Waveform amplitude of 20 to 40 volts and
holdoff time (lower portion of the square-wave display) as
specified in Table 5-4. See Fig. 5-7.

TABLE 5-4
TYPE 549 A Test Oscilloscope Holdoff
TIME/CM Setting | Time/cm Setting Time

.1 to .5 uSEC 1 uSEC 49 us
1 to 50 uSEC 5 uSEC 15-40 ps
.1 to .5mSEC 50 uSEC 150-400 ps
1 to 5mSEC .5 mSEC 1.5-4 ms

10 to 50 mSEC 5mSEC 15-40 ms
.1 to 5SEC 50 mSEC 150-400 ms

23. Check + Gate B and Time Base B Hold-

off Time

a. Requirement—Gate amplitude is within 20 to 40 volts,
holdoff time within the time specified in Table 5-5.

b. Connect the 10X probe from the test oscilloscope to
the 4-Gate B connector.

c. Set HORIZONTAL DISPLAY to B and B TIME/CM AND
DELAY TIME to 2 uSEC position.

d. Check—Waveform amplitude and holdoff time. See
Fig. 5-7.

TABLE 5-5

TYPE 549 B Test Oscilloscope
TIME/CM AND Time/cm Holdoff

DELAY TIME Setting Time
2 to 10 uSEC 5 uSEC 15-40 ps
20 uSEC to .1 mSEC 50 pSEC 150-400 ps
.2 to 1 mSEC .5 mSEC 1.5-4ms
2 to 10 mSEC 5 mSEC 15-40 ms
20 mSEC to 1 SEC 50 mSEC 150-400 ms
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Amplitude 420 to 40 V——pP~—1"

1
Zero volt
reference

/1_”‘_
1 1

Holdoff time

Fig. 5-7. Typical test oscilloscope display showing correct operation
of the 4 GATE A and 4 GATE B circuits.

24. Check Dly’d Trig
a. Requirement—Delayed trigger amplitude equal to 7V
=+2 volts.

b. Connect the 10X probe to the center conductor of the
DLY'D TRIG connector.

c. Set the front panel controls as follows:

Type 549
HORIZONTAL DISPLAY B INTEN BY A
A TIME/CM .5 mSEC
B TIME/CM AND DELAY 1 mSEC
TIME

Test Oscilloscope
Volts/cm 2
Time/cm 2 uSEC
Trigger Slope + INT
Trigger Mode Auto

d. Check—Delayed trigger pulse. Positive going pulse
with an amplitude of 7V =2 volts.

CHECK VERTICAL AMPLIFIER

25. Check Vertical Amplifier DC Balance

a. Requirement—Trace must be within +1 cm of-the grati-
cule center line with the Test Load/Pulser unit, Test Function
switch in Common Mode.

b. Set the HORIZONTAL DISPLAY switch to A and the
STABILITY control fully clockwise for a free running sweep.

c. Set the Test Load/Pulser Function selector to the Com-
mon Mode position.
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d. Check—Trace must be within =1cm of the center
horizontal graticule line.

26. Check Input Deflection Factor
a. Requirement—Input deflection factor must be within
+3% at 100 mVY/cm.

b. Set the Test Load/Pulser Test Function switch to Gain
Set position.

c. Apply a 100-volt signal from the Standard Amplitude
Calibrator to the Ext Input connector of the Test Load/Pulser.

d. Set the Type 549 A TIME/CM switch to 2 mSEC position
and the A TRIGGERING MODE switch to AUTO position.

e. Check—Vertical amplitude of the square-wave display
must be 4em +=1.2mm.

27. Check Vert Sig Out

a. Requirement—Vertical signal out must be between 1.2
and 1.8 volts {1.5V =209) for each centimeter of deflection
on the CRT of the Type 549.

b. Set the Standard Amplitude Calibrator output selector
to 50V position.

¢. Connect the 10X probe from the test oscilloscope to
the Type 549 VERT SIG OUT connector and set the controls
on the test oscilloscope as follows:

Time/cm 2 psec
Stability Full Clockwise
Volts/Cm N

d. Check—Test oscilloscope display for signal amplitude
between 2.4 and 3.6 cm {1.5V/cm of deflection =20%).

e. Disconnect all test equipment.

28. Check Vertical Amplifier Transient Response
a. Requirement—Maximum overshoot, rounding, ringing

or tilt of a square wave is +2.0%.

b. Set the Test Load/Pulser Test Function switch to +Pulse
position and the Repetition Rate switch to Low.

c. Set the Type 549 A TIME/CM switch to 50 uSEC and
the A MODE switch to TRIG.

d. Set the A STABILITY control to PRESET and adjust the
A LEVEL control for a stable display.

e. Adjust the Test Load/Pulser Amplitude control for a
4 em display amplitude.

f. Check—Tilt at the top and bottom of the waveform
must be less than 1.0mm (2.0%). See Fig. 5-8A.

g. Set the Type 549 A TIME/CM switch to .1 uSEC and
the Test Load/Pulser Repetition Rate switch to High.

h. Center the display with the POSITION controls and
adjust signal amplitude for 4 cm display.
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i. Check—Overshoot and ringing. Must be less than
+=1.0mm.

29. Check Vertical Amplifier Risetime

a. Requirement—Risetime must be equal to or less than
12 ns.

b. Adjust the Test Load/Pulser Amplitude control for a
5cm display amplitude.

c. Turn the MAGNIFIER to X5 and center the display
within the graticule area. {Sweep rate is now 20 ns/cm.}

d. Measure the risetime of the square-wave from the 10%
to the 909% amplitude points. See Fig. 5-8B.
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Fig. 5-8. (A) Typical CRT display of vertical amplifier transient
resp . (B} M ing the risetime of a normal waveform; sweep
rate is 20 ns/cm.

e. Check—Risetime must be equal to or less than. 12 ns.

f. Change the Test Load/Pulser Test Function switch to
—Pulse and the Type 549 A TRIGGERING SLOPE switch to
— position.

g. Reposition the negative-going waveform and again
measure the risetime.

h. Check—Risetime must be 12ns or less.
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30. Check Vertical Amplifier Frequency
Response

a. Requirement—Sensitivity not more than —3dB at 30
MHz.

b. Remove the Test Load/Pulser and install a T1-series
plug-in unit, (Type 1A1 or equivalent).

c. Change the Type 549 control settings as follows:

MAGNIFIER OFF

A TIME/CM .2 mSEC

A TRIGGERING MODE TRIG

A TRIGGERING LEVEL Clockwise

A STABILITY Clockwise
1-Series Plug-In Unit

Volts/cm .05

Input Selector DC

d. Connect the output of the Constant Amplitude Signal
Generator through a GR to BNC adapter, a 50 ohm coaxial
cable and a 50 ohm termination to the 1-series plug-in unit
input connector.

e. Set the Constant Amplitude Signal Generator frequency
to 50 kHz and adjust the output amplitude control for a dis-
play amplitude of 4cm.

4-cm display at 50 kHz
i

Reduced to 2.8 divisions when at —3 db point

Fig. 5-9. Typical CRT display when checking vertical amplifier fre-
quency response.

f. Change the frequency to 30 MHz.

g. Check—Amplitude of display must be 2.8 cm or more
(—3dB point). See Fig. 5-9.

31. Check VERT SIG OUT Frequency Response

a. Requirement—Sensitivity not more than —3dB at
700 kHz.

b. Connect the 10X probe from the test oscilloscope to
the Type 549 VERT SIG OUT connector.

c. Set the Constant Amplitude Signal Generator to 50
kHz and adjust the test oscilloscope sensitivity for a display
amplitude of 4 cm on the test oscilloscope CRT.
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TABLE 5-6
Triggering Switches Input Trigger Signal | Other Conditions
SOURCE MODE COUPLING | Frequency | Amplitude | Must not trigger
NORM TRIG AC 300 Hz 02cm with  COUPLING
(Internal) AUTO switch in AC LF
RES
AC, DC,
AUTO AC LF RE! 10 kHz 0.2cm Check also with
AC, STABILITY in PRE-
TRIG AC LF REJ, 10 MHz 02cm | SET position.
DC
EXT AUTO AC, DC, 10 kHz 0.3 volt
AC LF REJ
TRIG AC, DC, 10 MHz 0.3 volt
AC LF RE!
TRIG AC, DC, 30 MHz 3 volt
AC LF REJ

d. Change the Constant Amplitude Signal Generator fre-
quency to 700 kHz.

e. Check—Amplitude of test oscilloscope display must be
28 c¢m or more (—3 dB point).

TRIGGERING CHECK

32. Check A Triggering Sensitivity

a. Requirement—Stable triggering with source, coupling,
frequency and amplitude of trigger signals as specified in
Table 5-6.

b. Apply the output signal of the Constant Amplitude Sig-
nal Generator or an audio signal generator {depending
upon the trigger signal frequency listed in Table 5-6) through
a 50 © coaxial cable, a 50Q termination and a BNC T con-
nector to the Input connector of the vertical plug-in unit.

c. Connect a 50 Q coaxial cable between the other end of
the T connector and the A TRIG INPUT connector of the
Type 549.

d. Check—The triggering must be stable with the SLOPE
switch in either 4+ or — position in accordance with the
sensitivity specifications listed in Table 5-6.

With the MODE switch in the TRIG position the STABILITY
and LEVEL controls must be adjusted as follows:

1. Adjust the STABILITY control 2 to 3 degrees past
the position at which the trace no longer free runs.

2. Adjust the LEVEL control for a stable triggered dis-
play. The LEVEL control may need readjusting when the
SLOPE switch position is changed.

3. With the SOURCE switch in EXT position, monitor
the external trigger signal for the Type 549 with a test oscil-
loscope. If the frequencies are above the capabilities of the
test oscilloscope, adjust the Constant Amplitude Signal Gen-
erator for the specified amplitude at a lower frequency and
then set the signal generator to the frequency specified.
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e. Set SOURCE switch to PLUG-IN position and apply a
2cm signal at a frequency of 5MHz. Check for stable
triggering with COUPLING switch in DC position and MODE
switch in TRIG.

33. Check B Triggering Sensitivity

a. Requirement—Stable triggering with conditions as

specified in Table 5-7.
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Fig. 5-10. Typical CRT display showing correct operation of the
SLOPE switch. (A) SLOPE switch set to 4, (B) SLOPE switch set
to — position.
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TABLE 5-7
Triggering Switches Input Trigger Signal | Other Conditions
SOURCE MODE COUPLING | Frequency | Amplitude
NORM TRIG AC 300 Hz 0.2cm Must not trigger in
AUTO AC LF REJ
NORM TRIG AC, DC 10 kHz 0.2cm
AUTO AC LF REJ
TRIG AC, DC 10 MHz 1.0ecm Check also with
AC LF REJ STABILITY in PRE-
SET position
EXT TRIG AC, DC 10 kHz 0.3 volt
AUTO AC LF REJ
TRIG AC 10 MHz 1.5 volt
AC LF REJ

b. Disconnect the coaxial cable from the A TRIG INPUT
connector and connect it to the B TRIG INPUT connector.

c. Set the HORIZONTAL DISPLAY switch to B position.

d. Check—Triggering must be stable with either 4+ or —
position of the SLOPE switch. Adjust the STABILITY and
LEVEL controls as directed in step 32.

e. Repeat the procedure outlined in a through d.

f. Disconnect test equipment and cables.

34. Check lLine Triggering

a. Requirement—Line triggering must produce a stable
display of correct polarity.

b. Set the controls of both A and B Time Bases as follows:

TIME/CM 5 mSEC
Triggering

MODE TRIG

COUPLING AC

SOURCE LINE

c. Connect a 10X probe from the 1-series plug-in wnit
(1A1 or 1A2) Input connector to the high side of the Type
549 line voltage source.

d. Adjust the STABILITY and LEVEL controls for a stable
triggered display.

e. Change the B SLOPE switch from — to +.

f. Check—Slope of the display must correspond to the
+ and — settings of the SLOPE switch (see Fig. 5-10).

g. Set the B MODE switch to AUTO and repeat check.

h. Set the HORIZONTAL DISPLAY switch to A and repeat
the checks for both TRIG and AUTO settings of the A MODE
switch.

i. Disconnect the 10X probe.

35. Check Single Sweep Operation

a. Requirement—Triggering signal must generate a sweep
each time the NORM-SINGLE SWEEP switch is depressed to
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RESET or the ERASE AND RESET button is depressed. The
READY neon must light and stay lit until the triggering sig-
nal activates the sweep.

b. Set the controls as follows:

HORIZONTAL DISPLAY B INTEN BY A
A TIME/CM .2 mSEC
B TIME/CM .5 mSEC
A and B Triggering
MODE TRIG
STABILITY and LEVEL
control Fully clockwise

AMPLITUDE CALIBRATOR 20 mVolts

c. Apply the OUTPUT from the CAL OUT connector
through a 50 ohm coaxial cable to the Input connector of
the 1-series plug-in unit {TA1 or 1A2).

d. Adjust the vertical plug-in unit Volts/Cm and Variable
control for a display amplitude of 2 mm,

e. Adjust the B LEVEL and STABILITY controls for a trig-
gered intensified sweep.

f. Set the 1-series Input Selector to Gnd and change the
NORM-SINGLE SWEEP switch to SINGLE SWEEP position.

g. Push the NORM-SINGLE SWEEP switch to RESET.
h. Check—READY neon is lit.

i. Change the 1-series Input Selector to DC position.

Check—A single intensified sweep must occur and
the READY neon must extinguish.

k. Repeat the check wusing the ERASE RESET button to
reset the single sweep.

I. Set the NORM-SINGLE SWEEP switch to NORM and
remove coaxial cable.

m. Turn POWER switch to OFF. Remove the 1-series plug-in

unit and install the Test Load/Pulser. Turn POWER switch
to ON.
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EXTERNAL HORIZONTAL AMPLIFIER

36. Check External Horizontal Amplifier DC
Balance

a. Requirement—DC shift less than or equal to 1.0cm.
b. Turn the INTENSITY control fully counterclockwise.

c. Set the HORIZONTAL DISPLAY switch too EXT 1X
position.

d. Adijust the INTENSITY control clockwise until a spot is
visible, then position the spot to the graticule center area
with the POSITION CONTROLS.

e. Rotate the VARIABLE 1-10 control and note the amount
of horizontal movement of the spot.

f. Check—Spot movement must be more than 1.0cm.

37. Check External Horizontal Amplifier Deflec-
tion Factor

a. Requirement—Deflection factor, 1X less than or equal
to 0.2 V/CM, 10X less than or equal to 2 V/CM, VARIABLE
10:1 attenuates display by a factor of at least 10.

b. Connect the OUTPUT from the SWEEP A connector to
the Test Load/Pulser Ext Input connector through 50Q
coaxial cable, then connect the OUTPUT from the AMPLI-
TUDE CALIBRATOR through a T connector and 50 Q cables
to the EXT HORIZ IN connector and the A TRIG INPUT
connector.

c. Set the Type 549 controls as follows:
A TIME/CM 5 mSEC
A TRIGGERING SOURCE EXT

A TRIGGERING MODE TRIG
AMPLITUDE CALIBRATOR 1 VOLT

d. Set the VARIABLE 1-10 control fully clockwise.

e. Check—Horizontal amplitude of display is 5cm or
more.

f. Change HORIZONTAL DISPLAY to 10X position and
the AMPLITUDE CALIBRATOR to 10 VOLTS.

9. Check—Horizonta! amplitude of display is 5cm or
more.

h. Change the HORIZONTAL DISPLAY switch to 1X posi-
tion and turn the VARIABLE 1-10 control fully counterclock-
wise.

i. Check—Horizontal deflection amplitude must be equal
to or less than the amplitude noted in step g.

j. Set the AMPLITUDE CALIBRATOR switch to the 1 VOLT
position, the VARIABLE 1-10 control fully clockwise and the
HORIZONTAL DISPLAY switch to 1X position.

k. Set the A STABILITY control to PRESET and adjust the
LEVEL control for a stable display.

I. Note the display signal amplitude and aberrations.
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m. Change the HORIZONTAL DISPLAY switch to 10X
position and the AMPLITUDE CALIBRATOR to 10 VOLT
position.

n. Check and compare the display amplitude and wave
shape with the display of step 1. Amplitude must be within
=+3% and aberrations in both the 1X and 10X positions
must be less than ==59%.

o. Disconnect the AMPLITUDE CALIBRATOR signal cable.

38. Check External Horizontal Amplifier Band-
width

a. Requirement—Amplifier bandwidth equal to or higher
than 350 kHz (at the —3 dB point).

b. Set the A STABILITY and LEVEL controls fully clockwise
and the HORIZONTAL DISPLAY switch to 13X position.

c. Apply the output from a Constant Amplitude Signal
Generator to the EXT HORIZ IN connector through a 50 Q
coaxial cable.

d. With the frequency of the Constant Amplitude Signal
Generator set to 50 kHz, adjust its amplitude control for a
horizontal display amplitude of 6 cm.

i em display at 50 kHz

Reduced to 4.2 cm
hen at —3 db point|

Fig. 5-11. Typical CRT display when checking horizontal amplifier
frequency response.

e. Change the signal generator frequency to 350 kHz.

f. Check—Horizontal amplitude of the display must be
42 cm or more (see Fig 5-11).

g. Disconnect the Constant Amplitude Signal Generator

signal and the SWEEP A cable to the vertical input
connector.
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CHECK STORAGE SYSTEM

39. Check Collimation

a. Requirement—The intensity level on a fully writien
screen must be uniform and free of bright spots.

b. Reset the front panel controls as follows:

Type 549

CRT controls

INTENSITY
FOCUS

ASTIG

SCALE ILLUM
Storage controls

ENHANCE MODE
ENHANCE LEVEL
UPPER SCREEN STORAGE

LOWER SCREEN STOR-
AGE

SCREEN SELECTOR

VIEWING TIME

AUTO ERASE
HORIZONTAL DISPLAY
MAGNIFIER
NORM-SINGLE SWEEP

Time Base A

TIME/CM
VARIABLE

Triggering controls

LEVEL
STABILITY
MODE
SLOPE
COUPLING
SOURCE

Time Base B

TIME/CM AND DELAY
TIME
LENGTH

Triggering controls

LEVEL
STABILITY

Lever Switches

DELAY TIME MULTIPLIER
1-10
HORIZONTAL POSITION

@1

Normal intensity

Adjust for well-defined
trace

Adjust for well-defined
trace

As desired

OFF
Counterclockwise
OFF

OFF

FULL
Counterclockwise
OFF

A

OFF

NORM

.2mSEC
CAL

Fully clockwise
Fully clockwise
TRIG

+

AC

NORM

.5 mSEC
10CM

Clockwise
PRESET
All in Up position

1.00
Midrange

Performance Check—Type 549

FINE Midrange
AMPLITUDE CALIBRATOR .1 VOLT

Test Load/Pulser Unit

Test Function Low Load
Variable

Vertical Position

Fully counterclockwise
Midrange
Repetition Rate Low

Amplitude Counterclockwise

c. Position the trace off the gratficule area with the
Vertical Position control.

d. Depress both STORE buttons for the UPPER and
LOWER SCREEN STORAGE.

e. Write the entire CRT screen by slowly positioning the
trace through the graticule area with the Vertical Position
control. :

f. Check—Uniform brightness, absence of two bright
spots within the graticule area.

g. Erase the screen by depressing both ERASE buttons for
the UPPER and LOWER SCREEN STORAGE.

40. Check Non-Store Level

a. Requirement—Screen must erase promptly when a fully
written screen is switched from STORE to OFF.

b. Write the entire screen area by slowly positioning the

‘trace over the screen with the Vertical Position control.

c. Change the UPPER and LOWER SCREEN STORAGE
to OFF.

d. Check—Stored screen erasure must be complete and
prompt.

41. Check Erase Program Viewing Time

a. Requirement—Viewing time between erasures should be
approximately 0.5 seconds to about 5 seconds.

b. Set the AUTO ERASE lever switch to the PERIODIC
position, the A TIME/CM switch to 1 SEC and depress both
STORE buttons for the UPPER and LOWER SCREEN STOR-
AGE.

c. Check—With the VIEWING TIME control fully count-
erclockwise, the time between erasures should be approxi-
mately 0.5 seconds. With the VIEWING TIME control fully
clockwise the time between erasures should be approxi-
mately 5 seconds or more.

42. Check After Sweep Automatic Erase

a. Requirement—Screen must automatically erase at the
end of a sweep and the sweep must automatically reset and
start over.

b. Change the A TIME/CM switch to .1 SEC, the AUTO
ERASE lever switch to AFTER SWEEP position and NORM-
SINGLE SWEEP switch to SINGLE SWEEP position.
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c. Check—The screen automatically erases after the
sweep, at a time determined by the VIEWING TIME con-
trol setting, then the sweep automatically resets and starts
over.

43. Check Operation of Screen Selector

a. Requirement—SCREEN SELECTOR switch must select
either or both upper and lower screen for the erase program.

b. Change the SCREEN SELECTOR switch to LOWER
position.

c. Check—The lower screen must erase in accordance
with the program set by the ERASE PROGRAM AUTO
ERASE switch and VIEWING TIME control.

d. Change the SCREEN SELECTOR switch to the UPPER
position.

e. Check—The upper screen must erase in accordance
with the ERASE PROGRAM, AUTO ERASE switch and VIEW-
ING TIME control.

44. Check Writing Speed

a. Requirement—Writing speed is equal to or greater than
0.5 em/pus.

b. Set the A TIME/CM switch to 20 uSEC position, the
AUTO ERASE switch to AFTER SWEEP and the VIEWING
TIME control midrange. Set the SCREEN SELECTOR switch
to FULL position.

c. Apply an approximate 50 kHz sine-wave signal from
the signal genenator to the vertical plug-in unit and adjust
the output signal amplitude control for a display amplitude
of 32cm.

d. Set the STABILITY control to PRESET and adjust the
A LEVEL control for a stable display.

e. Carefully adjust the INTENSITY, FOCUS and ASTIG
controls for optimum display storage. See Fig. 5-12A.

f. Increase the input frequency from the signal generator
and adjust the TIME/CM switch setting and VARIABLE control
to maintain slightly more than 15 cycles per 10 cm until the
stored display shows breaks greater than 0.025 inches. See
Fig. 5-12B. (Maintain optimum storage by adjusting the
INTENSITY, FOCUS and ASTIG controls.)

g. Check—The frequency of the sine wave generator
must be 50 kHz or higher. Writing speed in cm/us = Fre-
quency in MHz X 10 (when the signal amplitude is 3.2cm
and a display of 15 cycles/10 cm is maintained).

45. Check Enhance Mode Operation

a. Requirement—Enhance mode operation must enhance
the writing speed to 5cm/us or greater.

b. Change the ENHANCE MODE switch to FULL position
and adjust the ENHANCE LEVEL control for optimum stor-
age. Increase the input signal generator frequency and
adjust for optimum storage as in step 44, until breaks of
approximately 0.025 inches are noted.
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(A) Optimum writing, store mode.
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(B) Typical breaks in stored display at the writing speed limit

Fig. 5-12. Typical display when measuring writing speed.

c. Check—Frequency of the input signal. Enhanced
writing speed in cm/us = sine wave frequency in MHz X
10, and should equal 5 cm/pus or more.

d. Set the ENHANCE MODE switch to the UPPER and then
LOWER position, checking enhance operation for each indi-
cated switch position.

e. Turn the ENHANCE MODE switch to OFF position.

-

46. Check Integrate Traces Operation

a. Requirement—Depressing the INTEGRATE TRACES but-
ton must interrupt flood gun beam current and permit the
integrating of writing beam traces.

b. Set the A TIME/CM switch to .1 mSEC, INTENSITY con-
trol fully counterclockwise, NORM-SINGLE SWEEP switch to
SINGLE SWEEP position and AUTO ERASE to OFF position.

c. Depress both ERASE buttons to erase the storage area
then depress the INTEGRATE TRACES button for 2 seconds.

d. Check—There must be no indication of fade positive
after the INTEGRATE button is released.

e. Increase the intensity level by turning the INTENSITY
control clockwise, and depress the ERASE AND RESET button
to trigger the sweep until a complete trace is stored.

f. Depress the INTEGRATE TRACES button.
g. Check—The stored trace should disappear with the
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button depressed and return when the INTEGRATE TRACES
button is released.

47. Check Remote Control Input Operation

a. Requirement—Grounding each pin on the Remote Con-
trol Input connector (J925) must provide the operation indi-
cated in Table 5-8.

b. Set the AMPLITUDE CALIBRATOR to 1 VOLT, center
the display and set the NORM-SINGLE SWEEP switch to
SINGLE SWEEP position.

c. Connect a jumper lead [meter test lead) between the
ground post on the front panel and each pin of 1925 as
indicated in Table 5-8, checking for indicated operation.

TABLE 5-8
Ground Pin Performance Correct Indication
A Remote erase Upper screen erases
B Remote erase Lower screen erases
C Remote save Prevents automatic sin-
gle sweep reset and
erase pulse.
E Remote erase and | Both upper and lower
reset screens erase and reset.
F Remote single Resets single sweep
sweep reset operation.
H Remote store Sets upper screen fto
store when UPPER
SCREEN STORAGE is
set to OFF.
J Remote store Sets lower screen to
store when LOWER
SCREEN STORAGE is
set to OFF.

d. Change the UPPER and LOWER SCREEN STORAGE to
OFF and the NORM-SINGLE SWEEP to NORM position.

CHECK Z AXIS MODULATION

48. Check Z Axis Input Grid Modulation

a. Requirement—5 volt signal causes noticeable modula-
tion,

b. Set the front panel controls as follows:
HORIZONTAL DISPLAY A

A TIME/CM .5mSEC
A TRIGGERING MODE AUTO
A TRIGGERING SOURCE NORM

c. Apply the signal from the CAL OUT connector through
a BNC T connector and two 50 Q coaxial cables to the Test
Load/Pulser Ext Input connector and the EXT CRT GRID
connector on the rear panel of the Type 549.

d. Set the AMPLITUDE CALIBRATOR to 5 VOLT position,
adjust the A LEVEL control for a stable display and the
Test Load/Pulser Variable control for a 2cm amplitude
signal.

e. Set the CRT GRID SELECTOR switch to EXT position.
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Fig. 5-13. Z axis modulation (A) Grid modulation. (B) Cathode
meodulation.

f. Check—Z axis modulation. The negative portion of
the calibrator signal must show noficeable decrease in inten-
sity level (see Fig. 5-13).

g. Return the CRT GRID SELECTOR switch to NORMAL
position and disconnect all coaxial cables.

49. Check Z Axis Input Cathode Modulation

a. Requirement—A 10 volt high frequency signal will
cause noticeable modulation.

b. Turn the POWER switch OFF then replace the Test
Load/Pulser plug-in unit with a Type 1Al or equivalent
amplifier unit, set the A TIME/CM switch to 20 uSEC and
turn the POWER switch ON.

<. Apply an approximate 50 kHz signal from the Con-
stant Amplitude Signal Generator through a BNC T con-
nector and two coaxial cables to the EXT CRT CATHODE
connector and the Input connector of the Vertical plug-in
unit (Type 1AI1).

d. Monitor the signal amplitude of the signal generator
and adjust its output amplitude for a signal amplitude of 10
volts peak to peak.

e. Check—Intensity modulation must be visible on the
display with the upper portion of the sine wave dimmed and
the lower portion intensified. The INTENSITY control set-
ting may require adjustment to observe the modulation.
Fig. 5-13.

f. Remove the Constant Amplitude Signal Generator
signal and cables from the Type 549 and replace the BNC
cap on the EXT CRT CATHODE connector.

5-15
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SECTION 6
CALIBRATION

Introduction

This calibration prodcedure can be used either for com-
plete calibration of the Type 549 to return it to original per-
formance, or as an operational check of instrument perfor-
mance. Completion of every step in this procedure returns
the Type 549 to original factory performance standards. If it
is desired to merely touch up the calibration, perform only
those steps entitled Adjust.

NOTE

The Adjust steps provide a check of instrument
performance before the adjustment is made. To
prevent recalibration of other circuits when per-
forming a partial calibration, readjust only if the
listed tolerance is not met.

General Information

Any needed maintenance should be performed before pro-
ceeding with calibration. Troubles which become apparent
during calibration should be corrected using the techniques
given in the Maintenance section of the Instruction Manual.

This procedure is arranged in a sequence which allows
this instrument to be calibrated with the least interaction of
adjustments and reconnection of equipment. If desired, the
steps may be performed out of sequence or a step may be
done individually. However, some adjustments affect the
calibration of other circuits within the instrument. In this
case, it will be necessary to check the operation of other
parts of the instrument. When a step interacts with others,
the steps which need to be checked will be noted.

The location of test points and adjustments is shown in
each step. Waveforms which are helpful in determining the
correct adjustments or operation are also shown.

EQUIPMENT REQUIRED
(see Figs. 6-1 and 6-2)

General

The following equipment or its equivalent is required for
complete calibration of the Type 549. Specifications given
are the minimum necessary for accurate calibration of this
instrument. All test equipment is assumed to be correctly
calibrated and operating within the original specifications.
If equipment is substituted, it must meet or exceed the speci-
fications of the recommended equipment.

Special Calibration Fixtures

For the quickest and most accurate calibration, special
calibration fixtures are used where necessary. All calibration
fixtures listed under Equipment Required can be obtained
from Tektronix. Inc. Order by part number through your
local Tektronix Field Office or representative.

@1 .

1. Test oscilloscope. Bandwidth, DC to 30 MHz; minimum
deflection factor, 0.005 volts/division. Tektronix 540-series
Oscilloscope with Type B Plug-In Unit and Tektronix P600é
Probe recommended.

2. Test Load/Pulser Plug-In Unit, containing a pulse gen-
erator capable of producing pulses with a risetime of 3 ns or
faster. Tektronix Calibration Fixture 067-0521-00.

3. Plug-in unit, bandwidth DC to 30 MHz. Tektronix 1-
series plug-in units (1A, 1A2) recommended.

4. 1 X probe. Tektronix P6028 Probe recommended. Part
No. 010-0074-00.

5. Variable autotransformer. Must be capable of supply-
ing at least 650 watts over a voltage range of 94 to 138
volts {187 to 279 volts for 230-volt nominal line). If auto-
transformer does not have an AC (RMS) voltmeter to indicate
output voltage, monitor output with an AC (RMS) voltmeter.
For example, General Radic WIOMT3W Metered Variac
Autotransformer.

6. Time-mark generator. Marker outputs, 5 seconds to .1
microsecond; sine-wave output, 50 MHz (20 ns); accuracy
0.001%. Tektronix Type 184 Time-Mark Generator recom-
mended.

7. Standard amplitude calibrator. Amplitude accuracy
within 0.259%,; signal amplitude, range 100 millivolts to 100
volts in calibrated steps with a frequency of approximately
1 kHz. Must have mixed display feature. Tektronix Calibra-
tion Fixture 067-0502-00 recommended.

8. Constant amplitude signal generator. Frequency range
50 kHz and 350kHz to above 30 MHz. Output amplitude,
variable to é volts, with an amplitude accuracy within +=39%
from 50kHz to above 30 MHz. Tektronix 191 Constant
Amplitude Signal Generator recommended.

9. DC voltmeter. Minimum sensitivity rating 20,000 ohms/
volts; range at least 4000 volts full scale with an accuracy
checked to within 1% at 12.4, 100, 150, 225, 300, 350, 500
volts and at least 3% at 3700 volts.

10. Microammeter (two). Minimum range 0 to 60 pA.

11. Termination. Impedance, 50 ohm; accuracy =+3%;
BNC type connectors. Tektronix Part No. 011-0049-00.

12, Coaxial cables (three). Impedance, 50 ohm; length
42 inches; connectors, BNC. Tektronix Part No. 012-0057-00.

13. T connector, BNC. Tektronix Part No. 103-0030-00.

14. Adapter, GR to BNC Female. Tektronix Part No. 017-
0063-00.

15. Viewing Hood. Tektronix Part No. 016-0039-00.

16. Patch cord, about 4 inches long. Equipped with
alligator clips on each end.
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Fig. 6-1, Equipment required for calibrating the Type 549,
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Fig. &-2, Adjusting tools required for calibrating the Type 549,

17. Patch cord, about 18 inches leng, BNC te banana
plug.

18. Adjustment tools

Description Tektronix
Part Mo.
a. Insulated screwdriver, 1% inch 003-0000-00
shaft, non-metallic
b. Screwdriver, % inch bit 003-0192-00
¢. Tuning rod, 5 inches 003-0301-00
d. Alignment, toal kit 003-0007-00
Includes:
Handle 003-0307-00
Insert, for 5,4 inch (ID) hex cores 003-0310-00
Insert, with screwdriver tip 003-03234-00
e. Hexagonal Key wrench, 1, inch 003-01 0&-00
Hexagonal key wrench, %/ inch 003-0090-00

CALIBRATION RECORD AND INDEX

This Abridged Calibration Procedure is provided to aid
in checking the operation of the Type 549. It may be used
as a calibration guide by the experienced calibrator, or it
may be used as a calibration record. Since the step num-
bers and titles used here correspond to those in the

@i

complete Calibration Procedure, the following procedure
serves as an index to locate a step in the complete Calibra-
tion Procedure. Characteristics are those listed in the Char-
acteristics section of the Instruction Manual.

Type 549 Serial Me. S VR T

Calibration Date Sl i

1. Adjust —150 Volt Power Supply [poge &6-7)

2. Check Low Voltage Power Suppy Regulation and
Ripple [page &-7]

3. Adjust High Voltage Power Supply (page 6-8)
—3700 Volts, =100 volts.

4, Adjust Intensity Range (page 6-8)

Spot just visible on screen with Intensity contral fully
clockwise.

%10 BB

O

. Check High Voltage Regulation (page &-8)
Me trace blooming when input line vollage is
changed through 103.5 to 126.5 VAC.
[] &. Adjust Graticule Position and Check Scan Area (page
5-8)

Position center graticule line to the slit between
upper and lower storage target. Scan area at least

& > 10em.
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Adjust and Check Amplitude Calibration Voltage
Accuracy (page 6-11)

Total error equal to or less than +29%,.

Check Amplitude Calibrator Source Resistance {page
6-11)

Source resistance is 50 ohms from .2 milivoit through
0.2 volt range.

gh]e]():k Amplitude Calibrator Repetition Rate (page
1 kHz, +=259%,.

Adjust Geometry (page 6-13)

Adjust DC Bal (page 6-14)

Adjust Gain {page 6-15}

Check Alternate Trace Operation (page é-15)

Trace alternates at all sweep rates.

Check Chopped Operation (page 6-15)

Switching transients (vertical lines) blanked between
chopped segments.

Adjust A Trigger Sensitivity (page 6-17)
Automatic frequency of 40 Hz +20%.

Adjust A Trigger Level Centering (page 6-17)
Symmetrical square wave.

Adjust Internal Triggering DC Level (page 6-18)

Stable triggering in the + and — positions of the
SLOPE switch.

Check A Trigger Level Control Position (page 6-18)

White dot on the Triggering LEVEL control centers
in the gap between the + and — arrows.

Adjust A Preset Adjustment (page 6-18)

Adjust B Trigger Level Centering Adjustment {page
6-20)

Symmetrical square wave.

Check B Trigger Level Control Position {page 6-21)

White dot on the Triggering LEVEL control centers
in the gap between the + and — arrows.

Adjust B Preset Adjustment (page 6-22}

Adjust the A Lockout Level (page 6-22)

Sawtooth to gate amplitude ratio between 1:1 and
2:3. Gate amplitude equal to or greater than 9 volts.

Adjust the B Lockout Level (page 6-22)

Sawtooth to gate amplitude ratio between 1:1 and
2:3. Gate amplitude equal to or greater than 9 volts.

Check Single Sweep Operation (page 6-23)
Adjust Magnifier Gain (page 6-25)

Adjust Sweep Calibration {page 6-25)

Correct sweep timing for indicated B TIME/CM AND
DELAY TIME switch settings.

Adjust B Sweep Length (page 6-25)
Variable from 4 cm or less to 10 cm or more.

0 25.
[ 30.

[ 31
O 32

] 33.
] 34.
] 35.

[ 3.

0 37.
] 38.

0O 3.
[ 40.
] 41.
] 42.

0 43.
[] 44.
{7 45.

0 46.
0 47.

0 4s.

] 4.

Adjust Time Base A to Time Base B (page 6-26)
Adjust A Sweep Length and Check Variable Control
Range (page 6-27)

Sweep length 10.5cm; VARIABLE range at least
2.5:1 for all TIME/CM switch ranges.

Adjust Sweep Magnifier Registration {page 6-27)

Check Horizontal Position Range (page 6-27)

Both HORIZONTAL POSITION controls will position
sweep so sweep will start to the right of the center
vertical graticule line or the sweep end will position
to the left of the center vertical graticule line.

Check Time Base A Sweep Timing Accuracy (.1 msec/
cm to 5sec/cm) (page 6-29)
Sweep rate accuracy within 3%, of that indicated.

Adjust and Check Time Base A Sweep Rates (50
wSEC/CM to 0.2 uSEC/CM) (page 6-30)

Sweep rate accuracy =#+:39%. X5 MAG =+59%.
Adijust Delay Start and Stop (page 6-31)

Delay time multiplier 1-10 dial readings calibrated at
the 1.00 and 9.00 readings.

Check Delay Time Multiplier Linearity (page 6-32)
Within +0.2%,.

Adjust Time Base B Sweep Rate {page 6-33)

Check Time Base B Timing Accuracy (page 6-33)
Within +39% of indicated sweep rate.

Check A Sweep Holdoff Time (page 6-35)
Check B Sweep Holdoff Time {page 6-35)
Adjust DC Shift {page 6-37)

Adjust High Frequency Response (page 6-37)
Optimum fast-rise square-wave response.

Check the Effect of Display Position on Transient
Response (page 6-37)

Peak-to-peak aberrations due to display position must
not exceed 3%.

Check Risetime (page 6-37)
Less than or equal to 12 ns.

Check Vertical Signal Out (page 6-38)

Amplitude 1.5V per cm of display deflection +=20%;
risetime less than or equal to 0.5 us.

Check Vertical Amplitude Bandwidth {page 6-40)
Equal to or higher than 30 MHz.

Check Vertical Signal Out Bandwidth (page 6-40)
Equal to or higher than 700 kHz.

Adjust External Horizonta! DC Balance (page 6-42)
Baseline should not shift more than 2mm (1 minor
graticule division).

Adjust External Horizontal 10X Compensation {page
6-42)

Optimum square-wave response, not more than 3%
aberrations.




] 50.

] 51.

] 52

] 53.

] 54.
] 55.
] 56.

0 57.

J s8.

] 9.

] €0.

] 6.

0 é2.
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Check External Horizontal !nput Deflection Factor
(page 6-42)

1X equal to or less than 0.2 V/cm.

10X equal to or less than 2.0 V/em.

Check External Horizontal Amplifier Bandwidth (page
6-43)

Bandwidth equal to or higher than 350 kHz.

Adjust FG Cath Level and Backplate Balance (page
6-44)

Flood cathode to 175V with respect to 4300V and
balance both targets

Adjust Collimation (page 6-45)

Maximum uniform brightness over the storage target
area.

Adjust Backplate Level (page é-45)

Adjust Erase Pulse (page 6-48)

Check Viewing Time and After Sweep Auto Erase
Operation (page 6-49)

Viewing time variable from approximately 0.5s to
5.0s. Automatic erasure and resets single sweep at
the end of sweep.

Adjust Non-Store Level (page 6-49)

Screen erases promptly when a fully written screen
is changed from STORE to OFF mode.

Adjust Enhance Width and Enhance Llevel (page
6-49)

Maximum writing speed without background deteri-
oration.

Check Storage Writing Speed (page é-51)

Must equal 0.5 cm/us or higher.

Check Enhance Writing Speed (page 6-52)

Writing speed equal to or greater than 5cm/ps.

Check Integrate Traces Operation (page 6-54)

Stored Trace disappears when INTEGRATE TRACES
button is depressed, and reappears when button is
released.

Adjust Sawtooth Current (page 6-54)
0.2 mA/cm of sweep, at pin 6 of J-11 connector.

- e e i x a —
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CALIBRATION PROCEDURE

General

In the following calibration procedure, a test equipment
setup is shown for each major setup change. Complete con-
trol settings are listed beneath the picture. As an aid in
locating individual controls which have been changed dur-
ing complete calibration, the control names are printed in
bold type. If only a partial calibration is preformed, start
with the setup preceding the desired portion of the pro-
cedure.

NOTE

When performing a complete recalibration, best
performance will be provided if each adjustment
is made to the exact setting, even if the Check is
within the allowable tolerance. The following pro-
cedure uses the equipment listed under Equip-
ment Required. If substitute equipment is used,
control settings or setup must be altered to meet
the requirements of the equipment used.

Preliminary

1. Remove the side and bottom covers from the Type 549
and install the Test Load/Pulser Plug-In Unit.

CAUTION

Check LINE RANGE, LOW-MED-HIGH Selector
switches for correct setting.

2. Connect the autotransformer to a suitable power source.

3. Connect the Type 549 power cord to the autotrans-
former output.

4. Set the Autotransformer to 115 {or 230) volts and LINE
RANGE switch to MED {115 or 230 V) position.

5. Turn POWER switch ON.

6. Check—Delay time of the delay relay. The relay arma-
ture should pull in with an audible click within 15 to 60
seconds.

7. Allow at least 20 minutes warm up at ambient temp-
erature of 25° C, ==5° C, for stablizing before checking the
instrument to given accuracy.
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Fig. &-4. Low Voltage power supply test paint locations.

Test Oscilloscope

Time/Cm 5 msec
Input Selector AC
Voltsfem 005
1. Adjust —150-Volt Power Supply 0

a. Equipment setup is shown in Fig. &-3.

b. Connect the DC voltmeter between the —150-volt
check-point and ground (see Fig. 6-4A),

e Adjust —150 Adj R&1& for —150 volt reading. Fig.
&-58.

d. Interaction—Operation of all circvits within the Type
549 are affected by —150 volt supply.

2. Check Low Voltage Power Supply Regula-
tion and Ripple

a. Equipment setup is shown in Fig. 6-3.

b. Connect the DC voltmeter between each low voltage
check-point and chassis ground to check regulation and
connect the 13X probe from the test oscilloscope to each
point to check ripple. See Fig. 6-4.

c. Check each wvoltage and ripple amplitude against
tolerances listed in Table &-1.

NOTE

Ripple must be checked at the check points illus-
trated.

2

Set the Load/Pulser Unit Test Function Selectar first to Low
Load, autotransformer at 127 WAC (254 VAC), then set the
Test Function switch at High Lead, autetransformer at 103
VAC (206 VAC) and repeat the check,

d. Set the Type 549 LINE RANGE switch to LOW 104
V (208 V) position and again check each voltage and ripple
amplitude ogainst tolerances listed in Table &.1. Check
with the test plug-in, Test Function selector first at High
Lead, autetransfermer at 94 VAC (187 VAC), then with the
Test Function switch at Lew Load, auvtetransformer at 114
VAC (228 VAC)

e, Set the LINE RAMNGE switch to HIGH 127V (254 V)
position and again check each voltage and ripple amplitude
against tolerances listed in Table &.1. Check with the Load/
Pulser Unit, Test Function selector at Low Lead, autotrans-
former at 139 VAC (278 VAC) then with the Test Function
selector at High Lload, autotransformer at 115VAC (230
VAC).

TABLE 6-1
~ Supply | Tolerance’ | Maximum Ripple
SE_150V 0N i EmV
124 £S5V  10mV
100V T3V 10 mV
R aE N o) sk ARRVT 5mV
4300 V2 15V 100 mV
+350V +105V f 20 mV
500V +15V | 20 mv

‘Applicable when line contains 2% eor less harmonic distartion.

*Push INTEGRATE TRACES button and check the 300V supply for
not more than 3 welt change.

6-7



Calibration—Type 549

L1
A aEa llll-..ﬁ-
| s
lA"l‘l!‘.l

(B] =150 volt adjusiment,

Fig. 6-5, Locatlon of 470 volt check and — 150 volt adjustmant,

f. Set the test plug-in unit Test Function selector te Low
Load, LIME RAMGE switch ta MED and the autotransformer
for 115 VAC (230 VAC) output

g. Disconnect the test oscilloscope prebe and the DC
valtmeler

3. Adjust High Voltage Power Supply L1
o. Equipment setup is shown in Fig. 6-3.

3700 wolt

b. Connect the DC wvoltmeter between the
supply and ground (see Fig. &-5).

c. Adjust the High Voltage adjustment R835 [see Fig. &-6|
for —3700 volts,

d. Interaction—Operation of storage and the CRT circuits
within the Type 549 depend on this adjustment.

4, Adijust Intensity Range 0
a. Equipment setup is given in Step 3.

b, Push the LOCATE button and center the display with
the HORIZOMTAL and Vertical peosition controls.

c. Set the MNORM-SINGLE SWEEP switch te SINGLE
SWEEP position.

d. Turn the Intensity Ronge adjustment RB1S (Fig. &-8]
fully countercleckwise and then turn the INTEMNSITY control
fully clockwise.

6-8

e. Adjust the Intensity Range RB15 clockwise until the
writing beam [spol] is just visible on the screen,

5. Check High Voltage Regulation
a. Equipment setup is given in step 4,

b. Set the MNORM-SINGLE SWEEP switch to MORM
position,

c. Adjust INTENSITY and FOCUS coantrols for a defocused
trace with nominal brightness,

d. Change output voltage of the autetransfermer from
103.5 to 1265 VAC, ‘

e. Check—There must not be any indication of blooming
or more than =40 valt change in the high valtage.

f. Return the autetransformer te an eulput of 115VAC
(230 VAC). The Type 549 may now be cennected directly to
the power source for the remainder of the calibration pro-
cedure, provided the LINE RAMNGE swilch is sel to the proper
position for the source line voltage.

g. Turn the IMTEMSITY control fully counterclockwise and
remave the DC voltmeter,

High 'u'nllugw

High Valtage adjustment -
tast palnt RESS

1-’- 3

i

Intensity
Range odjustment
RB15

sk |
T |
2] -!’H
tl‘.}

N

Fig. &-6. Location of High Veltage test point, High Velloge odjust-
ment RES5 and Intensity Range odjustment RB15,

6. Adjust Graticule Position and Check Scan O
Area

a. Equipment setup is-given in Step 5.

b. Adjust INTENSITY, FOCUS and ASTIG controls for a
well focused trace with nominal brightness.

¢. Remave the bezel nuts and bezel to expose the grati-
cule alignment cam. See Fig. 4-7, Seclion 4,



d. Adjust the variable nylon cam to align the center
horizontal graticule line to the slit between the two storage
screens, then tighten the set-screw in the cam.

e. Push the STORE buttons for the UPPER and LOWER
SCREEN STORAGE.

f. Write the entire storage area by slowly positioning the

Calibration—Type 549

trace vertically over the display area.
g. Check—The scan area is at least 6 X 10cm.
h. Push both ERASE buttons to erase the screen areq, then

push both OFF buttons for the UPPER and LOWER SCREEN
STORAGE.
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Standard Amplitude
Calibrater

UNENOWN

Type B
Flug=In
Unit

50-ahm cables

50 {1 Termination

Fig. &-F. Equipmant setup for steps 7, B and 9,

Type 549

CRT cantrols

INTENSITY
FOCUS
ASTIG

SCALE ILLUM

Storage controls

ENHANCE MODE
ENHANCE LEVEL
UPPER SCREEN STORAGE
LOWER SCREEN STOR-
AGE
SCREEN SELECTOR
VIEWING TIME
AUTO ERASE
HORIZONTAL DISPLAY
MAGNIFIER
MNORM-SINGLE SWEEP
A TIME/CM
VARIABLE

B TIME/CM AMND DELAY
TIME

LEMGTH

6-10

Counterclockwise
Midrange
Midrange

As desired

OFF
Counterclockwise
OFF

OFF
FULL
MR
OFF

A

OFF
MNORM
1 mSEC
CAL

1 mSEC
Clockwise

DELAY  TIME MULTIPLIER

1-10 1.00
TRIGGERING contrals [bath A and B)

LEVEL Clockwise

STABILITY Clackwise

Lever controls All in up positien
HORIZOMTAL POSITION Midrange

FIME Midrange
AMPLITUDE CALIBRATOR 100 Volts

Test Plug-In Unit

Test Function Low Load

Variable Counterclockwise

Vertical Position Midrange

Repelition Rate Low

Amplitude

Counterclockwise

Test Oscilloscope

Time fem
Triggering
Caoupling
Slope
Source
Volts/cm

3 msec
Auto
AC

+
Line
.5



7. Adjust and Check Amplitude Calibrator
Voltage Accuracy

a. Equipment setup is shown in Fig. &-7.

b. Set the Standard Amplitude Calibrater te 4100 VOLTS
and the Mode selector to ==DC mixed.

c. Remove VA7S from the Amplitude Calibrator circuit.

d. Adijust the Cal Ampl R87% [Fig. 4-8] for a null on the
test escilloscope display [display appears as a straight line).

e. Check the error at each AMPLITUDE CALIBRATOR out-
put voltage setting as listed in Table &-2. Error is listed as
trace separation amplitude.

Fig. 6-8. Location of Cal Amp adjustment RETS,

TABLE 6-2

Standard Amplitude | Test Oscillo- Max Error’
Calibrator & Type 549| scope Volts/ |Allowed £2%

AMPLITUDE ' em
CALIBRATOR
100 5 0 Adjusted
50 5 2 cm
20 2 2em
N A 2¢em
5 05 2 em
0 ) s
N 01 2 em
5 .005 1 2em
N B i
: e

iThe Standard Amplitude Colibrator chops between the two walt-
age levels. The test oscilloscope display will show o square-wave
voltoge difference betwean the two calibrater levels (o straight
line trace represents zere [(0) wvoltoge difference).

Calibraion—Type 549

Time/ cm 1T ms +

Fig. &-9. Typical display showing Amplitude Calibrater repetition
rale.

f. Add the errar (in %) found in the 0.1 velt position to the
worst errar in the same direction (+ or —) found in the pre-
vious positions.

g. Check—Teotal errer must be less than ==2%.

8. Check Amplitude Calibrator Output
Resistance

a. Equipment setup is shown in Fig. &7,

b. Terminate the AMPLITUDE CALIBRATOR output into a
50 ohm termination between the Standard Amplitude Cali-
brater unknewn input connecter and the 50 ohm coaxial
cable,

¢ Set the AMPLITUDE CALIBRATOR to 0.2 wvolts, the
Standard Amplitude Calibrator te 0.1 wvolts and the test
oscilloscope Volts/em to 005 position.

d. Check—Straight line display on the test oscilloscope
within ==0.4 em deflection (-=2%).

e. Replace YB75 and remove the 50 ohm termination.
Reconnect the 50 ohm cooxial cable to the unknown input
connector of the Standard Amplitude Calibrator,

9. Check Amplitude Calibrator Repetition Rate

a. Equipment setup is shown in Fig. &-7.

b. Set the AMPLITUDE CALIBRATOR selecter to .2
VOLTS, the Standard Amplitude Calibrator output selector to
Unknown position.

e. Set the test oscilloscope Trigger Slope te 4-Int, Time/
em to 1 mSEC, and Yoltsfem to .1 volts position,

d. Check—Test oscilloscope display contains 7.5 to 12,5
cycles in 10 divisions (repetition rate is 1 kHz =#=25°%.). See
Fig. &-9.

e. Disconnect all test equipment from the Type 54%.
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Time-Mark
Generatar

50 11 Termination

50-o0hm cable

|

Fig. &-10, Equipment selup for step 10,

Type 549 LOWER SCREEN STOR
AGE
CRT contrals SCREEM SELECTOR
INTENSITY Nominal brightness WIELALES, TIME
FOCUS Midrange SUICHERASE
ASTIG Midrange HORIZOMTAL DISPLAY
SCALE ILLUM As desired il Sl L
MNORM-SINGLE SWEEP
Storage controls A TIME/CM
WARIABLE
ENHAMNCE MODE CFF B TIME/CM AND DELAY
EMHAMCE LEVEL Counterclockwise TIME
LUPPER SCREEM STORAGE OFF LEMGTH

CFF
FULL
MIM
OFF

A

OFF
CIRM
| mSEC
CAL

1 m&EC
Clockwise



TRIGGERING controls (both A and B)
LEVEL
STABILITY

Lever controls
DELAY TIME MULTIPLIER

Clockwise
Clackwise
All in up position

1-10 1.00
HORIZONTAL POSITION Midrange
FIME Midrange

AMPLITUDE CALIBRATOR OFF

10. Adjust Geometry 0

IMPORTAMNT

Flood gun beam collimation must be within per-
formance specifications before performing this
step. See step 53.

a. Equipment setup is shewn in Fig. &-10.

b. Turn the POWER switch te OFF then replace the test
plug-in unit with a 1-series (Type 1A1, 1A2 or equivalent)
plug-in unit. Turn the Type 549 POWER switch OM

c. Apply 1.0 ms markers fram the Time-Mark Generator to
the Type 1Al input connecter through a 50 ohm coaxial
cable and 50 ahm termination

d. Adjust the Yertical position contral te place the dis-
play baseline below the graticule area and set the Valts/em
switch so the time-markers over-scan the graticule area,

e, Adjust the Geometry RB4& (Fig. &-11C) for optimum
straight vertical markers parallel to the extreme left and
right graticule vertical lines [Fig. &-118)

f. Remeve the time marker signals from the verlical input
connector

g. Turn the POWER switch OFF and remove the Type 1A1.
Re-install the test plug-in unit Load/Pulser, Turn the POWER
switch QM.

Calibration—Type 549
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Standard Ampl
Calibrator

tude

2 f,'.;?.ﬁl:i.bﬂ.-

P E1DRAG GECHLOMER o -

S0-ohm cable

Fig. 6-12, Equipmant setup for steps 11 through 14,
TYPE 549 LEMGTH Clockwise
CRT controls TRIGGERING controls |both A and B)
::ré'l::ENSSlT‘r’ :?dmmal brightness LEVEL Clockwise
v R STABILITY Clockwite
ASTIG Midrange : '
SCALE ILLUM A At Lever controls All in up pesition
g i DELAY TIME MULTIPLIER
" - 1-10 1.00
arage Conirols
v HORIZOMNTAL POSITION Midrange
ENAANGE MUDE MEE AMPLITUDE CALIBRATOR OFF

EMHARNCE LEVEL
UPPER SCREEM STORAGE
LOWER SCREEM STOR-

AGE

SCREEN SELECTOR

VIEWING TIME

AUTO ERASE
HORIZOMNTAL DISPLAY
MAGHMIFIER
MNORM-SINGLE SWEEP
A TIMESCM
VARIABLE

B TIME/CM AND DELAY
TIME

6-14

Counterclockwise
OFF

OFF
FULL
MM
OFF

OFF
MORM
1 mSEC
CAL

1 mSEC

Test Plug-In Load/Pulser Unit

Test Function
Variahle
Vertical Position
Repetition Rate
Amplitude

11. Adjust DC Balance

Common Mode
Counterclockwise
Midrange

Low
Counterclockwise

0

a. Equipment setup is shown in Fig. 412

b. Adjust the DC Bal R495 (see Fig. 6-13] o position the
trace to the horizental graticule center line.



Flg. &-13, Vertical amplifier DC adjustmants,

12. Adjust Gain (] ]

IMPORTANT

Collimation must be within performance specifi-
cation before performing this step. See step 53,

a. Equipment setup is shown in Fig. 6-12.

b. Set the test unit Test Function switch to Gain Set
pasitian,

c. Apply a 100 volt square wave from the Stondard
Amplitude Calibrater to the test plug-in unit Ext Input con-
nector,

d. Adjust the Gain adjustment R520, (see Fig. &-13) for
a display amplitude of 4 cm,

o, Adjust DC shift R502 for minimum waveform filt

13. Check Alternate Trace Operation

a. Equipment setup is shown in Fig. 6-12,

b, Change the test plug-in unit Test Function switch to
the Alternate position,

c. Set the Standard Amplitude Calibrator sutput te 20
valts, then center the display with the pesition controls.

d. Check—Alternate trace operation at all settings of the
A TIME/CM switch. At the slow sweep rates, alternate
traces will consist of a single spot, then two spots wverti-
cally separated in amplitude according to the amplitude
of the input signal from the amplitude calibrator.

Calibration—Type 549

(Al Chopping transients,
T o i
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IB) Chopping wansients blanked,

Fig. &-14. Typlcal display when checking chopped operation,

a, Set the HORIZONTAL DISPLAY switch to B position,

f. Check—Alternate trace operation at all settings of the
B TIME/CM AND DELAY TIME switch,

g. Remove the Standard Amplitude Calibrator signal from
the Ext Input connector,

14. Check Chopped Operation
a. Equipment setup is given in step 13

b. Set the test plug-in unit Test Function switch to the
Cheopped position.

c. Set the B TIME/CM AND DELAY TIME switch to 5 nSEC.

d. Check—Display area for a chopped wavetorm approxi-
mately 1 cycle per 2em. Fig. é-14A,

e. Set the CRT CATHODE SELECTOR switch (rear panel)
to CHOPPED BLAMNKIMG position.

f. Check—CRT display for complete blanking of switch-
ing ftransients [vertical lines) between chopped segments.
Fig. 6-14B,

g. Return the CRT CATHODE SELECTOR switch to NOR-
MAL position.

6-15



Calibration—Type 549

Vallohmmater

10 Probe

18 inch BNC te banana plug patch cord

Fig. &-15, Equipment setup for steps 15 through 19,

TIME BASE A TRIGGERING ADJUSTMENTS NORM-SINGLE SWEEP NORM
A TIME /T 1 mSEC
IMPORTANT VARIABLE CAL
Collimation must be within performance specifi- B TIME/CM AND
cations before performing timing adjustments, See DELAY TIME | mSEC
t 53.
e LENGTH Clockwise
Type 549 DELAY TIME MULTIPLIER 1-10 1.00
RT trols
el RO _ _ TRIGGERING confrols (both A and B)
IMTEMSITY Maminal brightness .
FOCUS Midrange LEIEL » Clockwise
ASTIC Midrangs STABILIT C'ﬂE.EWIEI'_" N
SCALE ILLUM avrduilisd Lever conlrols All in up peosition
HORIZOMTAL POSITION Midrange
Jtorage controls AMPLITUDE CALIBRATOR 1.0 VOLT
EMHAMCE MODE COFF
EMHAMCE LEVEL I Test PIUQ-'“ Load/Pulser Unit
UPPER SCREEM Test Function High Load
STORAGE OFF Yariable Counterclockwisa
LOWER SCREEM Vertical Position Midrange
STORAGE OFF -
Repetition Rate Low
SCREEMN SELECTOR FULL : .
Amplitude Counterclockwise
VIEWING TIME MIM
AUTD FEASE OFF TeSI Dscilfustope
HORIZOMNTAL DISPLAY A Time/em 5 msec
MAGHIFIER OFF Volts/cm 0.5
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(A} Lecation of collector Q45.

r

R3G

BEMS
ALE \
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R158
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(B} Adjustments R47 ond RIT.

LEHGTH i MR 2l + -
) o @D @ =

1€} Location of R19 and RI0 junction,

R47

[T

GaEM s

D) Typical display at the collactor of Q45

15. Adjust A Trigger Sensitivity

Fig. &-14. Setting A Trigger Sensitivity R47.

a. Equipment setup is shown in Fig. &-15.

b, Connect a 10> probe from the test
collector of Q45 (see Fig. 6-18A).

c. Connect a BNC to banana plug patch cord from the

[ ]] e. Remove the patch cord from the TRIG INPUT con-
nector.
oscilloscape to the 16. Adjust A Trigger Level Centering 0

a. Equipment setup is given in step 15

TRIG INPUT connector to the ground terminal and set the b, Set the test oscilloscope Timefem switch to the 0.5
A TRIGGERING SOURCE switch to EXT. msec position.

d. Adjust the Trig Sens R47 ([Fig. 6-16B} for a frequency c. Change the Type 549 A TRIGGERING MODE switch to
of 40Hz [test escilloscope display of 1 cycle/5 em). TRIG and the SOURCE switch to NORM position.
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Fig. 6-17, Location of Int Trig DC Level R539.

d. Connect a 50 ohm coaxial cable from the CAL OUT
connector te the test plug-in unit Ext Input connecter,

e. Adjust test plug-in unit Variable contral for a signal
amplitude of 2em then switch the calibrater to 0.1 velt
position (this provides 2 mm signal amplitude).

f. Vertically position the display to the center graticule
line.

g. Ground the junction of R1? and R20 with a jumper
lead (o meter lead with a clip type probe makes a satisfac-
tory jumper lead).

h, Switch the SLOPE switch between the + and — posi-
tions and adjust the A Trig Level Centering adjustment R3%
[see Fig. &-16B) for a symmetrical square wave on the test
oscilloscope,

i. Turn the STABILITY contral counterclockwise until o
stable, triggered display is ohserved on the Type 549

i. Check—Stable display triggering of proper pelarity
with the COUPLING switch in both AC and AC LF REJ posi-
tions and the SLOPE switch in either 4 or — pasition.

k. Disconnect the 10 probe from the collector of Q45

6-18

17. Adijust Internal Triggering DC LEVEL O

a. Equipment setup is given in step 14,

b. Vertically center the display on the graticule center-
line and change the COUPLING switch to DC position.

c. Adjust the Int Trig DC Level R53% (see Fig. &-17), for a
stable triggered display with the SLOPE switch in either +
ar — positions,

d. Remove the grounding lead frem the junction of R19
and R20.

18. Check A Trigger Level Control Position

a. Equipment setup is given in step 17.

b. With the STABILITY centrol adjusted as in step 14,
turn the LEVEL contrel until the sweep is again triggered.

e, Check—White dot on the Triggering LEVEL coniral
sheuld point to the gap between the + and — arrows. |If
necessary loosen the set screw and move the knob to this
positien, then tighten the set screw.

d. Remove the AMPLITUDE CALIBRATOR signal frem the
vertical Input cenneclor,

19. Adjust A Preset Adjustment 0

a. Equipment setup is given in step 18,

b, Set the Time Base A TIME/CM switch te 0.1 mSEC
pasition and the MODE switch to AUTO.

c. Connect the voltmater between the center tap of the
A PRESET ADJ potentiometer and ground.

d. Slowly turn the PRESET ADJ from fully counterclock-
wise position clockwise until the trace appears and note the
meter reading.

e. Continue turning the A PRESET ADJ clockwise until the
trace brightens and note the meter reading.

f. Set the PRESET ADJ at a voltage halfway between the
two readings noted.

g. Disconnect the valtmeter.
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Fig. &-18, Equipmant setup for steps 20 through 24,

TIME BASE B TRIGGERING ADJUSTMENTS

IMPORTANT
Collimation must be within performance specifi-
cations before performing sweep timing adjust
ments. See step S53.

Type 549
CRT controls
INTEMSITY Mominal brightness
FOCUS Midrange
ASTIG Midrange
SCALE ILLUM As desired
Storage controls
EMHAMCE MODE OFF
EMHAMCE LEVEL MIM
UPPER SCREEM
STORAGE OFF
LOWER SCREEM
STORAGE OFF
SCREEMN SELECTOR FULL
VIEWING TIME MIM
AUTC ERASE OFF
HORIZONTAL DISPLAY B

MAGMIFIER
MNORM-SINGLE SWEEP
A TIME/CM
YARIABLE

B TIME/CM AND
DELAY TIME

LENGTH
DELAY TIME MULTIPLIER 110

OFF
MNORM
0.1 mSEC
CAL

0.1 mSEC
Clockwise
1.00

TRIGGERING contrals |(both A and B)

LEVEL

STABILITY

Lever controls
HORIZONTAL POSITION
AMPLITUDE CALIBRATOR

Clockwise
Clockwise

All in up position
Midrange

1 VOLT

Test Plug-ln Load/Pulser Unit

Test Function
Variable
Vertical Position
Repetition Rate
Amplitude

High Lead
Counterclockwise
Midrange

Low
Counterclockwise

Test Oscilloscope

Time/cm
Yaltsfem

0.5 msec
0.5
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| 3 7 ] ] (&) Lecation of |unction of RGP and R7O.
’ ——
PP TIPS S I“I:I-“i“ I —— [B) Cellector Q95 and B Trig Leval Centering R8Z.
| 1 |
¢ ¢ —
1€l Symmatrical squoars-wave diiplay ab the collector of Q%5,
|
[C)
Fig. &-19, Adjusting B Trigger Level Centering.
20. Adiust B Trigger Level Cenfering {) f. Ground the junction of REP and R70 with a jumper lead

a. Equipment setup is shown in Fig. 6-18,
b. Set the B Triggering MODE switch to TRIG position

c. Connect a 50 ohm coaxial cable from the CAL OUT
connector to the test plug-in unit Ext Input conneetor and
set up as in step l1ée for a 2 mm display amplitude.

d. Vertically center the display at the graticule center,

e. Connect a 103 prebe from the test oscilloscope ta the
collectar of 94, Fig. &-19B.

6-20

Isee Fig, 6-194)

g. Switch the B Triggering SLOPE switch between and

positions and adjust the B Trig Level Centering adjust-
ment RB2, [see Fig. &6-19B) for o symmetrical square wave
display on the test oscilloscope. Fig. & 19C,

h. Turn the STABILITY control counterclockwise until a
stable, triggered display is observed,

i. Check—=Stable triggering of proper polarity with the
COUPLING switch in both the AC and AC LF REJ positions
and the SLOPE switch in 4+ and positions.



Fig. 6-20. Adjusting &

i. Remove the 10 probe from the collector of Q95

k. Adjust for a 4mm signal using Calibrater and test
plug-in unit Yariable contrel as in step 16e,

l. Change the COUPLING switch to DC position.

m. Check—S5Stable triggering and proper polarity with the
SLOPE switch in bath + and — positions. If readjustment
of the Triggering LEVEL contral is required, recheck A
Internal Level adjustment, step 17.

n. Remove the grounding clip lead from the junction of
R&2? and R70.

@
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| Variable Velts/em for 4 ¢cm overall amplitude,

Adjust test oscilloscope Varlable Time/em for similar display and

| R115.

1A&) Location of V115 ipin 7] and A Lockou! Level adjusiment

{B) Leckowt Lavel waveform.

(€} Location of V225 lpin 71 and B Lockowt Level adjustmant
R225.

and B Leckout Level.

21. Check B Trigger Level Control Position
a. Equipment setup is shown in step 20.

b. Turn the B Triggering LEVEL control until the sweep is
again triggered as observed when the shorting patch lead
was connected,

c. Check—White det en the Triggering LEVEL contrel
should paoint to the gap between the 4+ and — arrows, If
necessary, loosen the set screw and move the knob to this
position then tighten the set screw,

d. Remove the coaxial signal cable from the AMPLITUDE
CALIBRATOR,
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22. Adjust B Preset 0

a. Equipment setup is shown in Fig. 6-18.

b. Connect the voltmeter between the center tap of the
B PRESET ADJ potentiometer and ground.

c. Slowly turn the PRESET ADJ from full counterclock-
wise position clockwise until the trace appears and note the
meter reading.

d. Continue turning the B PRESET ADJ clockwise until the
trace brightens and note the meter reading.

e. Set the B PRESET ADJ to a voltage reading halfway
between the two noted readings.

f. Disconnect the voltmeter.

23. Adijust the A Lockout Level 0

a. Equipment setup is as given for step 22.

b. Change A and B TRIGGERING MODE switches to TRIG
position,

c. Set the HORIZONTAL DISPLAY switch to A DLY'D
position.

d. Turn the A STABILITY control fully counterclockwise
then turn the control slowly clockwise to the point at which
the sweep just free runs.

6-22 .

e. Connect the test oscilloscope through the 10X probe
to pin 7 of V115, Fig. 6-20A. Adjust the test oscilloscope
triggering and gain controls for a stable display with an
amplitude of 4 major divisions.

f. Adjust the A Lockout Level R115, (Fig. 6-20) for a saw-
tooth-to-gate amplitude ratio between 1:1 and 2:3. The
gate portion of the waveform must have an amplitude of
9 volts or more.

24. Adjust B Lockout Level 0

a. Equipment setup is given for step 23.

b. Turn the A STABILITY control fully clockwise to free
run the A sweep.

¢. Turn the B STABILITY control fully counterclockwise,
then turn the control slowly clockwise until the sweep just
free runs.

d. Set the NORM-SINGLE SWEEP switch to SINGLE
SWEEP position and set the AUTO ERASE switch to AFTER
SWEEP position. Adjust the VIEWING TIME control for a
periodic sweep approximately every 0.5 second.

e. Connect the 10X probe from the test oscilloscope to
pin 7 of V225 (Fig. 6-20C}. Adjust the B Lockout Level R225
for a sawtooth-to-gate amplitude ratio between 1:1 and 2:3.
The gate amplitude must be equal to or greater than 9
volts.

f. Remove the 10X probe from pin 7 of V225




50-o0hm coble

Fig. 6-21, Equipment selup

CRT contrals

IMTEMSITY
FOCUS

ASTIG

SCALE ILLUM

Storage conirols

EMHANCE MODE
EMHAMCE LEVEL

UPPER SCREEM
STORAGE

LOWER SCREEM
STORAGE

SCREEMN SELECTOR

VIEWING TIME

AUTO ERASE
HORIZONTAL DISPLAY
A GMIFIER
MORM-SINGLE SWEEP

Time Base A

TIME/CM
VARIABLE

for step 25,

Type 549

Marmal intensity

Adjust for well
defined trace

Adjust for well
defined trace

As desired

OFF

Counterclockwise
OFF

OFF

FULL
Counterclockwisa
OFF

B INTEN BY A
OFF

MORM

.2 mSEC
CAL

Calibration—Type 549

Triggering controls

LEVEL cw
STABILITY PRESET
MODE TRIG
SLOPE X
COUPLING AC
SOURCE NORM
Time Base B
TIME/CM AND
DELAY TIME .5 mSEC
Length Clockwise

Triggering controls

LEVEL cw
STABILITY PRESET
MODE TRIG
SLOPE -+
COUPLING AC
SOURCE NORM
DELAY TIME MULTIPLIER 1-10 1.00
HORIZONTAL POSITION Midrange
AMPLITUDE CALIBRATOR 1.0 volt
Test Plug-In Load/Pulser Unit
Test Function High Load
Variable CCW
Vartical Pasition Midrange
Repetition Rate Low
Amplitude CCw

25. Check Single Sweep Operation
a. Equipment setup is shown in Fig. 6-21.

b. Apply the AMPLITUDE CALIBRATOR signal to the Ext
Input connector of the test plug-in unit and adjust the Vari-
able control for a display amplitude of 1 em.

¢. Change the AMPLITUDE CALIBRATOR switch to 0.1
VOLT pesition.

d. Adjust B and A LEVEL contrals for a triggered intensi-
fied sweep.

e. Remove the calibrator signal, change the NORM.
SIMGLE SWEEP switch te SIMGLE SWEEP positian,

f. Push the SINGLE SWEEP switch to the RESET posi-
tion and check that the READY neon is lit.

g. Re-apply the calibrator signal to the Ext Input con-
nector. A single intensified sweep must occur and the
READY neon must extinguish.

h. Repeat by resefting the single sweep with the ERASE
AMD RESET butten and check the single sweep operation.
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Time-Mark
Generator

O i ot

50-o0hm cables

PYYYSY B

50 {1 Tarmination

Fig. 6-22. Equipment setup for steps 2é through 332,

Type 549

CRT contrals

INTENSITY
FOCUS

ASTIG

SCALE ILLUM

Storage controls

EMHANCE MODE
EMHARNCE LEVEL
UPPER SCREEMN
STORAGE
LOWER SCREEMN
STORAGE
SCREEMN SELECTOR
VIEWING TIME
AUTO ERASE
HORIZONTAL DISPLAY
MAGNIFIER
MNORM-SINGLE SWEEP

6-24

MNarmal intensity
Adjust for well
defined trace
Adjust for well
defined trace
As desired

OFF
Counterclockwise

OFF

QOFF

FULL
Counterclockwise
OFF

B

X5

MOREM

Time Base A

TIME/CM
VARIABLE

Triggering controls

LEVEL
STABILITY
MODE
SLOPE
COUPLING
SOURCE

Tima Base B

TIME/CM AND
DELAY TIME

LENGTH

Triggering contrals

LEVEL
STABILITY
MODE
SLOPE

.2 mSEC
CAL

Midrange
PRESET
TRIG

KR

A

MORM

1.0 mSEC
Clockwise

Midrange
PRESET
TRIG

_|..
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Fig. 6-23. Adjusting Magnifier galn,

COUPLING AC

SOURCE EXT
DELAY TIME MULTIPLIER 1-10 1.00
HORIZOMNTAL POSITION Midrange
AMPLITUDE CALIBRATOR OFF

Test Plug-In Load/Pulser Unit

Test Function High Lead
Variable CCw

Yertical Position Midrange
Repetition Rate Low
Amplitude CCW
26. Adjust Magnifier Gain 0

a. Equipment setup is shown in Fig. 6-22,

b. Apply 1 ms trigger signal from the Time-Mark Genera-
tor to B TRIG IMPUT connecter.

c. Apply .1ms and 1ms markers from the Time-Mark
Generator to the Ext Input of the test plug-in unit.

d. Adjust the Mag Gain R375 [Fig. 4-23A) for two .1 ms
markers/cm. See Fig. &-23B. Check that MAG neon is lit.

)

Calibration—Type 549

[B) 1 ms and 0.1 mes marker disploy.

Fig. 6-24, Sweep Calibration odjustments.

NOTE

Unless otherwise noted, use the center B cm when
adjusting or checking timing.

27. Adjust Sweep Calibration 0
a. Equipment setup is given in step 26.
b. Turn the MAGNIFIER switch ta OFF.

c. ADJUST the Swp Cal R348 [Fig. 6-24) for 1 ms marker
per centimeter,

28. Adjust B Sweep Length 0

a. Equipment setup is given in step 28,
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Fig. 6-25, Locatien of Sweep Length od|ustments,

b. Set B LEMNGTH contral fully clockwise.

c. Adjust Max Swp Length R277 (Fig. 6-25) for a sweep
langth of 10.5em,

d. Rotate the Length control fully counterclockwise (4 CM
pesition).

e, Adjust the Min Swp Length R273 [Fig. 6-25) for a sweep
length of 3.5 cm.

f. Repeat these adjustments because of the interaction,
then set the LENGTH contral to the 10 CM position.

Fig. 6-26. Lecation of R1S0I timing potentiemeter,

6-26

Fig. &-27. Location of Sweep Length and MNorm Mag Regis
adjusimants

29. Adijust Time Base A to Time Base B ()
a. Equipment setup is given in step 28,

b. Change A TIME/CM switch to 1 mSEC and set the
HORIZOMTAL DISPLAY to A position.

Fig. 6-28. Correct adjustment of Morm Maog Regis R3IS5E.

)



c. Remove the trigger signal from the B TRIG INPUT con-
nector and apply the signal to the A TRIG INPUT. Set the
A Triggering SOURCE switch to EXT position and the B
Triggering SOURCE switch to NORM.

d. Adjust timing potentiometer R160Z for 1 ms marker/cm.
See Fig. 6-26.

30. Adjust A Sweep Length and Check 0o
Variable Control Range

a. Equipment setup is given in step 29.

b. Adjust the A Swp Length R176 (Fig. 6-27) for a sweep
length of 10.5cm.

c. Turn the VARIABLE control fully counterclockwise.

d. Check—CRT display for TIMEuCM equal to or greater
than 2.5 times the TIME/CM switch setting (5 or more 1 ms
markers/2 cm). The UNCAL neon must light when the VARI-
ABLE control is out of the CAL switch position.

e. Return the VARIABLE control to the CAL position.

31. Adjust Sweep Magnifier Registration O

a. Equipment setup is as given for step 30.

Calibration—Type 549

b. Turn the MAGNIFIER switch to the X5 position, then
position the trace so that the zero time marker is directly
behind the center graticule line.

¢. Turn the MAGNIFIER switch to OFF and adijust the
Norm Mag Regis R358 (Fig. 6-27) to position the zero time
marker directly behind the center graticule line (see Fig.
6-28).

d. Repeat this procedure because of the interaction
between the sweep length adjustments.

32. Check Horizontal Position Range

a. Equipment setup is as given for step 31.

b. Rotate the HORIZONTAL POSITION and FINE controls
fully clockwise.

¢. Check—The sweep start must position to the right of
the graticule centerline.

d. Rotate the HORIZONTAL POSITION and FINE controls
fully counterclockwise.

e. Check—The end of the sweep must position to the left
of the graticule centerline.
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Time-Mark
Generator

Marker
Quiput

Teigger
Output

50-ohm cables

8 10N L BEEAECRERFT v =

000 @
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50 I} Termination

Fig. 6-2%. Equipmant setup for steps 33 through 38,

Type 549

CRT contrals

IMTEMSITY
FOCUS

ASTIG

SCALE ILLUM
Storage controls

EMHAMCE MODE
EMNHAMCE LEVEL

LUPPER SCREEM
STORAGE

LOWER SCREEM
STORAGE

SCREEM SELECTOR

YIEWING TIME

AUTO ERASE
HORIZONTAL DISPLAY
MAGNIFIER
NORM-SINGLE SWEEP

6-28

Mormal intensity

Adjust far well
defined trace

Adjust far well
defined trace

As desired

OFF

Counterclockwise
OFF

OFF

FULL
Counterclockwise
QOFF

A

OFF

FORM

Time Base A and B

TIME C 2 mSEC
VARIABLE CAL
Triggering controls
LEVEL Midrange
STABILITY PRESET
MODE TRIG
SLOPE +
COUPLING AC
SOURCE EXT
DELAY TIME MULTIPLIER 110 1.00
HORIZOMNTAL POSITION Midrange
AMPLITUDE CALIBRATOR OFF

Test Plug-In Load/Pulser Unit

Test Function High Lead
Variahle 5.0
Vertical Position Midrange
Repetition Rate Low
Amplitude cow
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TABLE 6-3
Time
A Marker Trigger | Markers/ | Maximum
TIME/CM | Selector | Selector cm Error

.1 mSEC dms 1ms 1 +2.4 mm
.2 mSEC 2 +2.4mm
.5 mSEC Sms 10 ms 1 +2.4 mm
1 mSEC 1ms 1 +2.4mm
2 mSEC 2 +2.4 mm
5 mSEC 5ms ds 1 +2.4mm
Change the controls as follows:

A SOURCE NORM (INT)

AUTO ERASE AFTER SWEEP

VIEWING TIME MIN

UPPER AND LOWER

SCREEN STORAGE STORE

NORMAL-SINGLE SWEEP

A periodic stored display may now be used to check
the slower sweep rates.

SINGLE SWEEP

1-cm 9-cm
Line Line
'I'st an'd 9|‘h' 3
(1-ms) Time Markers I I
/ \\t Tolerance:
T +2.4 mm
/] T~
/ B | or 3% error
3 T
vl il 1111 NS TN 11 S Ll Y J411
P I B
8 cm

10 mSEC 10ms 1 +2.4 mm
20 mSEC 2 +2.4 mm
50 mSEC 50 ms 1 +2.4 mm
.1 SEC ds 1 +2.4mm
.2 SEC 2 +2.4 mm
.5SEC 5Ss 1 +2.4 mm
1 SEC 1s 1 +2.4 mm
2 SEC 2 +2.4 mm
5SEC 5s 1 +2.4 mm

@1

Fig. 6-30. Determining sweep rate accuracy.

33. Check Time Base A Sweep Timing Accuracy
(.1 mSEC/CM to 5 SEC/CM)

a. Equipment setup is as shown in Fig. 6-29.

b. Adjust CRT controls for a well focused display with
nominal brightness.

c. Set the Time Base A TIME/CM switch and marker

selector for the Time-Mark Generator as per Table &-3,

check the timing accuracy over the center 8cm (see Fig.
6-30).
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[C) Location of C348,

Fig. &-31, Time Bose A

34. Adjust and Check Time Base A Sweep
Rates (50 /SEC/CM to 0.2 uSEC/CM)
a. Equipment setup is as given for step 33.

b, Set the A TIME/CM switch to 50 uSEC position and turn
the MAGHMIFIER to 5 peosition.

c. Return the Type 549 to conventional meode. Depress
both OFF buttons for UPPER and LOWER SCREEM STORAGE,
switch the AUTO ERASE to OFF, set the NORM-SIMGLE

6-30
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(D) Lecation of CI75,

Timing odjustments,

SWEEP switch to NORM position and set the A SOURCE
switch to EXT,

d. Set the Time-Mark Generator trigger selector and the
marker selector to 10 ps.

e. Position the trace so the zero time marker is aligned
with the center graticule line.

f. Switch the TIME/CM between the 50 pSEC and the .1
mSEC position.
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TABLE 6-4
Time Marker Maximum
TIME/CM Selector Adjustt Markers/cm Error in mm

MAGNIFIER to X5

5 uSEC 1 S C160A 1 marker/cm | +4.0
MAGNIFIER to OFF

10 uSEC 10 S C160E 1 marker/cm +24

1 uSEC 1uS C160C 1 marker/cm +24

.1 uSEC 1 uS C348 1 marker/cm +2.4
MAGNIFIER to X5

.1 uSEC 20 nS C364 1 cycle/fem =+40

C384 {center of sweep) +4.0

Exclude the first 7 cycles of the display. Adjust C375 for 1 cycle/cm in the first 3 to 4 centimeters of the sweep.
.1 uSEC 20nS Check 1 cycle/cm +4.0
.2 uSEC 50 nS Check 2 cycle/cm +4.0

Check at beginning, (exclude the first 7 cycles) middle and end of sweep. Due to interaction of the high frequency timing
adjustments it may be necessary to repeat the adjustments and checks to this point.

MAGNIFIER to OFF

.2 uSEC duS
2 pSEC 1 uS
5 uSEC 5uS
20 pSEC 10 uS
50 1SEC 50 uS

Check
Check
Check
Check
Check

2 cycles/cm +24
2 marker/cm +24
1 marker/cm +2.4
2 marker/cm +2.4
1 marker/cm +2.4

4The linearity error of the sweep on any TIME/CM setting with the MAGNIFIER on or off must not exceed 2 mm. See Fig. 6-32.

g. Adjust C330 {Fig. 6-31) so the zero marker for both
the .1 mSEC and 50 uSEC/CM position occurs at the same
position.

h. Turn the MAGNIFIER switch to OFF, A TIME/CM to 10
uSEC and proceed with adjustments listed in Table 6-4.

35. Adijust Delay Start and Stop 0o

a. Equipment setup is as given in step 34.

b. Set A Triggering SOURCE switch to NORM. Remove
the Time-Mark Generator trigger signal from the A TRIG
INPUT connector and apply the trigger signal to the B TRIG
INPUT connector. Set B Triggering SOURCE switch to EXT
position.

c. Set the A TIME/CM switch to 5 uSEC and the B TIME/
CM switch to 1 mSEC position.

d. Set the Time-Mark Generator marker selector for 1 ms
markers and the trigger selector for 1 ms trigger signals.

e. Free run the A sweep by setting the A MODE switch to
TRIG and turning the STABILITY and LEVEL controls fully
clockwise.

f. Set the HORIZONTAL DISPLAY switch to B INTEN BY
A, then adjust B Triggering LEVEL control for a stable
display.

g. With the DELAY TIME MULTIPLIER 1-10 dial set at
1.00, adjust the Delay Start R436, (Fig. 6-33} to position the

®1

intensified portion to the 1st time mark (1 ¢cm from the start
of the trace).

h. Change the DELAY TIME MULTIPLIER 1-10, (Fig. 6-33)
until the brightened portion starts at the 9th time mark (9 cm
from the start of the trace).

i. Repeat the Delay Start and Stop adjustments until a
satisfactory setting is obtained for both,

This marker
on graticule
line

This marker
on graticule
line

—f T
b4 Ll I 41 llthlll 11l 111y 114 1l 4
e REm e L e I L R R
T
! -
- ? A -
i . X div
Percent nonlinearity — s d X100
v

Fig. 6-32, Linearity measurement.
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{A) Locatlan of Deloy Starl and Delay Stop adjustmaents. .
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(B) Intensified portion set te Tsb time marker,
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i
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I€) Intensified portion set to 9th time marker.

(D) Typical display showing correct adjustments of R434 and R4312.
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Fig. &-33. Delay Start and Stop adjustmant.

i. Set the DELAY TIME MULTIPLIER 1-10 control for a dial
reading of 1.00 and switch the HORIZONTAL DISPLAY
switch to A DLY'D.

k. Adjust the Delay Start R434 so that the leading edge
of the time mark is at the start of the trace (see Fig. 6-33C].

I, Set the DELAY TIME MULTIPLIER 1-10 contral for a dial
reading of $.00 and adjust the Deloy Stop R432, until the
leading edge of the time mark is at the start of the trace.
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36. Check Delay Time Multiplier Incremental
Linearity

a. Equipment setup is given in step 35

b. With the HORIZOMNTAL DISPLAY switch first in the B
INTEMN BY A position for rough setting and then in the A
DLY'D position, adjust the DELAY TIME MULTIPLIER dial so
the sweep starts on the leading edge of the 2nd {2 cm from
the graticule edge] 1 ms time mark.



c. Check—The DELAY TIME MAULTIPLIER dial must read
2.00 42 minor dial divisions {Z=0.29].

d. Repeat this accuracy check between each major dial
division to 9.00. Incremental accuracy is =0.2%.

37. Adjust Time Base B Sweep Rate 0
a, Equipment setup is given in step 38

b, Set Time Base B TIME/CM switch te 5 uSEC and Time
Base A TIME/CM switch to .5 nSEC,

e Set the Time-Mark Generator marker selector for 5 pS
time markers.

d. With the HORIZONTAL DISPLAY switch first in the B
IMTEM BY A position for a rough setting and then in the A
DLY'D position adjust the DELAY TIME MULTIPLIER 1-10 dial
so the sweep starts at the leading edge of the st time
marker and note the dial reading (approximately 1.00).

e. Rotate the DELAY TIME MULTIPLIER exactly B.0O divi-
sions above the sefting for step d lapproximate setting 9.00],
See Fig. &-34A.

f. Adjust C280A [see Fig. 6-43B) so the sweep starts ot
the leading edge of the ?th time marker,

g. Repeat the procedure to compensate for circuit inter-
achion,

TABLE &-5
Time Base B | Time-Mark Trigger | CRT
TIME/CM Generator Cutput Display
Marker Markers/
Cutput Centimeter

2 pSEC 1 nS 10 p5 2

5 uSEC 5 S 1

10 pSEC 10 S 1

20 nSEC 10 S 2

50 pSEC 50 s 1

1 mSEC J mS Jd mS 1

2 mSEC T ams | 2
SmSEC | 5mS 1

1 mSEC | Im§ | 1m§ 1
2mSEC | Im§ | 2
5mSEC | 5m§ | 1
10mSEC |  10m§ | 1§ 1
20mSEC | 10mS | 2

50 mSEC 50mS | 1

.1 SEC s 1

2 SEC 15 )

5 SEC 58 15 T e
S 2 e

Calibration—Type 549

SR EEERES

L

dapad e e leay

IA} Intensified Tst and 9th time maorkers,

IB] Location of C240A,

Flg. &-34, Adjusting Time Bose B sweesp role,

38. Check Time Base B Sweep Timing Accuracy

a. Equipment setup is given in step 37

b. Set the HORIZOMTAL DISPLAY to B and adjust B
LEVEL control if necessary for a triggered display.

¢, Check—3Sat the B TIME/CM switch and Time-Mark Gean-
erator as in Table 6.5 and check the timing accuracy over
the center 8 cm. Accuracy must be within =3% (2.4 mm).

d. Remeve the Time-Mark Generator, marker and trigger
signals,
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Fig. 6-35. Equipment setup for steps 39 ond 40.

MODE

CRT contrals

IMTEMNSITY
FOCUS

ASTIG

SCALE ILLUM
Storage contrals

EMHAMCE MODE
EMHAMNCE LEVEL
UPPER SCREEM STORAGE
LOWER SCREEN STOR-
AGE
SCREEN SELECTOR
VIEWING TIME
AUTO ERASE
HORIZOMNTAL DISPLAY
rMAGMNIFIER
NORM-SINGLE SWEEP

Time Bose A

TIME/CM
VARIABLE

Triggering controls

LEVEL
STABILITY

6-34

Marmal intensity

Adjust for well defined
trace

Adjust for well defined
trace

As desired

OFF
Counterclockwise
OFF

OFF
FULL
Counterclockwise
CFF

A

OFF

FMORM

1 wSEC
CAL

cw
PRESET

SLOPE
COUPLING
SOURCE

Time Bose B

TIME/CM AND DELAY
TIME
LEMGTH

Triggering contrals

LEVEL

STABILITY

MODE

SLOPE

COUPLING

SOURCE
DELAY TIME MULTIPLIER

1-10

HORIZONTAL POSITION
AMPLITUDE CALIBRATOR

TRIG

AC
NORM

2 uSEC

Clockwise

cw
PRESET
TRIG
+

AC
NORM

1.00
Midrange
OFF

Test Plug-In Load/Pulser Unit

Test Funchion
Variable
Wertical Position
Repefition Rate
Amplitude

High Load
CCw
Midrange
Levw

CCW

=




Test QOscilloscope

Time/cm 2 LSEC
Volts/em 5.0
Coupling DC
Slope +

39. Check A Sweep Holdoff Time

a. Test equipment setup is shown in Fig. 435,

b. Connect a 10> probe from the test oscilloscope to the
junction of R330-C330 (see Fig. &-36) and adjust test oscil-
lescope contrels for a stable display.

c. Check—A sweep for the fellowing holdoff times. See
Fig. 6-36.

A TIME/CM HOLDOFF TIME
1 uSEC to .5 uSEC dus to P ps

1 nSEC 1o 50 pSEC 15 us to 40 ps

1 uSEC to 5 mSEC 150 s to 400 ps
1 mSEC to 5 mSEC 1.5ms to 4 ms
10 mSEC te 50 mSEC 15ms to 40 ms
1 SEC to 55EC 150 ms to 400 ms

40, Check B Sweep Holdoff Time
o, Equipment setup is given in step 39,
b, Set HORIZOMTAL DISPLAY switch to B position,

e. Check—B sweep for the fellowing holdoff times:

B TIME/CM HOLDOFF TIME
2 uSEC to 10 uSEC 15 to 40 ps

20 pSEC to .1 uSEC 0.15 to 0.4 ms
2 mSEC to 1 mSEC 1.5ms to 4ms

[A] Location of RIIO-CII0 junchion,

Calibration—Type 549

A T
i R .
N e )
o B R330

. 1 cazo
Junction

L B

{B) Heldef! time measurement,

Hold-olf time
[F2ie e 975} |

Flg. &-34, Checking holdoff time.

2 mSEC to 10 mSEC 15ms to 40 ms
20 mSEC to 1 SEC 150 ms to 400 ms

d. Disconnect the 10> probe from the junction of R330
and C330.
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Fig. &-37. Equipment setup For steps 41 through 45,

Type 549

CRT controls

IMTEMNSITY
FOCUS

ASTIG

SCALE ILLUIAM

Storage contrals

EMHAMCE MODE
EMNHAMCE LEVEL
UPPER SCREEM STORAGE

LOWER SCREEM STOR-
AGE

SCREEM SELECTOR
VIEWING TIME
AUTO ERASE

6-36

MNarmal intensity

Adjust for  well
trace

Adjust for  well
trace

As desired

OFF

Counterclockwise
OFF

OFF
FLILL
Counterclockwise
OFF

defined

defined

HORIZOMTAL DISPLAY
MAGMIFIER
NORM-SINGLE SWEEP

Time Bose A

TIME/CM
VARIABLE

Triggering controls

LEVEL
STABILITY
MODE
SLOPE
COUPLING
SOURCE

Time Bose B

TIME/CM AND DELAY
TIME

LEMGTH

OFF
NORM

.5 mSEC
CAL

cw
PRESET
TRIG
+

AC
MORM

.5 mSEC

Clockwise

-



Triggering centrels

LEVEL oW
STABILITY PRESET
MODE TRIG
SLOPE -+
COUPLING AC
SOURCE MNORM

DELAY TIME MULTIPLIER

1-10 1.00
HORIZONTAL POSITION Midrange
AMPLITUDE CALIBRATOR OFF

Test Plug-In Load/Pulser Unit

Test Function + PULSE
Yariahle cow

Yertical Position Midrange
Repafition Rofe Low
Amplitude Adjusted for 4 em dis-
play amplitude
41. Adjust DC Shift 0

o, Equipment setup is shawn in Fig, 637,
b. Adjust the A Triggering controls for a stable display.

e, Adjust the DC Shift R502 (Fig. &-38) for minimum wave-
farm tilt,

42. Adjust High Frequency Response 0
a. Equipment setup is as given in step 41,

b. Change the test plug-in unit Repetition Rate switch to
High pasition.

c. Adjust for optimum high frequency response as follows:
(Fig. &-39).

With A TIME/CM switch at .1 pSEC or .2 uSEC, adjust
L5A8, L589, L598, L59%, C520 and RS80 for minimum rolloff
and overshoot on frant corner of the waveform. When mak-
ing this adjustment keep the front corner level with the top
of the waveform.

Adjust L554, C551 and C581 for minimum rolleff or over-
shoot with the A TIME/CM switch at 2 pSEC or .5 uSEC,
Again be sure that the front corner does not begin to tilk

With A TIME/CM at 1 wSEC or 2 nSEC position, adjust
C548 for minimum ringing and L5860 for minimum tilt on the
front corner of the waveform,

d. Change the test plug-in unit Test Function switch to
—Pulse and the A Triggering SLOPE switch to pasition.

e. Werlically center the display about the graticule center
line.

f. Check—Peak-to-peak aberration with either [+] or [—)
pulse; must not exceed 1 mm.

®
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Fig., &-38. Location of DC Shift odjustment R502,

43, Check Effect of Display Position on Tran-
sient Response

o. Equipment setup is given in step 42,

h, Position the bottom of the — pulse 0.5ecm frem the

top graticule line.

e, Check—Peak-lo-peak aberrations; must not  exceed
2 mm,

d. Change the test plug-in unit Test Function switch to
+Pulse and the A Triggering SLOPE to .

e. Pasition the top of the 4+ pulse 0.5 em fram the bottom
graticule line.

f. Check—Peak-te-peak aberrations; must not  exceed
2mm. See Fig. 6.39C.

44, Check Risetime
a. Equipment setup is given in step 43.
b. Increase the signal amplitude to 5cm,

c. Set the A TIME/CM switch ta .1 pSEC and the MAGHNI-
FIER ta *5.

d. Measure the risetime of the + pulse. (109 to 0%
of its amplitude| Fig. 6.39C.

e. Check—Risetime must be less than or equal te 12 ns.

f. Change the test plug-in unit Test Funchion selector to
—Pulse and the A Triggering SLOPE te — position.

g. Measure the risetime for the — pulse.

h. Check—Time must be less than or equal to 12 ns,
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(0] Meosuring the risetime of & normal waveform; swaeep rote
is 20 ne/em,

(€} Fost pulse response; sweep rate 0.1 us/em,

Fig. 6-3%9. Vartlcal amplifier compensation checks and adjustments.

45, Check Vertical Signal Out signal out should range between & and 9 wvolts.

a. Equipment setup is as given for step 44, d. Measure the risetime of the 4 pulse.
; e, Check—Risetime should be less than or equal to 0.5 us.
b. Connect a 10 probe from the test oscilloscope to the

WVERT SIG OUT connecter and adjust for a triggered display. f. Turn the POWER off, remove the test plug-in unit, install

a l-series vertical plug-in unit (Type 1Al or 1A2) and turn

e. Check—The peak-to-peak amplitude of the wvertical POWER switch ON.
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Constant Amplitude
Signal Generater
Type 191

GR te BNC 50 {1 Terminatlen
Adapler
50-o0hm cable
10 Proba
Fig. &-40, Equipmant setup for steps 46 and 47,
Type 549 YVARIABLE CAL
CRT econtrols Triggering controls
IMTEMSITY Mermal intensity LEVEL W
FOCUS Adjust for well defined STABILITY PRESET
trace MODE TRIG
ASTIG Adjust for well defined SLOPE +
frace COUPLIMNG AC
SCALE ILLUM As desired SOURCE RORM
Storage controls Time Base B
EMHAMCE MODE OFF TIME/CM  AND  DELAY
EMHAMCE LEVEL Counterclockwise TIME S mSEC
IJPPER SCREEM STORAGE OFF LEMGTH Clockwise
LD;;EER SCREEN  STOR- OFF Triggering contrals
SCREEM SELECTCR FULL LEVEL cw
VIEWING TIME Counterclockwise STABILITY PRESET
HORIZOMTAL DISPLAY A SLOPE +
MAGHIFIER CFF COUPLING AC
NORM-SINGLE SWEEP NORM SOURCE NORM
) DELAY TIME MULTIPLIER
TII'I‘IE Bose A 1-10 1.00
TIME/CM .2 mSEC HORIZOMTAL POSITION Midrange
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AMPLITUDE CALIBRATOR OFF

Type 1Al
Mode CH 1
Volts/ecm .05
Input Selector AC

Test Oscilloscope
Time/cm 0.2 msec

Volts/cm As required

46. Check Vertical Amplifier Bandwidth

a. Equipment setup is shown in Fig. 6-40.

b. Apply the output signal of the Constant Amplitude
Signal Generator to the vertical input connector through a
50 ohm coaxial cable and a 50 ohm termination.

c. With a Constant Amplitude Signal Generator frequency
of 50kHz, adjust the amplitude control for a display ampli-
tude of 4 major divisions.

6-40 .

d. Increase the frequency of the Constant Amplitude Sig-
nal Generator until the display amplitude decreases to 2.8
divisions.

e. Check—Constant Amplitude Signal Generator frequency
must be equal to or higher than 30 MHz.

47. Check Vertical Signal Out Bandwidth

a. Equipment setup is given in step 46.

b. Connect a 10X probe from the test oscilloscope to the
VERT SIG OUT connector.

c. Adjust the test oscilloscope vertical sensitivity for a
display amplitude of 4 divisions.

d. Increase the frequency of the Constant Amplitude Sig-
nal Generator until the amplitude of the test oscilloscope
display decreases to 2.8 cm.

e. Check—Frequency of the Constant Amplitude Signal
Generator should be equal to or higher than 700 kHz .
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Constant Amplitude
Signol Generator

GR to BMC adoplor

S0-ohm cables

T eonneclor

Fig. 6-41. Equipment setup for steps 48 through 51.

Type 549

CRT contrals

IMTENSITY
FOCUS

ASTIG
SCALE ILLUM

Storage controls

EMHAMNCE MODE
EMHAMNCE LEVEL
UPPER SCREEM STORAGE
LOWER SCREEN STOR-
AGE
SCREEM SELECTOR
VIEWING TIME
AUTO ERASE
HORIZONTAL DISPLAY
MAGHMIFIER
NORM-SINGLE SWEEP

Time Base A

TIME/CM
YARIABLE

Mermal intensity

Adjust for well defined
trace

Adjust for well defined
trace

As desired

OFF
Counterclackwise
OFF

OFF

FULL
Counterclockwise
OFF

1

OFF

FCORM

.5 mSEC
CAL

Triggering controls

LEVEL 0
STABILITY PRESET
MODE TRIG
SLOPE -
COUPLING AC
SOURCE EXT
Time Bose B
TIMES/CM  AMD DELAY
TIME S mSEC
LEMGTH Clockwise
Triggering controls
LEWEL W
STABILITY PRESET
MODE TRIG
SLOPE +
COUPLING AC
SOURCE MNORM
HORIZOMTAL POSITION Midrange
AMPLITUDE CALIBRATOR 1.0 Volt
Type 1A1
Volts/em 20
Input Selector AC
Mode CH 1
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Time Base B Chassis

IB) Lecation of CIDIC,

(L) Typical display with CI0VC properly adjusted,

—_—

1B} CI0IEC misodjusted,

i :

—_

I -

Fig. 6-42. External horzental adjustmaents,

48. Adjust External Horizontal DC Balance ()

a. Equipment setup is shown in Fig. &-41,

b, Apply the autput cable from the SWEEP A connector to
the Vertical Input connecter,

c. Connect the CAL OUT connector through a BNC T
connector and twe 50 ohm coaxial cables to the EXT HORIZ
IM connector and the A TRIG INPUT connector.

d. Adjust A Triggering LEVEL contral for o stable trig-
gered display.

e. Adjust the HORIZONTAL POSITION controls to center
the display on the graticule,

f. Adjust the Ext Horiz DC Bal R317 (see Fig. &-42) for
no horizontal shift of the waveform baseline (to the left]
while rotating the VARIABLE 1.10 contral from a clockwise
to fully counterclockwise position.

g. Change the HORIZONTAL DISPLAY switch to 103
position,

h. Check—The baseline should not shift mare than 2 mm
as the VARIABLE 1:10 contral is rotated through its range.
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49. Adjust External Horizontal 10X 0
Compensation

a. Equipment setup is given in step 48,

b. Turn the VARIABLE 1:10 contral fully cleckwise and
change the HORIZONTAL DISPLAY switch to the 10X
position.

c. Change the AMPLITUDE CALIBRATOR to 10 volts and
center the display with the HORIZONTAL POSITION contrals,

d. Adjust C301C for optimum square-wave response,
Aberrations should not exceed =39, Fig. 6-42C and 4-420,

50. Check External Horizontal Input Deflection
Factor

a. Equipment setup is as given for step 49,

b. Set the VARIABLE 1:10 contrel fully clockwise, the
AMPLITUDE CALIBRATOR at 1.0 valt and the HORIZONTAL
DISPLAY switch ta 13 pesition,

e. Check—Herizontal deflection of 5em or more must be
ohserved.



d. Change the HORIZONTAL DISPLAY switch to 10X
position and the AMPLITUDE CALIBRATOR to 10 VOLT
position.

e. Check—Horizontal deflection should be 5cm or more.

f. Change the VARIABLE 1-10 control to fully counter-
clockwise position and the HORIZONTAL DISPLAY switch to
1X. Note the amplitude of the horizontal deflection.

9. Change the HORIZONTAL DISPLAY switch to the 10X
position and the VARIABLE 1-10 control fully clockwise.

h. Check the horizontal deflection amplitude. Must be
equal to or greater than the amplitude noted in step f.

i. Set the AMPLITUDE CALIBRATOR switch to the 1 volt
position, the VARIABLE 1-10 control fully clockwise and the
HORIZONTAL DISPLAY switch to 1X position.

ji. Set the A STABILITY control to PRESET and adjust the
LEVEL control for a stable display.

k. Note the display signal amplitude and aberrations.

I. Change the HORIZONTAL DISPLAY switch to 10X
position and the AMPLITUDE CALIBRATOR to 10 volt posi-
tion.

Calibration—Type 549

m. Check and compare the display amplitude and wave
shape with the display in step k. Amplitude must be within
=+29% and aberrations in both the 1X and 10X positions
must be less than ==59%,.

51. Check External Horizontal Amplifier Band-
width

a. Equipment setup is given in step 50.

b. Remove the AMPLITUDE CALIBRATOR signal and apply
a 50kHz signal from the Constant Amplitude Signal Gen-
erator (Type 191} to the EXT HORIZ IN connector.

c. Set the HORIZONTAL DISPLAY switch to 1X position
and the VARIABLE 1-10 control fully clockwise.

d. Adjust the output of the Constant Amplitude Signal
Generator for é cm of horizontal deflection.

e. Increase the Constant Amplitude Signal Generator fre-
quency until the display amplitude decreases to 4.2 cm.

f. Check—Constant Amplitude Signal Generator fre-
quency must be equal to or greater than 350 kHz.
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Fig. &-43, Equipmant setup for steps 52 through 54.

STORAGE SYSTEM Time Base A
Checks and adjustments of the storage system should be TIME/CM 0.1 mSEC
performed in sequence because there is interaction between VARIABLE CaL
ud|us+lmon!s. Chnck_ the high veltage adjustment Flﬂd 1_h'3 LEVEL Clockwise
Intensity Range setting step 4 and 5 before proceeding with )
the storage circuit adjustments. STABILITY Clockwise
MODE TRIG
NEReCCSs SLOPE +
CRT controls COUPLING AC
INTENSITY Fully counterclockwise SOURCE MNORM
FOCUS Midrange Vertical Plug-ln Unit (Type 1A1 or equivalent)
ASTIG Midrange Valts/cm 1.0
Storage System Input Selector AC
EMHAMNCE MODE QFF
ENHANCE LEVEL Counterclockwise 52. Adjust Flood Gun Cathode Potential O
UPPER and LOWER und Bﬂ‘k |\‘.'IIE Balance.
SCREEN STORAGE STORE i

Erase Program a. Equipment setup as shown in Fig. 6-43.

SCREEM SELECTOR FULL b. Connect a voltmeter, set to 250 volt range, between
VIEWING TIME MM 4300V (pin 4-300 on storage circuit assembly beard) and
AUTO ERASE OFF the Flood Cathode TP.
HORIZONTAL DISPLAY A c. Adjust FG Cath Level R1185 for @ meter reading of
NORM-SINGLE SWEEP HNORM 175 valts.
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v T'}|

R1050 adjusted for zers valt
reading between TP Upper and

IJ::_;i,-'-_w._‘;_lj LS AL TP Lower

Fig. &-44. Adjust FG Cath Level R1185 for voltmeter reading of
175 volts between + 300 volt supply and TP Cathode,

d. Connect the voltmeter between TP Upper and TP
Lewer and adjust Backplate Bal R1050 for a voltmeter read-
ing of zero. Fig. 6-45.

53. Adjust Collimation 0
a. Equipment setup is given in step 52,

b. Connect a voltmeter between TP Upper (upper target)
and TP Flood Cathode [flood gun cathede). The valtmeter
reading is the operating vollage.

c. Adjust the Backplate Level R1055 for a volimeter read-
ing of 140 velts. Adjust INTENSITY contral for a sweep of
nominal intensity.

d. Write the entire storage screen area by slowly posi-
tioning the trace wvertically. If the screen fails to write,
Fi increase the ocperating voltage in steps of 10 volts and
repeat the process until the screen will completely write
within the graticule area.

. e. Turn the Collimation adjustment R1070 fully counter-
clockwise or until twe bright spots appear, then turn it clock-
wise for maximum uniform brightness over the storage area,

f. Erase the screen by pushing both ERASE buttons, then
switch ta convential mode by depressing both OFF buttons
for the UPPER and LOWER SCREEN STORAGE,

g. Interaction—Collimation affects sweep timing, vertical
— gain, linearity and storage copabilities.

54. Adjust Backplate Level 0

a. Equipment setup is as given for step 53.

Fig. 6-45. Adjust Backplate Bal R1050 for velimeter reading of O
volis,

b. Set the INTEMSITY contral for 20 uA writing beam
current as follows:

1. Apply an approximate 50 kHz sine wave from the
Constant Amplitude Signal Generater to the vertical Input
connector and set the amplitude contrel for @ 3.2 em dis-
play. Center display within graticule area with HORIZOM.

TAL and Vertical position controls.

2. Switch the A Triggering MODE switch o AUTO
and the A TIME/CM switch to 20 u5EC position,

3. Set the INTEMNSITY contrel for an approximate 20 juA
beam current [this is slightly abeve normal operating
brightness), then adjust the FOCUS and ASTIG contrals
for optimum display definition.

4. Turn the POWER switch to OFF and remove the signal
from the Constant Amplitude Signal Generater.

5. Carefully remave the left and right horizental deflec
tien leads from the CRT neck pins. Pasition the deflection
lead connecters so they will nat short to ground or to ather
vallage points,

NOTE

Do not bend the neck pins. Grip the metal pin
connectors and pull directly away from the CRT
neck.

6. Connect the right horizontal deflection plate |CRT
pin| through o microammeter to the 500 velt supply. The
500 W terminal on the circuit board assembly is convenient,
See Fig, &-47

6-45



Calibration—Type 549
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[A&) Measuring operating laval,

IB) Collimation adjusted too for counterclockwise,

1€) Collimation adjustad for optimum brightness

Elg. &=46, Adjusting callination,

7. Connect the left horizental deflection plate through FOCUS or ASTIG controls are readjusted from their
a second microammeter to the 100V supply. initial setting.
8. Set both meters te a range greater than 100 uA. 12. Turn the POWER switch to OFF, Remaove bath micro.

[Flood gun current plus writing beam current may exceed

ammeters and reconnect the harizental deflection leads
100 A

te the left and right CRT deflection plate pins.

9. Turn the POWER switch to OMN, the A MODE switch 13. Reconnect the volimeter between TP Upper and TP
to TRIG, STABILITY and LEVEL contrals fully clockwise and Fload Cath.
A TIME/CM switch te 55EC pesition.

c. Turn the POWER switch to OMN and the TIME/CM

10. After the time delay interval for the power supply switch to the 0.1 mSEC position.

voltages to turn on, depress the INTEGRATE TRACES but-

ton. This will interrupt the flood gun current and while d. Set the INTEMNSITY control for 20 uA beam current and
holding the button depressed, measure the algebraic sum adjust FOCUS and ASTIG contrels for optimum focus,

of the two microammeter readings during the unblanking

carod e. Set the NORM-SINGLE SWEEP switch to the SINGLE

SWEEP position.
11. Adjust the INTEMSITY control for a writing beam

current of 20 pA. Note the position of the INTENSITY f. Adjust Backplate Level R1055 for an operating point
control. that is midway between the writing thresheld and the upper
writing limit.
el Writing threshold is found as follows:
It may be convenient to marh the 20 pA INTENSITY
control peosition on the front panel for ease of 1. Set the UPPER and LOWER SCREEM STORAGE to

setup. The beam current must be rechecked if the STORE.
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Fig. &=47. Measuring CRT beoam currant,

2. Depress both ERASE buttons te prepare the target
area for sterage,

3. Write 3 or more lines per ecm on the target area by
depressing the NORM-SINGLE SWEEP switch te RESET.
After each line is written, change the vertical position of
the spot before writing the next trace,

4, Carefully check the written lines visually for breaks
or gaps. If no breaks or gaps are evident after 10 seconds,
adjust the Backplate Level to reduce the operating voltage
by 5 valts,

5. Erase twice, wait 10 seconds then write again and
check for breaks or gaps.

&, Repeat this procedure of decreasing the operating
voltage level in 5 wvolt steps wntil breaks of approxi-
mately 0.025 inches occur. This is the writing thresheld,

Calibration—Type 549

IA) Writing threshold.

|
|
1.
|

IB} Upper writing limib

Fig. &-48. Writing limlts,

Record this operaling vollage point and return the voltage
to its original level.

NOTE

Do not change the INTENSITY, FOCUS or ASTIG
contral settings.

g. Upper Writing Limit is found as follows: Raoise the
operating voltage in 5 volt steps. Carefully observe the
stored lines between each step for indications of fade-up.
The operating voltage which produces a trace spread of
0.025 inches greater than its normal width, or a background
spot greater than 0.025 inches which becomes as bright as
the written area, is the upper writing limit. Record this
voltage.
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10 Probe

Flg. &-49. Equipment selup for steps 55 through 58,

Type 549

CRET contrals

INTEMSITY
FOCUS
ASTIG

Slerage System

EMHAMCE MODE
EMHAMCE LEVEL
LIPFER and LOWER
SCREEM STORAGE
Erase Pregram

SCREEM SELECTOR

VIEWING TIME

AUTO ERASE
HORIZOMTAL DISPLAY
NORM-SINGLE SWEEP
Time Bose A

TIME/CM
WARIABLE
LEVEL

STABILITY

6-48

Fully counterclockwise
Midrange
Midrange

OFF

Counterclockwise

STORE

FULL

MM

AFTER SWEEP
A

SINGLE SWEEP

.5 mSEC
CAL
Clockwise
Clockwise

MODE TRIG

SLOPE +

COUPLING AC

SOURCE MORM

Vertical Plug-In Unit (Type 1Al or equivalent]
Valts/em 1.0

Input Selecter G

Test Oscilloscope

Time fem 20 msec

Yoltsfem 10

Coupling AC

Triggering For a triggered display

55. Adjust Erase Pulse 0

a. Equipment setup is shown in Fig. &-4%.

b. Adjust INTENSITY, FOCUS and ASTIG controls for a
well focused trace of nominal brightness. Connect a 10
prebe to TP Upper terminal.

c. Preset Erase Megative R1043, for moximum negative
amplitude of the erase pulse. (Do not permit bottom of
negative pulse to limit or square off)




d. Adjust Erase Positive R1033, for minimum amplitude.
If mottled areas appear on the target, increase the amplitude
until these disappear. If this adjustment appears to have no
effect, set the adjustment for minimum amplitude. Many
targets will erase properly at minimum amplitude.

e. Check erase pulse for a time duration of 70 to 130 ms.
Fig. 6-50.

f. Slowly reduce the Erase Negative amplitude by adjust-
ing Erase Negative R1033, until the target fails to erase
properly. This is the critical value for good erasure. Increase
the amplitude 20 volts from this critical erase valve. Do not
permit the bottom of the negative pulse to square or limit.
In some instruments this critical value may not show. If
this occurs, adjust R1033 for minimum negative amplitude.

56. Check Viewing Time and After Sweep Auto
Erase

a. Equipment setup is as given for step 55.
b. Change the AUTO ERASE switch to PERIODIC position.
c. Set the test oscilloscope Time/Cm switch to 1 sec.

d. Measure the viewing time with the VIEWING TIME con-
trol fully counterclockwise. The time between erase pulses
should equal or be less than 0.5 seconds.

e. Measure the viewing time with the VIEWING TIME con-
trol fully clockwise. The time between erase pulses should
equal 5 seconds or more.

f. Change the A TIME/CM switch to 0.1 SEC position and
set the AUTO ERASE switch to AFTER SWEEP.

g. Check for an automatic erase and reset after each
sweep with a variable time between consecutive erase and
single sweep cycles determined by the VIEWING TIME con-
trol position.) Time between erasures should be the same as
the previous check on viewing time.

h. Change the AUTO ERASE switch to the OFF position
and press the ERASE AND RESET button.

i. Check—The screen should erase, followed by a single
sweep which stores.

57. Adjust Non Store Level 0

a. Equipment setup is as given for step 56.

b. Push both UPPER and LOWER SCREEN STORAGE OFF
buttons for conventional operation.

c. Set the NORM-SINGLE SWEEP switch to NORM.
d. Turn the Non Store Level R1169 fully counterclockwise.

e. Adjust the INTENSITY control for a sweep of nominal
intensity.

Calibration—Type 549
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Fig. 6-50. Erase waveform.

f. Write the complete storage area by vertically position-
ing the free running sweep over the screen storage area.

g. Rotate the Non Store Level clockwise until the screen
is no longer stored.

h. Switch the screen storage to STORE and again write

‘the screen storage area.

i. Switch the screen storage to OFF position. If the
screen remains stored or is slow to erase, rotate the Non
Store Level adjustment further clockwise.

i- Repeat this procedure until the screen erases promptly
when the screen storage is switched from STORE to OFF,

58. Adjust Enhance Width and Enhance O
Level

a. Equipment setup is as given for step 57.

b. Change the ENHANCE MODE switch to the FULL posi-
tion and set the ENHANCE LEVEL control midrange. Set the
AUTO ERASE switch to AFTER SWEEP and the VIEWING
TIME control to MIN position.

c. Connect the test oscilloscope 10X probe to TP Upper,
on the circuit board assembly.

d. Connect a coaxial cable from the Type 549 +GATE
A connector to the test oscilloscope Trig Input connector.
Trigger the test oscilloscope with the +GATE A signal.

e. Adjust Enhance Width R1132 for an enhance pulse
width of 1 ms, Fig. 6-51B (enhance pulse appears after the
erase cycle).
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A

{A) Enhance pulse after erase cycle.

(8) Enhance pulse adjusted to 1 ms.

Fig. 6-5)1. Enhance pulse adjustment.
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f. Change the NORM-SINGLE SWEEP switch to NORM
position then depress both OFF buttons for the UPPER and
LOWER SCREEN STORAGE.

g. Set the A TIME/CM switch to .2 uSEC position and free
run the sweep by turning the STABILITY and LEVEL control
fully clockwise.

h. Set the NORM-SINGLE SWEEP switch to the SINGLE
SWEEP position and depress both STORE buttons for the
UPPER and LOWER SCREEN STORAGE.

i. Adjust the INTENSITY, FOCUS and ASTIG controls
until a stored trace is visible, then adjust FOCUS and ASTIG
for optimum focus.

i- Slowly adjust the ENHANCE LEVEL control clockwise
for optimum storage without background deterioration. If
the sweep stores without breaks, increase the TIME/CM
switch setting for a faster sweep rate.

k. Adjust the Enhance Width R1132 and then ENHANCE
LEVEL control for optimum storage of the sweep, without
fade positive indication on the screen. (If optimum setting
cannot be found, set the Enhance Width for a pulse width
of 1 ms.)

I. With the ENHANCE LEVEL control set for optimum
storage carefully adjust the Enhance Target Level R1140,
for maximum writing speed without background deteriora-
tion.
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Constant Amplitude
Signal Generatar

GR to BMC
Adapter

50 1t Tarmination

50-ohm cable

CRT cantrols
INTENSITY

FOCUS
ASTIG

Storage System

EMHAMCE MODE
EMHANCE LEVEL

UPPER SCREEM
STORAGE

LOWER SCREEM
STORAGE

Erase Pragram

SCREEM SELECTOR

VIEWING TIME

AUTO ERASE
HORIZOMTAL DISPLAY
NORM-5INGLE SWEEP

Tima Base A
TIME/CM

E

Fig. &-52. Equipmant selup

Type 549

As required for trace
af neminal bright-
ness

Midrange

Midrange

OFF
Counterclockwise
OFF

OFF

FULL

MIM

OFF

A
NORM

20 .5EC

for steps 59 and 40.

VARIABLE CalL
LEVEL Midrange
STABILITY PRESET

All TRIGGERING switches up
Vertical Plug-In Unit (1A1 or equivalent]

Volts/Cm 0.5
Input Selector AC

59. Check Storage Writing Speed

a. Equipment setup is shown in Fig. 6-52,

b. Apply o 50 kHz sine wave from the Constant Amplituda
Signal Generator to the input of the vertical plug-in unit
[Type TA1 or 1A2) and adjust the output signal amplitude
control for a displayed amplitude of 3.2 cm.

c. Adjust the A TIME,."CM. switch and YARIABLE contral
to display 15 cycles in 10 em.

d. Set the MNORMSIMGLE SWEEP switch to SINGLE
SWEEP position and the AUTO ERASE switch te AFTER
SWEEP.

e, Push both S5TORE buttons for the UPPER and LOWER
SCREEM STORAGE and adjust the VIEWING TIME control

ta an approximate 3 second viewing hime position.
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{B) Typical breaks in stored display at the writing speed limit

Fig. 6-53. Typical display when measuring writing speed.

f. Adjust the INTENSITY, FOCUS and ASTIG controls
for optimum writing speed. Fig. 6-53.

6-52

g. Check the stored display for breaks greater than 0.025
inch (see Fig. 6-53). Writing speed in cm/us = Frequency
in MHz X = X signal amplitude in cm. Since signal
amplitude is 3.2 cm, writing speed equals frequency in MHz
X 10. Writing speed must equal or exceed 0.5 cm/ps.

60. Check Enhanced Writing Speed

a. Equipment setup is shown in Fig. 6-52 with controls
set for optimum writing speed as described in step 59f.

b. Apply approximately 500 kHz signal from the Constant
Amplitude Signal Generator to the vertical Input connector
of the Type 549 plug-in unit {Type 1A1 or 1A2).

c. Set the ENHANCE MODE switch to FULL position and
turn the ENHANCE LEVEL control to obtain optimum storage.

d. Set the A TIME/CM switch to maintain 15 cycles per
10 cm and increase the input frequency of the signal genera-
tor until a break of 0.025 inch is noted in the stored display.
Fade positive spots or background deterioration must not
exceed 0.025 inch. This is the maximum enhance writing
speed and must equal or exceed 5cm/ps. Enhanced writing
speed in cm/us = Sine wave frequency in MHz X 10 (with
signal amplitude of 3.2 cm).

e. Change the ENHANCE MODE switch to UPPER and
check that only the upper target is enhanced.

f. Set the ENHANCE MODE switch to LOWER and check
that only the lower target is enhanced.

g. Set the ENHANCE MODE switch to OFF.

h. Remove the sine wave signal from the signal generator.

- e e ey
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Fig. &-54, Equipment setup for

waps 61 and 62,

Type 549 Triggering controls
CRT controls LEVEL CW
IMTENSITY Counterclockwise STABILITY CW
FOCUS Midrange M{}EF TRIG
ASTIG Midrange gﬁJFELIN(‘ .-t‘!.C
SCALE ILLLM As desired =
gty SOURCE NORM
Storage controls
Time Base B
EMHAMCE MODE OFF
ENHAMNCE LEVEL Counterclockwise TIME/CM AND
UPPER SCREEM DELAY TIME 1.0 mSEC
STORAGE STORE LEMGTH Clockwise
LOWER SCREEMN . i
STORAGE STORE Triggering controls
SCREEM sELFCTDR FULL LEVEL cw
V[EWINF: TIME MAIR STABILITY cw
AUTO ERASE OFF MODE TRIG
HORIZOMTAL DISPLAY A SLOPE o=
MAGHIFIER OFF COUPLING AC
MORM-SINGLE SWEEP SINGLE SWEEP SOURCE MNORM
e Basa- A DELAY TIME MULTIPLIER 1-10 1.00
HORIZOMTAL POSITION Midrange
TIME/CM .5 m5EC FIrIE Midrange
WARIABLE CAL AMPLITUDE CALIBRATOR OFF
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Pin & Connect test oscillescope probe ocross R179 | l

to measure sowlooth current

LK
.

{A] Pin & IR17%) location.

R177

R177
SAWT

-

{B] Llecation af Sawtecth Current R177 adjustment.

Fig. &-55. Adjusting sawtooth current to 2,1 mA,
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61. Check Integrate Traces Operation
a. Equipment setup is shown in Fig. &-54.

b, Push the ERASE AMD RESET butten twice to prepare
the target.

c. Depress the INTEGRATE TRACES button for 2 seconds
then release,

d. Check—There should be no background spots (deteri-
aration) greater than 0.025 inch.

e. |ncrease the beam intensity to the level at which a
trace will just store with single sweep operation by slowly
turning the INTEMSITY contral cleckwise and depressing the
ERASE AMND RESET bulten to erase the sereen and write a
new sweeap,

f. Check—Trace should disoppear when the INTEGRATE
TRACES button is depressed and reappear when the bullen
is released,

g. Push both ERASE buttons then both OFF buttans fer the
UPPER and LOWER SCREEM STORAGE,

62. Adjust Sawtooth Current 0

a. Set the A TIME/CM switch to 1 m5EC pasition, HORI-
ZONTAL DISPLAY switch to A and place all TRIGGERING
switches in the up position,

b. Set the Type 542 on its side and connect the probe
from the test oscilloscope between pin & of the plug-in con.
nector J-11 and ground (ocross R17%). See Fig. 4-55A.

c. Set the test oscilloscope Velts/em deflection to 1 Valt/f
em, the Time/em switch to 20 ms and adjust the triggering
for a stable display.

d. Adjust the Sawtooth Current adjustment RI77 [see Fig.
6-55B8) for 2.1 volt display amplitude [with a 10.5cm trace
length on the Type 549).

e. Disconnect the test escilloscope probe and set the Type
549 in its upright pesition,

This completes the calibration of the Type 549. Replace
the top and bottom covers. If the instrument has been com.
pletely calibrated 1o the tolerances given in this procedure,
it will perform to the limils given in the Characteristics
section of the Instruction Manual.



A or amp
AC or ac

BNC

cap.

cer

cm

comp
conn

c/s or cps
CRT

csk

A

dB

dBm

DC or dc
DE

o

GMY

H or h

hex.
HF
HHB
HHS
HSB
HSS
HY
Hz
1D
IF

incd
int
kQ

ke
kHz

ABBREVIATIONS AND SYMBOLS

amperes
alternating current
audio frequency

alpha—common-base current amplification factor

amplitude modulation
approximately equal to

beta—common-emitter current amplification factor

binding head brass
binding head steel

baby series ''N'’ connector
by or times

corbon

capacitance

capacitor

ceramic

centimeter

composition

connector

cycle

cycles per second
cothode-roy tube
countersunk

increment

decibel

decibel referred to one milliwatt
direct current

double end

degrees

degrees Celsius (degrees centigrode)
degrees Fohrenheit
degrees Kelvin

diameter

divide by

division

extremely high frequency
electrolytic

electrolytic, metal cosed
electromognetic interference (see RFI)
electrolytic, metol tubular
epsilon—2.71828 or % of error
equal to or greater than
equal to or less than
external

farad

focus and intensity

flat head bross

flat heod steel

fillister head brass
fillister heod steel
frequency modulation
feet or foot

giga or 107

acceleration due to gravity
germanium

gigahertz

guaranteed minimym volue
General Radio

greater thon

henry

height or high

hexagonal

high frequency

hex head brass

hex head steel

hex socket brass

hex socket steel

high voltage

hertz (cycles per second)
inside diameter
intermediate frequency
inch or inches
incondescent

infinity

internol

integral

kilohms or kilo {103)
kilohm

kilocycle

kilohertz

m
M or meg
m

mc

met.

MHz

mm

ms

mtg hdw
n
no. or ¥
ns

oD
OHB
OHS
Q

w
p

RC
RF
RFI
RHB

1)

RHS

r/min or rpm
RMS

s or sec.

SE

Si

SN or §/N
<<

T
TC

i
THB

[¢]

thk
THS
tub.
UHF

v

VAC
var
vDC
VHF
VSWR
w

w

w/
w/o
ww

xmfr

inductance
lambda—wavelength
large compared with
less than

low frequency

tength or long

low voltage

mega or 106

milli or 10-3

megohm

micro or 1076
megocycle

metal

megahertz

millimeter

millisecond

minus

mounting hardware
nano or 109

number

nonosecond

outside diameter

oval head brass

ovol head steel
omego—ohms
omega—angulor frequency
pico or 10-12

per

percent

pan head brass
phi—phose angle
pi—3.1416

pan head steel

plus

plus or minus

peok inverse voltage
plostic

paper, metal cased
polystyrene

precision

paper, tubular

paper or plastic, tubular, molded
power

figure of merit
resistance capacitance
radio frequency

radio frequency interference (see EMI)
round head brass
rho—resistivity

round head steel
revolutions per minute
root mean square
second

single end

silicon

serial number

small compared with
tera or 102
temperature compensated
tunnel diode

truss head brass
theta—angular phase displacement
thick

truss heod steel
tubular

vitra high frequency
volt

volts, alternoting current
varioble

volts, direct current
very high frequency
voltage standing wave rotio
watt

wide or width

with

without

wire-wound
transformer




PARTS ORDERING INFORMATION

Replacement parts are available from or through your local Tektronix, Inc. Field
Office or representative.

Changes to Tektronix instruments are sometimes made to accommodate improved
components as they become available, and to give you the benefit of the latest circuit
improvements developed in our engineering department. It is therefore important, when
ordering parts, to include the following information in your order: Part number, instrument
type or number, serial or model number, and modification number if applicable.

If a part you have ordered has been replaced with a new or improved part, your
local Tektronix, Inc. Field Office or representative will contact you concerning any change
in part number.

SPECIAL NOTES AND SYMBOLS
X000 Part first added at this serial number
00X Part removed after this serial number

*000-0000-00 Asterisk preceding Tektronix Part Number indicates manufactured by
or for Tektronix, Inc., or reworked or checked components.

Use 000-0000-00 Part number indicated is direct replacement.

Screwdriver adjustment.

E Control, adjustment or connector.




SECTION 7
ELECTRICAL PARTS LIST

Values are fixed unless marked Variable.

Tektronix
Ckt. No. Part No. Description S/N Range
Bulbs
B125t 260-0779-00 READY
B160W 150-0035-00 Neon, AID T2 UNCAL
B167 150-0027-00 Neon, NE-23
B171 150-0027-00 Neon, NE-23
B247 150-0002-00 Neon, NE-2 100-199
B267 150-0027-00 Neon, NE-2V 200-up
B271 150-0002-00 Neon, NE-2 100-199
B271 150-0027-00 Neon, NE-2V 200-up
B347 150-0035-00 Neon, A1D T2 MAG
B384 150-0027-00 Neon, NE-23
B601 150-0031-00 Incandescent, #44
B602 150-0031-00 Incandescent, #44
B403 150-0001-00 Incandescent, #47
B865 150-0030-00 Neon, NE-2V
B866 150-0030-00 Neon, NE-2V
B867 150-0030-00 Neon, NE-2V
Capacitors
Tolerance #=209% unless otherwise indicated.
cn 283-0001-00 0.005 uF Cer 500V
C12 281-0523-00 100 pF Cer 350V
Cl4 281-0526-00 1.5pF Cer 500V =+0.5 pF
Cl1é 283-0000-00 0.001 uF Cer 500V
C20 283-0000-00 0.001 uF Cer 500V
C24 283-0092-00 0.03 uF Cer 200V +809%-20%
C32 283-0004-00 0.02 uF Cer 150V
C36 283-0057-00 0.1 uF Cer 200V +80%-20%
C48 283-0006-00 0.02 uF Cer 500V
C49 290-0287-00 47 uF EMT 25V
Cé1 283-0001-00 0.005 uF Cer 500V
Cé2 281-0523-00 100 pF Cer 350V
Cé4 281-0526-00 1.5pF Cer 500V =+0.5 pF
Céé 283-0000-00 0.001 uF Cer 500V
C70 283-0000-00 0.001 uF Cer 500V
C74 283-0092-00 0.03 uF Cer 200V +80%,-20%,
C76 283-0057-00 0.1 uF Cer 200V +-80%,-20%
C81 281-0523-00 100 pF Cer 350V
cs7 281-0513-00 27 pF Cer 500V
C90 290-0114-00 47 uF EMC 6V

Part of SW925. Furnished as a unit.
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Capacitors (Cont)

Tektronix

Ckt. No. Part No. Description S/N Range
C95 283-0023-00 0.1 uF Cer 0V

cio1 283-0000-00  0.001 uF Cer 500V

Cl04 283-0001-00  0.005 uF Cer 500V

C109 283-0000-00  0.001 uF Cer 500V

cns3 281-0504-00  10pF Cer 500V 10%

clis 283-0001-00  0.005 pF Cer 500V

c121 281-0513-00 27 pF Cer 500V

C128 281-0503-00 8 pF Cer 500V =+0.5 pF

C132 283-0001-00  0.005 uF " Cer 500V

C133 281-0503-00 8pF Cer 500V =+0.5 pF

a4 283-0001-00  0.0052 uF Cer 500V

Cl46 281-0516-00 39 pF Cer 500 V 10% 100-902
Cl46 281-0558-00 18 pF Cer 500V 903-up
C148 283-0002-00 0.01 uF Cer 500 vV X903-up
C152 283-0002-00  0.01 uF Cer 500V

C153 283-0006-00  0.02 uF Cer 500V

Cl156 281-0528-00  82pF Cer 500V 10%

C160A 281-0007-00 3-12pF Cer Var

C1608 - 283-0126-00  82pF Cer 1000 V 5%

C160C 281-0010-00  4.5-25pF Cer Var

C160D 283-0126-00  82pF Cer 1000 V 5%

C160E 281-0010-00  4.5-25pF Cer Var

C160F 0.001 xF

Sy } %295.0098-00 8:?"";': Timing Capacitor

C160J 1 uF

C160K 281-0543-00 270 pF Cer 500V 10%

Cl165 281-0525-00 470 pF Cer 500 V

167 283-0000-00  0.001 uF Cer 500V
.C180A 283-0536-00 220 pF Mica 500V 10%

C1808 285-0543-00  0.0022 uF PTM 400V

c180C 285-0566-00  0.022 uF PTM 200V 10%

C180D 285-0572-00 0.1 pF PTM 200V

C180E 285-0572-00 0.1 uF PTM 200V

c181 281-0515-00 27 pF Cer 500 V +1.35pF

c187 283-0001-00  0.005 uF Cer 500V

C190 281.0511-00 22 pF Cer 500 V 10%

C193 283-0001-00  0.005 uF Cer 500V

C196 283-0000-00  0.001 uF Cer 500V

C200 283-0001-00  0.005 uF Cer 500V

c201 283-0001-00  0.005 uF Cer 500V

C203 ' 283-0000-00  0.001 uF Cer 500 vV

C209 283-0001-00  0.005 uF Cer 500 V

Cc212 283-0000-00  0.001 uF Cer 500V

Cc221 281-0504-00 10 pF Cer 500V 10%

C226 283-0001-00  0.005 uF Cer 500 V

C231 281.0513-00 27 pF Cer 500V
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Capacitors {Cont)

Tektronix

Ckt. No. Part No. Description S/N Range
C234 281-0518-00 47 pF Cer 500V
C241 281-0534-00  3.3pF Cer 500 V =+0.25 pF
C250 281-0516-00 39 pF Cer 500 V 10%
C260A 281-0010-00  4.5-25pF Cer Var
C260B 283-0126-00 82 pF Cer 1000 V 5%
C260C 0.001 uF
200 #295.0098-00 8:?‘#‘;F Timing Capacitor
C260F 1 uF
C240G 281-0543-00 270 pF Cer 500V 10%
C267 283-0000-00  0.001 uF Cer 500 V
C280A 281-0574-00 82 pF Cer 500 V 10%
C2808 285-0501-00  0.001 uF PTM 600V
C280C 285-0695-00  0.01 uF PTM 200V 10%
C280D 285-0572-00 0.1 uF PTM 200V
C280E 285057200 0.1 uF PTM 200V
C295 281-0506-00 12 pF Cer 500V 10%
C301C 281-0012-00  7-45pF Cer Var

- C301E 281-0546-00 330 pF Cer 500V 10%
C301H 281-0506-00 12 pF Cer 500 vV 10%
C320 283-0001-00  0.005 uF Cer 500V
C330 281-0010-00  4.5-25pF Cer Var
C331 281-0592-00 4.7 pF Cer 2% X110-up
C335 285-0537-00 0.5 puF MPT 400V
C340 281-0501-00 4.7 pF Cer 500 V =+1pF
C347 283-0000-00  0.001 uF Cer 500V
C348 281-0007-00  3-12pF Cer Var
C355 281-0526-00  1.5pF Cer 500 v =+0.5pF
C356 283-0001-00  0.005 uF Cer 500V
C344 281-0061-00 5.5-18 pF Cer Var
C375 281-0023-00  9-180 pF Mica Var
C378 290-0000-00  6.25 uF EMT 300V
C384 281-0061-00  5.5-18 pF Cer Var
C390 281-0501-00 4.7 pF Cer 500 V =+1pF
C393 285-0629-00  0.047 uF PTM 100V
C4n 283-0002-00  0.01 uF Cer 500 vV
C426 283-0001-00  0.005 uF Cer 500 V
C444 281-0511-00 22 pF Cer 500V 10%
C454 281-0518-00 47 pF Cer 500 V
C457 283-0001-00  0.005 uF Cer 500 V
Can 290-0185-00  2x40 uF EMC 250V
C472 283-0079-000  0.01 uF Cer 250V
C475 285-0526-00 0.1 uF PTM 400 V
C476A,B,C 290-0062-00  40x20x10 uF EMC 475V
C477 285-0526-00 0.1 uF PTM ' 400V
C489 281-0593-00  3.9pF Cer 10%
@1 . ' 7-3
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Capacitors (Cont)

Tektronix
Ckt. No. Part No. Description S/N Range
C493 283-0002-00 0.01 uF Cer 500 v
C506 285-0526-00 0.1 uF PTM 400V
C513 283-0002-00 0.01 pF Cer 500 vV
C514 283-0088-00 1100 pF Cer 500 vV 5%
C515 283-0003-00 0.01 uF Cer 150V X620-up
C520 281-0022-00  8-50 pF Cer Var
C521 281-0510-00 22 pF Cer 500V
C524 283-0088-00 1100 pF Cer 500V 5%
C532 283-0002-00  0.01 wF Cer 500 vV
C534 283-0006-00  0.02 uF Cer 500V 100-619
C534 281-0580-00 470 pF Cer 500 v 10% 620-up
C542 - 283-0002-00  0.01 uF Cer 500V
C544 283-0003-00 0.01 uF Cer 150V X620-up
C551 281-0075-00  5-25pF Cer Var
C553 283-0003-00 0.01 uF Cer 150V X620-up
C556 283-0103-00 180 pF Cer 500V 5%
C557 283-0077-00 330 pF Cer 500V 5% 100-619
C557 283-0084-00 270 pF Cer 1000V 5% 620-up
C566 283-0103-00 180 pF Cer 500V 5%
Cc567 283-0084-00 270 pF Cer 1000V 5% 100-619
C567. 283-0077-00 330 pF Cer 500V 5% 620-up
C568 281-0022-00  8-50 pF Cer Var
C570 283-0000-00  0.001 uF Cer 500V
C572 283-0006-00  0.02 uF Cer : 500V
C574 281-0571-00 82 pF Cer 500 V
C578 281-0536-00 1000 pF Cer 500V 10%
C579 281-0543-00 270 pF Cer 500V 10%
C580 281-0513-00 27 pF Cer 500V
C581 281-0022-00  8-50 pF Cer Var
C582 283-0088-00 1100 pF Cer 500V 5%
C590 283-0006-00  0.02 uF Cer 500 V
C592 283-0088-00 1100 pF Cer 500V 5%
Cc597 283-0000-00  0.001 xF Cer 500V
C601 283-0057-00 0.1 pF Cer 200V +-809%—20%
C610 285-0510-00  0.01 uF PTM 400V
cé17 285-0510-00  0.01 uF PTM 400V
C628 285-0510-00  0.01 uF PTM 400V
C640 290-0016-00 125 uF EMC 350V
Cé48 285-0002-00  0.01 uF Cer 500V
Cé49 290-0012-00 2 x40 uF EMC 250V
Cé50 285-0510-00  0.01 uF PTM 400V
Cé70 290-0019-00 150 uF EMC 250V
C671 290-0019-00 150 uF EMC 250V
C679AB,C 290-0195-00  20x10x10 uF EMC 250/350/450 V
C6480 285-0510-00  0.01 uF PTM 400V
C688 285-0510-00  0.01 uF PTM 400V
C700 290-0017-00 125 uF EMC 450V
Cc710 285-0511-00  0.01 uF PTM 400V
C730 290-0017-00 125 uF EMC 450V
C740 285-0510-00  0.01 uF PTM v 400V
C760AB 290-0013-00  2x40uF EMC 450V
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Tektronix
Ckt. No. Part No. Description S/N Range
Cc770 290-0212-00 2000 uF EMC 25V
C774 290-0106-00 10 uF EMT 15V
Cc789 290-0201-00 100 uF EMT 15V
c79 283-0002-00  0.01 »F Cer 500V
C793 283-0002-00  0.01 »F Cer 500V
C795 283-0001-00  0.005 uF Cer 500V
802 283-0006-00  0.02 uF Cer 500V
€803 283-0032-00 470 pF Cer 500V 5%
C806 285-0502-00  0.001 pF PTM 1000V
€823 283-0006-00  0.02 uF Cer 500V
C826 283-0071-00  0.0068 puF Cer 5000 V
c8z7 285-0572-00 0.1 uF PTM 200V
C837 283-0071-00  0.0068 uF Cer 5000 V
C838 283-0071-00  0.0068 uF Cer 5000 V
C842 283-0071-00  0.0068 uF Cer 5000V
C844 283-0000-00  0.001 uF Cer 500V
C854 285-0519-00  0.047 uF PTM 400V
C858 283-0071-00  0.0048 uF Cer 5000 vV
C865 283-0071-00  0.0048 uF Cer 5000 vV
cas7 285-0622-00 0.1 uF PTM 100V
can 283-0077-00  330pF Cer 500V 5%
C873 283-0057-00 0.1 pF Cer 200V +809% —20%
C874 283-0077-00 330 pF Cer 500 vV 5%
€885 281-0513-00 27 pF Cer 500V
€893 281-0525-00 470 pF Cer 500 vV
Cc897 281-0523-00 100 pF Cer 350V
coo1 281-0509-00 15pF Cer 500V 10%
C912 281-0523-00 100 pF Cer 350V
CNé 285-0633-00 0.22 uF PTM 100V 10%
C918 283-0092-00  0.02 uF Cer 200V +80%—20%
cN9 285-0576-00 1 uF PTM 100V 10%
con 283-0078-00  0.001 uF Cer 500 V
c923 283-0092-00  0.03 uF Cer 200V +80%—20%
C926 283-0001-00  0.005 uF Cer 500 vV
C928 283-0092-00  0.03 uF Cer 200V +80%—20%
C931 283-0092-00  0.03 uF Cer 200V +809%—20%
C947 290-0187-00 47 uF EMT 35Yv
951 283-0111-00 0.1 uF Cer 50V
C955 283-0092-00 0.3 uF Cer 200V +809%—20%
c9s7 283-0000-00  0.001 uF Cer 500V
1002 283-0092-00  0.03 uF Cer 200V +80%—20%
C1005 283-0092-00  0.03 uF Cer 200V +80%—20%
1008 283-0092-00  0.03 wF Cer 200V +80%—209%
C1022 290-0136-00 2.2 uF EMT 20V
C1028 290-0135-00  15uF EMT 20V

@1
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Tektronix
Ckt. No. Part No. Description S/N Range
C1049 285-0623-00 0.47 uF PTM 100V
C1102 283-0092-00 0.03 uF Cer 200V +80%—20%
C1105 283-0092-00 0.03 uF Cer 200V +80%—20%
C1108 283-0092-00 0.03 uF Cer 200V +80%—20%
C1122 290-0136-00 22 uF EMT 20V
cnas 290-0135-00 15 uF EMT 20V
(S K] 281-0509-00 15 pF Cer 500 v 10%
Cl146 285-0650-00 0.027 uF PTM 100V 5%
Cl149 285-0623-00 0.47 uF PTM 100V
C1195 285-0526-00 0.1 uF PTM 400V
C19é 283-0079-00 0.01 uF Cer 250V

Diodes

D29 152-0141-00 Silicon 1N3605
D30 152-0141-00 Silicon 1N3605
D32 152-0141-00 Silicon 1N3605
D43 152-0064-00  Zener IN9STA  0.4W, 10V, 10%
D46 152-0141-00  Silicon 1N3605
D47 152-0141-00 Silicon TN3405
D48 *152-0185-00 Silicon Replaceable by 1N3605
D49 152-0126-00 Zener IN3024A 1W, 15V, 109,
D78 152-0141-00 Silicon TN3605
D79 152-0141-00 Silicon 1N3605
D81 152-0141-00 Silicon 1N3605
D82 152-0141-00 Silicon TN3605
D93 *151-0185-00 Silicon Replaceable by 1N3605
D112 152-0008-00 Germanium
D121 152-0008-00 Germanium
D129 *152-0061-00 Silicon Tek Spec
D147 *152-0061-00 Silicon Tek Spec
D152 152-0246-00 Silicon Low leakage 0.25W, 40V X520-up
D153 *152-0061-00 Silicon Tek Spec 100-902
D153 *152-0233-00 Silicon Selected from 1N3606 903-up
D155 *152-0233-00 Silicon Selected from 1N3406 X903-up
D156 152-0243-00 Zener 1N965B 0.4 W, 15V, 59, X903-up
D219 152-0008-00 Germanium
D231 152-0008-00 Germanium
D233 *152-0061-00 Silicon Tek Spec
D252 152-0246-00 Silicon Low leakage 0.25W, 40V X520-up
D334 152-0242-00 Silicon TN486A
D515 152-0059-00 Zener TMI12.6Z5 1 W, 126V X620-up
D553 152-0071-00 Germanium ED 2007
D552 *152-0185-00 Silicon Replaceable by TN3605 X620-up
D554 152-0071-00 Germanium ED 2007
D555 *152-0185-00 Silicon Replaceable by 1N3605 X620-up
D642A,B,C,D (4) 152-0066-00 Silicon 1N3194
D672AB,CD {4) 152-0066-00 Silicon 1N3194
Dé79 152-0066-00 Silicon 1N3194
D702A,B (2) 152-0066-00 Silicon 1N3194
D703 *152-0107-00  Silicon Replaceable by 1Né47
D704 152-0101-00 Zener 1N3041B 1W, 75V, 5%
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Diodes (Cont)

Tektronix
Ckt. No. Part No. Description S/N Range
D707 *152-0107-00 Silicon Replaceable by 1Né47
D732AB (2) 152-0066-00  Silicon 1N3194
D762AB,CD (4) - 152-0066-00  Silicon 1N3194
D772 152-0198-00 Silicon MR1032A (Motorola)
D773 *152-0107-00 Silicon Replaceable by 1Né47
D782 152-0198-00  Silicon MR1032A (Motorola)
D819 *152-0185-00 Silicon Replaceable by 1N3605
D825 *152-0107-00 Silicon Replaceable by 1Né47
D824 152-0218-00  Silicon 10,000 V
D836 152-0218-00  Silicon 10,000 V
D841 *152-0107-00 Silicon Replaceable by 1Né47
D844 152-0135-00  Zener 1N3042A  1W, 82V, 109%
D865 *152-0107-00  Silicon Replaceable by 1Né47 100-109X
D900 *152-0107-00  Silicon Replaceable by 1Né47
D901 *152-0107-00 Silicon Replaceable by 1Né47
D902 *152-0061-00 Silicon Tek Spec
D906 *152-0061-00  Silicon Tek Spec
D921 *152-0061-00  Silicon Tek Spec
D924 *152-0185-00 Silicon Replaceable by 1N3605
D927 *152-0185-00 Silicon Replaceable by 1N3605
D928 *152-0185-00  Silicon Replaceable by 1N3605
D930 *152-0185-00 Silicon Replaceable by 1N3605
D932 *152-0185-00 Silicon Replaceable by 1N3605
D945 *152-0185-00 Silicon Replaceable by 1N3605
D947 *152-0185-00 Silicon Replaceable by 1N3605
D951 *152-0185-00 Silicon Replaceable by 1N3605
D1001 *151-0185-00 Silicon Replaceable by 1N3605 !
D1005 *152-0185-00 Silicon Replaceable by 1N3405 *
D1009 *152-0061-00  Silicon Tek Spec |
D1013 *152-0185-00 Silicon Replaceable by 1N3605
D1021 *152-0185-00  Silicon Replaceable by 1N3605
D1022 *152-0185-00  Silicon Replaceable by 1N3605
D1025 *152-0185-00 Silicon Replaceable by 1N3605
D1024 *152-0185-00 Silicon Replaceable by 1N3605
D1027 *152-0185-00 Silicon Replaceable by 1N3605 5
D1029 *152-0185-00  Silicon Replaceable by 1N3605
D1073 *152-0185-00 Silicon Replaceable by 1N3605
D1101 *152-0185-00 Silicon Replaceable by 1N3605
D1105 *152-0185-00 Silicon Replaceable by 1N3605
D1109 *152-0061-00 Silicon Tek Spec
D1113 *152-0185-00  Silicon Replaceable by 1N3605
D112 *152-0185-00 Silicon Replaceable by 1N3605
D1122 *152-0185-00  Silicon Replaceable by 1N3605
D1125 *152-0185-00 Silicon Replaceable by 1N3405
D1126 *152-0185-00 Silicon Replaceable by 1N3605
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Diodes (Cont'd)

Tektronix
Ckt. No. Part No. Description S$/N Range
D1127 *152-0185-00 Silicon Replaceable by 1N3605
D1129 *152-0185-00 Silicon Replaceable by 1N3605
D1134 *152-0185-00 Silicon Replaceable by 1N3605
D1146 *152-0185-00 Silicon Replaceable by 1N3605
D1182 152-0190-00 Zener TN977A 0.4W, 47V, 10%
D1193 *152-0185-00 Silicon Replaceable by 1N3605
Fuses

Fé01 159-0026-00 3.2 A, 3AG, Slo-Blo 100-109
F601 159-0011-00 6.25 A, 3AG, Slo-Blo 110-up
F602 159-0026-00 3.2 A, 3AG, Slo-Blo

Conneciors
J5 131-0106-00 BNC, coaxial, 1 contact, female
m 131-0018-00 16 contact, female
J55 131-0106-00 BNC, coaxial, 1 contact, female
93 131-0106-00 BNC, coaxial, 1 contact, female
199 131-0106-00 BNC, coaxial, 1 contact, female
1299 131-0106-00 BNC, coaxial, 1 contact, female
J300 131-0106-00 BNC, coaxial, 1 contact, female
1429 131-0106-00 BNC, coaxial, 1 contact, female
1549 131-0106-00 BNC, coaxial, 1 contact, female
1840 131-0106-00 BNC, coaxial, 1 contact, female
J869 131-0106-00 BNC, coaxial, 1 contact, female
J899 131-0274-00 BNC, insulated
1925 136-0089-00 Socket, 9 pin, female

Relays
Ké00 148-0021-00 Delay
Ké01 148-0016-00 45VDC
Inductors

L75 108-0245-00 3.9 uH
L249 *108-0165-00 47 mH
L362 *108-0358-00 Coil, Reed Drive
L424 *108-0015-00 255 pH
L513 276-0507-00 Core, Ferramic Suppressor
L528 *308-0318-00 1.5kQ/8 uH 2W, WW, 19%
L551 *108-0260-00 0.1 pH
L552 *119-0034-00 Delay Line Assembly 100-819
L552 *119-0034-02 Delay Line Assembly 820-up
L553 *108-0287-00 Coil, Reed Drive :
L554 *114-0055-00 3.6-8.3 uH Var Core 276-0506-00
7-8 .
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R —

Tektronix
Ckt. No. Part No. Description S/N Range
L560 *114-0130-00 1.45-2.9 uH Var Core 276-0506-00
L561 *108-0181-00 0.2 uH
1588 *114-0198-00 2.2-4.4 yH Var Core 276-0506-00
L589 *114-0199-00 6.2-12.7 pH Var Core 276-0506-00
1598 *114-0198-00 2.2-4.4 yH Var Core 276-0506-00
L599 *114-0199-00 6.2-12.7 yH Var Core 276-0506-00
L859 *108-0323-00 Beam Rotator
1862 108-0362-00 50 mH
LR45 *108-0293-00 27 uH (wound on a 680 Q resistor)
LR84 *108-0294-00 300 uH (wound on a 2.7 kQ resistor)
LR139 *108-0164-00 1.2mH {wound on a 3.6kQ resistor)
LR529 *108-0292-00 12 uH (wound on a 100 Q resistor)
Transistors
Q34 *151-0127-00 Silicon Selected from 2N2369
Q35 *151.0127-00 Silicon Selected from 2N2349
Q45 *151.0127-00 Silicon Selected from 2N2349
Q85 *151.0126-00 Silicon Replaceable by 2N2484
Q95 *151-0126-00 Silicon Replaceable by 2N2484
Q513 *151-0121-00 Silicon Selected from 2N3118
Q514 *151-0127-00 Silicon Selected from 2N2369
Q523 *151-0121-00 Silicon Selected from 2N3118
Q524 *151-0127-00 Silicon Selected from 2N2369
Q533 *151-0121-00 Silicon Selected from 2N3118
Q534 *151-0126-00 Silicon Replaceable by 2N2484
Q543 *151-0121-00 Silicon Selected from 2N3118 100-619
Q543 151-0190-00 Silicon 2N3904 620-up
Q553 *151.0188-01 Silicon Replaceable by 2N3251 X620-up
Q584 *151-0160-00 Silicon Selected from 2N3137
Q594 *151-0160-00 Silicon Selected from 2N3137
Q703 151-0168-00 Silicon 40264
Q774 *151-0151-00 Silicon Replaceable by 2N930
Q784 *151.0151-00 Silicon Replaceable by 2N930
Q787 151-0165-00 Germanium 2N3614
Q823 *151-0151-00 Silicon Replaceable by 2N930
Q824 151-0168-00 Silicon 40264
Q935 *151-0159-00 Silicon Replaceable by 2N918
Q945 *151-0159-00 Silicon Replaceable by 2N918
Q1015 *151-0159-00 Silicon Replaceable by 2N918
Q1025 *151.0159-00 Silicon Replaceable by 2N918
Q1033 *151-0159-00 Silicon Replaceable by 2N918
Q1043 *151-0159-00 Silicon Replaceable by 2N9%18
Q1073 151-0150-00 Silicon 2N3440
QI115 *151-0159-00 Silicon Replaceable by 2N918
Q1125 *151-0159-00 Silicon Replaceable by 2N918
Q1135 *151-0159-00 Silicon Replaceable by 2N918
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Tektronix
Ckt. No. Part No. Description S/N Range
Q1145 *151-0159-00 Silicon Replaceable by 2N918
Q1193 *151-0151-00 Silicon Replaceable by 2N930
Q1194 151-0168-00 Silicon 40244

Resistors

Resistors are fixed, composition, =10% unless otherwise indicated.
R12 316-0104-00 100 kQ Ve W
R14 316-0225-00 2.2 MQ Vi W
R15 316-0105-00 1MQ Ve W
R16 316-0474-00 470 kQ Ve W
R173 311-0096-00 100 kQ Var
R18 302-0223-00 22kQ a W 100-619X
R19 316-0474-00 470 kQ Vo W 100-619
R19 315-0622-00 6.2kQ Vi W 5% 620-up
R20 316-0563-00 56 kQ Ve W 100-619
R20 315-0123-00 12 kQ Ve W 5% 620-up
R22 302-0101-00 100Q YVa W
R23 302-0101-00 100Q a W
R24 302-0222-00 22kQ a W
R26 303-0123-00 12kQ 1A% 5%
R27 306-0223-00 22kQ 2w
R29 301-0623-00 62 kQ 2 W 5%,
R31 301-0182-00 1.8kQ Va W 5%
R32 302-0152-00 1.5kQ a W
R33 301-0124-00 120 kQ o W 5%
R34 305-0123-00 12kQ 2w 5%
R35 303-0223-00 22 kQ 1A% 59,
R34 302-0100-00 100 a W
R37 308-0301-00 10kQ 3w wwW 1%
R38 303-0183-00 18 kQ 1R 59,
R39 311-0176-00 100 kQ Var
R43 308-0364-00 9.65 kQ 3w wwW 1%
R44 302-0680-00 68 Q a W
R46 308-0301-00 10kQ 3w wwW 1%
R47 311-0308-00 50Q Var
R48 305-0103-00 10kQ 2w 5%
R49 308-0252-00 390Q 3w wWW 5%,
R56 315-0272-00 27kQ Ve W 5% X620-up
R57 315-0272-00 27kQ Vi W 5% X620-up
R62 316-0104-00 100 kQ Vi W
Ré4 316-0225-00 22 MQ Vo W
R65 316-0105-00 1 MQ Vi W
Ré6 316-0474-00 470Q Vi W
R&7® 311-0096-00 100 kQ Var
Ré8 302-0223-00 22kQ a2 W 100-619X
2Fyrnished as a unit with R106 and SW104.
3Furnished as a unit with R211 and SW211.
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Tektronix
Ckt. No. Part No. Description S/N Range
R69 316-0474-00 470 kQ i W 100-619
Ré9 315-0622-00 6.2kQ Ve W 5% 620-up
R70 316-0563-00 56 kQ VA 100-619
R70 315-0123-00 12 kQ Ve W 5% 620-up
R72 302-0101-00 1000 a W
R73 302-0101-00 100 Q a W
R74 302-0332-00 3.3ka a W
R75 301-0242-00 24 kQ a W 5%
R76 302-0100-00 100 o W
R77 303-0393-00 39 kQ 1w 5%
R78 301-0753-00 75kQ a W 5%
R79 303-0393-00 39 kQ 1w 5%
R81 301-0153-00 15kQ a W 5%
R82 311-0026-00 100 kQ Var
R85 301-0331-00 330Q , W 5%
R87 301-0432-00 4.3kQ a W 5%
R88 303-0123-00 12 kQ 1w 5%
R90 301-0432-00 4.3kQ o W 5%,
R92 303-0203-00 20 kQ 1w 5%
R93 302-0561-00 560 Q o W
R95 302-0152-00 1.5kQ W
R97 303-0223-00 22kQ 1w 5%
R100 302-0103-00 10 kQ o W
R101 302-0394-00 390 kQ a W
R102 302-0105-00 1 MQ a W
R103 302-0470-00 47 Q , W
R104 302-0224-00 220 kQ 7, W
R105 311-0219-00 200 kQ Var
R106* 311-0096-00 100 kQ Var
R107 301-0914-00 910 kQ h W 5%
R108 301-0104-00 100 kQ . W 5%
R109 301-0184-00 180 kQ . W 5%
R110 302-0470-00 47 Q o, W
R112 304-0683-00 68 kQ 1w
R113 302-0274-00 270 kQ . W
R114 302-0474-00 470 kQ o W
R115 311-0125-00 50 kQ Var
R116 302-0104-00 100kQ Vo W
R117 302-0470-00 47 Q 2 W
R118 302-0123-00 12 kQ o W
R119 306-0223-00 22 kQ 2w
R121 308-0077-00 1kQ KA WWwW
R124 302-0123-00 12kQ o W
R125 302-0104-00 100 kQ Va W
R127 302-0470-00 47 Q h W .
R128 *310-0555-00 6/3ka KA Prec
R129 302-0104-00 100 kQ . W
4Furnished as a unit with R17 and SW106.
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Tektronix
Ckt. No. Part No. Description S/N Range
R131 302-0470-00 479 W
R132 302-0470-00 479 W
R133 324-0339-00 332kQ 1R"% Prec 1%
R134 324-0335-00  30.1kQ 1R"% Prec 1%
R135 302-0470-00 47 Q a W
R136 308-0294-00 8kQ 5W ww 5%
R137 302-0102-00 1kQ a W
R138 302-0473-00 47 kQ 2 W
R141 301-0683-00  68kQ a W 5%
R142 301-0105-00 1 MQ a W 5%
R143 302-0103-00 10kQ a W
R144 302-0185-00 1.8 MQ . W
R145 302-0105-00 1 MQ . W
R146 302-0474-00 470 kQ hW
R147 301-0823-00 82 kQ . W 5%
R148 ~301-0203-00 20kQ W 5%
R151 302-0102-00 1kQ W
R152 304-0122-00 1.2kQ 1R"%
R153 . 302-0101-00 100Q W
R154 308-0286-00 8.2kQ 3w ww 5%
R155 302-0685-00 6.8 MQ W X820-up
R156 302-0271-00 270Q a W
R157 316-0104-00 100 kQ Ve W X903-up
R160A 323-0385-01 100 kQ . W Prec 2%
R160B 323-0385-01 100 kQ a W Prec V2%
R160C 323-0725-01 300kQ W Prec 2%
R160D 323-0481-01 1 MQ W Prec 2%
R160E 323-0481-01 1 MQ . W Prec 2%
R160F 325-0010-01 3IMQ 1w Prec V2%
R160G 325-0007-01 10 MQ 2w Prec 2%
R160H 325-0007-01 10 MQ 2w Prec 2%
R160J 323-1409-01 180 kQ Va W Prec 2%
R160K 323-0395-01 127 kQ . W Prec 2%
R160T 304-0563-00 56 kQ 1R"%
R160V 302-0105-00 1 MQ W
R160W 302-0104-00 100 kQ hW
R160X 302-0103-00 10kQ . W
R160Y 311-0108-00 20 kQ Var
R160Z 311-0066-00 500 Q Var
R164 306-0223-00  22kQ 2w
R165 306-0223-00 22kQ 2w
R166 306-0223-00 22kQ 2w
R167 302-0155-00 1.5MQ W
R168 302-0473-00 47 kQ a W
R171 302-0470-00 47 kQ W
R172 302-0470-00 47 kQ W
R173 302-0471-00 470 Q . W
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Electrical Parts List—Type 549

Resistors (Cont)

Tektronix
Ckt. No. Part No. Description S/N' Range
R174 308-0294-00 8k 5W ww 5%
R175 323-0365-00 61.9 kQ V2 W Prec 1%
R176 311-0008-00 2k Var
R177 311-0154-00 50 kQ Var
R178 308-0051-00 4kQ 5W ww 5%
R179 302-0102-00 1kQ Va W
R180A 302-0474-00 470 kQ . W
R180B 302-0475-00 47 MQ 2 W
R181 302-0475-00 47 MQ . W
R183 302-0470-00 47 Q W
R186 302-0470-00 47 Q 2 W
R187 302-0470-00 47 V2. W
R189 302-0473-00 47 kQ V2 W
R190 302-0473-00 47 kQ W
R191 301-0114-00 110kQ 2 W 5%
R192 302-0470-00 47 Q W
R193 302-0470-00 47 Q 2 W
R194 304-0472-00 47 kQ 1w
R196 302-0104-00 100 kQ Va W
R199 304-0104-00 100kQ 1A%
R200 302-0470-00 47 V2 W
R201 302-0470-00 47 Q Vo W
R202 302-0103-00 10kQ W
R203 302-0394-00 390 ko 2. W
R204 302-0105-00 1 MQ . W
R206 302-0470-00 47 Q W
R209 302-0224-00 220 kQ V2 W
R210 311-0219-00 200 k2 Var
R211® 311-0096-00 100 kQ Var
R212 301-0914-00 910kQ o W 5%
R214 301-0104-00 100 kQ Vo W 5%
R215 301-0154-00 150 kQ Vo W 5%
R216 302-0470-00 47 Q V2 W
R219 302-0683-00 68 kQ W
R221 302-0274-00 270k W
R222 301-0434-00 430 kQ o W 5%
R223 302-0470-00 47 Q W
R224 302-0104-00 100 kQ Va W
R225 311-0125-00 50 kQ Var
R230 304-0223-00 22kQ 1w
R231 302-0472-00 4.7 kQ 2 W
R232 302-0101-00 100Q W

SFyurnished as a unit with R67 and SW211.
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Electrical Parts Listi—Type 549

Resistors (Cont)

Tektronix
Ckt. No. Part No. Description S/N Range
R233 302-0104-00 100 kQ a W 100-109
R233 301-0104-00 100 kQ a2 W 5% 110-up
R234 301-0682-00 6.8 kQ . W 5% 100-109
R234 323-0269-00 6.19kQ W Prec 1% 110-up
R235 301-0682-00 6.8 kQ W 5% 100-109
R235 323-0269-00 6.19kQ . W Prec 1% 110-up
R236 301-0622-00 6.2kQ W 5%
R237 - 301-0274-00 270 kQ . W 5%
R241 324-0339-00 33.2kQ 1w Prec 1%
R243 324-0335-00 30.1 kQ 1w Prec 1%
R244 308-0108-00 15kQ 5w ww 5% 100-109
R244 308-0320-00 15.6kQ 3w ww 1% 110-up
R246 302-0101-00 100Q a2 W
R247 302-0222-00 2.2k . W
R248 302-0473-00 47 kQ W W
R249 302-0822-00 8.2kQ 2 W
R250 302-0272-00 27 kQ 2 W
R255 316-0106-00 10 MQ Va W X820-up
R260A 204 kQ a W
R240B 306 kQ ' W
R260C - 510 ka W
R240D 312-0644-00 204 MQ 1w Matched Set
R260E 3.06 MQ 1w
R240F 51 MQ 2w
R264 306-0224-00 220 kQ A
R267 302-0155-00 1.5MQ Va W
R248 302-0104-00 100kQ V. W
R271 302-0101-00 1000 . W
R272 301-0822-00 8.2k . W 5%
R273 311-0326-00 10kQ Var
R274 305-0153-00 15kQ 2w 5%
R276 311-0016-00 10kQ Var
R277 311-0113-00 100 kQ Var 100-109
R277 311-0086-00 25kQ Var 110-1109
R277 311-0387-00 5ka Var 1110-up
R278 301-0393-00 39kQ a W 5% 100-109
R278 303-0912-00 9.1kQ 1% 5% 100-1109
R278 305-0912-00 9.1kQ 2w 5% 1110-up
R279 303-0123-00 12kQ 1w 5% 100-109X
R280 302-0125-00 1.2MQ a W
R281 302-0475-00 47 MQ 2 W
R282 302-0102-00 1kQ . W
R283 302-0102-00 1kQ . W
R291 302-0101-00 100Q Va2 W
R293 302-0473-00 47 kQ W
R295 302-0393-00 39ka o, W
R296 302-0104-00 100 kQ . W
R297 302-0101-00 1000 . W
R299 302-0103-00 10kQ a2 W
R300 302-0470-00 470 a W
R301C 323-0611-00 900 kQ . W Prec 1%
R301E 323-0610-00 111k V. W Prec 1%
R303 302-0105-00 1 MQ a W
R3N 302-0102-00 1kQ . W
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Resistors {Cont)

Electrical Parts List—Type 549

Tektronix
Ckt. No. Part No. Description S/N Range
R313 306-0333-00 33ka 2W
R314 311-0585-00 15kQ Var
R315 306-0333-00 33ka 2W
R317 311-0026-00 100 kQ Var
R319 302-0224-00 220 kQ a W
R320 302-0332-00 3.3kQ a W
R321 302-0101-00 100 Q o W
R324 306-0273-00 27 kQ 2w
R330 309-0017-00 1.5MQ a2 W Prec 1%
R331 301-0474-00 470 kQ Va W 5% X110-up
R332 309-0086-00 3.5MQ 2 W Prec 1%
R333¢ 311-0149-00 100 kQ Var
R334 301-0105-00 1 MQ 1, W 59,
R335 302-0226-00 22 MQ o W
R334 309-0268-00 12.1 MQ Yo W Prec 1% 100-109
R334 310-0069-00 13 MQ 1W Prec 2% 110-up
R338¢ 311-0149-00 200 kQ Var
R340 302-0222-00 2.2kQ a W
R341 302-0101-00 100Q o W
R345 304-0104-00 100 kQ 1R
R347 316-0104-00 100 kQ Ve W
R348 311-0125-00 50k Var
R349 323-0402-00 150 kQ Va W Prec 1%
R351 302-0101-00 1000 hW
R353 304-0104-00 100 k@ 1w
R355 324-0443-00 402 kQ 1R Prec 1%
R356 324-0443-00 402 kQ 1w Prec 1%
R357 304-0223-00 22ka 1R
R358 311-0018-00 20kQ Var
R361 302-0470-00 47 Q o W
R362 308-0301-00 10kQ KA%Y WW 1%
R363 302-0331-00 3300 o W
R344 *310-0506-00 2576 k2 7W Prec 1%
R366 302-0470-00 47 Q o W
R373 305-0912-00 9.1 kQ 2W 5%
R375 311-0395-00 2.5kQ Var
R376 305-0912-00 9.1 kQ 2w 5%
R377 305-0242-00 24 kQ 2w 5%
R378 302-0470-00 47 Q o W
R379 301-0104-00 100 kQ o W 5%
R380 301-0821-00 820 Q o W 5%
R381 302-0470-00 47 Q o W
R382 308-0301-00 10 kQ 3w ww 1%
R384 *310-0507-00 30/6 kQ 7W Prec 1%
R386 302-0101-00 100Q o W
R387 306-0393-00 39kQ 2W
8R333 and R338 furnished as a unit.
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Electrical Parts List—Type 549

Resistors (Cont)

Tektronix
Ckt. No. Part No. Description S/N Range
R388 306-0393-00 39kQ 2w
R390 302-0222-00 22kQ o W
R391 302-0470-00 47 Q o W
R393 302-0391-00 390Q o W
R410 302-0105-00 1 MQ a W
R411 302-0101-00 100 @ Y2 W
R415 302-0473-00 47 kQ Va W
R416 302-0123-00 12kQ Va W
R421 302-0101-00 100 Q 2 W
R424 302-0103-00 10kQ a W
R425 302-0104-00 100 kQ 2 W
R426 302-0473-00 47 kQ Vo W
R427 302-0101-00 100Q a W
R428 302-0103-00 10ka Vo W
R431 308-0054-00 10kQ 5wW ww 5%
R432 311-0015-00 10kQ Var
R433 311-0022-00 30kQ Var
R436 311-0141-00 2kQ Var
R437 308-0108-00 15kQ 5w ww 5%
R441 302-0101-00 1004 o W
R443 302-0272-00 27 kQ o W
R444 323-0385-00 100 kQ 2 W Prec 1%
R446 323-0404-00 158 kQ Vo W Prec 1%
R447 306-0393-00 39 kQ 2w
R451 302-0101-00 100 Q o W
R453 302-0332-00 3.3kQ Vo W
R454 302-0103-00 10kQ a W
R455 302-0274-00 270kQ Vo W
R456 302-0101-00 100Q 2 W
R457 302-0470-00 47 Q a W
R458 302-0470-00 1kQ o W
R471 304-0101-00 100 Q 1w
R473 302-0101-00 1000 a W
R475 302-0470-00 47 Q 2 W
R476 302-0470-00 47 Q 2 W
R477 302-0470-00 47 Q 2 W
R479 302-0101-00 100Q a W
R491 316-0470-00 47 Q Vi W
R493 316-0470-00 47 Q Ve W
R494 305-0562-00 56kQ 2w 5%
R495 311-0475-00 5kQ Var
R496 305-0562-00 5.6 kQ 2w 5%
R498 , 316-0470-00 47 Q Ve W
R499 301-0622-00 6.2kQ Ya W 5%
R500 301-0622-00 6.2kQ a W 5%
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Resistors (Coni)

Electrical Parts Lisi—Type 549

Tektronix
Ckt. No Part No. Description S/N Range
R501 315-0154-00 150 kQ Vi W 5%
R502 311-0117-00 5kQ Var
R504 316-0470-00 47 Q Vi W
R506 302-0101-00 100Q 2 W
R508 308-0304-00 1.5kQ 3w ww 1%
R509 323-0181-00 750 Q . W Prec 1%
R510 323-0239-00  3.01 kQ 2 W Prec 1%
R511 322-0093-00 9090 Vi W Prec 1%
R512 308-0329-00 4kQ 3w ww 2%
R513 308-0307-00 5kQ 3w ww 1%
R514 315-0910-00 910 Vi W 5%
R515 315-0240-00 24Q Vi W 5%
R516 315-0240-00 24Q Vi W 5%
R517 308-0305-00 1.3kQ 10w ww 2% 100-619
R517 308-0059-00 2.25kQ 10w ww 5% 620-up
R518 323-0400-00 143 kQ 2 W Prec 1% 100-619
R518 323-0395-00 127 kQ a W Prec 1% 620-up
R519 315-0560-00 56 Q Vi W 5%
R520 311-0246-00 500 Q Var
R521 308-0127-00 2.5kQ 5W wWWwW 5% X620-up
R524 315091000 910 Vi W 5%
R525 316-0470-00 47 Q Vi W
R526 322-0093-00 90.9Q Vi W Prec 1%
R527 323-0239-00  3.01 kQ V. W Prec 1%
R532 302-0101-00 100Q W
R533 304-0153-00 15 kQ W 100-619
R533 306-0103-00 10kQ 2W 620-up
R534 304-0823-00 82 kQ 1TW
R535 302-0103-00 10kQ a W
R536 323-0356-00 499 kQ V. W Prec 1%
R537 323-0385-00 100 kQ a W Prec 1%
R538 302-0273-00 27 kQ 2 W
R539 311-0191-00 10kQ Var
R542 305-0682-00 6.8k 2w 5% 100-619
R542 315-0100-00 10Q Vi W 5% 620-up
R544 315-0510-00 51Q Vi W 5% X620-up
R545 301-0910-00 910 . W 5% 100-619
R545 315-0620-00 62Q Vi W 5% 620-up
R546 301-0910-00 NaQ o W 5% 100-619
R546 315-0221-00 220Q Vi W 5% 620-up
R547 302-0102-00 1kQ Vi W 100-619
R547 315-0102-00 1kQ Vi W 5% 620-up
R548 308-0108-00 15kQ 5W ww 5% 100-619
R548 315-0100-00 100 Vi W 5% 620-up
R552 302-0222-00 22kQ Vs W
R553 315-0391-00 390 Q Vi W 5% X620-up
R554 323-0166-00 5230Q V. W Prec 1%
R556 323-0137-00 261Q 2 W Prec 1%
R557 323-0074-00 576 Q Va W Prec 1%
R558 315-0510-00 510 Vi W 5% X620-up
R560 321-0025-00 178Q s W Prec 1%
R561 323-0126-00 200Q 2 W Prec 1%
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Electrical Parts List—Type 549

Resistors (Conti)

Tektronix
Ckt. No. Part No. Description S/N Range
R563 315-0562-00 5.6kQ Ve W 5%
R566 323-0137-00 261 Q Vo W Prec 1%
R567 323-0074-00 576Q o W Prec 1%
R569 321-0437-00  348kQ Ve W Prec 1%
R570 321-0307-00 154 kQ e W Prec 1%
R571 308-0148-00 600 Q 10w ww 5%
R572 304-0820-00 820Q 1'%
R574 321-0001-00 100 Va W Prec 1%
R576 321-0001-00 100 W W Prec 1%
R578 315-0332-00 3.3k Ve W 5%
R579 315-0102-00 1kQ Vi W 5%
R580 311-0539-00 150Q Var
R582 301-0910-00 N0 Yo W 5%
R584 315-0470-00 470 Vi W 5%
R585 315-0104-00 100 kQ Ve W 5%
R587 315-0101-00 100Q Vi W 5%
R589 *310-0630-00 1.2kQ 4W Prec 2%
R590 302-0470-00 47 Q o W
R592 301-0910-00 910 Vo W 5%
R594 315-0470-00 47 ¢Q Vi W 5%
R595 315-0104-00 100 kQ Vi W 5%
R5%96 303-0622-00 6.2 kQ 1w 5%
R597 315-0101-00 100 Ve W 5%
R599 *310-0630-00 1.2kQ 4W Prec 2%
R602 311-0377-00 25Q Var
R604 308-0052-00 6kQ 5w ww 5%
R408 302-0333-00 33kQ Va W
R610 302-0104-00 100 kQ . W
Ré15 323-0369-00  68.1kQ Va W Prec 1%
R616 311-0015-00 10kQ Var
Ré17 323-0356-00  49.9 ko . W Prec 1%
Ré18 302-0104-00 100 kQ Va W
Ré21 302-0102-00 1kQ . W
R422 308-0223-00 350 3w ww 5%
Ré23 302-0474-00 470 kQ Va W
Ré25 302-0104-00 100 kQ Vo W
R428 302-0275-00 27 MQ Va W
R429 302-0275-00 27 MQ . W
Ré32 308-0223-00 350 3w ww 5%
R633 302-0105-00 1 MQ . W
Ré35 304-0153-00 15kQ 1R%%
R636 304-0153-00 15kQ 1R
R637 302-0154-00 150 kQ ha W
Ré38 302-0273-00 27 kQ W
R639 302-0683-00 68 kQ 2 W
Ré40 304-0100-00 100 1R%%
Ré41 304-0100-00 10Q 1%
R642 308-0223-00 3B 3w ww 5%
Ré43 302-0102-00 1kQ . W
Ré44 302-0102-00 1kQ . W




Resistors (Cont}

Electrical Parts List—Type 549

Tektronix

Ckt. No. Part No. Description S/N Range
Ré46 308-0053-00 8 kQ 5W ww 5%
R647 308-0037-00 1kQ 25W ww 5%
R648 302-0100-00 100 Yo W

R450 323-0440-00 374 kQ . W Prec 1%
Ré51 323-0675-00 543 kQ V2. W Prec 1%
R663 302-0395-00 3.9MQ Va W

Ré67 302-0684-00 680 kQ 2 W

Ré68 302-0473-00 47 kQ 2 W

Ré69 302-0393-00 39 kQ Va W

Ré70 306-0100-00 100 2W

Ré75 308-0147-00 750 Q 25W ww 5%
Ré76 308-0102-00 1.25 kQ 25W WwwW 5%
R677 308-0147-00 7500 25W WwWwW 5%
Ré80 323-0440-00 374 kQ 2 W Prec 1%
R481 323-0674-00 247 kQ 2 W Prec 1%
R682 302-0124-00 120 kQ 2 W

Ré83 302-0102-00 1kQ Ya W

Ré85 304-0823-00 82 kQ 1'%

Ré86 302-0184-00 180 kQ 2 W

R488 302-0155-00 1.5MQ a2 W

Ré89 302-0225-00 2.2 MQ 2 W

Ré90 302-0102-00 1kQ V2 W

R692 308-0223-00 350 3w WwWwW 5%
Ré93 302-0155-00 1.5 MQ 2 W

Ré94 308-0223-00 350 3w WwwW 5%
R697 302-0105-00 1 MQ 2 W

Ré98 302-0274-00 270 kQ Vo W

Ré99 302-0563-00 56 kQ 2 W

R700 306-0100-00 10Q 2w

R703 302-0183-00 18 kQ 2 W

R706 308-0127-00 2.5k 5W ww 5%
R707 304-0103-00 10kQ 1'%

R710 324-0458-00 576 kQ 1'% Prec 1%
R711 323-0422-00 243 kQ 2 W Prec 1%
R712 302-0154-00 150 kQ 2 W

R723 302-0155-00 1.5 MQ 2 W

R727 302-0105-00 1 MQ 2 W

R728 302-0564-00 560 Q 2 W

R729 302-0473-00 47 kQ 2 W

R730 304-0100-00 100 1'%

R731 304-0100-00 100 1'%

R732 306-0823-00 82 kQ 2W

R736 308-0102-00 1.25kQ 25W WwwW 5%
R740 323-0418-00 221kQ s W Prec 1%
R741 324-0467-00 715kQ 1w Prec 1%
® 7-19




Electrical Parts List—Type 549

Resistors {Cont)

Tektronix
Ckt. No. Part No. Description S/N Range
R753 302-0105-00 1 MQ . W
R757 302-0154-00 150 kQ o W
R758 302-0124-00 120 kQ a W
R759 302-0273-00 27 kQ Va W
R760 302-0100-00 10Q 2 W
R767 308-0066-00 45kQ 5W wwW 5%
R770 308-0242-00 0.250 5wW ww 5%
R773 302-0393-00 392 ko a W
R774 323-0386-00 102 kO a2 W Prec 1%
R775 323-0283-00 8.66 kQ 2 W Prec 1%
R777 302-0473-00 47 kQ Va W
R778 302-0104-00 100 kQ a W
R780 302-0154-00 150 kQ a W 5%
R781 304-0681-00 680 Q 1w
R784 302-0472-00 47 kQ 2 W
R785 302-0104-00 100 kQ a W
R787 308-0242-00 0.25Q 5w wwW 5%
R799 302-0104-00 100 kQ a W
R802 306-0221-00 220Q 2w
R803 305-0473-00 47 kQ 2w 5%
R804 308-0298-00 560 Q Iw ww 5%
R806 302-0104-00 100 kQ 2 W
R807 302-0393-00 39ka 2 W
R812 302-0102-00 1kQ Va W
R813 302-0101-00 100Q 2 W
R814 302-0104-00 100 kQ ha W
R815 311-0110-00 100 kQ Var
R816 301-0434-00 430kQ a W 5%
R818 311-0369-00 100 kQ Var
R819 301-0434-00 430 kQ 2 W 5%
R821 301-0105-00 1 MQ 2 W 5%
R822 302-0103-00 10 kQ 2 W
R823 323-0423-00 249 kQ . W Prec 1%
R824 305-0473-00 47 kQ 2w 5%
R825 302-0102-00 1kQ Va W
R826 301-0155-00 1.5 MQ a W 5% 100-819
R826 323-0493-00 1.33 MQ Vo W Prec 1% 820-1109
R826 323-0494-00 1.37 MQ o W Prec 1% 1110-up
R827 315-0393-00 39kQ Vi W 5% X820-1109X
R831 306-0106-00 10 MQ 2w
R832 306-0106-00 10 MQ 2W
R833 306-0106-00 10 MQ 2w
R834 306-0106-00 10 MQ 2w
R835 302-0393-00 392k o W
R837 302-0565-00 5.6 MQ Vo W
R840 302-0102-00 1kQ a W
R841 302-0104-00 100 kQ 2 W
R845 306-0273-00 27 kQ 2w
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Electrical Parts List—Type 549

Resistors {Conti)

Tektronix
Ckt. No. Part No. Description S/N Range
R846 311-0369-00  100kQ Var
R8477 311-0472-00  100kQ Var
R849% 311047200 2x10Q Var
R851 323.0287-00  9.53kQ Y, W Prec 1%
R852 301-0623-00  62kQ Y, W 5%
R854 303-0475-00 47 MQ 1w 5%
R855 311-0162-00 1MQ Var
R856 305-0755-00 7.5 MQ 2W 5%
R857 305-0755-00 7.5 MQ 2W 59,
R858 305-0755-00 7.5 MQ 2W 59,
R840 311-0583-00 2MQ Var
R861 303-0475-00 47 MO W 59,
R862 302-0393-00 39 kO Yo W
R864 302-0104-00 100kQ v, W
R865 302-0471-00 470Q Y, W
R866 302-0105-00 1MQ v, W
R867 302-0105-00 1MQ T, W
R868 302:0102-00 1kQ 7, W
R870 301-0154-00 150 kO v, W 5%
R871 301-0245-00 2.4MQ Y, W 5%
R872 302-0102-00 1k v, W
R873 302-0221-00 2200 Y, W |
R874 301-0395-00 3.9 MQ Y, W 5% ;
R875 301-0683-00 68k V, W 59, ‘
R876 302-0102-00 1k@ Y, W
R878 304-0333-00 33kQ 1w !
R879 311-0016-00 10k Var |
R880 302-0104-00 100 k2 v, W |
R883 302-0101-00 1000 Va W
R885 323-0709-01  10.048 k@ Y, W Prec 2%
R886 323.0708-01  6.628 k2 Y, W Prec /AA
R887 3230707-01 1782k 1V, W Prec A
R888 323-0706-01 8000 a W Prec V2%
RS89 323-0705-01 4520 1y W Prec V2% I
R890 323-0704-01  146Q Y, W Prec Y% |
R891 323.0703-01  72.4Q V. W Prec 2%
R892 323-0702-01  431Q v, W Prec V2%
R893 323.0701-01 2840 Yo W Prec %%
R895 323-0636-00 50 kQ v, W Prec 1%
R896 323-0638-00 50 kO Y, W Prec Y%

"R847 and R849 furnished as a unit.
8R849 aud R847 furnished as a unit.
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Electrical Parts List—Type 549

Resistors {Cont)

Tektronix
Ckt. No. Part No. Description S/N Range
R897 323-0637-00 50Q . W Prec V%
R898 323-0700-01 21.4Q . W Prec 2%
R899 *308-0090-00 0250 1w WW
R901 316-0104-00 100 kQ Vi W
R902 316-0682-00 6.8kQ Ve W
R903 316-0104-00 100 kQ Ve W
R904 316-0101-00 100Q Vi W
R907 316-0104-00 100 kQ Ve W
R910 311-0584-00 10 MQ Var
R911 315-0474-00 470 kQ i W 59,
R912 316-0101-00 100Q Vi W
R913 302-0473-00 47 kQ . W
R914 301-0152-00 1.5kQ . W 5%
R95 316-0101-00 100Q Vi W
R914 315-0334-00 330ka Ve W 5%
R917 319-0077-00 1.62 MQ Vi W Prec 1%
R918 315-0184-00 180 kQ Vi W 59,
R919 304-0183-00 18kQ 1TW
R921 316-0183-00 18 kQ Vi W
R922 316-0105-00 1 MQ Vi W
R923 314-0102-00 1kQ Vu W
R924 316-0275-00 2.7 MQ Ve W
R925 314-0155-00 1.5 MQ Vi W
R926 316-0184-00 180 kQ i W
R927 302-0470-00 47 Q . W
R928 316-0104-00 100 kQ Ve W
R929 302-0101-00 100 Q o W
R930 316-0105-00 1 MQ Ve W
R931 316-0103-00 10kQ Ve W
R932 316-0334-00 330ka Va W
R933 316-0473-00 47 kQ Vi W
R935 314-0153-00 15kQ Ve W
R945 314-0222-00 2.2kQ Vu W
R944 314-0103-00 10 kQ Va W
R951 316-0103-00 10kQ Vi W
R952 314-0222-00 2.2kQ Vi W
R954 302-0470-00 47 Q . W
R955 302-0124-00 120 kQ o W
R957 302-0222-00 22kQ o W
R1001 316-0335-00 3.3MQ Vi W
R1005 316-0335-00 3.3MQ Vu W
R1007 316-0125-00 1.2MQ Ve W
R1008 316-0154-00 150 kQ Vu W
R1009 316-0105-00 1 MQ Ve W
R1011 316-0103-00 10kQ Vi W
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Resistors (Cont}

Electrical Parts List—Type 549

Tektronix
Ckt. No Part No. Description S/N Range
R1012 315-0154-00 150 kQ Vi W 59,
R1013 316-0473-00 47 kQ Vi W
R1015 315-0622-00 62kQ Vi W 5%
R1021 316-0103-00 10kQ Vi W
R1023 315-0472-00 47 kQ Vi W 59,
R1024 315-0221-00 2200 Vi W 5%
R1025 316-0103-00 10 kQ Vi W
R1027 316-0222-00 2.2kQ Vi W
R1028 301-0124-00 120 kQ a W 5%
R1029 321-0334-00 29.4 kQ o W Prec 1%
R1032 315-0102-00 1kQ e W 5%
R1033 311-0462-00 1kQ Var
R1034 316-0472-00 4.7 kQ Vi W
R1041 315-0335-00 33MQ Vi W 59%
R1042 315-0102-00 1kQ Vi W 5%
R1043 311-0462-00 1kQ Var
R1044 316-0472-00 47 kQ A
R1049 321-0395-00 127 kQ e W Prec 1%
R1050 311-0464-00 25 kQ Var
R1051 321-0429-00 287 kQ Va W Prec 1%
R1055 311-0465-00 100 kQ Var
R1060 321-0385-00 100 kQ o W Prec 1%
R1061 316-0101-00 100Q i W
R1062 304-0474-00 470 kQ 1w
R1063 316-0101-00 100Q Vi W
R1064 323-0481-00 1 MQ a W Prec 1%
R1065 304-0224-00 220 kQ 1w
R1066 301-0104-00 100 kQ 2 W 5%
R1070 311-0464-00 25 kQ Var
R1071 301-0103-00 10kQ 2 W 5%
R1072 301-0203-00 20k V2 W 59,
R1073 302-0104-00 100 kQ . W
R1074 302-0392-00 3.9kQ 2 W
R1080 301-0822-00 8.2k a2 W 5%
R1081 301-0202-00 2k 2 W 5%
R1101 316-0335-00 3.3 MQ Vi W
R1105 316-0335-00 3.3MQ Ve W
R1107 316-0125-00 1.2MQ Vi W
R1108 316-0154-00 150 kQ Vi W
R1109 316-0105-00 1 MQ Vi W
R1111 316-0103-00 10kQ Vi W
R1112 315-0154-00 150 kQ Vi W 5%
R1113 316-0473-00 47 kQ Vi W
R1115 315-0622-00 6.2kQ Vi W 5%
R1121 316-0103-00 10ka Vi W
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Resistors {Cont)

Tektronix
Ckt. No. Part No. Description S/N Range
R1123 315-0472-00 4.7 kQ Vi W 5%
R1124 315-0221-00 2200 Ve W 5%
R1125 316-0103-00 10kQ i W
R1127 316-0222-00 22kQ Vi W
R1128 301-0124-00 120 kQ 1, W 5%
R1129 321-0334-00 29.4kQ Vo W Prec 1%
R1131 302-0103-00 10kQ 7, W
R1132 311-0551-00 500 kQ Var
R1133 315-0154-00 150 kQ Ve W 5%
R1134 316-0473-00 47 kQ Ve W
R1135 316-0473-00 47 kQ Vi W
R1140 311-0465-00 100 kQ Var
R1141 315-0335-00 3.3MQ Vi W 59,
R1143 315-0472-00 47 kQ Ve W 5%
R1144 311-0117-00 5kQ Var
R1145 315-0272-00 27ka Ve W 5%
R1146 316-0103-00 10kQ Va W
R1149 321-0395-00 127 kQ a W Prec 1%
R1151 321-0429-00 287 kQ Yo W Prec 1%
R1160 321-0385-00 100 kQ o W Prec 1%
R1161 314-0101-00 100Q Ve W
R1162 304-0474-00 470 kQ 1w
R1163 316-0101-00 100 Q V. W
R1164 323-0481-00 1 MQ a W Prec 1%
R1165 304-0224-00 220 kQ 1w
R1166 301-0104-00 100 kQ o W 5%
R1168 316-0473-00 47 kQ W
R1169 311-0497-00 50 k@ Var
R1182 303-0394-00 390 kQ 1w 5%
R1183 301-0334-00 330 k@ a W 5%
R1184 301-0224-00 220k o W 5%
R1185 311-0551-00 500 k@ Var
R1193 301-0104-00 100 kQ a W 5%
R1194 308-0393-00 1.6kQ 3w WwWWwW 1%
R1195 306-0104-00 100 kQ 2W
R1196 302-0101-00 100Q a W
Switches
Unwired Wired
SW5 260-0494-00 Lever COUPLING
SWé 260-0495-00 *262-0748-00 Lever SOURCE
SW15 260-0542.-00 A TRIGGERING Lever SLOPE
SW35 260-0742-00 Lever MODE
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Tektronix
Ckt. No. Part No. Description S/N Range

Unwired Wired
SW55 260-0494-00 Lever COUPLING
SW56 260-0495-00 |  *262-0748-00 Lever SOURCE
SWé5 260-0542-00 [ B TRIGGERING Lever SLOPE
SW85 260-0742-00 Lever MODE
SW106° 311-0096-00
SW12510 260049600  *262-0759-00 Lever NORM SINGLE SWEEP
SW160 260-0746-00
SW160Y a1010800] 22074600 TIME/CM A
Swa111 311-0096-00
SW260 260074500  *262-0747-00 Rotary TIME/CM AND DELAY TIME B
SW301 260-0739-00  *262-0750-00 Rotary HORIZONTAL DISPLAY (Front]
gwggs 260073800  *262-0749-00 Rotary HORIZONTAL DISPLAY (Rear)
SW362 260-0722-00 Reed MAGNIFIER
SW368 260-0737-00 Pushbutton OFF
SW369 260-0737-00 Pushbutton OFF
SW380 260-0774-00 Pushbutton LOCATE
SW553 260-0722-00 Reed
SWE! 260-0199-00 Toggle POWER 100-109
SWéO 260-0276-00 Toggle POWER 110-619
SWé0! 260-0778-00 Toggle POWER 620-up
SW602 260-0778-00 Toggle POWER RANGE 115V/230V
SWé03 260-0773-00 Toggle LINE RANGE Low Med High
SW840 260-0449-00 Slide CRT GRID SELECTOR
SW865 260-0447-00 Slide CRT CATHODE SELECTOR
SW870 260-0536-00  *262-0731-00 Rotary AMPLITUDE CALIBRATOR
SW92512 260-0779-00 Pushbutton ERASE AND RESET
SW929 260-0741-00  *262-0752-00 Rotary SCREEN SELECTOR
SW930 260-0744-00 Lever AUTO ERASE
SW95712 260051600  *262-0759-00 Micro RESET
SW1001 260-0737-00 Pushbutton ERASE
SW1005 260-0737-00 Pushbutton STORE
SWI1101 260-0737-00 Pushbutton ERASE
SW1105 260-0737-00 Pushbutton STORE
SW1145 260-0740-00  *262-0751-00 Rotary ENHANCE MODE
SW1196 260-0645-00 Pushbutton INTEGRATE TRACES

Thermal Cutout

K601 260-0336-00 150°F, +=5°F

%Furnished as a unit with R17 and R106.

1Fyrnished as a unit with SW957.

Fyrnished as a vnit with R67 and R211.

12Fyrnished as a vnit with B125.

18Fyrnished as a unit with SW125,

®
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Transformers
Tektronix
Ckt. No. Part No. Description S/N Range
T500 276-0541-00 Core, Ferrite
T553 *120-0132-00 Toroid
Té01 *120-0422-00 LV Power
T801 *120-0423-00 HY Power
Electron Tubes
V24 154-0187-00 éDJ8
V74 154-0187-00 éDJ8
V104 154-0022-00 6AU6
V113 154-0187-00 6DJ8
V115 154-0022-00 6AU6
V135 154-0187-00 6DJ8
V144 154-0187-00 éDJ8
V145 154-0047-00 12BY7
V152 154-0016-00 6AL5
V161 154-0031-00 6CL6
V173 154-0187-00 6DJ8
V183 154-0187-00 6DJ8 |
V193 154-0187-00 6DJ8 |
V214 154-0022-00 6AU6
V225 154-0022-00 6AU6
1
V233 154-0187-00  6DJ8 ’
V235 154-0187-00 6DJ8
V245 154-0022-00 6AU6
V252 *157-0075-00 12AL5, checked 100-519
V252 154-0038-00 12AL5 520-up ‘
V261 154-0040-00 12AUé6 100-299
V261 154-0040-05 8426 300-up
V283 154-0187-00 6DJ8
V293 154-0187-00 éDJ8
V314 154-0187-00 éDJ8
V343 154-0187-00 6DJ8
V364 154-0187-00 éDJ8
V384 154-0187-00 6DJ8
V398 154-0031-00 6CLS
V414 154-0022-00 8AUS
V424 154-0022-00 6AUS
V428 154-0187-00 éDJ8 |
V445 154.0187-00  6DJ8
V494 154-0187-00 6DJ8
V514 154-0340-00 719
V584 154-0491-00 8608
V594 154-0491-00 8608
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Electron Tubes (Cont}
Tektronix
Ckt. No. Part No. Description S/N Range
V609 154-0052-00 5651
V624 154-0043-00 12AX7
V627 154-0044-00 12B4
V634 154-0022-00  6AUS
V637 154-0044-00 12B4
V647 154-0044-00 12B4
Vé64 154-0022-00  6AUé6
Vé77 154-0056-00 6080
V684 154-0043-00 12AX7
V694 154-0022-00  6AUéS
V724 154-0022-00  6AUS
V737 154-0056-00 6080
V754 154-0022-00  6AUé
V767 154-0044-00  12B4
V800 154-0494-00  6GF5
V814 154-0187-00  éDJ8
V859 *154-0498-00  T5490-202 CRT Standard Phosphor
V875 154-0022-00  6AUS
V885 154-0041-00 12AU7
V915 154-0278-00  64BL8
V1064 154-0278-00  6BL8
V1164 154-0278-00  6BL8 {
1
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FIGURE AND INDEX NUMBERS

Items in this section are referenced by figure and index numbers to the illustrations
which appear on the pullout pages immediately following the Diagrams section of this
instruction manual.

INDENTATION SYSTEM

This mechanical parts list is indented to indicate item relationships. Following is an
example of the indentation system used in the Description column.

Assembly and/or Component
Detail Part of Assembly and/or Component
mounting hardware for Detail Part
Parts of Detail Part
mounting hardware for Parts of Detail Part
mounting hardware for Assembly and/or Component

Mounting hardware always appears in the same indentation as the item it mounts,
while the detail parts are indented to the right. Indented items are part of, and included
with, the next higher indentation.

Mounting hardware must be purchased separately, unless otherwise specified.

PARTS ORDERING INFORMATION

Replacement parts are available from or through your local Tektronix, Inc. Field Office
or representative.

Changes to Tektronix instruments are sometimes made to accommodate improved
components as they become available, and to give you the benefit of the latest circuit
improvements developed in our engineering department. It is therefore important, when
ordering parts, to include the following information in your order: Part number, instru-
ment type or number, serial or model number, and modification number if applicable.

If a part you have ordered has been replaced with a new or improved part, your
local Tektronix, Inc. Field Office or representative will contact you concerning any change

in part number.

Change information, if any, is located at the rear of this manual.

ABBREVIATIONS AND SYMBOLS

For an explanation of the abbreviations and symbols used in this section, please refer
to the page immediately preceding the Electrical Parts List in this instruction manual.




Mechanical Parts List—Type 549

INDEX OF MECHANICAL PARTS LIST ILLUSTRATIONS

FIG. 1 FRONT AND SWITCHES
FIG. 2 FOCUS & INTENSITY, HIGH VOLTAGE,
STORAGE BOARD AND A SWEEP
FIG. 3 LOW VOLTAGE POWER
FIG. 4 RECTIFIER MOUNTING PLATE
FIG. 5 LOWER VERTICAL AMPLIFIER AND
B SWEEP
FIG. 6 CATHODE RAY TUBE SHIELD, '

MOUNTING BRACKETS AND ‘
UPPER VERTICAL AMPLIFIER

FIG. 7 RAILS, REAR, AND CABINET

FIG. 8 CERAMIC STRIPS AND CABLE HARNESS
DETAIL

FIG. 9 ACCESSORIES




Type 549

SECTION 8
MECHANICAL PARTS LIST

FIG. 1 FRONT AND SWITCHES

Fig. & Q
Index Tektronix Serial/Model No. t -
No. Part No. Eff Disc Y 123 4s Description
1-1  333-0865-00 1 PANEL, front
-2 331-0037-00 1 GRATICULE, 5 inch, 6 CM Vertical x 10 CM Horizontal
e 1 FILTER, light, smoke gray {see FIG. 9)
-4 210-0816-00 4 WASHER, rubber
-5 253-0028-00 FT  TAPE, sponge (specify 3 inch length)
-6 200-0654-00 1 COVER, graticule, aluminum
------ - mounting hardware: {not included w/cover)
7 210-0424-00 4 NUT, knurled, 3/3-24 x %4 x 3/ inch
-8 401-0004-00 1 CAM, nylon, 3/ inch OD
------ - mounting hardware: (not included w/cam)
9 211-0023-00 1 SCREW, 4-40x 7/, inch, FHS
10 213-0088-00 1 SCREW, thread forming, 4-40 x 3,4 inch, PHS
-11 136-0026-00 1 SOCKET, light, w/out jewel
-12  378-0513-00 T JEWEL, light, pilot, green
-13  355-0043-00 4 STUD, 3%;-32x0.897 inch long, 10-32 internal thread
------ - each stud includes:
212-0507-00 1 SCREW, 10-32 x 3 inch, PHS
210-0010-00 1 LOCKWASHER, internal, #10
-14  214-0335-00 1 BOLT, current loop, U-shaped
------ - mounting hardware {not included w/bolt}
-15  210-0593-00 2 NUT, current loop, Y/, hex. x 3-48
-16  361-0059-00 1 SPACER, current loop, Vs x '3 x 13/4, inches
210-0849-00 2  WASHER, fiber, #4
210-0994-00 2  WASHER, flat, 0.125 ID x 0.250 inch OD
210-0201-00 2 LUG, solder, SE #4
210-0442-00 2  NUT, hex., 3-48 x 3/;4 inch
-17  129-0035-00 1 ASSEMBLY, binding post
------ - assembly includes:
-18  200-0103-00 1 CAP, binding post
210-0011-00 1 LOCKWASHER, internal, , ID x %3, inch OD
210-0455-00 1 NUT, hex., 4-28 x ¥, x 34, inch
355-0507-00 1 STEM, binding post adapter
______ - mounting hardware: {not included w/assembly)
-19 210-0223-00 1 LUG, solder, ¥, IDx 7/,¢ inch OD, SE
-20  131-0274-00 1 CONNECTOR, insulated, Y, inch diameter hole, BNC
21 131-0106-00 8 CONNECTOR, coaxial, 1 contact, BNC
22 366-0115-00 1 KNOB, charcoal—AMPLITUDE CALIBRATOR
------ - knob includes:
213-0004-00 1 SCREV, set, 6-32 x 3/4 inch, HSS
23 262-0731-00 1 SWITCH, wired—AMPLITUDE CALIBRATOR
------ - switch includes:
260-0536-00 1 SWITCH, unwired—AMPLITUDE CALIBRATOR
------ - mounting hardware: {not included w/switch)
210-0012-00 2 LOCKWASHER, internal, 34 IDx Y, inch OD
24 210-0590-00 1 NUT, hex., 3/3-32x 7/;¢ inch
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FIG. 1 FRONT AND SWITCHES (Cont

Fig. & Q
Index Tektronix Serial/Model No. t -
No. Part No. Eff Disc Y 12345 Description
125 366-0081-00 1 KNOB, red—FINE
------ - knob incudes:
213-0004-00 1 SCREVV, set, 6-32 x 3,4 inch, HSS
-26 366-0160-00 1 KNOB, charcoal—HORIZONTAL POSITION
------ - knob includes:
213-0004-00 1 SCREW, set, 6-32 x 3/, inch, HSS
27 - - - - - 1 RESISTOR, variable
------ - mounting hardware: (not included w/resistor)
210-0012-00 1 LOCKWASHER, internal, 35 ID x ¥/, inch OD
210-0590-00 1 NUT, hex., %3-32x 7,4 inch

-28  366-0177-00

p—

KNOB, red—B STABILITY

knob includes:

SCREVV, set, 6-32 x 3,4 inch, HSS
KNOB, charcoal—B LEVEL

knob includes:

213-0004-00
-29  366-0146-00

—_——

213-0004-00 1 SCREW, set, 6-32 x 3,4 inch, HSS

30 - - - - - - 1 RESISTOR, variable
------ - mounting hardware: (not included w/resistor)
210-0012-00 LOCKWASHER, internal, 3/3 ID x Y, inch OD
210-0590-00 NUT, hex., %-32x 7,6 inch

31 366-0215-01
232 366-0215-01
-33  366-0215-01
-34  366-0215-01
-35 262-0748-00

KNOB, charcoal—B MODE

KNOB, charcoal—B SLOPE

KNOB, charcoal——B COUPLING

KNOB, charcoal—B SOURCE

SWITCH, wired—B TRIGGERING
switch includes:

36 260-0742-00 1 SWITCH, unwired—B MODE
-37 260-0542-00 1 SWITCH, unwired—B SLOPE
-38  260-0494-00 1 SWITCH, unwired—B COUPLING
-39 260-0495-00 1 SWITCH, unwired—B SOURCE
-40  213-0044-00 8 SCREV, thread forming, 5-32 x ¥, inch, PHS
-41  406-0943-00 2 BRACKET, switch mounting
------ - mounting hardware: (not included w/switch)
-42  220-0413-00 4 NUT, switch mounting, hex. rod, 4-40 thread
-43  331-0091-00 1 DIAL, duo dial, w/o brake, charcoal—DELAY TIME MULTIPLIER
-44  366-0038-00 1 KNOB, red—LENGTH
------ - knob includes:
213-0004-00 1 SCREW, set, 6-32 x 3,4 inch, HSS
-45  366-0144-00 1 KNOB, charcoal—TIME/CM AND DELAY TIME
------ - knob includes:
213-0004-00 1 SCREV, set, 6-32 x ¥4 inch, HSS
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FIG. 1 FRONT AND SWITCHES (Cont)

Fig. & Q
Index Tektronix Serial/Model No. t -
No. Part No. Eff Disc Y 12345 Description
1-46  262-0747-00 1 SWITCH, wired—TIME/CM AND DELAY TIME
------ - switch includes:
260-0745-00 1 SWITCH, unwired—TIME/CM AND DELAY TIME
-47  344-0117-00 1 CLIP, capacitor mounting, 3/, inch
------ - mounting hardware: {not included w/clip)
-48  211-0504-00 1 SCREW, 6-32 x V/, inch, PHS
210-0457-00 1 NUT, keps, 6-32 x 5,4 inch
-49  348-0031-00 2 GROMMET, plastic, ¥,y inch diameter
-50 407-0185-00 1 BRACKET, switch
------ - mounting hardware: (not included w/bracket)
210-0006-00 2 LOCKWASHER, internal, #6
210-0449-00 2 NUT, hex., 5-32x Y, inch
-51  376-0014-00 1 COUPLING, resistor
-52  384-0074-00 1 ROD, extension, g x 6% inches
S3 - - - - - 1 RESISTOR, variable
------ - mounting hardware: (not included w/resistor)
-54  210-0012-00 1 LOCKWASHER, internal, 3/ ID x4, inch OD
-55  210-0590-00 2 NUT, hex., 33-32 x 7/,, inch
------ - mounting hardware: [not included w/switch)
210-0012-00 1 LOCKWASHER, internal, 3/ IDx 1, inch OD
-56  210-0413-00 1 NUT, hex., 34-32x Y, inch
-57  366-0215-01 1 KNOB, charcoal—A MODE
-58  366-0215-01 1 KNOB, charcoal—A SLOPE
-59  366-0215-01 1 KNOB, charcoal—A COUPLING
-60  366-0215.01 1 KNOB, charcoal—A SOURCE
-61  262-0748-00 1 SWITCH, wired—A TRIGGERING
------ - switch includes:
-62  260-0493-00 1 SWITCH, unwired—A MODE
-63  260-0542-00 1 SWITCH, unwired—A SLOPE
-64  260-0494-00 1 SWITCH, unwired—A COUPLING
-65  260-0495-00 1 SWITCH, unwired—A SOURCE
-66  213-0044-00 8 SCREW, thread forming, 5-32 x 3,4 inch, PHS
-67  406-0943-00 2 BRACKET, switch mounting
------ - mounting hardware: (not included w/switch)
-68  220-0413-00 4  NUT, switch mounting, hex., rod, 4-40 thread
210-0201-00 X200 1  LUG, solder, SE #4
-69  366-0153-00 1 KNOB, charcoal—VARIABLE 1-10
------ - knob includes:
213-0020-00 1 SCREW, set, 6-32 x 1 inch, HSS
/) I 1  RESISTOR, variable
------ - mounting hardware: [not included w/resistor)
210-0046-00 1  LOCKWASHER, internal, V/, ID x 0.400 inch OD
210-0940-00 1 WASHER, flat, Y, ID x%, inch OD
210-0583-00 1 NUT, hex., ¥-32x 5/, inch
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FIG. 1 FRONT AND SWITCHES (Cont)

Fig. & Q
Index Tektronix Serial/Model No. t P
No. Part No. Eff Disc Yy 12 3 4 5 DeSCﬂpflOn
1-71  366-0215-01 1 KNOB, charcoal —NORM SINGLE SWEEP-RESET
72 262-0759-00 1 SWITCH, wired—NORM SINGLE SWEEP-RESET
...... - switch includes:
260-0496-00 1 SWITCH, unwired—NORM SINGLE SWEEP-RESET
-73  260-0516-00 1 SWITCH, push

...... - mounting hardware: (not included w/switch)

74 211-0034-00 2 SCREW, 2-56 x 1/, inch, RHS
210-0850-00 2 WASHER, flat, 0.093 ID x %;, inch OD
210-0001-00 1 LOCKWASHER, internal, #2
210-0259-00 1 LUG, solder
210-0405-00 2 NUT, hex., 2-56 x 3/4 inch
------ - mounting hardware: (not included w/switch)
75  210-0586-00 2 NUT, keps, 4-40x Y, inch
76 366-0215-01 1 KNOB, charcoal—AUTO ERASE
77  260-0744-00 1 SWITCH, unwired—AUTO ERASE
------ - mounting hardware: (not included w/switch)
210-0586-00 2 NUT, keps, 4-40x 1/, inch
-78 260-0199-00 100 109 1 SWITCH, toggle—POWER
260-0276-00 110 619 1 SWITCH, toggle—POWER
260-0778-00 620 1 SWITCH, toggle—POWER

------ - mounting hardware: ({not included w/switch}
210-0414-00 1 NUT, hex., 1%5-32x % inch
79 210-0473-00 1T NUT, switch, %/35-32 x %44 inch, 12 sided
-80  210-0902-00 1 WASHER, flat, 0.470 ID x 2Y;5 inch OD
354-0055-00 1 RING, locking, switch

B ) 2  RESISTOR, variable
------ - mounting hardware for each: {not included w/resistor)
210-0011-00 LOCKWASHER, internal, , ID x 1%, inch OD

-82 210-0471-00 NUT, hex., V4-32 x %414 x '%/3, inch

-83  210-0223-00 LUG, solder, V; ID x 7,4 inch OD, SE

-84  358-0054-00 BUSHING, banana jack, V4-32 x 13/, inch

_— e — —

-85  352-0084-00
-86 378-0541-00

HOLDER, neon, black
FILTER, lens, neon, indicator light
-87  200-0609-00 COVER, neon holder
-88  366-0177-00 KNOB, red—A STABILITY
------ - knob includes:
213-0004-00 SCREW, set, 6-32 x 3/;4 inch, HSS
-89 366-0146-00 1 KNOB, charcoal—A LEVEL
------ - knob includes:
SCREV, set, 6-32 x 3/;4 inch, HSS
RESISTOR, variable
mounting hardware: {not included w/resistor)
LOCKWASHER, internal, 3/ IDx ', inch OD
NUT, hex., 3/-32 x 7/;5 inch
SCREW, 6-32 x 5/1¢ inch, 100° csk, FHS

—NNN

—_

90 - - - - - -
91 210-0012-00
92 210-0590-00
93 211-0538-00

Do = o —
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FIG. 1 FRONT AND SWITCHES (Cont)

Fig. & Q
Index Tektronix Serial/Model No. t .
No. Part No. Eff Disc Y 12345 Description
1.94  366-0038-00 1 KNOB, red—VARIABLE CAL
------ - knob includes:
213-0004-00 1 SCREVY, set, 6-32 x 3/,4 inch, HSS
95  366-0144-00 1 KNOB, charcoal—TIME/CM
------ - knob includes:
213-0004-00 1 SCREVV, set, 6-32 x 34 inch, HSS
96 262-0746-00 1 SWITCH, wired—TIME/CM
------ - switch includes:
260-0746-00 1 SWITCH, unwired—TIME/CM
97  344-0117-00 1 CLIP, capacitor mounting, ¥/, inch
------ - mounting hardware: [not included w/clip)
98  211-0504-00 1 SCREV, 6-32x Y, inch, PHS
210-0457-00 1 NUT, keps, 6-32 x 5/;¢ inch
-99  348-0031-00 2 GROMMET, plastic, 33, inch diameter
-100 407-0184-00 1 BRACKET, switch
------ - mounting hardware: (not included w/bracket)
210-0449-00 2 NUT, hex., 5-40 x V, inch
-101 210-0203-00 2 LUG, solder, SE #6
-102 376-0014-00 1 COUPLING, resistor
-103 384-0162-00 1 ROD, extension, Va x 87/;4 inches
104 - - - - - 1 RESISTOR, variable
------ - mounting hardware: (not included w/resistor)
210-0012-00 1 LOCKWASHER, internal, 3, ID x ¥, inch OD
-105 210-0413-00 2 NUT, hex., 3-32x , inch
106 - - - - - - 1 RESISTOR, variable
210-0940-00 1 WASHER, flat, V4 IDx 34 inch OD
210-0583-00 1 NUT, hex., 1/4-32 x 5/14 inch
------ - mounting hardware: (not included w/switch)
210-0012-00 1 LOCKWASHER, internal, 3 ID x , inch OD
210-0413-00 1 NUT, hex., %;-32x Y, inch
-107 366-0081-00 1 KNOB, red—MAGNIFIER
------ - knob includes:
213-0004-00 1 SCREVY, set, 6-32x 3/;4 inch, HSS
-108 366-0142-00 1 KNOB, charcoal—HORIZONTAL DISPLAY
------ - knob includes:
213-0004-00 1 SCREW, set, 6-32 x ¥,¢ inch, HSS
-109  262-0750-00 1 SWITCH, wired—HORIZONTAL DISPLAY
------ - switch includes:
260-0739-00 1 SWITCH, unwired—HORIZONTAL DISPLAY
-110 337-0279-00 1 SHIELD, switch
------ - mounting hardware: (not included w/shield}
211-0008-00 2 SCREW, 4-40x Y/, inch, PHS
210-0004-00 2 LOCKWAGSHER, internal, #4
210-0406-00 2 NUT, hex., 4-40 x 3/4 inch
------ - mounting hardware: (not included w/switch)
210-0012-00 T LOCKWASHER, internal, 3 D x %, inch OD
111 210-0413-00 1 NUT, hex., 3-32x Y, inch
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Mechanical Parts List—Type 549
FIG. 1 FRONT AND SWITCHES (Cont)

Fig. & Q
Index Tektronix Serial/Model No. t -
No. Part No. Eff Disc Y 12345 Description
1-112  262-0749-00 1 SWITCH, wired—HORIZONTAL DISPLAY (rear)
------ - switch includes:
260-0738-00 1 SWITCH, unwired—HORIZONTAL DISPLAY (rear)
-113  406-0450-00 1 BRACKET, resistor mounting
------ - mounting hardware: (not included w/bracket)
-114 211-0008-00 2 SCREW, 4-40x '/, inch, PHS
210-0004-00 2 LCCKWASHER, internal, #4
210-0406-00 2 NUT, hex., 4-40 x 3/;4 inch
15 - - - Lo 1 RESISTOR, variable
------ - mounting hardware: (not included w/resistor)
210-0940-00 1 WASHER, flat, 7/, ID x 3/ inch OD
210-0583-00 1 NUT, hex., V4-32 x %/ inch
S 1T 1 CAPACITOR
------ - mounting hardware: (not included w/capacitor)
211-0013-00 2 SCREW, 4-40 x 3/ inch, RHS
210-0004-00 2 LOCKWASHER, internal, #4
210-0406-00 2 NUT, hex., 4-40 x 3/;4 inch
------ - mounting hardware: (not included w/switch)
-117 406-0451-00 1 BRACKET, switch mounting
------ - mourting hardware: (not included w/bracket)
211-0507-00 2  SCREW, 6-32 x 5/ inch, PHS
210-0803-00 2  WASHER, flat, 0.150 ID x 3 inch OD
210-0457-00 2 NUT, keps, 6-32x %/ inch
210-0012-00 T LOCKWASHER, internal, 3} ID x '/, inch OD
-118 210-0840-00 1 WACSHER, flat, 0.390 ID x %4 inch OD
-119 210-0413-00 1 NUT, hex., 3-32x, inch
-120 376-0007-00 1 COUPLING, 1 inch long
-121  366-0189-00 1 KNOB, red—VIEWING TIME
------ - knob includes:
213-0020-00 1 SCREW, set, 6-32 x /3 inch, HSS
-122 366-0175-00 1 KNOB, charcoal—SCREEN SELECTOR
------ - knob includes:
213-0004-00 1 SCREW, set, 6-32 x 3/, inch, HSS
-123  262-0752-00 1 SWITCH, wired—SCREEN SELECTOR
------ - switch includes:
260-0741-00 1 SWITCH, unwired—SCREEN SELECTOR
384-0381-00 1 ROD, shaft, V5 x2.125 inches long
-124 376-0014-00 1 COUPLING, resistor
125 - - - - - - ] RESISTOR, variable
------ - mounting hardware: {not included w/resistor)
-126 210-0413-00 2 NUT, hex., 34-32x Y, inch
210-0012-00 ] LOCKWASHER, internal, 3/ ID x 1, inch OD
------ - mounting hardware: (not included w/switch)
210-0012-00 1 LOCKWASHER, internal, 35 iDx ', inch OD
-127 210-0978-00 1 WASHER, flat, 34 IDx ', inch OD
-128 210-0590-00 1 NUT, hex., %-32x 74 inch
8-6 .
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Mechanical Parts List—Type 549

FIG. 1 FRONT AND SWITCHES (Cont)

Fig. & Q
Index Tektronix Serial/Model No. t A
No. Part No. Eff Disc Y 12345 Description
1-129 366-0189-00 1 KNOB, red—ENHANCE LEVEL
------ - knob includes:
213-0020-00 1 SCREW, set, 6-32x '3 inch, HSS
-130 366-0175-00 1 KNOB, charcoal—ENHANCE MODE
------ - knob includes:
213-0004-00 1 SCREW, set, 6-32 x 3/;4 inch, HSS
-131 262-0751-00 1 SWITCH, wired—ENHANCE MODE
------ - switch includes:
260-0740-00 1 SWITCH, unwired—ENHANCE MODE
384-0381-00 1 ROD, shaft, 5 x2.125 inches long
-132 376-0014-00 1 COUPLING, resistor
33 - - - - - 1 RESISTOR, variable
------ - mounting hardware: {not included w/resistor)
-134 210-0413-00 2 NUT, hex., 33-32x , inch
210-0012-00 1 LOCKWASHER, internal, 3/ ID x ', inch OD
------ - mounting hardware: (not included w/switch)
210-0012-00 1 LOCKWASHER, internal, 3/ ID x 1/, inch OD
-135 210-0978-00 1 WASHER, flat, 3 IDx Y, inch OD
-136 210-0590-00 1 NUT, hex., 3/4-32x 7/;4 inch
-137 260-0645-00 1 SWITCH, push—INTERGRATE TRACES
------ - mounting hardware: (not included w/switch)
210-0978-00 1 WASHER, flat, 3 IDx Y, inch OD
-138 210-0590-00 1 NUT, hex., 3/4-32x 7,4 inch
210-0012-00 1 LOCKWASHER, internal, 35 ID x Y, inch OD
-139 260-0779-00 1 . SWITCH, push—ERASE & RESET
------ - mounting hardware: (not included w/switch)
210-0012-00 1 LOCKWASHER, internal, 34 ID x '/, inch OD
210-0978-00 1 WASHER, flat, 3, IDx Y, inch OD
-140 210-0590-00 1 NUT, hex., 3/4-32x 7,4 inch
-141 366-0220-00 1 KNOB, charcoal—SCALE ILLUM
------ - knob includes:
213-0020-00 1 SCREW, set, 6-32x '3 inch, HSS
142 - - - - - - 1 RESISTOR, variable
------ - mounting hardware: (not included w/resistor)
-143 210-0012-00 1 LOCKWASHER, internal, 3 ID x ', inch OD
210-0978-00 1 WASHER, flat, 3, IDx ', inch OD
210-0590-00 2 NUT, hex., 33-32x 714 inch
-144 366-0254-00 1 KNOB, charcoal—ASTIG
------ - knob includes:
213-0020-00 1 SCREW, set, 6-32x V3 inch, HSS
145 - - - - - - 1 RESISTOR, variable
------ - mounting hardware: (not included w/resistor)
-146 210-0012-00 1 LOCKWASHER, internal, 3 IDx, inch OD
210-0978-00 1 WASHER, flat, 3 IDx Y, inch OD
210-0590-00 1 NUT, hex., %4-32x 7/;4 inch




Mechanical Parts List—Type 549
FIG. 1 FRONT AND SWITCHES (Cont)

Fig. & Q
Index Tektronix Serial/Model No. t )
No. Part No. Eff Disc Y 12345 Description
1-147 366-0220-00 1 KNOB, charcoal—FOCUS
------ - knob includes:
213-0020-00 1 SCREW, set, 6-32x /3 inch, HSS
-148 - - - - - - 1 RESISTOR, variable
------ - mounting hardware: (not included w/resistor)
-149 210-0013-00 1 LOCKWASHER, internal, 3 ID x ;4 inch OD
210-0978-00 1 WASHER, flat, 34 IDx ', inch OD
210-0590-00 1 NUT, hex., 33-32x 7,4 inch
-150 366-0220-00 1 KNOB, charcoal—INTENSITY
------ - knob includes:
213-0020-00 1 SCREW, set, 6-32 x ' inch, HSS
A51 - - - - - 1 RESISTOR, variable
------ - mounting hardware: (not included w/resistor}
-152 210-0012-00 1 LOCKWASHER, internal, % IDx ', inch OD
210-0978-00 1 WASHER, flat, 3 IDx 1, inch OD
210-0590-00 1 NUT, hex., %3-32 x 7/;4 inch
-153 386-0234-00 1 PLATE, sub-panel, front
------ - plate includes:
354-0056-00 1 RING, ornamental, Vs x 1254 x 1573 inches
-154 366-0343-00 2 KNOB, aluminum—OFF
-155 366-0343-01 2 KNOB, aluminum—STORE
-156 366-0343-02 2 KNOB, aluminum—ERASE
-157 260-0737-00 2 SWITCH, unwired, upper & lower screen storage

...... - mounting hardware for each: (not included w/switch)

-158 361-0100-00 4 SPACER, rod
-159 210-0006-00 4  LOCKWASHER, internal, #6
-160 210-0407-00 4 NUT, hex., 6-32x1/ inch
-161 381-0073-00 2  BAR, retaining, 35 x 2 x 1Y, inches
-162 260-0774-00 1 SWITCH, push—LOCATE
------ - mounting hardware: {not included w/switch)
-163 210-0978-00 1 WASHER, flat, 34 ID x %4 inch OD
-164 210-0590-00 1 NUT, hex., 3-32x %5 inch
-165 179-1038-00 1 CABLE HARNESS, storage board
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Mechanical Parts List—Type 549

FIG. 2 FOCUS & INTENSITY, HIGH VOLTAGE, STORAGE BOARD AND A SWEEP

Fig. & Q
Index Tektronix Serial/Model No. t _—
No. Part No. Eff Disc Y 12345 Description
21 386-0236-00 1 PLATE, storage board support
------ - mounting hardware: (not included w/plate}
211-0510-00 3 SCREW, 6-32 x3/; inch, PHS
-2 670-0421-00 1 ASSEMBLY, circuit board, storage
------ - assembly includes:
388-0659-00 1 BOARD, circuit storage
-3 136-0061-00 3 SOCKET, tube, 9 pin
-4 136-0220-00 10 SOCKET, ftransistor, 3 pin
-5 136-0183-00 1 SOCKET, transistor, 3 pin w/contacts
-6 214-0506-00 46 PIN, connector
-7 214-0579-00 3 PIN, test point
------ - mounting hardware: (not included w/assembly)
-8 385-0146-00 7  ROD, hex., Y4 x4 inch
9 211-0601-00 7  SCREW, sems, 6-32 x %4 inch, PHB
210-1011-00 X910 3 WASHER, plastic, 0.130 1D x 0.375 inch OD
-10  343-0088-00 2 CLAMP, cable, plastic
-11°122-0132-00 1 ANGLE, rail, top left
------ - mounting hardware: (not included w/angle)
211-0538-00 4 SCREW, 6-32x %4 inch, 100° csk, FHS
210-0457-00 4 NUT, keps, 6-32x /4 inch
-12 337-0777-00 1 SHIELD, high voltage
------ - mounting hardware: [not included w/shield)
210-0803-00 2  WASHER, flat, 0.150 ID x %, inch OD
-13 211-0507-00 3 SCREW, 6-32 x 5/14 inch, PHS
-14  348-0050-00 1 GROMMET, plastic, 3/, inch diameter
-15  441-0644-00 1 CHASSIS, Focus & Intensity and High Voltage
------ - mounting hardware: [not included w/chassis)
212-0070-00 2  SCREW, 8-32 x %4 inch, 100° csk, FHS
-16  348-0064-00 1 GROMMET, plastic, % inch diameter
-17  348-0056-00 1 GROMMET, plastic, 3 inch diameter
A8 - - - - . 2  RESISTOR, variable
------ - mounting hardware for each: {not included w/resistor)
210-0940-00 1 WASHER, flat, ¥, IDx 3% inch OD
210-0583-00 1 NUT, hex., /4-32 x %4 inch
-19 210-0201-00 1 LUG, solder, SE #4
------ - mounfing hardware: {not included w/lug)
213-0044-00 1 SCREW, thread forming, 5-32 x 3/4 inch, PHS
-20  136-0015-00 1 SOCKET, tube, 9 pin, w/ground lugs
------ - mounting hardware: (not included w/socket)
213-0044-00 2  SCREW, thread forming, 5-32 x 3,4 inch, PHS
21 136-0158-00 1 SOCKET, tube, 12 pin
------ - mounting hardware: (not included w/socket}
213-0044-00 2  SCREW, thread forming, 5-32 x 3/14 inch, PHS
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Mechanical Parts List—Type 549
FIG. 2 FOCUS & INTENSITY, HIGH VOLTAGE, STORAGE BOARD AND A SWEEP (Cont)

Fig. & Q
Index Tektronix Serial/Model No. t -
No. Part No. Eff Disc Y 12345 Description
2-22  346-0001-00 1 STRAP, transformer mounting
------ - strap includes:
214-0009-00 2 BOLT, spade, 4-40x '/, inch offset
------ - mounting hardware: {not included w/strap)
210-0586-00 2  NUT, keps, 4-40 x V/; inch
-23  441-0648-00 1 CHASSIS, A Sweep
------ - mounting hardware: {not included w/chassis)
212-0040-00 4  SCREW, 8-32x 3%, inch, 100° csk, FHS
24 - - - - - 1 TRANSISTOR
------ - mounting hardware: (not included w/transistor)
25 211-0596-00 2 SCREW, 6-32 x ¥, inch, PHB
210-0202-00 1 LUG, solder, SE #6
-26  210-0457-00 2  NUT, keps, 6-32 x 54 inch
27 - - - - .- 3 TRANSISTOR
------ - mounting hardware for each: (not included w/transistor)
28  211-0596-00 2 SCREW, 6-32x 3, inch, PHB
-29  386-1098-00 1  PLATE, mica, insulator
30 210-0813-00 2  WASHER, shouldered
-31  210-0803-00 2  WASHER, flat, 0.150 ID x 3/ inch OD
-32  210-0457-00 2 NUT, keps, 6-32x 5/4 inch
-33  136-0181-00 7  SOCKET, transistor, 3 pin
------ - mounting hardware for each: {not included w/socket)
-34  354-0234-00 1 RING, transistor mounting
35 - - 1 CAPACITOR
------ - mounting hardware: {not included w/capacitor)
36  432-0047-00 1 BASE, plastic, 14, hx 1.025 inches ID
-37  386-0253-00 ] PLATE, metal, capacitor mounting
211-0514-00 2  SCREW, 6-32 x 3/, inch, PHS
-38  210-0457-00 2 NUT, keps, 6-32x 3/, inch
39 - - - - 1 CAPACITOR
------ - mounting hardware: (not included w/capacitor)
-40 386-0254-00 1 PLATE, fiber, capacitor mounting
41 211-0543-00 2  SCREW, 6-32 x 54 inch, RHS
-42  210-0457-00 2  NUT, keps, 6-32x %4 inch
-43  200-0260-00 1 COVER, capacitor, plastic, 2'4, inches
-44  210-0201-00 4  LUG, solder, SE #4
------ - mounting hardware for each: (not included w/lug)
213-0044-00 1 SCREW, thread forming, 5-32 x /4 inch, PHS
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Mechanical Parts List—Type 549

FIG. 2 FOCUS & INTENSITY, HIGH VOLTAGE, STORAGE BOARD AND A SWEEP (Cont)

Fig. & Q
Index Tektronix Serial/Model No. t .
No. Part No. Eff Disc Y 12345 Description
2-45 337-0776-00 1 SHIELD, sweep amplifier
------ - mounting hardware: (not included w/shield)
-46  211-0596-00 3 SCREW, 6-32 x 3/ inch, PHB
210-0457-00 2 NUT, keps, 6-32x 5/;¢ inch
210-0863-00 1 WASHER, D shaped, 0.191 ID x 33/,4 w x 33/;4 inch Ig (not shown}
-47  343-0002-00 1 CLAMP, cable, plastic, 3/ inch
-48  136-0022-00 1 SOCKET, tube, 9 pin
------ - mounting hardware: {not included w/socket}
213-0044-00 2 SCREW, thread forming, 5-32 x 3/;4 inch, PHS
-49  337-0008-00 1 SHIELD, tube, 1'%/, inches high
-50  136-0015-00 2  SOCKET, tube, 9 pin, w/ground lugs
------ - mounting hardware for each: {not included w/socket)
-51  337-0005-00 1 SHIELD, socket
211-0033-00 2  SCREW, sems, 4-40 x 5/;¢ inch, PHS
210-0004-00 4  LOCKWASHER, internal, #4
210-0406-00 2  NUT, hex., 4-40 x 3/, inch
-52  337-0009-00 1 SHIELD, tube, 2%/, inches high
-53  136-0015-00 10 SOCKET, tube, 9 pin, w/ground lugs
------ - mounting hardware for each: (not included w/socket)
213-0044-00 2 SCREW, thread forming, 5-32 x 3/;4 inch, PHS
-54  136-0008-00 1 SOCKET, tube, 7 pin, w/ground lugs
------ - mounting hardware: [not included w/socket)
213-0044-00 2  SCREW, thread forming, 5-32 x 3/4 inch, PHS
-55  136-0044-00 2  SOCKET, tube, 7 pin, w/ground lugs
------ - mounting hardware for each: (not included w/socket)
213-0044-00 2  SCREW, thread forming, 5-32 x 3/;4 inch, PHS
-56 348-0031-00 5 GROMMET, plastic, %,, inch diameter
-57  348-0055-00 5 GROMMET, plastic, V4 inch diameter
-58  348-0056-00 3 GROMMET, plastic, 0.406 inch OD
-59  348-0050-00 3 GROMMET, plastic, 3/, inch diameter
60 - - - - - - 1 CAPACITOR
------ - mounting hardware: (not included w/capacitor)
-61  354-0068-00 1 RING, securing
62 - - - - - - 4  RESISTOR, variable
------ - mounting hardware for each: {not included w/resistor)
210-0940-00 1 WASHER, flat, 'V, IDx 3, inch OD
210-0583-00 1 NUT, hex., 4-32x %4 inch
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Mechanical Parts List—Type 549
FIG. 2 FOCUS & INTENSITY, HIGH VOLTAGE, STORAGE BOARD AND A SWEEP (Coni)

Fig. & Q
Index Tektronix Serial/Model No. t s e
No. Part No. Eff Disc Y 12345 Description _
2-63  407-0183-00 1 BRACKET, resistor
------ - mounting hardware: (not included w/bracket)
-64  212-0004-00 4  SCREW, 8-32 x 5/14 inch, PHS
65 - - - - .. 5  RESISTOR, variable
------ - mounting hardware for each: (not included w/resistor)
210-0840-00 1 WASHER, flat, 0.390 ID x %/, inch OD
210-0413-00 T NUT, hex., %-32x 1, inch
-66  131-0359-00 2 CONNECTOR, terminal feed thru
------ - mounting hardware for each: {not included w/connector)
358-0136-00 1 BUSHING, plastic




Mechanical Parts List—Type 549

FIG. 3 LOW VOLTAGE POWER

Fig. & Q
Index Tektronix Serial/Model No. t o
No. Part No. Eff Disc Y 12345 Description
31 441-0647-00 1 CHASSIS, power
------ - mounting hardware: (not included w/chassis)
212-0040-00 4  SCREW, 8-32x 3%, inch, 100° csk, FHS
212-0004-00 6 SCREW, 8-32 x %/1s inch, PHS
210-0804-00 6  WASHER, flat, 0.170 ID x 34 inch OD
210-0458-00 0  NUT, keps, 8-32 x /a5 inch
-2 337-0290-00 1 SHIELD, calibrator switch
------ - mounting hardware: (not included w/shield)
211-0507-00 1 SCREW, 6-32 x /14 inch, PHS
210-0457-00 1 NUT, keps, 6-32x %, inch
-3 406-0023-00 1 BRACKET, resistor
------ - mounting hardware: (not included w/bracket)
211-0507-00 2 SCREW, 6-32x 5/14 inch, PHS
210-0457-00 2 NUT, keps, 6-32 x /15 inch
4 - ..o 1 RESISTOR, variable
------ - mounting hardware: (not included w/resistor}
210-0840-00 1 WASHER, flat, 0.390 ID x %4 inch OD
210-0413-00 1 NUT, hex., %3-32x Y, inch
-5 348-0056-00 4 . GROMMET, plastic, 0.406 inch OD
-6 348-0063-00 1 GROMMET, plastic, Y, inch diameter
-7 348-0055-00 1 GROMMET, plastic, Y, inch diameter
-8  348-0031-00 1 GROMMET, plastic, 1, inch diameter
9 337-0291-00 1 SHIELD, upper calibrator switch
------ - mounting hardware: (not included w/shield)
211-0507-00 2 SCREW, 6-32x 5/4 inch, PHS
210-0006-00 2 LOCKWASHER, internal, #6
210-0407-00 2 NUT, hex., 6-32x Y, inch
-10  210-0201-00 3  LUG, solder, SE #4
------ - mounting hardware for each: {not included w/lug)
213-0044-00 1 SCREW, thread forming, 5-32 x 3, inch, PHS
B 1 CAPACITOR
------ - mounting hardware: (not included w/capacitor}
12 211-0543-00 2 SCREW, 6-32x %/14 inch, RHS
-13 386-0254-00 1 PLATE, fiber, capacitor mounting
210-0457-00 2 NUT, keps, 6-32 x5/ inch
14 - - - - - 3 CAPACITOR
------ - mounting hardware for each: {not included w/capacitor}
-15 211-0534-00 2 SCREW, sems, 6-32 x /4 inch, PHS
-16  386-0255-00 1 PLATE, metal, capacitor mounting
210-0457-00 2 NUT, keps, 6-32x 5/;4 inch
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Mechanical Parts List—Type 549
FIG 3 LOW VOLTAGE POWER (Cont

Index Tektronix Serial/Model No. t b o
No. Part No. Eff Disc Y 12345 escription
317 - - - - - - 2 CAPACITOR

------ - mounting hardware for each: (not included w/capacitor)

-18  211-0588-00 2 SCREW, 6-32x 3/, inch, HHS
-19  432-0048-00 1 BASE, capacitor mounting, plastic, 13/ inches high
-20 386-0254-00 1 PLATE, fiber, capacitor mounting

210-0457-00 2 NUT, keps, 6-32x /14 inch
21 - - - - 1 CAPACITOR

------ - mounting hardware: [not included w/capacitor)
-22  211.0543-00 2 SCREW, 6-32 x %4 inch, RHS
-23  386-0252-00 1 PLATE, fiber, capacitor mounting

210-0457-00 2 NUT, keps, 6-32 x 54 inch

-24  200-0293-00 COVER, capacitor, plastic, 2% x 1.365 inches 1D
-25  200-0260-00 2 COVER, capacitor, plastic, 21/, x 1.365 inches ID
-26  200-0256-00 COVER, capacitor, plastic, 2'42x 1 inch ID

27 - - - - - 1 RESISTOR, variable

mounting hardware: (not included w/resistor)

WAGSHER, flat, 0.390 1D x %4 inch OD

NUT, hex., aluminum, Y, x % in. long 34-32 int. thread
LOCKWASHER, internal, 33 ID x Y, inch OD

-28  210-0840-00
-29  210-0444-00
210-0012-00

—_—— —

-30  406-0108-00 1 BRACKET, alum. resistor
------ - mounting hardware: [not included w/bracket)

-31  211-0507-00 2 SCREW, 6-32 x 5/14 inch, PHS
210-0457-00 2 NUT, keps, 6-32x 5/;4 inch
-32  136-0011-00 2 SOCKET, tube, 8 pin, w/ground lugs
------ - mounting hardware for each: {not included w/socket)
-33  210-0006-00 2 LOCKWASHER, internal, #6
-34  210-0407-00 2 NUT, hex., 6-32x 1/, inch
-35  136-0015-00 7  SOCKET, tube, 9 pin, w/ground lugs
------ - mounting hardware for each: (not included w/socket}
-36  213-0044-00 2 SCREW, thread forming, 5-32 x 3/ inch, PHS
-37  136-0008-00 7 SOCKET, tube, 7 pin, w/ground lug
------ - mounting hardware for each: (not included w/socket)
-38  213-0044-00 2 SCREW, thread forming, 5-32 x 3/;4 inch, PHS
39 - - - - .- 1 TRANSFORMER
------ - mounting hardware: [not included w/transformer)
210-0010-00 4 LOCKWASHER, internal, #10
210-0458-00 2  NUT, keps, 8-32x /s, inch
210-0564-00 4 NUT, hex., 10-32 x3; x V3 inch thick
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Mechanical Parts List—Type 549

FIG 3 LOW VOLTAGE POWER (Coni)

Fig. &

Index Tektronix Serial/Model No. t ‘e

No. Part No. Eff Disc Y 12 3 4 5 DeSCflelon

3-40 210-0812-00 4  WAGSHER, fiber, #10
212-0033-00 4  SCREW, 8-32 x3/, inch, PHS
212-0509-00 2 SCREW, 10-32 x %3 inch, PHS

-41  212-0524-00 4  SCREW, 10-32 x 3/, inches, HHS

-42  212-0534-00 2 SCREW, 10-32x 1 inch, PHS

-43  381-0221-00 2 BAR, transformer support

-44 384-0612-00 2 ROD, hex., transformer standoff

-45  406-0928-00 1 BRACKET, transformer

-46  210-0202-00 1 LUG, solder, SE #6
------ - mounting hardware: [not included w/lug}
211-0534-00 2 SCREW, sems, 6-32 x 5/¢ inch, PHS
210-0457-00 2 NUT, keps, 6-32 x /4 inch

-47  252-0564-00 FT  PLASTIC, exiruded channel (specify 2 inches)

-48  385-0138-00 1 ROD, plastic, %, diameter x 1%,4 inches long
------ - mounting hardware: {not included w/rod)

-49  213-0104-00 1 SCREW, thread forming, 6-32 x 3, inch, THS

-50  337-0648-00 2  SHIELD, heat dissipating
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Mechanical Parts List—Type 549
FIG. 4 RECTIFIER MOUNTING PLATE

Fig. & Q
Index Tektronix Serial/Model No. t -
No. Part No. Eff Disc Y 12345 Description
4.1 386-0235-00 1 PLATE, rectifier mounting
______ - mounting hardware: [not included w/plate}
212-0004-00 6  SCREV, 8-32x %4 inch, PHS
212-0040-00 4 SCREW, 8-32x 3 inch, 100° csk, FHS
210-0458-00 4 NUT, keps, 8-32 x '3, inch
-2 343-0006-00 2 CLAMP, cable, plastic, Y, inch
------ - mounting hardware for each: (not included w/clamp)
-3 210-0863-00 1 WASHER, D shape, 0.191 1D x 33/;4 wx 3%, inch Ig
-4 210-0457-00 1 NUT, keps, 6-32x %/4 inch
-5 260-0336-00 1 SWITCH, unwired—THERMAL CUTOUT
------ - mounting hardware: (not included w/switch)
-6 213-0044-00 2 SCREW, thread forming, 5-32 x 3,4 inch, PHS
-7  385-0135-00 1 ROD, plastic, 5/4 diameter x 5,4 inch long
------ - mounting hardware: (not included w/rod)
213-0104-00 1 SCREV, thread forming, 6-32 x 3/3 inch, THS
-8 166-0099-00 3  TUBE, spacing, Y4 x 12%,, inches
------ - mounting hardware for each: (not included w/tube)
211-0507-00 3 SCREW, 6-32 x 5/;5 inch, PHS
-9 337-0656-00 1 SHIELD, plastic, high voltage
------ - mounting hardware: (not included w/shield)
-10  211-0507-00 3  SCREW, 6-32 x 5/;¢ inch, PHS
B 1 RELAY
------ - mounting hardware: {not included w/relay)
211-0504-00 2  SCREW, 6-32x 1/, inch, PHS
-12  202-0102-00 1 COVER, relay
------ - mounting hardware: (not included w/cover)
-13  210-0457-00 2  NUT, keps, 6-32 x 5/4 inch
-14 385-0138-00 1  ROD, plastic, 544 diameter x 1%,4 inches long
______ - mounting hardware: {not included w/rod)
-15  213-0104-00 1 SCREV, thread forming, 6-32x 33 inch, THS
-16  136-0015-00 1 SOCKET, tube, 9 pin, w/ground lugs
______ - mounting hardware: (not included w/socket}
213-0044-00 2 SCREV, thread forming, 5-32 x 3/4 inch, PHS
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Mechanical Parts List—Type 549

FIG. 4 RECTIFIER MOUNTING PLATE (Cont)

Fig. & Q
index Tektronix Serial/Model No. t _
No. Part No. Eff Disc Y 12345 Description
4-17  348-0051-00 1 GROMMET, rubber, 3, ID x 1, inches OD
-18  348-0063-00 1 GROMMET, plastic, 0.485 ID x '/, inch OD
-19  348-0064-00 1 GROMMET, plastic, 0.614 ID x 5/3 inch OD
-20  348-0055-00 4 GROMMET, plastic, 0.280 ID x /, inch OD
-21  348-0031-00 2 GROMMET, plastic, 0.202 ID x Y/, inch OD
-22  387-0753-00 1 PLATE, plug-in housing, back
------ - mounting hardware: {not included w/plate}
212-0004-00 3 SCREW, 8-32 x 54 inch, PHS
210-0804-00 3 WASHER, fiat, 0.170 ID x 3/; inch OD
-23 131-0018-00 1 CONNECTOR, 16 contact, female
------ - mounting hardware: (not included w/connector)
-24  166-0107-00 2  SPACER, tube, Y, OD x0.218 inch long
-25  210-0004-00 2 LOCKWASHER, internal, #4
-26  210-0406-00 2  NUT, hex., 4-40x 3/ inch
27  211-0016-00 2 SCREW, 4-40 x %3 inch, RHS
-28  387-0754-00 1 PLATE, plug-in housing, top
------ - mounting hardware: {not included w/plate}
-29  212-0004-00 5 SCREW, 8-32x 5/14 inch, PHS
-30  210-0804-00 3 WASHER, flat, 0.170 ID x 3/; inch OD
-31  210-0458-00 4 NUT, keps, 8-32x /55 inch
212-0040-00 2 SCREW, 8-32 x 3/ inch, 100° csk, FHS
-32  344-0097-00 2  CLIP, grounding, bronze
-33  387-0755-00 1 PLATE, plug-in housing, bottom
------ - mounting hardware: (not included w/plate)
212-0004-00 1 SCREW, 8-32 x 5/ inch, PHS
212-0040-00 2  SCREW, 8-32x 3/ inch, 100° csk, FHS
-34  212-0010-00 1 SCREW, 8-32x 5/ inch, PHS
210-0205-00 1 LUG, solder, SE #8
-35 343-0002-00 1 CLAMP, cable, 3/ inch, plastic
-36  210-0863-00 1 WASHER, D shape, 0.191 ID x33/,4 wx 33/ inch Ig
210-0458-00 5 NUT, keps, 8-32 x ', inch
-37  351-0058-00 4  GUIDE, shoe, plastic
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Mechanical Parts List—Type 549
FIG. 5 LOWER VERTICAL AMPLIFIER AND B SWEEP

Fig. & Q
Index Tektronix Serial/Model No. t Descrioti
No. Part No. Eff Disc Y 12345 escription
51 441-0674-00 100 619 1 CHASSIS, lower vertical amplifier
441-0674-01 620 1 CHASSIS, lower vertical amplifier
------ - mounting hardware: (not included w/chassis)
-2 212-0004-00 3 SCREW, 8-32 x 5/14 inch, PHS
210-0804-00 3 WASHER, flat, 0.1701ID x %} inch OD
B 1 CAPACITOR
______ - mounting hardware: (not included w/capacitor}
211-0588-00 2  SCREW, 6-32 x 3/, inch, HHS
-4 432-0048-00 1 BASE, capacitor mounting, plastic
-5 386-0255-00 1 PLATE, metal, large capacitor mounting
210-0457-00 2 NUT, keps, 6-32x 54 inch

CAPACITOR
mounting hardware: (not included w/capacitor}

'
o~

'

'

»

.

.

f

-7 211-0534-00 2 SCREV, sems, 6-32 x 5/14 inch, PHS
-8 386-0252-00 1 PLATE, fiber, small capacitor mounting
210-0457-00 2 NUT, keps, 6-32 x %4 inch
-9 200-0257-00 1 COVER, capacitor, plastic
-10  260-0778-00 1 SWITCH, toggle
______ - mounting hardware: (not included w/switch)
-11 210-0414-00 1 NUT, hex., 1%5-32 x %4 inch
-12 210-0473-00 100 959 1 NUT, switch, 15/4,-32 x 0.634 inch, 12 sided
210-0414-00 960 1 NUT, hex., 1%4,-32 x %4 inch
-13  210-0902-00 1 WASHER, flat, 0.470 ID x2'/;, OD
354-0055-00 1  RING, locking, switch, 15/5, ID x 23/, inch OD
-14  136-0181-00 6 SOCKET, transistor, 3 pin
...... - mounting hardware for each: {not included w/socket)
-15  354-0234-00 1 RING, socket mounting
-16 136-0181-00 100 189 1 SOCKET, transistor, 3 pin
136-0218-00 190 619 1 SOCKET, transistor, 3 pin, w/solder pins
136-0181-00 620 1 SOCKET, transistor, 3 pin
------ - mounting hardware: (not included w/socket)
-17  354-0234-00 100 189 1 RING, socket mounting
354-0285-00 190 619 1 RING, socket mounting
354-0234-00 620 1 RING, socket mounting
-18  136-0015-00 2  SOCKET, tube, 9 pin, w/ground lugs
------ - mounting hardware for each: (not included w/socket)
-19  213-0044-00 2  SCREW, thread forming, 5-32 x %, inch, PHS
200 - - - - - - 2  RESISTOR, variable
------ - mounting hardware for each: {not included w/resistor)
-21  210-0840-00 1 WASHER, flat, 0.390 ID x %/,4 inch OD
-22  210-0413-00 1 NUT, hex., %,-32x Y, inch
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Mechanical Parts Listi—Type 549

FIG. 5 LOWER VERTICAL AMPLIFIER AND B SWEEP (Cont)

Fig. & Q
Index Tektronix Serial/Mode! No. t -
‘No.  Part No. Eff Disc Y 12345 Description
5-23 131-0181-00 2 CONNECTOR, terminal standoff
------ - mounting hardware for each: (not inciuded w/connector)
-24  358-0136-00 1 BUSHING, plastic
-25 119-0034-00 100 819 1 ASSEMBLY, delay line
119-0034-02 820 1 ASSEMBLY, delay line
------ - assembly includes:
131-0271-00 2 CONNECTOR, right angle
200-0482-20 1 COVER, plastic
380-004%-00 1 HOUSING, plastic
26  211-0591-00 4 SCREW, 6-32 x 0.875 inch, HHS
210-0006-00 4 LOCKWASHER, internal, #6
210-0407-00 4 NUT, hex., 6-32x 1, inch
------ - mounting hardware: (not included w/assembly}
210-0457-00 4 NUT, keps, 6-32 x 54 inch
-27  211-0507-00 1 SCREW, 6-32 x 3/;4 inch, PHS
-28  210-0202-00 1 LUG, solder, SE #6
-29  210-0201-00 1 LUG, solder, SE #4
------ - mounting hardware: (not included w/lug)
213-0044-00 1 SCREW, thread forming, 5-32 x 3¢ inch, PHS
-30  210-0204-00 1 LUG, solder, DE #6
------ - mounting hardware: (not included w/lug)
213-0044-00 1 SCREW, thread forming, 5-32 x 3/;4 inch, PHS
-31  348-0050-00 1 GROMMET, plastic, ¥, inch diameter
-32  348-0056-00 1 GROMMET, plastic, 3 inch diameter
B¢ ¢ TR 1 RESISTOR
------ - mounting hardware: {not included w/resistor)
211-0553-00 1 SCREW, 6-32x 1/, inches, RHS
210-0601-00 1 EYELET, resistor mounting
210-0478-00 1 NUT, hex., %,6x 232 inch long
210-0203-00 ] LUG, solder, SE #6, long
211-0507-00 1 SCREW, 6-32 x 5/ inch, PHS
-34  441-0643-00 1 CHASSIS, B Sweep
------ - chassis includes:
-35  214-0329-00 2 FASTENER, screw, retractable
-36  131-0269-00 2 CONNECTOR, pincher, hex., 34 inch
------ - mounting hardware: (not included w/connector)
358-0214-00 ] BUSHING, insulated
------ - mounting hardware: [not included w/chassis)
-37  212-0004-00 3  SCREW, 8-32 x %, inch, PHS
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Mechanical Parts List—Type 549
FiG. 5 LOWER VERTICAL AMPLIFIER AND B SWEEP (Cont)

Fig. & Q

Index Tektronix Serial/Model No. t ..
No. Part No. Eff Disc Y 12345 Description
5-38  384-0640-00 1 ROD, hinge, chassis

------ - mounting hardware: (not included w/rod)
-39  358-0237-00 BUSHING, hinge, rod, plastic
210-0804-00 WASHER, flat, 0.170 ID x 3, inch OD
212-0008-00 SCREW, 8-32x ', inch, PHS
-40  361-0052-00 SPACER, hinge pin

-41  381-0215-00

-42  212-0004-00

BAR, stop, plastic
mounting hardware: {not included w/bar)
SCREW, 8-32 x %/4 inch, PHS

—_—— -

-43  384-0641-00 ROD, anchor
------ - rod includes:
-44  134-0033-00 2 PLUG, banana, male, plastic
-45  214-0370-00 1 PIN, locating, 75 inch long
46 - - - - - . 2  RESISTOR, variable
------ - mounting hardware for each: {not included w/resistor}
-47  210-0840-00 1 WASHER, flat, 0.390 ID x % inch OD
-48  210-0413-00 1 NUT, hex., 3-32x Y, inch
49 - - - - - - 2  RESISTOR, variable
------ - mounting hardware for each: (not included w/resistor}
-50  210-0207-00 1 LUG, solder, ¥; ID x 5/ inch OD, SE
210-0012-00 1 LOCKWASHER, internal, % ID x ¥, inch OD
-51  210-0840-00 1 WASHER, flat, 0.390 ID x %4 inch OD
-52  210-0413-00 1 NUT, hex., ¥-32x Y, inch
X T 3  RESISTOR, variable
------ - mounting hardware for each: {not included w/resistor)
-54  210-0940-00 1 WASHER, flat, Y, ID x 544 inch OD
-55  210-0583-00 1 NUT, hex., Y,-32x 544 inch
-56 136-0181-00 2  SOCKET, transistor, 3 pin
------ - mounting hardware for each: [not included w/socket}
-57  354-0234-00 1 RING, socket mounting
-58  348-0064-00 100 199 2 GROMMET, plastic, 5 inch diameter
348-0012-00 200 2 GROMMET, rubber, 5, inch diameter
-59  348-0031-00 1 GROMMET, plastic, %, inch diameter
-60  348-0056-00 2  GROMMET, plastic, 0.406 inch OD
-61  136-0015-00 8 SOCKET
------ - mounting hardware for each: (not included w/socket}
-62  213-0044-00 2  SCREW, thread forming, 5-32x ¥,¢ inch, PHS

8-20 . ®




Mechanical Parts List—Type 549
FIG. 5 LOWER VERTICAL AMPLIFIER AND B SWEEP (Coni)

Fig. & Q
Index Tektronix Serial/Model No. t T
No. Part No. Eff Disc  y 12345 Description
5-63 136-0008-00 5 SOCKET
------ - mounting hardware for each: (not included w/socket)
-64  213-0044-00 2  SCREV, thread forming, 5-32 x 34 inch, PHS

-65  136-0010-00

—_

SOCKET, tube, 7 pin, shielded
mounting hardware: [not included w/socket)

211-0033-00 2 SCREV, sems, 4-40 x 5/15 inch, PHS
210-0201-00 1 LUG, solder, SE #4
210-0004-00 1 LOCKWASHER, internal, #4
210-0406-00 2 NUT, hex., 4-40x 3/;4 inch
-66  337-0006-00 1 SHIELD, tube, 73 ID x 1%, inches high
-67 136-0044-00 1 SOCKET, tube, 7 pin, w/ground lugs
------ - mounting hardware: {not included w/socket)
213-0044-00 1 SCREW, thread forming, 5-32x 3/ inch, PHS
-68 136-0181-00 X620 1 SOCKET, transistor, 3 pin
------ - mounting hardware: {not included w/socket)
354-0234-00 1 RING, socket mounting
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Mechanical Parts List—Type 549
FIG. 6 CATHODE RAY TUBE SHIELD, MOUNTING BRACKETS AND UPPER VERTICAL AMPLIFIER

Fig. & Q
Index Tektronix Serial/Model No. t s g
No. Part No. Eff Disc Y 12345 Description
6-1 337-0738-00 1 SHIELD, cathode ray tube
------ - mounting hardware for each: (not included w/shield}
211-0504-00 4 SCREW, 6-32x VY, inch, PHS {not shown)
-2 131-0431-00 1 ASSEMBLY, inner band connector
------ - assembly includes:
131-0260-00 1 CONNECTOR, inner band
-3 131-0371-00 1) CONNECTOR, square pin
-4 175-0527-00 FT WIRE, insulated, #22 stranded (specify length)
------ - mounting hardware for each: {not included w/assembly}
-5 211-0008-00 3 SCREW, 4-40x ', inch, PHS
210-0801-00 3 WASHER, flat, 5 IDx 3%, inch OD
210-0586-00 3 NUT, keps, 4-40 x V; inch
b - - - - - 1 COIL
------ - mounting hardware: (not included w/coil)
-7 211-0596-00 3 SCREW, 6-32x 3} inch, PHS
-8  210-0811-00 2  WASHER, fiber, shouldered
210-0803-00 1 WASHER, flat, 542 IDx 33 inch OD
-9 210-0802-00 3  WASHER, flat, 54, ID x 5%/ inch OD
210-0457-00 3 NUT, keps, 6-32x 5/ inch
10 348-0004-00 1 GROMMET, rubber, 3 inch
-11 136-0035-00 2 SOCKET, graticule lamp
------ - mounting hardware for each: {not included w/socket)
211-0534-00 1 SCREW, sems, 6-32x 5/ inch, PHS
210-0803-00 1 WASHER, flat, %3, ID x 3/ inch OD
-12  210-0457-00 1 NUT, keps, 6-32x %4 inch
-13  407-0181-00 1 BRACKET, CRT shield support
------ - mounting hardware: (not included w/bracket)
210-0804-00 2  WASHER, flat, 3¢ ID x3} inch OD
212-0004-00 3  SCREW, 8-32 x 54 inch, PHS
210-0458-00 1 NUT, keps, 8-32 x '35 inch
-14  407-0182-00 1 BRACKET, CRT shield support
------ - movunting hardware: {not included w/bracket)
210-0804-00 2  WASHER, flat, 3,4 IDx 3/ inch OD
210-0004-00 1 SCREV, 8-32 x %/, inch, PHS
210-0458-00 1 NUT, keps, 8-32x V3, inch
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Mechanical Parts List—Type 549

FIG. 6 CATHODE RAY TUBE SHIELD, MOUNTING BRACKETS AND UPPER VERTICAL AMPLIFIER (Coni)

Fig. & Q
Index Tektronix Serial/Model No. t Descrinti
No. Part No. Eff Disc Y 12345 escription
6-15  252-0564-00 FT  PLASTIC, extruded channel (specify amount)
-16  407-0187-00 1 BRACKET, upper vertical amplifier support
------ - mounting hardware: (not included w/bracket)
210-0458-00 2 NUT, keps, 8-32x /35 inch
210-0804-00 2  WASHER, flat, 3/4 ID x 3 inch OD
-17  212-0004-00 4 SCREW, 8-32 x /14 inch, PHS
-18  343-0125-00 1 CLAMP, CRT retaining
------ - mounting hardware: {not included w/clamp)
-19 211-0592-00 3 SCREW, 6-32x1 inch, SHS
20 210-0993-00 2  WASHER, flat, 3/, IDx 3/ inch OD
220-0419-00 1 NUT, square, 6-32 x /14 inch
-21  441-0646-00 1 CHASSIS, upper vertical amplifier
------ - mounting hardware: (not included w/chassis)
212-0004-00 1 SCREW, 8-32x /¢ inch, PHS
210-0457-00 1 NUT, keps, 8-32x '3, inch
22 - - - - - 1 RESISTOR
------ - mounting hardware: (not included w/resistor}
-23  211-0553-00 1 SCREW, 6-32x 1Y, inches, RHS
-24  210-0601-00 1 EYELET, tapered barrel
-25  210-0478-00 1 NUT, hex., 54x 2,4 inch long
26 211-0507-00 1 SCREW, 6-32x 3, inch, PHS
-27 136-0181-00 2 SOCKET, transistor, 3 pin
------ - mounting hardware for each: (not included w/socket)
-28  354-0234-00 1 RING, socket mounting
29 - .- ... 1 RESISTOR, variable
------ - mounting hardware: (not included w/resistor)
210-0504-00 2 NUT, hex., 0-80 x %3, inch
30 406-0635-00 1 BRACKET, nylon
------ - mounting hardware: {not included w/bracket)
-31  213-0088-00 2  SCREW, thread forming, 4-40 x '/, inch, PHS
-32  348-0056-00 1 GROMMET, plastic, 0.406 inch diameter
-33  348-0055-00 2  GROMMET, plastic, 1, inch diameter
34 426-0121-00 1 HOLDER, toroid
...... - mounting hardware: (not included w/holder)
-35  361-0007-00 1 SPACER, plastic, 0.188 inch long
-36 210-0201-00 1  LUG, solder, SE #4
...... - mounting hardware: [not included w/lug}
-37  213-0044-00 1 SCREV, thread forming, 5-32 x 3/4 inch, PHS
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Mechanical Parts List—Type 549
FIG. 6 CATHODE RAY TUBE SHIELD, MOUNTING BRACKETS AND UPPER VERTICAL AMPLIFIER (Cont)

Fig. & Q
Index Tektronix Serial/Model No. t L.
No. Part No. Eff Disc Y 12345 Description

COIL
mounting hardware for each: (not included w/coil)
SCREVV, thread forming, 4-40 x /, inch, PHS

-39 213-0088-00

o
o
&
.
.
.
.
.
.
- N

-40  441-0645-00 1 CHASSIS, tube mounting
------ - mounting hardware: (not included w/chassis)

212-0004-00 3 SCREW, 8-32 x 54 inch, PHS
210-0804-00 2 WASHER, flat, 3/ ID x3/; inch OD
-41  136-0174-00 2 SOCKET, tube, 9 pin
------ - mounting hardware for each: (not included w/socket)
213-0044-00 2 SCREW, thread forming, 5-32 x 3/,s inch, PHS
-42  210-0202-00 2 LUG, solder, SE #6
------ - mounting hardware for each: (not included w/lug)
-43  211-0504-00 1 SCREW, 6-32x Y, inch, PHS
-44  210-0407-00 1 NUT, hex., 6-32x 1, inch
-45  407-0186-00 1 BRACKET, coil mounting
------ - mounting hardware: {not included w/bracket)
-46  211-0507-00 2 SCREW, 6-32x %/,5 inch, PHS
210-0803-00 2 WASHER, flat, 0.150 ID x3/; inch OD
-47  214-0478-00 2 PIN, guide, plastic
------ - mounting hardware for each: {not included w/pin)
-48  361-0007-00 1 SPACER, plastic, 0.188 inch long
-49  348-0085-00 1 GROMMET, plastic
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Mechanical Parts List—Type 549

FIG. 7 RAILS, REAR, AND CABINET

Fig. & Q
Index Tektronix Serial/Model No. t .
No. Part No. Eff Disc Y 123453 Description
7-1 122-0108-00 2  ANGILE, rail, bottom, 20.437 inches long
------ - mounting hardware for each: (not included w/angle)
-2 212-0039-00 4 SCREW, 8-32 x %, inch, THS
210-0458-00 4 NUT, keps, 8-32 x '35 inch
-3 122-0019-00 1 ANGLE, frame, 207/,4 inches
------ - mounting hardware: {not included w/angle}
-4 211-0538-00 4 SCREW, 6-32 x 5/, inch, FHS
210-0457-00 4 NUT, keps, 6-32x /¢ inch
-5 381-0247-00 1 ASSEMBLY, top support bar
------ - assembly includes:
-6 367-0043-00 2 ASSEMBLY, handle
------ - each assembly includes:
-7  344-0098-00 4 CLIP, chrome
-8  212-0566-00 100 559 4 SCREW, 10-32 x 5/ inch, RHS
212-0507-00 560 4 SCREW, 10-32 x3/3 inch, PHS
210-0010-00 X560 4 LOCKWASHER, internal, #10
------ - mounting hardware: {not included w/assembly)
-9 212-0039-00 4  SCREW, 8-32 x %, inch, THS
-10  381-0073-00 2  BAR, 34x VY, x 1Y, inches, 8-32 tapped holes
-11  369-0007-00 1 BLADE, fan, 7 inches
-12  147-0026-00 1 . MOTOR, fan
------ - mounting hardware: (not included w/motor)
210-0458-00 4 NUT, keps, 8-32x V3, inch
-13 426-0193-00 1 MOUNT, fan motor
------ - mounting hardware: {not included w/mount)
-14  212-0039-00 4  SCREW, 8-32x3/; inch, THS
-15  386-0233-00 1 PLATE, rear sub-panel
------ - plate includes:
354-0056-00 1 RING, ornamental
-16  260-0773-00 1 SWITCH, toggle—LINE RANGE
------ - mounting hardware: [not included w/switch)
210-0414-00 1 NUT, hex., %42 x %4 inch
210-0473-00 1 NUT, switch, 15/4,-32 x 5/44 inch
210-0902-00 1 WASHER, 0.470 ID x 2/, inch OD
354-0055-00 1 RING, switch locking
-17  200-0662-00 1 GUARD, switch
------ - mounting hardware: (not included w/guard)
-18  211-0016-00 2 SCREW, 4-40x 5/ inch, RHS

8-25



Mechanical Parts List—Type 549

FIG. 7 RAILS, REAR, AND CABINET (Cont)

Fig. & Q
Index Tektronix Serial/Model No. t e
No. Part No. Eff Disc Y 12345 Description
7-19  407-0027-00 1 BRACKET, shunt resistor
------ - mounting hardware: (not included w/bracket)
211-0537-00 2 SCREW, 6-32x 3, inch, THS
20 - - - - - - 1 RESISTOR
------ - mounting hardware: (not included w/resistor)
=21 210-0478-00 1 NUT, hex., 5%4¢x 24, inch
211-0544-00 1 SCREW, 6-32 x 3/, inch, THS
211-0507-00 1 SCREW, 6-32x 5/, inch, PHS
22 - - - - - 5 RESISTOR
------ - mounting hardware for each: (not included w/resistor)
-23  210-0462-00 1 NUT, hex., 8-32x Y, x 23/;4 inch
-24  212-0037-00 1 SCREW, 8-32x 13/, inches, FIL HS
212-0004-00 1 SCREW, 8-32 x 5/4 inch, PHS
-25  348-0056-00 2 GROMMET, plastic, 0.406 inch diameter
210-0809-00 1 WASHER, centering
-26  386-0232-00 1 PLATE, rear overlay
------ - mounting hardware: (not included w/plate}
-27  213-0104-00 4  SCREW, thread forming, 6-32x 3 inch, THS
-28  352-0002-00 2 ASSEMBLY, fuse holder
------ - each assembly includes:
-29  200-0582-00 1 CAP, fuse
-30 210-0873-00 1 WASHER, rubber, 1, ID x4 inch OD
-31  352-0010-00 1 HOLDER, fuse
------ 1 NUT, fuse holder
-32  131-0150-00 1 CONNECTOR, 3 wire motor base
------ - connector includes:
129-0041-00 1 POST, ground
200-0185-00 1 COVER
205-0014-00 1 SHELL, mounting
210-0003-00 2 LOCKWASHER, external, #4
210-0551-00 2 NUT, hex., 4-40 x '/, inch
211-0015-00 1 SCREV, 4-40 x /, inch, RHS
214-0078-00 2 PIN, connecting
377-0041-00 1 INSERT
------ - mounting hardware: (not included w/connector)
-33  213-0104-00 2  SCREW, thread forming, 6-32 x %, inch, THS
-34  378-0762-00 1 SCREEN, filter
------ - mounting hardware: {not included w/screen}
213-0104-00 4 SCREW, thread forming, 6-32 x 3 inch, THS
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Mechanical Parts List—Type 549

FIG. 7 RAILS, REAR, AND CABINET (Cont)

Fig. & Q

Index Tektronix Serial/Model No. t -
No. Part No. Eff Disc Y 12345 Description
7-35 378-0023-00 1 FILTER, air, foam

—_

-36 380-0018-00 HOUSING, aluminum, 10, x 10"/, x 1 inches
------ - mounting hardware: (not included w/housing)

-37  210-0402-00 2 NUT, cap., hex., 8-32x 5/, inch

-38  210-0458-00 2  NUT, keps, 8-32 x 'Y/3, inch

-39 212-0031-00 2 SCREW, 8-32x 1Y, inches, RHS

-40  210-0894-00 2  WASHRR, flat, 0.190 ID x 7/;4 inch OD

-41  136-008%-00 1 SOCKET, tube, 9 pin
------ - mounting hardware: (not included w/socket)

-42  211-0013-00 4 SCREW, 4-40 x 3/3 inch, RHS
210-0586-00 4 NUT, keps, 4-40x '/, inch

-43  131-0106-00 2 CONNECTOR, coaxial, BNC, 1 contact

-44  260-0447-00 1 SWITCH, unwired—CRT CATHODE
------ - mounting hardware: (not included w/switch)
210-0406-00 2 NUT, hex., 4-40x 3/ inch

-45  260-0449-00 1 SWITCH, unwired—CRT GRID SELECTOR
------ - mounting hardware: (not included w/switch)
210-0406-00 2 NUT, hex., 4-40 x ¥4 inch

-46 386-1093-00 1  PLATE, cabinet bottom
------ - plate includes:

-47  214-0361-00 4 ASSEMBLY, cabinet latch

-48  214-0400-00

-49  358-0218-00

-50 387-0871-00

-51  387-0804-00

-52  214-0359-00 SPRING, latch

-53  386-0238-01 PLATE, cabinet side, left
------ - plate includes:

-54  134-0028-00 PLUG, 2'3/,4 inches diameter
214-0361-00 2 ASSEMBLY, cabinet latch

.55 386-0238-00 PLATE, cabinet side, right
------ - plate includes:

each assembly includes:

PIN, securing, index

BUSHING, plastic, latch bearing
PLATE, latch index

PLATE, latch locking

—_— o o — —

—_ ) —

214-0361-00 2 ASSEMBLY, cabinet latch
-56  200-0672-00 2 COVER, BNC connector, w/chain

------ - mounting hardware for each: (not included w/cover)
-57  213-0088-00 1 SCREW, thread forming, 4-40 x V/, inch, PHS
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Mechanical Parts List—Type 549
FIG. 8 CERAMIC STRIPS AND CABLE HARNESS DETAIL

Fig. & Q

Index Tektronix Serial/Model No. t P
No. Part No. Eff Disc Y 123458 Description
8-1 179-1033-00 100 619 CABLE HARNESS, B Sweep

179-1033-01 620
-2 124-0090-00

CABLE HARNESS, B Sweep
STRIP, ceramic, ¥, inch h, w/9 notches
strip includes:
STUD, plastic
mounting hardware: {not included w/strip) -

w
0
o
S
=
N
o
S

NN

361-0009-00 SPACER, plastic, 0.406 inch long

-3 124-0091-00 12 STRIP, ceramic, ¥, inch h, w/11 notches
------ - each strip includes:
355-0046-00 2 STUD, plastic
------ - mounting hardware for each: (not included w/strip)
361-0009-00 2 SPACER, plastic, 0.406 inch long

-4 179-1032-00 100 619 1 CABLE HARNESS, A Sweep
179-1032-01 620 1 CABLE HARNESS, A Sweep

-5 124-0091-00 4  STRIP, ceramic, 3/, inch h, w/11 notches
------ - each strip includes:
355-0046-00 2 STUD, plastic
------ - mounting hardware for each: (not included w/strip)
361-0009-00 2 SPACER, plastic, 0.406 inch long

-6 124-0088-00 4  STRIP, ceramic, ¥, inch h, w/4 notches
------ - each strip includes:
355-0046-00 2 STUD, plastic
------ - mounting hardware for each: {not included w/strip)
361-0009-00 2  SPACER, plastic, 0.406 inch long

-7 124-0090-00 2  STRIP, ceramic, 3/, inch h, w/? notches
------ - each strip includes:
355-0046-00 2 STUD, plastic
------ - . mounting hardware for each: [not included w/strip)
361-0009-00 2 SPACER, plastic, 0.406 inch long
124-0089-00 6  STRIP, ceramic, %, inch h, w/7 notches
------ - each strip includes
355-0046-00 2 STUD, plastic
------ - mounting hardware for each: [not included w/strip)
361-0009-00 2 SPACER, plastic, 0.406 inch long

9 179-1034-00 1 CABLE HARNESS, power, #1

10 179-1035-00 1 CABLE HARNESS, power, #2

11 179-1041-00 1 CABLE HARNESS, power, 110 volt
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Mechanical Parts List—Type 549
FIG. 8 CERAMIC STRIPS AND CABLE HARNESS DETAIL {Cont)

Fig. & Q
Index Tektronix Serial/Model No. t )
No. Part No. Eff Disc Yy 12345 Desc"phon
8-12 124-0088-00 3 STRIP, ceramic, 3/, inch h, w/4 notches
------ - each strip includes:
355-0046-00 2 STUD, plastic
------ - mounting hardware for each: (not included w/strip)
361-0009-00 2 SPACER, plastic, 0.406 inch long
13 124-0091-00 10 STRIP, ceramic, ¥, inch h, w/11 notches
------ - each strip includes:
355-0046-00 2 STUD, plastic
------ - mounting hardware for each: (not included w/strip)
361-0009-00 2 SPACER, plastic, 0.406 inch long
-14  124-0090-00 1 STRIP, ceramic, 3/ inch h, w/9 notches
------ - strip includes:
355-0044-00 2 STUD, plastic
------ - mounting hardware for each: (not included w/strip)
361-0009-00 2 SPACER, plastic, 0.406 inch long
15 179-1040-00 100 619 1 CABLE HARNESS, lower vertical amplifier
179-1040-01 620 1 CABLE HARNESS, lower vertical amplifier
-16 124-0145-00 2 STRIP, ceramic, 7,4 inch h, w/20 notches
------ - each strip includes:
355-0046-00 2 STUD, plastic
------ - mounting hardware for each: (not included w/strip)
361-0009-00 2 SPACER, plastic, 0.406 inch long
17 124-0147-00 8 STRIP, ceramic, 714 inch h, w/13 notches
------ - each strip includes:
355-0044-00 2 STUD, plastic
------ - mounting hardware for each: (not included w/strip)
361-0009-00 2 SPACER, plastic, 0.406 inch long
<18  179-1034-00 1 CABLE HARNESS, rectifier bracket
179-1042-00 1 CABLE HARNESS, 110 volt {not shown)
219 124-0090-00 6  STRIP, ceramic, ¥, inch h, w/9 notches
------ - each strip includes:
355-0046-00 2 STUD, plastic
------ - mounting hardware for each: [not included w/strip)
361-0009-00 2 SPACER, plastic, 0.406 inch long
20 124-0162-00 2 STRIP, ceramic, 7,4 inch h, w/4 notches
------ - each strip includes: '
355-0046-00 2 STUD, plastic
------ - mounting hardware for each: (not included w/strip)
361-0007-00 2 SPACER, plastic, 0.188 inch long
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Mechanical Parts List—Type 549
FIG. 8 CERAMIC STRIPS AND CABLE HARNESS DETAIL (Cont)

Fig. & Q
Index Tektronix Serial/Model No. t -
No. Part No. Eff Disc Y 12345 Description
8-21 179-1043-00 1 ASSEMBLY, cable harness & CRT socket
...... - assembly includes:
-22  136-0202-00 1 SOCKET, CRT
-23  200-0616-00 1 COVER, socket
214-0464-00 14 PIN, CRT
-24  337-0778-01 1 SHIELD, CRT socket
-25  367-0059-00 1 HANDLE, CRT socket

...... - mounting hardware for each: [not included w/handle)

-26  211-0003-00 2 SCREW, 2-56 x /3 inch, RHS
210-0850-00 2 WASHER, flat, 0.093 ID x %3, inch OD
210-0001-00 2 LOCKWASHER, internal, #2
210-0405-00 2 NUT, hex., 2-56 x 3/14 inch

27 179-1037-00 1 CABLE HARNESS, high voltage

-28  124-0157-00 6  STRIP, ceramic, 7/;¢ inch h, w/9 notches
------ - each strip includes:

355-0082-00 2 STUD, plastic
------ - mounting hardware for each: (not included w/strip)
361-003%9-00 2  SPACER, plastic, 0.531 inch long

29 124-0091-00 4 STRIP, ceramic, %, inch h, w/11 notches

each strip includes:

STUD, plastic
mounting hardware for each: [not included w/strip)
SPACER, plastic, 0.406 inch long

361-0009-00

w
0
@
8
I
N
o
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-30 179-1039-00

—

CABLE HARNESS, upper vertical amplifier

-31  124-0162-00 3 STRIP, ceramic, 7/;¢ inch h, w/4 notches
------ - each strip includes:
355-0046-00 1 STUD, plastic
------ - mounting hardware for each: (not included w/strip)
361-0008-00 1 SPACER, plastic, 0.281 inch long

-32  124-0148-00 2 STRIP, ceramic, 7,4 inch h, w/9 notches
------ - each strip includes:
355-0046-00 2 STUD, plastic
------ - mounting hardware for each: {not included w/strip)
361-0009-00 2  SPACER, plastic, 0.406 inch long

-33  124-0147-00 2  STRIP, ceramic, 7/;¢ inch h, w/13 notches
------ - each strip includes:
355-0046-00 2 STUD, plastic
------ - mounting hardware for each: (not included w/strip)
361-0009-00 2  SPACER, plastic, 0.406 inch long
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Schematic Symbols
The following symbols are used on the schematic diagrams:

O Screwdriver adjustment

[:I Front-panel control or con-
nector.

. Clo.,ckw‘lse 'control rotation
in direction of arrow.

A | Connection made at indi-
——=> >—  cated pin on etched-wir-
ing board.

® Connection soldered to etch-
ed-wiring board.

Blue line encloses compo-
nents located on etched-
wiring board.

Input from, or output to indi-
cated schematic.
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IMPORTANT

Voltages and waveforms shown in blue on the schematic diagrams
were measured and photographed under the following conditions.

Voltages were measured with a 20,000 {2/Volt VOM. Readings are
with respect to chassis ground unless otherwise noted.

Waveforms are photographs taken with a Tektronix Oscilloscope
Camera System and a projected graticule mounted on a 540-series Oscil-
loscope with a Type 1A1 Plug-In Unit and a 10X attenuator probe. An
equivalent test oscilloscope having a vertical bandwidth of DC to 20
MHz and a sensitivity of .05 Volts/cm may be used.

Waveform DC levels are indicated to the right, Volts/cm to the left
and Time/cm settings below the waveform.

To indicate true time relationship between signals the test oscilloscope
in most cases was externally triggered.

Voltage and waveform values are not absolute but may vary between
instruments because of component tolerances. DC level differences
between voltmeter readings and the waveform is due to circuit loading.

Before starting to check this instrument, the controls should be set as
shown on @ and not disturbed unless otherwise noted on the diagram.
Return the controls to these positions before moving to the next diagram.

The plug-in unit used in the Type 549 Storage Oscilloscope was a
Test Load/Pulser Plug-In Unit: however, any letter or 1-series unit may
be used. Apply the signal from the CAL OUT connector to the Vertical
Input connector of the plug-in unit and adjust the gain for a 1 cm display
unless otherwise noted.
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—_ Type 549 Control Settings:

CRT Controls

INTENSITY Midrange
FOCUS and ASTIG Adjust for focused display
- SCALE ILLUM As desired |

Storage Controls

ENHANCE MODE OFF
—_ ENHANCE LEVEL Counterclockwise
UPPER and LOWER
SCREEN STORAGE OFF
- SCREEN SELECTOR FULL
VIEWING TIME MIN
i AUTO ERASE OFF
HORIZONTAL DISPLAY A
— MAGNIFIER OFF
NORM-SINGLE SWEEP NORM
_ A TIME/CM 1 mSEC
VARIABLE CAL
B TIME/CM AND DELAY TIME 1 mSEC
o LENGTH 10 CM
DELAY TIME MULTIPLIER 1-10 2.00

TRIGGERING Controls {Time Base A and B)

LEVEL Midrange
- STABILITY PRESET
MODE TRIG
~ SLOPE —
COUPLING AC
— SOURCE NORM (INT)
HORIZONTAL POSITION Midrange
AMPLITUDE CALIBRATOR 1 vOLT

Rear Panel Switches

- CRT CATHODE SELECTOR Normal
CRT GRID SELECTOR Normal

— CRT CATHODE Connector Cap installed
LINE RANGE SELECTOR MED

. O
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— ™ : +
1 = ®)BIT7I S0V LA LY 50
- DISCONNECT ; ; ]
DIODES TIMING -3.7
' CAPACITOR +60 SmSEC/CM
+l100V N ’ —4 ~ SAWTOOTH TO
| R ] 1 HORIZ DISPLAY
A ! N\ [l SWITCH, SW347A~
R138 Ci60 0.5veM -3 ZF$R
47K 2.4 I +36 !
e vis2 | N RI73
o " BmSEC/CM 619
cise L SAWTOOTH
a2 +100V RIT3S | .~ CURRENT
4702 RI77
LRI39 RIS6
l.2mhk SAWTOOTH TO
270 viel PIN 6.JII</\
eCLe
] I
| =
HOV/C Moot 4 -9 -
[
I ( (
SmMSEC/CM | |
i ! TIMING /
! i SAWTOOTH OUT CF
i
b ' i
_180y H : +225v
ci9e
4FIéR SFER 00t ,\//935
SWI60 J ! z 6DJ8
- -{TMEZeM} -~ -————
| /< 2 4199
F RISG
i f’? 100% SWEEP
1 A
| +0.8,
| +00
|
! ; |
285V/CM -75 !
|
1
BmSEC/CM ' -isov
! I
1
MULTI-TRACE SYNC PULSE ) I
—_—] -
FROM' PIN 6, V245 1 | ?YU:Z‘PLT.ASCEE
,’ | T0 Ui
! HOLD-OFF CIRCUIT ————-L8) :
=1 .l
HOLD-OFF__! . !
CAPACITOR I | i
[4F-1) L ! =~ ] ;
oyt I HQV : MULTI-TRACE SRI74
I ., I oY SYNC AMPLIFIER 28K
6
+i00v Q Y/83A | sSwp LENGTH—\ L
| | o).2ebs/8 | SRI70
7 -9% 2K
BB =l L 76 | REFERENCE DIAGRAMS (/]
et 8 -_—
[~ R i RI78
ey = . (I)VERTICAL AMPLIFIER i
47 -54 51_?'14 : o TIME-BASE A TRIGGER
' ! (4> TIME-BASE A TIMING SWITCH -150V
- ) DELAY PICKOFF
Swaol 150V 5R e SEE PARTS LIST FOR EARLIER
= ——~JHORIZONTAL DISPLAY | — == = —m == == =— E (> TME-BASE B GENERATOR VALUES AND SERIAL NUMBER
RANGES OF PARTS MARKED
FOR ADDITIONAL SWITCH DETAILS (D HORIZONTAL AMPLIFIER WITH BLUE OUTLINE.
(D> HORIZONTAL DISPLAY SWITCH
(2> AUTO ERASE CIRCUIT &N '
PARTS LIST FOR SEMICONDUCTOR TYPES e

(4 crRT CIRCUIT

o TIME-BASE A GENERATOR<®




TO CATH, PIN 8, VI&3A
HOLD-OFF CF

SWie0
A
IFER
|
]
i
181 IBOK 3
Cze7 I o— o
= 0 o
CIBOE
00— 0.1 +—O
O—¢ cisop b—O
0.1
—O
cieac —O
022
—¢ L o
—O
CiBOB —O
.0022
—0
—O
claoa | —e
220
—O
1 o .
[ Ri
O———e O
R
o, * —O
O—e = = —O
O * —O
R\BOB RIGOV R160OX
3a7Mm o BI6OW oK < O
RIGOT
56K, —O
RIGOW RI6OYZ,
100K 20)(5‘
RI80A
470K
SW160Y
O M
S\
]
-I50V R
REFERENCE DIAGRAMS ~150V
HOLD-QFF @ TIME -BASE A GENERATOR
I-— CAPAcuTORs——l
& RESISTORS
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TO GRID, PIN 9, Vicl TO CATH,PINS 3 £8, V173
MILLER RUNUP TUBE RUNUP CF

RIGOK RI6OG C';?"
1OM —~
F—— 5
RIGOY |
EEE— O [::ClboK“_O z
T 270
O O—e — —O |
SEC
————0 O—4 *—0 B
—0 O—+ ——O .2
— O-—J —O .l_
C160H _
O 0.1 —O 50
O —O 20
—O —0O 10
O —0 5
o cleoe T 2 | mSEC
.0l
O f—e—0 {
O .5
-0 CI6OF ‘2
.001
—O .|_
CI6OE -
O O—1 45-25 —O 50
UXN
% A
o O ceop T 20
a2
0 o ) o) 10
% Ci60C
———O O 4.5\-25 —Q 5
P
= —O O—* cwoe 1O 2 | MOEC
82
—O 0 M o) 1
RIGOX S — .5
oK RI6GOCS 0
T 300K o 2
* RIGOB C|6|02A p—O .
RI60OY< O- aOOK 0 Y —0O |
i 20KS\ RIGOA |1
s VARIABLE 100K
SWIeOY
O MOUNTED ON RIGOY.
SWITCH IS AS SHOWN ONLY WHEN
160Y 1S IN CALIBRATED POSITION

ROTATED FULL RIGHT).

TIMING TIMING
RESISTORS CAPACITORS

R

|

i

|
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DEL/
MUl

-1

IL DIFFERENCE AMPLIFIER
]
e o
SOV/CM +150
Smsec/cm OV
+225V
L424
280pH
R424
oK.
R44
+215 100 4
+188
+238v V4 45A
F6DJ8
R43
10K
+350V DEL AY
V424 % s
R432
R415 6AU6 ¢ 10K
47K 5
+64 ﬁ= 2 R421 .
SAWTOOTH FROM __ -2.3 —o ] 100 L<R433
CATH, PIN8,V2838 T "-l S 30K
DELAY-TIME
R410 ryid 7 St S rLER
" T g s
+2258v @ R4%6
2K
DELAY
START
R437
15K
~150V

CONSTANT
CURRENT
TUBE

)/425'4 r‘V-;-Lmsfac./:c‘h‘}i’
$6DU8

WAVEFORMS and VOLTAGE READINGS were obtained unde
given on diagram @ except as follows:

Voltage Readings (Upper)
STABILITY (Time-Base B) Clockwise

Voltage Readings (Lower)
STABILITY (Time-Base B) Counterclockwise, but no

TYPE 549 STORAGE OSCILLOSCOPE A,

+



DELAYED TRIGGER TRIGGER
MULTIVIBRATOR AMPLIFIER

+150 ; R457
] 4
1
ov

"SEC/CM

I.oos
+338
+345 v4288
46DJ8

R444<
100K $ J429
+210 9 .
BEINR -——j}_____)_o DLY'D TRIG
R446 = =
158K - -

432 !

DK

R447
39K
32 "0 HORIZONTAL DISPLAY sw30I-5F (D
DELAY-TIME =
~~— MULTIPLIER SR458
= ) 3K
) R436 =
DEL AY
START
R437
15K
150V
130 . NOTE:

FOR DECOUPLING NETWORKS
SEE TIME-BASE B GENERATOR DIAGRAM @

REFERENCE DIAGRAM3

TIME ~-BASE A GENERATOR
TIME - BASE B GENERATOR

S and VOLTAGE READINGS were obtained under conditions
yram @ except as follows:

Eings (Upper)

TY (Time-Base B)  Clockwise

Pli_l‘-n{gs {Lower)

iy (Time-Base B) Counterclockwise , but not in PRESET

&[N
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FROM R546&

FROM TIME-BASE
A TRIGGER

DECOUPLING

AL A
bt ON
o \\ FRERR Y
A

5mSEC/CM

(TRIGGERING)

COUPLING -~

SW55S

(TRIGGERING)
-=
SW56 !
|
|
| cel
NORM | 005
TRIGGER SIGNAL —»—3 - r oeoNoRMI
= pLuG [MNT i cez
‘”— N 100 cea
| AC
~O  LINE o A%, S5 1
? EXT
QO pc
REZS
100K S
1
7/
@ = R5G AC TRIGGER SIGNAL
- TO SOURCE SWITCH
@ 6.3V AC > B e g,
RS7
J55 -mi

TYPE 549

STORA

i—__

! 6. 3VAC

LINE
SEE PARTS LIST FOR EARLIER
[ VALUES AND SERIAL NUMBER
RANGES OF PARTS MARKED
| WITH BLUE OUTLINE.

EFF &/N 10l - @10

GE

OSCILLOSOPE

(TRIGGERING)

[ MOBE |- - -

Swas

A TVR—

SmSEC/CM

TRIGGERING)

—-—SLOPE -

Sweb



(TRIGGERING)
——————— ~MOBE | -

9
Swas !
3
H
]
; +225v :
Ty 80 +io0v |
T (DEQ) !
o i
’ SmMSEC/CM L
! AN
+100V
(DEC)

Dal

—— e TRIGGER PULS3E
+98 TO Ca23t @
L C87 +92.5

EVE 27
RIN ﬁ,)
+82.5
RS +83 Qﬁ
12K Qo5
R97 a
22K -

5mSEC/CM

o+l AUTO

o TRIG
TRIGGERING)

|
1
| I
I —
[ To RI7
( | —l2.6v @
L - 4 $
sSwed R&T (TRIGGERING)
>

<
Hw—— A —e2 [0 LEVEL
R RGY ]" <

70
L
—12.4V
+}DO\/_]

Ll

WAVEFORMS and VOLTAGE READINGS were obtained under conditions
‘ given on diagram cxcept as follows:
R&7
Wavetorms
{ RG® TRIGGﬂE‘R[NG LEVEL Cen[e‘red
22K SOURC: LINE
Volrage Readings (Upper)
—xsovJ TRIGGERING LEVEL Counterclockwise
: SOURCE LINE
: EFF.SIN (01-&I0 Voltage Readings (Lower)
TRIGGERING LEVEL Clockwise
SCURCE LINE

SEE PARTS LIST FOR
SEMICONDUCTOR TYPES

EARLIER REFERENCE DIAGRAMS:
NUMBER
ARKED {> VERTICAL AMPLIFIER

< TIME-BASE B GENERATOR
4 POWER SUPPLY ¢ HEATER WIRING

MRH
66

TIME-BASE B TRIGGER <&

w



a7

4100V
(DEC)

R201

I.OOS

cz20l

4225y |
(DECQ)

DECOUPLING

SOV/CM -7

lﬂ— SWEEP GATING MULTIVIBRATOR

+j00V
(DEC)
WAVEFORMS and VOLTAGE READINGS were obtained under conditions 3 R234
given on diagram @ except as follows: +225V 1, 6.19K.
(DEC) 9
Waveforms -
HORIZONTAL DISPLAY B L
STABILITY (Time-Base B)  Clockwise R233% R235<, +225Y
Voltage Readings (Upper) 100K d 6.19K2 (DEQ)
HORIZONTAL DISPLAY B -
STABILITY (Time-Base B) Counterclockwise, but not in PRESET +25 v2358 -
Voltage Readings (Lower) +70 R256‘& o 726048 :
HORIZONTAL DISPLAY B 6.2x$ )
STABILITY (Time-Base B) Clockwise -
‘
D233 R237%¢ -
» ‘f ! : 270K 8
WA
sov/eM R e +I00V ~1sov —it
o bes I (DEQ)
SmSEC/CM
1
ezt R232
B TRIGGER PULSE A 10 f=
FROM COLLECTOR, 1 VS ALY
Qa9s -(HOO)V -56
- DEC EY
V235A
[/
R202 <$R219 Y26DJ8
oK Se8K
RESET PULSE FROM _ va/4
D951 @ —_ GCAUE -52
R203 :; A1 cz03 +ioov -%4 R244
3%0K3 T .00) > 15.6K
1 D219 paa1 7 $R23
AAA 74
A R206 - -150v
R204 < 47 -
M3
L C209 |
150V ,005 7
}-——— HO1
c22| SRr221
10 S270K HOLD-Of
= CAPACITS
HOR\ZONTAL
R210 AY
8 200K
PRESET
ADJ
+100V
B
Swaii l
R2I '
100K 3 \
i
STABILITY :
| = R230
| | 22K
) rR222< R224
(TRIGGERING) 430K 2 100K B o0V
ol — LOCKOUT
Swa5s Razs -EVEL
50K
~150V

+
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= V293A
726DJ8

B UNBLANKING PULSE
TO HORIZONTAL DISPLAY
1

WITCH, SW347A-3R
SWITCH, SW2 [ MILLER RUNUP CIRCUIT ————:-'
Lol OF
EmSEC/CM \\/_‘ 1 ooy +500V
- {DEC)

M s L

i + 50V
op % i

SR264
R295¢ _1.C295 GATE OUT CF 22ex
a9k S
17 —~ V2938
+23 25 26DJB
R297 2
R296 ¢ 100 Jz99
100K $ +GATE
L 8
; ~150v R299 9‘2{5 RUNUP CF
SWEEP GATING MULTIVIBRATOR | ——————| 10K v2838
+l00V = /26D0J8
(DECY T T
+225v $rz3e sver 2
26.19K + o6 SAWTOOTH TO PIN I,
(DEC) - V414 THRUY R4 @
- AND SW347A-
2FER
$ Hz2sy +100V ¢
1 (peS) (DEC)
v23sB | T CRPAGITOR
4 o 226048 R2417 < R248 —
< 22K $47K T +a3s
v 2| MILLER
— czeo | RUNUP 77 ;/7
| 3 -y v26/ NS
3 a s [842¢€] SOV CMtsfoffonil) 460
22 s 100V T
~i50v L——)l—< SmSEC/CM
C234
47
L249
R241 €
33,2k $
-5}
-36
2 R243 ¢
V235A 301K MULTl-TRgCE. ! ( -z
P SYNC PULSE TO
/26DJ8 -150v HORIZONTAL DISPLAY ! | TIMING [Enn il
SWITCH, SW301-4R | ! RESISTOR SmSEC/CM
I
52 ] !
S )
.6
| eFeR SW260
arer |
-1s0v ”__EE——‘-———'-———FTIME/CM AND DELAY TIME |
J ®
/
] //
r /
i / :
| f—————— HOLD-OFF CIRCUIT /——} R2I%S
_— /
HoLD-oFF [ = J R272
CAPACITOR ~~ I I/ 8.2K
/
R273
10K
[vEwer] .
< SWP LENGTH
<
MAX
—as SWP LENGTH
| I S N
EmSEC/CM R278
R220 REFERENCE DIAGRAMS: oy
x TIME ~BASE A GENERATOR
~150v DELAY PICKOFF

TIME-BASE B TRIGGER

TIME -BASE B TIMING SWITCH
HORIZONTAL AMPLIFIER

AUTO ERASE CIRCUIT

SEE PARTS LIST FOR
SEMICONDUCTOR TYPED

SOOOOY

MRH
1266

TIME-BASE B GENERATOR &



TO CATH, PIN 3 V283A TO CATH, PINS,VvZ283B

HOLD-OFF CF @ RUNUP CF @

_____________________________ o mmm——mp————
| i
2FéR AFLR
| |
| |
! C260F !
: ldF : ;
\ )
00
C260G
—0 O—4 O 270 O 5
—0 0 o4 O .2
—O0 O O —O N
—O O O O 50 |
—0 O o~ cz2ece 0O 20
C280E L 0.1
o.t T o o1 o 3 o 10
R =) O—4 c280D o -0 5
o.
O o 3 o- czeop O 2
Y
0 o o i 0 ‘
O O—¢ c280C O —O .5
.01
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001
-0 o ! o .
o cz280B 04 O 50
.00l
O I——* Oo— cz2e0B O 20
a2
) o ) o 10
O C280A | o O 5
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| L
s — o —H o 2 |
R280 < = C260A
1.2m i 4.5-25
~-150V

HOLD-OFF I TIMING
CAPACITORS CAPACITORS
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N8, v2838

=c=/\:

TO GRID, PIN |, V261
MILLER RUNUP @

SW260
e ——————— T~ I —TIME/CM AND DELAY TIME ]
| I l
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i i ]
! C260F ! !
: N3 : . :
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04 I 270 0O 5 5.M
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W
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REFERENCE DIAGRAM:
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TIME-BASE B TIMING
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REFERENCE DIAGRAMS

(7> TIME-BASE B GENERATOR
(> HORIZONTAL AMPLIFIER
Q> HORIZONTAL DISPLAY SWITCH

FOR DECQUPLING NETWORKS
SEE

VOLTAGE READINGS were obtained under conditions given
on diagram @ except as follows:

Lixternal Horizontal Inpur Signal None
HORIZONTAL DISPLAY 10X
VARIABLI: 1- 10 Clockwise

SW 30t

HORIZONTAL DISPLAY ~=— — = — — —

FOR ADDITIONAL SWITCH DETAILS
E

J300 raoo

EXT 47
woriz in| (G——WA——00

R30IC AXcsoic
T 7

00K - 45
0
R30IE _{ C30IE
HIK ’F53O
IX
[ O
C30iH

S

i

TYPE 549 STORAGE OSCILLOSCOPE
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+100V
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1
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1

|
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I

I
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t
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1

P A
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(o] A DLY'D
ox—0 10X
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N O]

100K
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Ag
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R303
M

"

R213
33K

<SR34

/:> 18K

I
+2.04

R3I5
233K

+i00ov

-150V
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) N TO HORIZONTAL DISPLAY
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S
r T DISPLAY

2FER IF
I |
SAWTOOTH FROM |

CATH., PIN 2,8,
[

!

viTa
SAWTOOTH FROM
CATH., PIN 8,
veas

o

!

FROM PLATE, ,
PIN &, V314

®

+ 225V

HORIZONTAL
POSITION

given on diagram @ except as follows:

WAVEFORMS and VOLTAGE READINGS were obtained under conditions

Waveforms
STABILITY (Time-Base A)
HORIZONTAL POSITION
Voltage Readings

Clockwise
Counterclockwise

STABILITY (Time-Base A) PRESET
HORIZONTAL POSITION Clockwise
REFERENCE DIAGRAMS

@ VERTICAL AMPLIFIER
(D TIME-BASE. A GENERATOR
> TIME-BASE B GENERATOR

(G)EXTERNAL HORIZONTAL AMPLIFIER

dDHORIZONTAL DISPLAY SWITCH
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FIG. 9 STANDARD ACCESSORIES

42

Fig. & Q

Index Tektronix Serial/Model No. t _
No. Part No. Eff Disc Y 12345 Description
9-1  161-0010-00 1  CORD, power, 16 ga 8 ft., 3 wire
-2 103-0013-00 1 ADAPTER, power cord, 3 to 2 wire
-3 103-0033-00 1 ADAPTER, BNC to binding post
-4 012-0087-00 2 PATCH CORD, BNC to BNC, red, 18 inches long
-5 378-0567-00 1 FILTER, light, smoke gray
-6 010-0127-00 2 PROBE PACKAGE, P&00é

070-0508-00 2  MANUAL, instruction {not shown)




MANUAL CHANGE INFORMATION

At Tektronix, we continually strive to keep up with
latest electronic developments by adding circuit and
component improvements to our instruments as soon
as they are developed and tested.

Sometimes, due to printing and shipping require-
ments, we can't get these changes immediately into
printed manuals. Hence, your manual may contain new
change information on following pages. If it does not,
your manual is correct as printed.



TYPE 549

CHANGE TO:

R515
R516
R519
R520

PARTS LIST CORRECTION

315-0360-00
315=0360-00
315=-0510-00
311-0372-00

36 Q
36 Q
51 Q
750 R

/4 W
/4 W
1/4 w
Var

M12,247/367

5%
5%
5%



TYFE 549
TEXT CORRECTION
Section 5 Performance Check
Page 5-9
Step 28. Check Vertical Amplifier Risetime
ADD: at the end of Step 28a:
NOTE

A side cover must be in place on the left side of
the instrument for Steps 28, 29 and 30.

Section 6 Calibration
Page 6-37
Step 42. Adjust High Frequency Response
ADD: at the end of Step L2a:
NOTE

A side cover must be in place on the left side of

the Type 549 when the high frequency response is being
adjusted and checked in Steps 42 through 46. The
adjustments described in Step 42¢c can be made if the
right-hand side cover is used on the left side of the
instrument. This allows access to the adjustments

L554, L1588, L589, L598, L599, €560, C568, €581 and

R580 through the vent holes in the panel. (The panel
will have to be raised slightly to gain access to

L588 and L598.) After the calibration is completed

be sure that the left side cover is replaced on the left
side of the instrument. This is necessary to insure proper
circulation of air through the-instrument.

. ) C7/267



TYPE 549 TENT SN 1390

PARTS LIST CORRECTION

CHANGE TO:
vahk, v74, vhoh 157-0122-00 6DJ8

M11,649/167



TYFE 549

CHANGE TO:
R855
R856
R860

TENT SN 1450

PARTS LIST CORRECTION

311-0671-00 2 MR
305=0685-00 6.8 MQ
311-0670-00 3 MR

Var

2w 5%
Var

M11,643/167



	Cover
	Warranty
	Contents
	Picture
	Characteristics
	Operating Instructions
	Circuit Description
	Maintenance
	Performance Check
	Calibration
	Parts Lists
	Abbreviations and Symbols
	Parts Ordering Information
	Electrical Parts List
	Mechanical Parts Lists
	Index of Mechanical Parts Illustrations
	Fig. 1 Front and Switches
	Figure 1
	Fig. 2 Focus & Intensity, HV, Storage Board and Sweep
	Figure 2
	Fig. 3 Low Voltage Power
	Figure 3
	Fig. 4 Rectifier Mounting Plate
	Figure 4
	Fig. 5 Lower Vertical Amp and B Sweep
	Figure 5
	Fig. 6 CRT Shield, Mounting Brackets and Upper Vertical Amp.
	Figure 6
	Fig. 7 Rails, Rear and Cabinet
	Figure 7
	Fig. 8 Ceramic Strips and Cable Harness Detail
	Figure 8


	Diagrams
	Schematics
	Schematic Symbols
	Schematic Notes
	Schematic Control Settings
	Block Diagram
	Vertical Amplifier <1>
	Time-Base A Trigger <2>
	Time-Base A Generator <3>
	Time-Base A Timing Switch <4>
	Delay Pickoff <5>
	Time-Base B Trigger <6>
	Time-Base B Generator <7>
	Time-Base B Timing Switch <8>
	External Horizontal Amplifier <9>
	Horizontal Amplifier <10>
	Horizontal Display Switch <11>
	Auto Erase Circuit <12>
	Storage System <13>
	CRT  Circuit <14>
	Power Supply <15>
	Calibrator <16>

	Mechanical Parts Figures
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8


	Accessories
	Changes



